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The study aimed to test how variations in fiber length affect the behavior of
microstructures in concrete, as well as to characterize and analyze their
Received 05 Mar 2024 mechanical properties. This research covers several specific objectives,
Accepted 31 May 2024 including understanding the influence of different fiber lengths on micro and

macrostructural aspects of concrete, assessing the mechanical properties of
reinforced concrete with fibers of various lengths, and examining the
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) The results showed that the addition of rattan fibers in concrete can increase or
Microstructure; even reduce tensile strength depending on the length of the fibers and their
Characterization; material characteristics. The addition of rattan fibers with a length of 30 mm
Fiber concrete; results in a significant increase in tensile strength, while longer or shorter fiber
Concrete strength lengths do not yield equally favorable results. Analysis of the chemical

composition of concrete shows that the elements oxygen (0), calcium (Ca), and
silicon (Si) predominate, with the addition of carbon (C), iron (Fe), aluminum
(Al), magnesium (Mg), and Sulphur (S) elements in concrete with rattan fibers.
Morphological observations using SEM on concrete, both with fibers and without
fibers, provide an in-depth understanding of the structure of concrete surfaces
microscopically.

© 2024 MIM Research Group. All rights reserved.

1. Introduction

Concrete is a widely utilized construction material due to its exceptional compressive
strength, ease of production and maintenance, raw material availability, and cost-
effectiveness [1,2]. When supplemented with admixtures, fibers, or alternative materials,
concrete can achieve enhanced properties, contributing to superior final outcomes [3-7].
Composite concrete, often referred to as fiber concrete, involves reinforcing concrete
through the addition of fibers to the mixture. This reinforcement bolsters strength, crack
resistance, and overall mechanical performance [8]. Commonly employed fibers such as
polypropylene, glass, steel, among others, augment both tensile and compressive strength,
acting as supplementary reinforcement to mitigate cracking and fortify concrete [9,10].

Fiber-reinforced composites have garnered significant attention in various industries due
to their exceptional mechanical properties and versatility in applications. Among the
myriad of fibers utilized in composite manufacturing, rattan fibers stand out for their
unique characteristics and potential contributions to composite material properties [11].
However, understanding the effects of different fiber lengths, particularly rattan fibers, on
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the structural and chemical properties of composites requires comprehensive
investigation.

Effect of Fiber Length on FTIR Analysis. Fourier Transform Infrared Spectroscopy (FTIR)
serves as a powerful tool for analyzing the chemical composition and molecular structure
of materials [12]. Literature studies suggest that varying fiber lengths can influence the
FTIR spectra of composite materials [13]. Rattan fibers, with their distinct chemical
composition and arrangement, may exhibit nuanced spectral signatures that elucidate
their role in composite structures [14] .

Impact on Macro and Microstructure. Macro and microstructural characteristics play
pivotal roles in determining the mechanical behavior and performance of composite
materials [15]. The arrangement and alignment of fibers, influenced by their length,
significantly impacts structural integrity and overall properties. Investigations into the
macro and microstructure provide insights into the interfacial interactions between fibers
and matrix, thereby facilitating the optimization of composite design and fabrication
processes [16].

Despite the evident significance of studying the effects of fiber length, particularly rattan
fibers, on FTIR analysis, macro, and microstructure, a comprehensive examination remains
scarce in the existing literature. This knowledge gap underscores the need for further
research to elucidate the intricate relationships between fiber characteristics and
composite properties, thereby unlocking the full potential of rattan fibers in composite
applications [17]. Fiber concrete exhibits notable resistance to cracking, attributed to the
control of small cracks induced by factors like drying, temperature fluctuations, or
structural loads [18]. Its application is prevalent in earthquake-resistant construction, as
fibers mitigate vibrations, averting severe structural damage during seismic events [19].
Certain fiber types, like polypropylene, offer increased strength without a significant
weight increase, facilitating material transportation and manipulation [20]. Moreover,
fibers such as glass or polymer variants provide corrosion resistance, enhancing durability
in aggressive environments [21].

The utilization of composite concrete offers extensive design flexibility, permitting
intricate architectural designs [22]. Indonesia, endowed with extensive forest resources
covering over half of its territory, notably produces rattan, prized for its lightweight nature
and exceptional tensile strength, [23]. Incorporating rattan into concrete holds promise for
enhancing flexibility and durability in both compressive and tensile strength. Rattan fiber,
commonly integrated into concrete mixtures, is recognized as 'micro reinforced concrete’
or 'fiber concrete’ (FC) [24]. The inclusion of rattan fiber reinforces concrete, reducing
cracks induced by shrinkage or temperature changes and enhancing resistance to
environmental and chemical pollutants [25]. Furthermore, rattan fibers improve
concrete's tensile strength, elasticity, and resistance to vibrations and earthquakes,
thereby preventing structural damage. They also increase bending strength, rendering
concrete more resilient to loads and deformations while reducing overall structure weight,
consequently conserving energy during construction and transportation processes
[26,27].

