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Abstract

The construction industry recognizes the need for green, lightweight, and self-compacting materials that are also ecologically
benign. Recent studies suggest that the novel lightweight foamed concrete (LFC) could potentially reduce the self-weight
of structures. Adding natural fibers to FC improves its mechanical properties and contributes significantly to sustainability.
One of the greatest difficulties in constructing reinforced LFC is the reinforcing steel bars’ corrosion, which impacts the
behavior and lifetime structural integrity of concrete buildings. Therefore, this research aims to investigate the potential
use of sugarcane bagasse fiber (SBF) in low-density LFC, after altering it with sodium hydroxide-based alkali treatment
(NaOH) to enhance its properties. Low-density FCs are prone to serious durability and performance degradation; hence,
in this experiment, FCs with a low density of 800kg/m3 were fabricated and evaluated. Quantification and evaluation
were conducted on several different characteristics, including the slump, density, thermal conductivity, and compressive,
flexural, and splitting tensile strengths. The findings suggest that employing SBF with an optimal reinforcing range of 3% to
4% can improve the mechanical characteristics and thermal conductivity of LFC-SBF composites. The slump flow gradually
decreased from 1% to 5% of the SBF's weight fraction. The lowest slump flow was achieved by adding SBF to the LFC
mixture at a weight fraction of 5%. The addition of SBF to LFC resulted in a significant boost in the material’s splitting
tensile, compressive, and flexural strengths. By adding 4% SBF to LFC, the optimal strength properties were concluded in
the material. In addition to this, the weight percent of SBF contributed to an increase in the thermal conductivity of LFC.
This was because the porous structure of LFC, which contained SBF, enabled it to absorb heat.
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Introduction

The current concern of society at large is the threat posed
by climate change. Implementing energy-efficient materi-
als is crucial in building to minimize energy use.! Experts
specializing in sustainable building projected that the
building and construction industries will generate over 40
billion tons of greenhouse gas emissions by the year 2030.2
Bioclimatic concept incorporates specific requirements in
construction to effectively minimize energy use and miti-
gate the release of pollutants into the surrounding environ-
ment. The thermophysical properties of building materials
play a crucial role in reducing heat transfer through con-
duction and radiation, as well as achieving optimal insula-
tion and energy efficiency. Implementing this method is
one of the most direct approaches to substantially decrease
emissions and can result in a reduction of up to 30% in the
use of energy.® Thermal inertia element is an essential ther-
mophysical characteristic required for regions that experi-
ence substantial temperature fluctuations between sunrise
and sunset. Thermal inertia is a measure of a material’s
capability to transfer and retain heat, which is influenced
by its thermal conductivity, thermal diffusivity, and volu-
metric specific heat capacity. Conversely, the movement of
heat within the building is dependent on the rate at which
the indoor temperature aligns with the outdoor tempera-
ture. Scholars are exploring the development of composite
materials that incorporate natural fibers, which exhibit
thermal latency when coupled with thermal inertia.*

By modifying the outermost layer of sugarcane bagasse
fiber (SBF), it is possible to enhance interfaces connec-
tions while considering ecological factors and creating
useful elements from recyclable materials.’> Researchers
have also examined the thermal conductivity of SBF as a
form of insulation.® The findings indicated that the thermal
conductivity was 0.046w/mK within the temperature
range of 15-32°C. Aminudin et al.” conducted a study on
enhancing cement bricks by including SBF, which resulted
in a 10% increase in weight. This modification led to a
reduction in the heat conductivity to 0.62w/mK. Several
studies demonstrated that the chemical makeup of SBF can
be influenced by factors including the age of SBF, process
of gathering, and prevailing atmospheric conditions. These
factors can impact the levels of cellulose, hemicellulose,
lignin, and ash in SBF.®

The utilization of plant fibers in cement-based materi-
als to enhance robustness, resilience, and ductility in areas
that have seen cracking has experienced significant
expansion.” The failure and decay of concrete structural

elements rely primarily on the growth of cracks at either
the macro or micro level due to external forces or external
variables.'” Thermal and humidity fluctuations in cemen-
titious matrix result in the creation of tiny cracks that pri-
marily occur on the outermost layer of aggregate.
Furthermore, higher loads and ecological concerns con-
tribute to a greater occurrence of micro-cracks in con-
crete. The use of various plant fibers is a noticeable
influence in the formation of cracks and in enhancing the
ability of concrete to absorb energy and withstand stress.
This can reduce the risk of collapse in concrete structures,
particularly in areas subject to repeated or seismic
stresses.!! Utilizing plant fibers is crucial in reducing
crumbling, distortion, and thermal cracking by substitut-
ing thermal reinforcing. Moreover, the inclusion of other
cementitious substances like rice hush ash, silica fume
and fly ash, along with the variables of the form, dimen-
sion, category, quantity, and scattering arrangement of
fibers, considerably impact the technical capabilities and
economic effectiveness of concrete.'>!3 A diverse range of
fibers with different mechanical, morphological, and
chemical characteristics are employed for strengthening
cementitious matrices.

