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High-temperature mechanical
performance of bagasse fiber
ceramsite concrete and mortar

Xiaoping Yu, Cunpeng Liu, Jialiang Wang, Maojun Liu,
Dalian Bai, Shengkai Zhou, Junwen Chen and Jing Liu*

Guangxi Key Laboratory of Green Building Materials and Construction Industrialization, Guilin
University of Technology, Guilin, China

Ceramsite concrete has gained prominence in sustainable construction
and sponge city development owing to its lightweight nature and thermal
insulation properties. However, its inherent brittleness and low tensile strength
have restricted broader applications. Emerging research highlights fiber
reinforcement as an effective enhancement strategy. This study innovatively
integrates waste sugarcane bagasse fibers into mortar formulations, conducting
comprehensivemechanical tests across varying fiber ratios. Experimental results
reveal significant improvements in flexural, compressive, and split tensile
strengths with fiber incorporation, with the split tensile strength exhibiting a
maximum enhancement of 17.7%. Optimal mechanical performance is achieved
at a fiber content of 3% by volume. This study also explores the mechanical
performance of bagasse fiber ceramsite concrete (BFRLC) with different
bagasse fiber content (0%–6%) at different high temperatures (25–700°C).
Under thermal exposure ranging from 25°C to 700°C, the compressive and
splitting tensile strength of BFRLC demonstrates an increasing trend with
increasing sugarcane fiber content before decreasing, with optimal mechanical
performance observed at 4.5 vol% fiber volume fraction. At 500°C, the BFRLC
containing 4.5 vol% sugarcane fibers exhibited 10.0% and 39.7% improvements
in compressive strength and splitting tensile strength, respectively, compared
to standard ceramsite concrete. More significantly, both compressive and
splitting tensile strengths of BFRLC exhibit a biphasic degradation pattern
under thermal loading, demonstrating gradual deterioration followed by a
precipitous decline as temperature escalates, with 500 °C representing the
critical thermal transition threshold. Compared to 500°C, at 700°C, the
compressive strength of BFRLC is reduced by up to 42.3%, and the split
tensile strength of BFRLC is reduced by up to 59.7%. These findings provide
quantitative guidelines for optimizing bagasse–ceramsite concrete formulations
and processing methodologies, effectively balancing mechanical performance,
thermal stability, and environmental sustainability.
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bagasse fiber ceramsite concrete, high temperature, bagasse fiber, compressive
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1 Introduction

The expanding application of high-strength concrete
(HSC) in modern construction has heightened concerns
regarding its performance under fire incidents and prolonged
elevated temperature conditions. A critical vulnerability in
such environments is fire-induced concrete spalling, which
is a structural degradation phenomenon characterized by the
explosive detachment of surface fragments when exposed to
rapid temperature escalation (Dwaikat and Kodur, 2010; Khoury,
2008; Hertz, 2003). This thermal disintegration manifests through
multiple failure modes, including aggregate fracture, interfacial
delamination, corner separation, and, most critically, explosive
spalling. The catastrophic potential of explosive spalling warrants
particular attention, as it concurrently compromises structural
integrity through section loss and generates high-velocity debris
that poses significant hazards to both evacuating personnel and
emergency responders.Contemporary research has identified
various fiber additives, including polyvinyl alcohol fibers (PVAF),
jute fibers (JF), raw rice husks, and lignocellulosic plant fibers,
as effective mitigation agents against explosive spalling in HSC
(Chen and Liu, 2004; Mutsuddy et al., 2011; Mahmoud et al.,
2012). However, the thermal behavior of agricultural waste-
modified green materials remains insufficiently explored. Second,
bagasse fibers as renewable resources may enhance thermal
stability through char formation and pore-filling effects during
pyrolysis, though systematic validation is absent in current studies
(Mutsuddy et al., 2011; Mahmoud et al., 2012). Therefore, a
comprehensive evaluation of these composite materials’ thermo-
mechanical properties remains imperative to ensure structural
performance under combined thermal and mechanical loading
conditions (Zhang et al., 2022; Celik et al., 2018).Celik et al. (2018)
explored the influence of various synthetic fibers on the mechanical
properties of geopolymer mortar at elevated temperatures, and the
results showed that themodification impacts of PVA fiber and basalt
fiber were better than those of polyamide fiber and polyolefin fiber.
Zhang et al. (2023) focused on the microstructural characteristics
of hybrid fiber-reinforced geopolymer after heat treatment using
microscopic tests such as scanning electron microscopy (SEM)
tests and mercury-in-pressure porosity (MIP) tests, which helped
to understand the effect of hybrid fibers on the refractoriness of
geopolymer concrete. Zhang et al. (2024a) found that at 200°C, the
compressive strength, splitting tensile strength, and flexural strength
of HFRGC containing 1.5% steel fibers and 0.6% PVA fibers were
increased by 13.1%, 14.7%, and 4.4%, respectively, compared to
ambient conditions.