The length of fibers significantly influences concrete's performance, impacting aspects like
tensile strength, crack resistance, and durability. Short fibers are adept at controlling
micro-cracking, while long fibers span larger cracks, collectively enhancing concrete's
durability against dynamic loads [28]. Scanning Electron Microscope (SEM) and Energy
Dispersive X-ray Spectroscopy (EDS) analyses offer insights into fiber distribution,
chemical composition, and interaction with concrete matrices, aiding in evaluating
mechanical performance and guiding concrete formulation improvements [29-33].
Additionally, Fourier Transform Infrared Spectroscopy (FTIR) facilitates the identification
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of concrete components, quality assessment, and pollution monitoring, crucial for
optimizing composite concrete performance [34]. By varying fiber lengths, the study aims
to enhance mechanical properties, targeting increased strength, ductility, and crack
resistance, aligning with engineering specifications for superior structural performance

[35].

In the study, we will explore the influence of fiber length variations, particularly rattan
fibers, on various structural aspects of concrete, including FTIR (Fourier Transform
Infrared Spectroscopy) analysis, macrostructure, and microstructure. Rattan fibers have
become an attractive additive in concrete, but the influence of fiber length on the
mechanical properties and structure of concrete is still not fully understood. By combining
FTIR techniques with macro- and microstructural analysis, this study aims to provide in-
depth insights into how rattan fiber length affects the chemical and physical characteristics
of concrete, as well as how it relates to its mechanical performance. One of the novelties
offered by this article compared to previous ones is the focus on the influence of variations
in rattan fiber length on the behavior of concrete microstructure. The article not only
covers the characterization of the mechanical properties of concrete with fiber additions
but also examines how the distribution of fibers within the concrete matrix and the overall
structure change with varying fiber lengths. This provides a deeper understanding of how
the micro composition of concrete reacts to changes in fiber length.

The novelty discovered in this study lies in the observation of maximum compressive
strength in concrete mixes utilizing a fiber length of 30 mm. Typically, prior research has
shown that the highest compressive strength was achieved when fibers with lengths
ranging from 2 to 2.5 mm were used, as documented by [36]. Additionally, this study
presents a novel finding regarding the emergence of compound functional groups, with
distinctions between non-fiber concrete and rattan fiber concrete. The incorporation of
clam shell ash at a 4% dosage resulted in a significant enhancement of compressive
strength. Despite the relatively low cement content in the samples, a substantial increase
in compressive strength was achieved through the combination of 30 mm rattan fibers and
a 4% addition of clam shell ash.

2. Materials and Testing Method
2.1. Materials

Materials used to make normal-quality concrete include Portland Cement Composite
(PCC), coarse aggregate (natural stone), fine aggregate (sand), shell powder, rattan fiber,
and water. The cement chosen for this study is PCC cement. Laboratory examination of this
cement will not be carried out because it adheres to standards. Visual inspection will only
be done on the cement bag to ensure there is no damage such as tears and no hard lumps
present. Portland cement composite is a mixture of materials consisting of Portland
cement and other additives such as fillers, additives, or fibers to improve the performance
of concrete.

The Chemical and Physical Properties of Portland Cement Composite are as follows. One
of the main properties of Portland cement is its ability to react with water, forming strong
hydration. This hydration process produces products such as calcium silicate hydrate
(CSH) and calcium hydroxide (CH), which give strength and hardness to concrete. The
chemical composition of Portland cement is mainly composed of cement clinker, which
contains tricalcium silicate (CsS), dicalcium silicate (CzS), tricalcium aluminate (C3A), and
tetra calcium alumina ferrite (C4AF). The relative proportions of each of these minerals can
affect the performance and properties of the resulting concrete. Portland cement
composites generally contain silica, which plays an important role in forming CSH during
the hydration process. Silica can also increase concrete's resistance to corrosion and



Yusra et al. / Research on Engineering Structures & Materials x(x) (Xxxx) Xx-Xx

chemical attack. Portland cement composite also contains an additive, pozzolan. In the
past, PCC was known as Portland Pozzolan Cement (PPC); this type of cement is also
referred to as Type Il cement [37].

Portland cement has a relatively high density, ranging from 3.10 to 3.25 g/cm?, depending
on the composition and manufacturing process. Portland cement composite exhibits a
hardness that is not excessively high when compared to Type I cement or Portland Cement
(PC) after the hydration process is complete, yet it provides the mechanical strength
necessary for construction applications. The optimum hardness period of PCC cement
(Type II cement) is slower compared to PC cement (Type I cement). Concrete made from
Portland cement composite tends to have varying porosity, depending on the composition
of the mixture and the casting method [38]. This porosity can affect the physical and
chemical properties of concrete, such as resistance to chemical attack and water
permeability.