Concrete is the most renowned building material used
for construction applications. As compared to other con-
struction materials, normal-weight concrete offers several
advantages, including excellent mechanical qualities, low
water absorption capacity, and great durability.'*!> In
terms of material properties, concrete’s thermal perfor-
mance is insufficient to utilize it merely as a building enve-
lope. ' Other insulating materials must be considered when
constructing concrete parts to minimize the heat conduc-
tivity, especially the building envelopes.!® Lightweight
foamed concrete (LFC), which has a dry density in the
range of 850-1950kg/m?,"” is one form of building mate-
rial noted for its advantageous thermal performance and
sound absorption capacity.'®!” Below this range, concrete
is considered a non-structural material. Modern LFC man-
ufacturing technology has been known for over a century,
and it has grown significantly in the past 20 years.?’?2 This
is due to the development of synthetic aggregates, innova-
tive admixtures and additives, improved testing
approaches, and substantial enhancements in production
processes.”> They enable the creation of sophisticated
lightweight cementitious composites with improved dura-
bility and mechanical qualities, allowing them to be used
for structural applications despite their low density.?*2°

The advancement and application of LFC in the con-
struction industry have been stifled by a number of
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shortcomings, the most significant of which are instability,
fragility, inferior flexural and tensile strengths, extreme
drying shrinkage, and high sorptivity.”’2° However, despite
these drawbacks, LFC has been increasingly utilized in
recent years. In addition, there has been a significant
amount of worry about its brittleness.**3! Since LFC does
not possess suitable strength qualities, its usage is restricted
to applications that do not require load-bearing func-
tions.*>** When the material is reinforced by polymer fibers
produced from a range of diverse sources, concerns con-
nected to LFC’s poor fracture toughness are addressed.>*3°

LFC possesses numerous air gaps, which contribute to
its advantageous properties, including being lightweight,
highly fluid when poured, providing great thermal and
sound insulation, good combustibility, and exceptional
energy absorption ability. The extreme porosity and inter-
connection of the pores in LFC enable the infiltration of
harmful elements, resulting in poor physico-mechanical
properties and durability.’” Bayraktar et al.>® investigated
the impact of cement dosage and waste tire rubber on the
mechanical and abrasion properties of LFC. The rise in
cement quantity led to an optimal augmentation of 205%
in the compressive strength at a cement content of 500 kg/
m?, as opposed to the combination with an amount of
300kg/m?* at a foam content of 20kg/m3. The sorptivity
readings fell when the amount of cement increased and
the foam amount was lowered, regardless of the presence
of silica fume. The combinations with cement quantities
of 300 kg/m* and 500 kg/m* and foam content of 20 kg/m?
achieved the lowest and highest shrinkage values of
5032 X 107 and 7065 X 10"®mm/mm, respectively. The
influence of the quantity of cement on the shrinkage of the
mixes without silica fume was quite noticeable. Increasing
the cement level from 300 to 500 kg/m? resulted in a major
decrease of 29% in shrinkage, while maintaining a foam
content of 20kg/m?. Gencel et al.3* evaluated the possible
use of expanded perlite and fine-sized waste glass sand as
the primary components in LFC mixtures. The inclusion
of expanded perlite enhances the insulation capabilities of
LFC, possibly because of the greater porosity of expanded
perlite in comparison to glass sand. The results of this
study showed that leftover glass sand can be effectively
employed to produce environmentally friendly insulating
LFC.

When natural and synthetic fibers are uniformly distrib-
uted throughout LFC, the brittle matrix that is present in
LFC is greatly reinforced.***! Because of this, concrete
starts to act more like a composite material, which has
characteristics that are considerably different from those of
unreinforced LFC.* In recent years, synthetic fibers have
been the sort of fiber that has been used the most often to
reinforce concrete; nevertheless, natural plant fibers are
becoming an increasingly attractive alternative.** There
has been a rise in concern regarding materials reinforced
with natural plant fibers since it is possible to make materi-
als with superior strength properties. This is because it is

viable to develop materials with these features. Natural
plant fibers are particularly important because they do not
deplete natural resources and can be replenished.***® These
natural plant fibers might be utilized in lieu of synthetic
fibers, which have a greater effect on environment than
natural plant fibers do.