Clam shell ash, a common additive in concrete production, has varied physical and
chemical traits. It typically presents as fine powder with diverse particle sizes based on
production methods. Its low density facilitates even distribution within concrete mixtures.
The ash's porous nature enhances concrete permeability and moisture absorption. Rich in
calcium carbonate, derived from shellfish, it may contain other minerals. Its reactive
properties influence cement hydration, fostering additional hydration products for
concrete enhancement. The ash's calcium carbonate content can elevate concrete pH,
impacting its chemical behavior. Table 1 details clam shell ash's chemical composition.

Table 1. Chemical composition of CSA [39]

Oxides  Si02  AL203  Fe203 Ca0 MgO SOs K20 Na:0 P20s Cl Sr LOI

CSA 6.95 2.59 2.40 81.60 3.07 120 030 000 055 020 050 0.77
(%)

Coarse aggregates derived from natural stone and fine aggregates derived from sand will
be sourced from the KRUENG Nagan River, Nagan Raya Regency. Inspection of coarse
aggregate (natural stone) and fine aggregate (sand) as raw materials for concrete requires
an examination of physical properties to meet planned standards. This examination
includes aggregate properties such as specific gravity, absorption, bulk density, and sieve
analysis.
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Fig. 1. Particle size distribution of aggregates
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The shells used will be obtained from UJONG BAROH Village, Johan PAHLAWAN District,
West Aceh Regency. The next step involves cleaning and drying the shells, after which they
will be crushed until they reach a powder form with a size that can pass through sieve
number 200. Figure 1 shows the granular gradient used in this study. The rattan fiber to
be used will be sourced from the SIEMEULUE Regency area. After obtaining the rattan, the
material will undergo a drying process to reduce water content. Next, the rattan will be cut
into short segments and then split to obtain fiber strands with a thickness of about + 1 mm.
Afterward, the fibers will be cut to the planned lengths of 20 mm, 30 mm, and 40 mm.
Figure 1 shows the rattan fiber material used in this study. The length of rattan fiber mixed
into fresh concrete has different lengths, namely 20 mm, 30mm and 40 mm with an
average diameter of 1 - 2 mm.

(@ (b)
Fig. 2. (a) Rattan fiber, (b) clam shell ash

Shell ash is a solid remnant resulting from the burning of clam shells. The chemical
properties of clam shell ash may vary depending on the type of shellfish used and the
combustion process applied. Here are some common chemical properties of clam shell ash:
Mineral Content: Shell ash generally contains minerals such as calcium carbonate (CaCOs3)
which is the main component of clam shells. In addition, shell ash can also contain small
amounts of other minerals such as silica (SiOz), alumina (Al203), and iron oxide (Fe20s3).
Calcium oxide (CaO) is the main component produced from the burning of calcium
carbonate in the shell of the shell. The CaO content in the shell ash of the shells can
contribute to the hydraulic binding properties in the concrete mixture. Silica Content, some
types of shell ash also contain silica (Si0z), which is a common component in pozzolanic
materials. Silica in the ash of clam shells can provide pozzolanic reactivity, which can
increase the strength of concrete. The chemical properties of shell ash are also affected by
the carbonate content that remains in the shell of the shell that has not yet fully burned.
This residual carbonate can affect the chemical properties and reactivity of shell ash shells
in the concrete mixture. Heavy Metal Content although in small amounts, clamshell ash can
also contain heavy metals such as lead (Pb), cadmium (Cd), and mercury (Hg) that can
affect the environment and human health if not managed properly. An understanding of
the chemical properties of shellfish ash is important in its use as an additive in concrete
mixtures. By understanding the chemical composition of clam shell ash, engineers can
design optimal concrete mixtures by improving the performance and durability of concrete
and minimizing negative impacts on the environment and human health.
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In the study, to obtain the gradation value of the aggregate, it was obtained from sieve
analysis data which was carried out by filtering the aggregate using a set sieve / sieve. Data
obtained from sieve analysis is used to see the granular arrangement of aggregates used in
concrete mixtures. The results of the calculation of sieve analysis and Fineness Modulus
can be seen in Table 2.

Table 2. The value of the modulus fineness (FM) of the aggregate.

No. Type of Aggregates Modulus Fineness Reference
FM (%) ASTM
1 Coarse Aggregate (8-12 mm) 5.983 55-85
2 Fine Sand (0-2 mm) 3.1 29-31

From Table 2, the calculation of the value of Fineness Modulus against coarse aggregate is
5.983%. The Fineness Modulus value of coarse aggregate (coarse aggregate) meets ASTM
requirements, which ranges from 5.5 - 8.5%. While the calculation of the Fineness Modulus
value for fine sand, which is 3.1%, has met ASTM [26] requirements, which ranges from
2.2-3.1%.