Many scientific studies on cement-based composites
strengthened with natural fibers such as coconut, jute, flax,
hemp, sisal, and leaf fibers have been done. These studies
have illustrated, in a manner that is consistent with the
results obtained when polymer fibers are employed as for-
tification, that fiber strengthening boosts the strength per-
formances of cement-based compounds and enhances the
tensile, flexural, impact, and compressive strengths.*’*
Issues have been raised concerning the durability perfor-
mances in long-term construction utilizing natural plant
fibers in cement-based matrices since this might result in a
loss of the material’s strength and toughness.** These
materials were created by combining natural plant fibers
with cement. The alkalinity of the cementitious matrix is
what sets off the process of deterioration of natural fibers
as well as the concomitant loss in the elasticity and defor-
mation capacity owing to embrittlement caused by miner-
alization. The degradation of hemicellulose and lignin is
more pronounced in alkaline environments, leading to a
gradual deterioration of the cell wall integrity and fiber
stability in cement compounds.’® The cell wall integrity
and stability of fibers in cement compounds may deterio-
rate over time.

Bayraktar et al.’! assessed the physical, mechanical,
durability, and thermal characteristics of LFC reinforced
with basalt fiber, which also contained waste marble pow-
der and slag. The inclusion of basalt fiber and waste mar-
ble powder led to remarkable increases in the compressive
and flexural strengths of LFC. Specifically, at 7 and
28days, the compressive strength increased by 179.49%
and 141.79%, respectively, while the flexural strength
increased by 139.91% and 93.18%, respectively.
Additionally, the LFC mix with a 2% basalt fiber content
and 30% slag exhibited the least sorptivity, whereas the
LFC mix with 0% basalt fiber and 30% slag had greatest
sorptivity. Gencel et al.> explored the combined effect of
basalt fiber and silica fume on properties of LFC. They
found that the addition of greater amounts of basalt fiber
and silica fume reduces the flowability of LFC, possibly
because of the high surface area of silica fume and the lim-
ited dispersion of basalt fiber. An increased concentration
of foaming agent, however, leads to enhanced flowability,
presumably owing to a decrease in the volume of solids of
LFC. The inclusion of silica fume and basalt fiber has a
substantial impact on the compressive, flexural, and split-
ting tensile strengths of LFC. The incorporation of basalt
fiber, ranging from 0% to 3%, led to a substantial improve-
ment of approximately 88% in the flexural strength.

It is of the highest necessity to identify the weight frac-
tions of the many components that are included inside the
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mixture, such as fibers, binder, filler, water, and surfactant.
Natural fibers are better than synthetic fibers in a variety of
ways, including their capacity to disintegrate organically,
their low density, and their resistance to melting at high
temperatures.” Natural fibers also have a lower risk of
causing allergic reactions than synthetic fibers. Natural
fibers, which are very important in the production and
development of building materials, might lend a hand in
fortifying cementitious materials. This can make cementi-
tious materials more robust. Othuman Mydin et al.*’ con-
ducted research on employing coir fiber in LFC. They
revealed that the incorporation of coir fiber into LFC
reduces the compound’s heat conductivity and diffusivity
while simultaneously increasing the heat capacity of the
compounds.

Alkaline treatment, also known as mercerization, is a
widely utilized and cost-effective method opposed to other
treatments including acetylation and salinization.* This
procedure is submerging plant fibers in a solution of
sodium hydroxide (NaOH) in water, which modifies the
hydrogen-bonded connections due to their interaction with
an alkaline solution. As a result, the hydroxyl groups in the
alkoxides experience ionization, that helps expose reactive
OH- groups on the surface of the fiber, reducing its hydro-
philicity.”® Concurrently, this treatment breaks down spe-
cific quantities of lignin, pectin, hemicellulose, and waxy
substances, which enhances the space between the fibers
and creates a coarse texture on the surface of the fibers.>
The presence of roughness on the surface creates mechani-
cal anchor points, which strengthen the link between fibers
and matrix. As a result, the mechanical properties of the
composite material are improved by facilitating stress
transmission and ensuring uniformity throughout the
matrix.’” Consistently, NaOH concentrations ranging from
2% to 5% have been often used among the regularly
employed application strategies. An improved mechanical
response of the fiber was obtained within this concentra-
tion range.’® The presence of NaOH in concentrations
greater than 5% did not enhance the fiber response, even
when all contaminants were eliminated under these cir-
cumstances. This phenomenon may be linked to the devel-
opment of a less robust, uneven, and more fibrillated
surface of the fiber. Siddika et al.*® made a chemical modi-
fication of jute and coconut fibers using different concen-
trations of NaOH (5% and 10%). They found that the
composite made from fibers modified with 5% NaOH
exhibited superior mechanical qualities compared to the
composite made from fibers treated with 10% NaOH.
Alkalinization often enhances the final strength of com-
posites. For instance, Sedan et al.®’ reported that treating
hemp fibers with a 6% NaOH solution caused degradation
of hemicellulose in the fibers. This degradation resulted in
increased roughness and stress transfer within the matrix,
leading to a 40% increase in the modulus of rupture of the
composite.

A limited amount of research has been done to establish
the effects of adding SBF to concrete.®! The findings illus-
trated that the employment of SBF boosted various strength
properties of concrete. It was stated that adding SBF up to
0.5% to normal-strength concrete and lightweight concrete
enhanced the compressive strength of the mixture.%?
Adding SBF to the soil blocks diminished the density of
blocks, which can be ascribed to the low density of SBF,
and it was also displayed that the water absorption capac-
ity of the blocks raised considerably. Contrarily, the rein-
forced soil blocks had greater compressive and tensile
strengths than the soil blocks that were unreinforced, and
the maximum efficacy of the improvement was attained at
a 0.5% weight fraction of SBF to the soil.®* The use of SBF
improved the bending and tensile strengths as well as the
amount of impact engrossed energy when combined to the
composite materials, according to recent studies that
looked into the impact of SBF when utilized as reinforce-
ment in the materials. Based on a study by Mangi et al.,*
SBF can be used as a cement replacement (by approxi-
mately 1.5% by weight) in the production of cement bricks
without altering the brick’s characteristics. This can have
an influence on both economy and environment. Therefore,
this investigation attempts to explore the prospective utili-
zation of treated SBF as an additive in LFC for mechanical
properties and thermal conductivity improvements.
Varying SBF weight fractions between 1% and 5% will be
added to LFC, and several strength parameters and thermal
performance will be assessed accordingly.

Materials and mix proportions

Materials

Entire LFC mixtures were made using ordinary Portland
cement (OPC). According to the BS197-1 standards,®
OPC has a strength grade of 53.6 N/mm? and a soundness
of 12mm. In this experiment, fine river sand provided by a
regional supplier was utilized as a filler. The cohesiveness,
high surface area, and gradation qualities of fine river sand
are all factors in its selection as a workable LFC additive.
Particles with decreasing size should become less worka-
ble as their surface area decreases. In addition, fine filler
aids in compacting foamed concrete blends. Clean water
was utilized for the mixing and curing of LFC to ensure
compliance with BS-3148.%¢ Water was devoid of acids,
oils, salts, organic debris, and alkalis. A surfactant derived
from proteins was created. An approximate 1:35 ratio of
surfactant to water was utilized in the mixture. A Portafoam
PM-2 was employed to produce the stable foam, as shown
in Figure 1.

Sugarcane bagasse was gathered and processed from a
neighboring farm in Penang. The fibrous waste of crushing
sugarcane to get its juice is called bagasse. Figure 2 exhib-
its the physical appearance of SBF before and after the
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Figure 2. Physical appearance of SBF before and after NaOH treatment: (a) sugarcane bagasse waste, (b) dried untreated SBF, (c)

treated SBF (4% NaOH).

NaOH treatment. Figure 2(a) displays bagasse derived
from sugarcane. The length of sugarcane bagasse was cut
to between 80 and 90 mm. The chopped sugarcane pieces
were then pulverized in a machine that was fed with water.
Using a drainage device, the products of the ground stem
were subsequently washed and dried. The drained,
mechanically processed SBF was then air-dried for
48hours. As demonstrated in Figure 2(b), dried fiber is
referred to as untreated SBF (raw fiber). The raw SBF then

was subjected to the alkali treatment to enhance its proper-
ties. A NaOH concentration of 4% was used to treat SBF.
For the 4% NaOH concentration in 101 of tap water, 400 g
of the NaOH pellets were dispersed. The mixture was thor-
oughly stirred with a long stick for about 4 minutes before
introducing the raw SBF into it. A sufficient amount of
SBF was then completely submerged in a solution with a
concentration of 4% NaOH for the duration of the treat-
ment, which lasted for 24hours. Table 1 outlines the
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Table |I. Mechanical and physical properties of SBF.