2.2. Mix Design

This research will use a concrete mixture with a plan quality of 20 MPa. The concrete mix
planning method refers to the method issued by the American Concrete Institute, [40]. The
standard specimen to be used is cylindrical with a diameter of 15 cm and a height of 30 cm,
with a maximum aggregate diameter of 19 mm. The planning process for a 20 MPa concrete
mix starts with determining the slump test value, followed by calculating water quantity
based on slump test and maximum aggregate. Then, the Cement Water Factor (w/c) is
determined for concrete quality. Cement weight is found by subtracting pre-calculated
water amount from w/c. Coarse aggregate amount is calculated based on maximum
aggregate diameter and fine aggregate's fineness modulus. Fine aggregate quantity is
determined from total concrete weight minus water, cement, and coarse aggregate. The
study focuses on comparing concrete non fiber (CNF) with concrete containing rattan fiber
(RF) of 20 mm, 30 mm, and 40 mm lengths, each at 0.5% fiber ratio, and 4% clam shell ash
added to cement weight.

Table 3. Material composition for each test specimen variation

24 Specimens

No Material RF 20 RF 30 RF 40 Total Unit
CNF mm mm mm
1 Cement 14.9 149 14.9 14.9 59.7 Kg
2 Water 7.7 7.7 7.7 7.7 30.966 Kg
3 Coarse Aggregate 41.4 414 41.4 41.4 165.8 Kg
4 Fine Aggregate 26.2 26.2 26.2 26.2 105.1 Kg
Clam Shell Ash
5 (4%) 0.0 0.6 0.6 0.6 1.8 Kg
Rattan Fibre
6 (0,5%) 0.0 75.0 75.0 75.0 225.0 gr

The implementation of this research will be made a total of 24 test objects with a
cylindrical shape (@ 15 cm, T = 30 cm), the test specimens will be carried out by
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distinguishing the length of rattan fiber as an added material, namely concrete without
fiber, fiber concrete 20 mm, fiber concrete 30 mm, and fiber concrete 40 mm. The mix
design is for 24 test specimens, there are 4 specimen’s variations, namely CNF, CRF 20mm,
CRF 30mm and CRF 40 mm, each variant is made with 3 tests for compressive tests and 3
pieces for concrete split tensile strength, the total number of test objects is all 24 pieces.

2.3. Compressive Strength

The concrete compressive strength testing scheme (concrete cylinder), and to carry out
concrete compressive strength testing will follow several stages as follows. The specimen
will be placed on the press centrally in a vertical position. The press will be run with
constant load additions ranging from 2 to 4 kg/cm? per second; Loading will be carried out
until the specimen is destroyed, and the maximum load that occurs during the specimen
inspection is recorded, [44,45].

2.4. Scanning Electron Microscope-EDS (SEM-EDS)

SEM testing, among other techniques, can be utilized to ascertain information about
surface properties, particle shape and size, as well as particle distribution and
arrangement. Our scanning electron microscope (SEM) equipped with energy-dispersive
X-ray spectroscopy (EDS) (ZEISS EVOMA10) facilitates such testing [41]. SEM-EDS
(Scanning Electron Microscope-Energy Dispersive X-ray Spectroscopy) is a test equipment
used to test material samples, including composite concrete samples.

Here are some of the uses of the SEM-EDS test equipment in testing composite concrete
samples. Surface Morphology Analysis: SEM offers high-resolution views of composite
concrete surface structures, aiding in crack, porosity, and phase distribution identification.
Integrated with SEM, EDS enables chemical element identification and mapping on sample
surfaces, facilitating the understanding of chemical element distribution and phase
distribution. EDS permits the chemical composition analysis of composite concrete
samples, ensuring material quality and performance. SEM-EDS aids in identifying material
phases in composite concrete samples, enhancing understanding of material
microstructure and properties. Thus, SEM-EDS significantly contributes to the
characterization of composite concrete, enhancing understanding of its structure,
composition, and properties, [1,8,9, 10,18,29,30,42]

2.5.FTIR

FT-IR is used to determine functional groups in materials through the study of molecular
interactions, which are demonstrated by the transmission of infrared light in various
forms. This study focuses on the effect of treatment on the functional groups of composite
concrete and fibers, as well as differences in the expression of functional groups in
conventional concrete, [31-33]. The specimens used in the Fourier Transform Infrared
Spectroscopy (FTIR) test will be taken from cylindrical specimens with additional
variations of rattan fiber and shell powder that have been used in compressive strength
and tensile strength tests, in the form of small flakes. The application of FTIR Analysis for
fiber concrete testing involves sample preparation with KBr pellet making. The sample is
refined with mortar to homogenize it. A small amount of sample is then placed into the
barn, and KBr powder is added in a ratio of 1:10. The sample and KBr powder are ground
until homogeneous, after which the mixture is inserted into the KBr pellet dies. The KBr
pellet dies are then closed and pressed using a mini-Press KBr pellet. The formed KBr pellet
is inserted into the sample holder in the FTIR. The FTIR test scheme can be seen in Figure
3., and to carry out the FTIR test, several stages must be followed as follows: Concrete
samples are cleaned from contaminants or dust that may affect test results. The FTIR
Spectrometer is turned on, and the system is allowed to reach stable operating conditions,
ensuring that all optical components and instrument detectors are in good condition. The
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concrete sample is placed on the IR (infrared) glass, ensuring that it is flat on the IR glass
to produce accurate test results. FTIR spectrum measurements are then performed by
directing infrared light onto the concrete sample. After the measurement is complete, the
FTIR analysis software will identify the chemicals and main components in the concrete
sample.