Table 2. Chemical composition of SBF.

Component Untreated Treated SBF Constituents Untreated Treated SBF
SBF (4% NaOH) SBF (4% NaOH)

Tensile strength (N/mm?) 139 158 Lignin (%) 18.1 15.7

Young’s modulus (N/mm?) 14,695 16,500 Cellulose (%) 46.8 594

Elongation at break (%) 52 7.8 Hemicellulose (%) 29.8 23.6

Length (mm) 19 19 Ash (%) 32 0.4

Diameter (um) 245 237 Pectin (%) 0.6 0.1

Density (g/cm?) 1.25 1.21 Extractives (%) 1.5 0.8

Table 3. Mix design of LFC.

Specimen Density (kg/m3®)  SBF (%)  SBF (kg/m®  Binder (kg/m3®  Filler (kg/m?) Water (kg/m3)  Foam (kg/m)

CTRL 800 - - 302.5 453.7 136.1 36.9

UTFI 800 | 9.29 302.5 453.7 136.1 36.9

TFI 800 | 9.29 302.5 453.7 136.1 36.9

TF2 800 2 18.58 302.5 453.7 136.1 36.9

TF3 800 3 27.87 302.5 453.7 136.1 36.9

TF4 800 4 37.17 302.5 453.7 136.1 36.9

TF5 800 5 46.46 302.5 453.7 136.1 36.9

mechanical and physical characteristics of SBF, whereas
Table 2 presents its chemical components. It can be noticed
from Table 2 that the mechanical properties of treated SBF
were developed in comparison to the untreated SBF.

Mix proportioning

Tests were conducted on seven different LFC mixtures,
including a control, UTF1, TF1, TF2, TF3, TF4, and TF5.
UTF1 is for the LFC mix design with 1% untreated SBF,
whereas TF1-TF5 stand for the LFC mix design with 1%—
5% treated SBF. It was also necessary to produce a control
LFC so that the results could be assessed. A binder-filler
proportion of 1:1.5 was utilized uniformly across all the
mixes. A water-binder proportion of 0.45 was applied. The
weight fractions of SBF used in FC were 0% (control),
1%, 2%, 3%, 4%, and 5%. The density of LFC was kept
within the limit of 800 = 25 kg/m? by maintaining the fresh
density at about 930 = 25kg/m?. Table 3 provides the mix
design of LFC.

Testing methods

The goals of the experiments were to obtain the thermal
conductivity, splitting tensile strength, flexural strength,
and compressive strength of LFC reinforced with chang-
ing weight fractions of SBF. The compressive strength
tests were performed in line with the BS12390-3 specifica-
tions.®” Cube specimens with the dimensions of
100mm X 100mm X 100mm were employed. Next, the
flexural strength tests were done on 100mm X 100 mm
X 500mm prisms in accordance with the BS12390-5
requirements.®® The splitting tensile strength tests were

conducted in agreement with the BS12390-6 standard on
cylindrical specimens of 100 mm in diameter and 200 mm
in height.?” For these strength properties tests, three LFC
specimens were investigated for each curing period. On
the other hand, the LFC thermal conductivity with differ-
ent SBF weight fractions was determined utilizing guarded
hot plate apparatus corresponding to ASTM C177.7° LFC
specimens of 10mm X 30mm X 30mm were prepared.
Additionally, a vacuum saturation instrument was used to
quantify the permeable porosity of LFC-SBF specimens.”!
Furthermore, scanning electron microscopy (SEM) was
employed for analyzing their morphologies.

Results and discussion

Slump flow

The slump flow findings of LFC with the inclusion of sev-
eral weight fractions are shown in Figure 3. All the mix-
tures had slump flow diameters that varied from 215 mm to
240 mm. The control LFC (CTRL) with no fiber addition
had the greatest slump flow values. The control mix meas-
ured a slump flow of 240mm. As the weight fraction of
SBF grew from 1% to 5%, the slump flow was steadily
reduced as the fiber became connected to the LFC base
mix. Using a 5% weight fraction of SBF, the LFC mixture
with the lowest slump flow was achieved. The logged value
was 215 mm. By widening the interweaving and resistance
between SBF and filler, the inclusion of fiber reduces the
flowability and increases the flow resistance, which lead to
a considerable reduction in the slump flow diameter. It was
found that the slump flow was reduced with increasing the
weight fraction of SBF. This is most likely because new
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Figure 3. Slump flow of LFC-SBF composites.