=
(o]

2800 2000 1500

Wavenumber (cm™)

Fig. 3. Infrared absorption area, [34]

3. Results and Discussion

3.1 Sump test
In normal concrete, slump testing is carried out which aims to determine the viscosity of
the concrete mixture. This factor is due to the addition of fiber to the concrete mixture.

The data obtained from the results of the slump test in each casting of each fiber variation
are shown in Figure 2. From these data, the value of the concrete mortar slump ranges
from 7.5 cm - 10 cm, which means that it is in accordance with the height of the planned

slump.
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Fig. 4. Slump test results graph

Fig. 4 shows that the shape of the slump has a difference. In this study, the resulting high
slump test showed that the value of the slump value was influenced by the percentage of
fiber mixed into the concrete mortar. The graph below shows that the lowest slump values
are in 30 mm and 40 mm 2 rattan fibers, while in normal concrete without the addition of
rattan fibers and shell ash produces the highest slump values of 9 cm. This shows that the
higher the length of rattan fiber used, the higher the water absorption of concrete.
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3.2 Strength of Concrete

After the specimen is removed from the soaking bath following the treatment process, tests
can be performed as shown in Fig. 5. Then, the specimen is left for 24 hours until it reaches
a surface dry state. After that, the specimens are weighed to determine the weight per
specimen. Next, compressive strength testing is performed on the test specimen using a
pressure testing machine. Normal concrete compressive strength testing is carried out
according to the planned life, which is 28 days concrete life. Data on concrete compressive
strength test results at 28 days of age, compressive strength graphs can be seen in Figure
4.
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Concrete Rattan Fiber 30 mm Concrete Rattan Fiber 40 mm

Fig. 6. Stress-strain relationship of rattan fiber concrete with variations in fiber length

Based on Figure 6, it can be observed that composite concrete using a 40 mm fiber length
exhibits greater deformation compared to both non-fiber concrete and fiber concrete
variations with 20mm and 30mm fiber lengths. This indicates that fiber concrete with a
length of 40mm displays more ductility compared to fiber concrete with shorter fiber
lengths, despite the compressive strength of the former being 40mm lower than that of the
latter. According to Figure 6, the obtained compressive strengths are as follows: CNF
22.120MPa, CRF 20mm 23.488MPa, CRF 30mm 31.011MPa, and CRF 40mm 19.085MPa.
This suggests that the optimum strength of fiber concrete is achieved with a 30mm CRF
fiber length.
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Variation of fiber length

Fig. 7. Split tensile strength of CRF with variations in fiber length
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In Fig. 7 above, the results of tensile strength tests conducted on fiber concrete at the age
of 28 days are presented. Tensile strength is a measure obtained by breaking a concrete
cylinder into two parts with a force applied perpendicular to its long axis. The tensile
strength of each specimen is measured in units of N/mm?. Additionally, there is a column
showing the increase in tensile strength from one specimen type to another, calculated in
units of N/mm? and as a percentage. Here is a discussion of the tensile strength data
provided. CNF (Concrete Non-Fiber), Tensile strength 2.265N/mm?. No change in strength
compared to CNF (0%). CRF 20 mm (Concrete with 20 mm rattan Fiber), Tensile strength
2.218 N/mm?. Decrease of -2.1% compared to CNF. CRF 30 mm (Concrete with 30 mm
Steel Fiber), Tensile strength 2.501N/mm?. Increase of 9.4% compared to CNF. CRF 40 mm
(Concrete with 40 mm Steel Fiber): Tensile strength 2.076N/mm?. Decrease of -9.1%
compared to CNF. Conclusion: Adding steel fibers to concrete can increase or decrease
tensile strength depending on fiber length and material characteristics. 30 mm steel fibers
significantly increase tensile strength, while longer or shorter fibers do not yield similar
results. From the discussion above, it can be concluded that the addition of steel fibers in
concrete can increase or even reduce tensile strength depending on the length of the fibers
and their material characteristics. In these cases, the addition of 30 mm steel fibers results
in a significant increase in tensile strength, while longer or shorter fiber lengths do not
yield equally good results.

3.3 SEM-EDS Analysis

The findings of the study suggest that incorporating rattan fibers into concrete can result
in either an increase or decrease in tensile strength, depending on the fiber length and
material characteristics. Specifically, the inclusion of 30 mm rattan fibers notably enhances
tensile strength, while longer or shorter fiber lengths do not produce similarly favorable
outcomes. Furthermore, chemical composition analysis of the concrete reveal’s variations
upon the addition of rattan fibers, indicating changes in elemental composition.
Morphological observations conducted using Scanning Electron Microscopy (SEM) offer
detailed insights into the microscopic structure of concrete surfaces, both with and without
fibers.

Fig. 8.a shows the results of the chemical composition of sample (a) non-fiber concrete.
The data provided has the weight percentage (Wt.%) of the various elements in the sample.
Where describe the result as follows. Chemical analysis shows that Oxygen (0) has a weight
percentage of 43.9%, Calcium (Ca) is 32.8%, Silicon (Si) has two entries, namely 9.9% and
0.9%, Carbon (C) is 5.0%, Iron (Fe) is 3.1%, Aluminum (Al) is 2.5%, and Magnesium (Mg)
is 1.8%. This chemical composition indicates that Oxygen, Calcium, and Silicon are the most
dominant elements in non-fiber concrete samples.
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B 1o Suen Spectum

(b) Fiber concrete
Fig. 8. SEM-EDS test results of concrete base the weight percentage (Wt.%)

Figure 8.b illustrates the distribution of chemical elements in a concrete specimen with
rattan fibers, shown in weight percentages. Oxygen dominates at 43.9%, followed by
Calcium at 32.8%, Silicon at 9.9%, Carbon at 5.0%, Iron at 3.1%, Aluminum at 2.5%,
Magnesium at 1.8%, and Sulphur at 0.9%. These proportions suggest the presence of oxide,
calcium-rich, silicate, organic, iron-containing, aluminum-rich, magnesium-containing, and
Sulphur-containing compounds, respectively. This data provides insight into the sample's
chemical composition, aiding further analysis to identify specific minerals or compounds.
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(b) Fiber concrete
Fig. 9. SEM-EDS test results of non-fiber concrete (At%).

Fig. 9.b visualizes the percentage composition of elements in a sample. Oxygen (O)
dominates with 59.9%, followed by Calcium (Ca) at 17.8%, Carbon (C) at 9.1%, Silicon (Si)

11
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at 7.7%, Aluminum (Al) at 2.0%, Magnesium (Mg) at 1.6%, Iron (Fe) at 1.2%, and Sulphur
(S) at 0.6%. The diagram shows the relative proportions of each element with sectors
proportional to their percentage composition. Figure 9.b depicts composition Map spectra,
showing the relative proportions of chemical elements in a sample. Data highlights the
percentages of elements: Oxygen (0): 43.9%, Calcium (Ca): 32.8%, Silicon (Si): 9.9%,
Carbon (C): 5.0%, Iron (Fe): 3.1%, Aluminum (Al): 2.5%, Magnesium (Mg): 1.8%, Sulphur
(S): 0.9%. These visuals provide insight into element distribution, with Oxygen (O) being
the highest, followed by Calcium (Ca), and so on. Figure 10 shows the difference between
CNF concrete and fiber concrete with the addition of clam shell ash (CSA), the amount of
element C (Carbon) is higher in concrete with the addition of CSA. In Figure 9, fiber
concrete has a higher oxygen and carbon value compared to non-fiber concrete.

BP0 001V 3 pA30 ETDSE 122 mm3 000 X414 um

Fiber concrete

Fig. 10. Micromorphological form of concrete by SEM

Fig. 10 shows the hydration results of cement. There are MO, CSA, CH, and micropores
measuring 5 microns. The fiber concrete microstructure with quite a lot of pores marked
in black in the figure. There is a matrix shape of cement and CSA and sand, but the number
of white fibers is not too visible. Calcium Silicate Hydrate (CSH), This compound is formed
during the hydration process of Portland cement, which is the main component of
concrete. CSH provides strength and durability to concrete. Also formed during hydration
of Portland cement, CH is a byproduct of chemical reactions and contributes to the
performance of concrete. Magnesium Oxide (MgO), Also present in some composite
concrete mixtures, MgO can affect the chemical and physical properties of concrete,
especially in the context of resistance to chemical attack and mechanical strength.

Bl ispats o5t 112mm! woxivym s ok o
(b) Fiber concrete
Fig. 11. Micromorphological form of CNF structure (a), CRF (b)