LFC combinations have a greater proportion of SBF, which
also has higher internal resistance.’! The slump flow or
workability of LFC is a vital fresh-state property to be
taken into account during construction, as it can have a sig-
nificant effect on the durability, strength, labor costs, and
visual appeal of the final result. The workability of LFC is
crucial for facilitating the ease of pouring it.”* Construction
work becomes very challenging when LFC lacks the work-
ability. Inadequate workable LFC results in insufficient
compaction, challenges in managing LFC on-site, and
development of honeycombs. An exceptionally workable
LFC is characterized by its ability to be easily mixed, car-
ried, put, and compacted during construction processes.
This type of concrete is employed in situations when it is
impractical to efficiently compress concrete, as well as in
the construction of large-scale structures. These varieties of
concrete are easily manageable and need minimal effort to
harden. Nevertheless, there is a notable possibility of expe-
riencing both a decrease in the homogeneity and occur-
rence of separation in this particular situation.”

Dry density

Figure 4 depicts the effect of different weight fractions of
SBF on the density of LFC. In general, Figure 4 exhibits a
minor tendency of higher density with the increased weight
fractions of SBF, most likely owing to the comparatively
high specific gravity of SBF; nevertheless, the difference
was not significant. The control LFC mixture recorded the
lowest density value of 803, 807, and 811 kg/m? on days 7,
28, and 56, respectively. However, the lowest reported
density was achieved by adding a 5% weight fraction of

810 A

790 -

Oven-dried density (kg/m3)

CTRL UTF1 TFI

TF2 TF3 TF4 TF5
Mix designation

Figure 4. Density of LFC-SBF composites.
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Figure 5. Compressive strength of LFC-SBF composites.

SBF. On days 7, 28, and 56, the recorded densities were
825, 829, and 832kg/m?, respectively. Overall, the densi-
ties obtained for the entire LFC-SBF combinations are
within the allowed range of 50kg/m?®. On day 28, the dry
density deviations from the target density were 7, 16, 14,
20, 23, 25, and 29 kg/m® for CTRL, UTF1, TF1, TF2, TF3,
TF4, and TF5, respectively.

Compressive strength

Figure 5 displays the findings of the compressive strength
with varied weight fractions of SBF. The addition of SBF
boosted the LFC’s compressive strength. The control LFC
specimen had a compressive strength of 2.86 N/mm? by
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Figure 6. Flexural strength of LFC-SBF composites.

day 28. The maximum compressive strength was obtained
with 4% SBF added to LFC. The determined compressive
strength was 4.38 N/mm? on day 28. When compared to
the control specimen, there was an approximately 53%
increase in the compressive strength. The compressive
strength drastically decreased to 2.55N/mm? on day 28 at
a 5% weight fraction of SBF in LFC, which was lower
than the control specimen. LFC-SBF composites could
support loads with increasing stresses after they had
reached their peak compressive strength. SBF absorbs the
tensile energy at the interface between SBF and LFC com-
posite and distributes it to the surrounding matrix, lower-
ing the localized tensile stress and enhancing the fracture
resistance.”*”>

Flexural strength

Figure 6 indicates the flexural strength results for the LFC-
SBF composites at different weight fractions of SBF.
Comparing the control LFC and LFC-SBF specimens to
different weight fractions, the flexural strength was gener-
ally greater in the LFC-SBF composite mixture with the
inclusion of 4% SBF. The flexural strength of 1.11 N/mm?
was recorded on day 28 using 4% SBF. The observed
result was 63% higher than that of the control specimen,
which had a flexural strength of 0.68 N/mm?. The result
demonstrated that the flexural strength of LFC was consid-
erably reduced at a 5% weight fraction of SBF. Between
SBF and foam cement slurry, an interfacial transition zone
often forms.”® The excessive addition of SBF, particularly
to the mix TF5, may result in the increased porosity of
LFC, ultimately causing a decrease in the flexural strength.
As the cracks spread, SBF is gradually evicted until its
bonding capacity is completely exceeded within the LFC
cementitious matrix.”’
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Figure 7. Splitting tensile strength of LFC-SBF composites.

Splitting tensile strength

Findings from a splitting tensile strength test performed on
the LFC-SBF composite mixes with varying SBF weight
fractions are illustrated in Figure 7. The outcomes of the
splitting tensile test provide compelling evidence that SBF
enhances the overall tensile strength of the LFC mixtures.
The control LFC only had a splitting tensile strength of
0.42 N/mm? on day 28. The addition of 4% SBF to the LFC
mixture increased the splitting tensile strength by a signifi-
cant amount. On day 28, the splitting tensile strength was
0.71 N/mm?. The splitting tensile strength at the point of
fracture was increased by almost 69% compared to the
control LFC specimen. The addition of SBF to the LFC
mixtures ensures that LFC will continue to function as a
fastener even if it develops microcracks. All strains at the
onset of cracking will be absorbed by SBF, and then gradu-
ally transferred to the binder matrix. Nevertheless, when
SBF was included at a weight fraction of 5%, the LFC’s
splitting tensile strength dropped dramatically. This might
be due to uneven distribution of SBF in the LFC cementi-
tious matrix.”®

Relationship between strength properties

A method that establishes a connection between a depend-
ent variable and one or more independent variables is
known as a regression analysis. It is feasible to show if the
variations in the dependent variable are related to varia-
tions in one or more of the explanatory variables. Figures
8 to 10 display the relationships that exist between the
compressive and flexural strengths, splitting tensile and
compressive strengths, and flexural and splitting tensile
strengths, respectively. The data arrangement in these
three figures supports the hypothesis of a remarkable
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correlation between the strong features of LFC enhanced
by SBF. There is a significant linear relationship with the
R? values of 0.99 for the compressive-flexural strengths,
0.98 for compressive-splitting tensile strengths, and 0.99
for splitting tensile-flexural strengths.

Performance index

There exists a correlation between the compressive
strength and density of LFC. Theoretically, the LFC’s
compressive strength increases with its density. To con-
duct this study, we maintained a density of 800kg/m? of
LFC. Since the addition of SBF caused modest variations
in the density between specimens, the performance index
of the LFC-SBF composites was determined to improve
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Figure 10. Splitting tensile-flexural strengths of LFC-SBF
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Figure I 1. Performance index of LFC-SBF composites.

the reliability of the experimental findings. The efficiency
index of the 800kg/m® specimen used in this analysis is
exhibited in Figure 11. The performance index found a
similar pattern, with the index rising in a direct correlation
to the specimen’s curing age. The LFC-SBF composites
with 4% SBF (mixture TF4) had a performance index of
5.18 N/mm? per 1000 kg/m?, making them the most effec-
tive after 56 days. The compressive and toughness proper-
ties of LFC are both improved by the addition of SBF. In
addition, the use of SBF in the cementitious matrix
improves the LFC’s cracking resistance and expansion
ability. This is because the SBF bridging effect stops the
transverse deformation of concrete, which leads to an
increase in the compressive strength of LFC. The addition
of SBF at lower weight fractions (between 1% and 4%)
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Figure 12. Thermal conductivity of LFC-SBF composites.

strengthens the link between the components of the com-
posite and enables the establishment of a bound that is
uninterrupted. Moreover, increasing the pace at which
SBFs are introduced into LFC results in an increase in
voids, which may lead to a drop in the compressive
strength of LFC (at 5% weight fraction).

Thermal conductivity

Figure 12 depicts the thermal conductivity values of LFC
with different weight fractions of SBF. As indicated in the
figure, adding SBF to LFC may aid in lowering the mate-
rial’s thermal conductivity. The ideal thermal conductivity
value was obtained with a SBF weight fraction of 3%. The
recorded thermal conductivity value for the control speci-
men was 0.2167 W/mK. The thermal conductivity of LFC
was considerably reduced to 0.1704 W/mK with the addi-
tion of 3% SBF by weight. When the weight fraction of
SBF rises, the thermal conductivity of the material
increases because LFC with SBF has a porous structure
that allows it to absorb heat. The addition of SBF also con-
tributes to reallocation and the development of smaller,
more regular void sizes, both of which help explain the
LFC’s very low thermal conductivity. The investigations
also demonstrated that SBF has a noticeable amount of
untapped potential for use in cement-based materials,
where it may be vital in lowering the thermal-inducing
characteristic of produced concrete or improving its heat
transmission. The use of SBF also facilitates the redistri-
bution and formation of smaller, more uniform empty
spaces, which in turn elucidates the remarkably low ther-
mal conductivity of LFC. The studies also revealed that
SBF possesses a substantial amount of unexplored capac-
ity for utilization in cement-based materials. This capacity
could be crucial in reducing the thermal-inducing
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Figure 13. Permeable porosity of LFC-SBF composites.

properties of manufactured concrete or enhancing its heat
conduction.”