B8 1000 1V 65 pA30 ETDSE 121 mm 1 000 x207 ym s

(a) Non-Fiber concrete

Fig. 11.a shows CH compounds that occur due to imperfect cement hydration process. Fig.
10 and 11 shows SEM analysis revealing the surface structure of concrete materials on a
microscopic scale. With high resolution, SEM scanning enables detailed observation of
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surface structures such as pores, cracks, and aggregates, providing important insights into
the quality and strength of concrete. The microstructure of non-fiber concrete, including
pore size, can be observed. Pore size and particle size in non-fiber concrete are visible
through SEM analysis within the range of 20 microns. Morphological differences between
non-fiber concrete and fiber concrete, especially with the addition of shell ash, are evident.
In Figure 11, rattan fibers are shown attached to the concrete matrix, contributing to
strong tensile strength in concrete. Concrete with rattan fiber exhibits greater tensile
strength compared to other concrete variations. In Figures 11.a and 11.b, shows the
difference in crystal shape between non-fiber concrete and fiber concrete. In fiber concrete
with added shell ash, the distance between particles is smaller compared to non-fiber
concrete. The denser condition of fiber concrete to which shell ash is added is visibly
apparent on the surface than in the SEM Image. Figure 11 depict Morphological Analysis at
magnifications of 1000, and Fig. 10 5000 times, respectively. SEM analysis unveils the
surface structure conditions of concrete materials on a microscopic scale. With high
resolution, SEM scanning facilitates detailed observations of surface structures such as
pores, cracks, and aggregates, offering crucial insights into the quality and strength of
concrete. Microscopic conditions of non-fiber concrete structures, including the cement
paste matrix and cement-sand matrix, can be observed. Pore sizes and elements in non-
fiber concrete become visible through SEM analysis in the 100-micron range. In Figure 9.a,
many small grains seem to separate from each other, possibly due to the addition of shell
ash in concrete, as indicated in Figure 9.b. The SEM analysis in Figure 8.b reveals the
surface characteristics of the fiber concrete material at the microscopic level, including
pore size. SEM analysis can detect pore and particle sizes in non-fiber concrete up to 20
microns. In the figure, smaller pores are visible compared to non-fiber concrete, suggesting
that fiber material may be filling these pores in concrete.

D5 Layered imoge 1

BEEEF e

(a) Non-Fiber Concrete (b) Fiber Concrete
Fig. 12. The form of distribution of chemical elements in concrete

Based on Fig.9, and Figure 12.a, the chemical elements in non-fiber concrete are dispersed
as follows: Oxygen (0): 59.9%, mainly found in oxide compounds like Calcium Oxide and
Si02. Calcium (Ca): 17.8%, associated with compounds like calcium silicate and calcium
hydroxide. Carbon (C): 9.1%, typically in carbonate or organic form. Silicon (Si): 7.7%,
mainly in silicate compounds like SiOz. Aluminum (Al): 2.0%, found in compounds like
aluminum oxide. Magnesium (Mg): 1.6%, present in various minerals in aggregates. Iron
(Fe): 1.2%, derived from compounds like iron oxide. .Sulphur (S): 0.6%, likely in sulphate
form. Figure 12 shows the distribution of chemical elements in non-fiber concrete visually,
while Figures 12.a and 12.b provide further details. Additionally, in Figure 6.b,
representing fiber concrete with clam shell ash, Carbon (C) distribution surpasses that of
non-fiber concrete. Figure 4.b illustrates the spectra of composition maps, indicating the
proportions of chemical elements within a given sample. The data showcases the
percentages of elements as follows: Oxygen (0) constitutes 43.9%, Calcium (Ca) comprises
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32.8%, Silicon (Si) accounts for 9.9%, Carbon (C) represents 5.0%, Iron (Fe) constitutes
3.1%, Aluminum (Al) contributes 2.5%, Magnesium (Mg) makes up 1.8%, and Sulphur (S)
is at 0.9%. These visuals offer insights into the distribution of elements, with Oxygen (0)
being the most abundant, followed by Calcium (Ca), and so forth.

3.4 FTIR Result

Based on Fig. 13 and Table 3, FTIR data from various types of concrete with and without
rattan fiber, differences in absorption patterns indicate variations in the type and
concentration of compounds present in the concrete. For instance, in concrete containing
20 mm rattan fiber, an absorption peak at 3.525.54 cm! suggests the stretching of 0-H
bonds, typically associated with the presence of carboxylic acids. Conversely, in concrete
without rattan fibers, an absorption peak at 3.590.86 cm™ indicates the presence of O-H
stretch bonds, potentially suggesting the existence of phenols or alcohols.
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Fig. 13. Compound groups in concrete

Table 4. Test results of functional groups of rattan fiber concrete compounds

Concentrate Absorption Compound Bounds An_d Types .
(%) Area (cm-1) Type of Functional Intensity
0 yp Group
3,525.54 carboxylic acid 0-H Stretching Medium
monomer
CRF 20 mm 1,651.00 Alkene C=0 Stretching Capricious
1,420.00 Alkane CHs+ Bending Strong
894.38 Alkene C=0 Stretching Strong
3,590.91 phenol, alcohol O-H Stretching Capricious
CRF 30 mm TLONOMET
3,500.08 carboxylic acid O-H Stretching Medium
monomer
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1,638.24 Alkene C=0 Stretching Capricious
1,420.12 Alkane CHs Bending Strong
988.35 Alkene C=0 Stretching Strong

3,564.10 Zlyc (:)rl?fl,eg}:);:o(} O-H Stretching Capricious

CRF 40 mm 1,650.97 Alkene C=0 Stretching Capricious
1,420.12 Alkane CHs4 Bending Strong
989.03 Alkene C=0 Stretching Strong