Permeable porosity

Figure 13 illustrates the influence of different weight frac-
tions of SBF on the permeable porosity of LFC. A rise in
the weight fraction of SBF results in a reduction in its per-
meable porosity. It was found that the permeable porosity
of LFC was at its lowest value as 60.1%, when a 3% weight
fraction of SBP was used. In contrast, the largest permea-
ble porosity in the control FC was 65.0%. The permeable
porosity showed an increase of around 7.5% when treated
with a 3% SBF, compared to the control specimen. The
SBF changes in morphology lead to a reduction in the per-
meable porosity of LFC. Increasing the weight fraction of
SBF to its optimal level in LFC enhances the cohesion of
the matrix, resulting in a reduction in the porosity of LFC.
The decrease in the permeability porosity percentage can
be ascribed to the reduced water absorption of LFC or the
effects of void packing generated by the presence of SBF.*
The compatibility of SBF with a cementitious matrix has a
notable influence on the moisture absorption and porosity
behavior, depending on the characteristics of SBF. Because
of their remarkable ability to withstand the permeable
porosity, LFC-SBF hybrids exhibit a high level of resil-
ience to the porosity.

Morphology evaluation

Figures 14 and 15 display the SEM results of untreated and
treated SBF, respectively. The morphology of SBF after
treatment (Figure 14) varied significantly from that of the
untreated one (Figure 15). For the untreated SBF, the exist-
ence of impurities and debris on the fiber surface will lead
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Figure 15. Morphology of treated SBF.

to a frail interfacial bond between the fiber and the LFC
cementitious composites. Moreover, the presence of plain
and smooth surfaces with only visible scaly lines is not
good for an interfacial bond. Following the 4% NaOH
treatment, the morphological structure of SBF underwent a
clear change. The fiber demonstrated significant enhance-
ments in terms of purity, roughness, and absence of surface
impurities.®' Besides, the fiber surface looks very rough
and deformed. The interaction of sodium with the surface
during the treatment removed the wax and cuticle, suffo-
cating the fiber surface. It is visible on the surface of loose
isolated fibrils which are defibrillated due to the action of
the NaOH treatment. The removal of the binding sub-
stances and the development of some micropores in the
treated SBF were found to be the causes of the defibril-
lated process. It was also indicated that exposing more
fibrils by removing the superficial layer might enhance the
surface area in contact with the LFC cementitious compos-
ites. The surface area for an efficient interfacial connection

Figure 16. SEM results of LFC-SBF composites with a 4%
weight fraction of fiber.

between the SBF surface and binder matrix is increased by
these loose fibrils on the rough surface, as illustrated in
Figure 16. The elimination of surface contaminants on fib-
ers helps the LFC-SBF adhesion because it makes mechan-
ical interweaving and the bonding reaction easier.

Conclusions

The strength properties and thermal conductivity of
LFC-SBF composites were investigated by adding dif-
ferent weight fractions of SBF. When the weight fraction
of SBF increased from 1% to 5%, the slump flow
decreased progressively. The lowest slump flow was
achieved by inserting a 5% weight fraction of SBF into
the LFC mixture. The density of the LFC-SBF compos-
ites increased due to the SBF’s comparatively high spe-
cific gravity and rising weight fraction, nonetheless, the
difference was not substantial. The inclusion of SBF in
the LFC mixture contributed significantly to its splitting
tensile, flexural, and compressive strengths. The ideal
strength properties were obtained by adding a 4% SBF to
LFC. When SBF was added to the LFC mixes, it assured
that LFC would work as a fastener when microcracks
formed. Also, when SBF was present, the thermal con-
ductivity of LFC was improved noticeably. Owing to the
porous structure of LFC with SBF, which enabled it to
absorb heat, as the weight fraction of SBF in LFC
increased, so did the material’s thermal conductivity.
The low thermal conductivity of LFC achieved was
mostly owing to the redistribution and creation of a
smaller regular pore size, which was aided by the incor-
poration of SBF. The best results were obtained by
including a 3% weight fraction of SBF in LFC. This
research work has provided important data for future
investigation of SBF-reinforced LFC.
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