3,590.86 Zlyc (:)rl?fl,eg}:);:o(} O-H Stretching Capricious

CNF 1,637.55 Alkene C=0 Stretching Capricious
1,424.42 Alkane CHs+ Bending Strong
992.07 Alkene C=0 Stretching Strong

Based on Table 4, it can be inferred that 30mm CRF fiber concrete exhibits stronger
compressive strength compared to normal concrete, as it possesses 5 bond compounds as
opposed to CNF fiber concrete, which only has 4 bonding compounds. Similarly, other
variations of fiber concrete exhibit only 4 compound bonds. Regarding the condition of 40
mm CRF concrete, it is anticipated to have lower compressive strength than other concrete
variations due to the excessive length of the fiber, resulting in many areas of concrete being
filled with fiber beyond the standard 20mm fiber length, leading to reduced compressive
strength. However, it boasts advantages in tensile strength with greater deformation than
other concrete variations. For a more comprehensive study, the author plans to continue
the research by conducting tests on the pure bending strength of fiber concrete. The data
are interpreted in Figure 13 and Table 4, all based on the guidelines in Figure 3 Infrared
absorption area [34].

4. Conclusions

This study presents significant findings regarding the effect of rattan fiber length
variations on the mechanical properties, characterization, and microstructure of concrete.
Based on the test results and discussions that have been presented, several conclusions
can be drawn to provide a deeper understanding of this topic.

e First, from the results of the slump test, the addition of rattan fiber to concrete
affects the slump value, where the highest slump value occurs in normal concrete
without the addition of rattan fiber, while the lowest slump value occurs in concrete
with the addition of 30 mm and 40 mm rattan fibers. This shows that the longer the
rattan fiber used, the higher the water absorption by concrete.

e Furthermore, from the results of the compressive strength test, it was found that
concrete with a fiber length of 30 mm has optimal compressive strength compared
to other concrete. Despite having lower compressive strength than fibreless
concrete, concrete with a fiber length of 30 mm shows a significant increase in
compressive strength compared to concrete with a longer or shorter fiber length.

e Later, in terms of tensile strength, it was found that the addition of steel fibers to
concrete can increase or decrease tensile strength depending on the length of the
fibers and material characteristics. Steel fibers with a length of 30 mm significantly
increase the tensile strength of concrete, while fibers with longer or shorter lengths
do not give the same results.

e Interms of chemical characterization, composition analysis shows that the chemical
composition of concrete changes with the addition of rattan fibers. Rattan fibers
enrich concrete with elements such as oxygen, calcium, silicon, carbon, iron,
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aluminum, magnesium, and sulfur, all of which affect the chemical properties and
reactivity of concrete.

e In microstructural analysis using SEM, significant differences were found between
concrete microstructures with and without rattan fibers. Rattan fibers fill the pores
of concrete and improve aggregate distribution, which can affect the overall
physical and mechanical properties of concrete.

e In addition, the results of FTIR analysis show that variations in the absorption
patterns of the spectrum show differences in the types and concentrations of
compounds present in concrete. This suggests that the addition of rattan fibers can
also affect the overall chemical properties of concrete.

Based on the FTIR testing data presented, this scientific work highlights several novelties
that can be a significant contribution to materials research. Here are some identifiable
points of novelty:

e Analysis of Differences in Absorption Patterns: In the FTIR test, there are
differences in absorption patterns between CRF (Concrete Rattan Fiber) fibers with
lengths of 20 mm, 30 mm, and 40 mm, and CNF (Concrete non-fiber) fibers. This
indicates that fiber length has a significant influence on the chemical properties of
the resulting material. This diversity of absorption patterns indicates that each type
of fiber has unique chemical characteristics.

e  Functional Group Identification: FTIR data shows the presence of various functional
groups detected in each type of fiber. For example, carboxylic acid monomer groups
were detected in 20 mm and 30 mm CREF fibers, as well as hydrogen bond alcohol
and phenol in 40 mm CRF and CNF. The determination of these functional groups
provides further understanding of the chemical composition of the fibers used in
this study.

e Absorption Intensity: The level of absorption intensity in each functional group can
also provide additional insight into the quantity or concentration of each compound
involved. For example, the intensity of the medium in the carboxylic acid monomer
group on 20 mm CRF fibers indicates a significant concentration of these
compounds in the material.

e Comparison Between Fiber Types: Through the analysis of FTIR data, this scientific
work makes it possible to compare chemical responses between different types of
fibers, such as CRF of different lengths and CNF. Differences in absorption patterns
and functional groups detected between fiber types can provide valuable
information about the potential uses of each fiber in specific material applications.

This research provides a deeper understanding of the effect of rattan fiber length on the
mechanical properties, characterization, and microstructure of concrete. The results of this
research have important implications for the development of more efficient and
sustainable construction materials in the future. Therefore, for follow-up studies, it is
recommended to continue the research considering aspects such as environmental
durability, dimensional stability, and long-term performance of concrete with rattan fiber.
Thus, greater progress can be achieved in the field of construction materials engineering.
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