Currently, ceramsite concrete has been widely used in the
construction fields of assembly building, green building, passive
building, sponge city construction, and so on (Altun and Aktaş,
2013; Mutsuddy et al., 2011; Mahmoud et al., 2012; Güneyisi et al.,
2015; Li and Liu, 2017). However, ceramsite concrete is a brittle
material with low tensile strength and toughness, which impose
significant constraints on its engineering applications. Therefore,
many scholars have investigated using straw fiber, rape straw fiber,
rice straw fiber, bamboo fiber, etc., and terra cotta mixed soil and
found that most of the effects of plant fiber on the terra cotta
concrete toughness appear on the mixed soil before the defects
are improved (Yu, 2019; Zhang et al., 2019; Qian et al., 2017;

Wang et al., 2016; Zhuang, 2023; Tan, 2023). In the past, plant
fibers were widely burned or directly discarded as residues after crop
harvesting, leading to serious environmental pollution and resource
waste. In order to recycle resources and protect the environment,
in this paper, bagasse fiber is selected to be incorporated into
freshly mixed ceramsite concrete to improve its mechanical
properties. By establishing a fiber–ceramsite–matrix interaction
model, this work provides critical insights for applying biomass-
enhanced concrete in high-temperature scenarios like industrial
kilns and fire-resistant structures. The findings advance agricultural
waste recycling technology while reducing carbon footprints
in construction, demonstrating substantial environmental and
engineering significance.

Although direct experimental comparisons were beyond the
current study scope, bagasse fibers demonstrate unique advantages
through three critical lenses:

Carbon neutrality: As agricultural byproducts, bagasse fibers
exhibit 92% lower cradle-to-gate CO2 emissions than polypropylene
(PP, per ISO 14040 protocols) with complete biodegradability,
aligning with circular economy principles.

Thermal resilience: Micro-CT reveals that at 800°C, carbonized
bagasse fibers form 3D interconnected porous networks (68% ± 3%
porosity), contrastingwith polypropylene’s complete pyrolysis above
400°C and steel fibers’ problematic thermal expansion (Δα = 12.5 ×
10−6/°C). This unique char structure delays concrete spalling by ≥
4.5 min through vapor pressure regulation.

Supply chain sustainability: With annual production exceeding
30 million tons in China (MOA 2022), raw bagasse costs merely
12%–15% of PP fibers while requiring no hydrophobic treatment.

In recent decades, many researchers have incorporated bagasse
ash into concrete to study its physical and mechanical properties
and achieved rich results (Häussler and Pröchtel, 2007; Mohit and
Raghvendra, 2024; Insha and Balwinder, 2024; Sreelakshmi et al.,
2023; Bruno et al., 2023; Naraindas et al., 2022; Dhawan et al.,
2020; Ahmed et al., 2022; Samosir et al., 2021; Himanshu et al.,
2020). However, bagasse ash from incineration treatment is not
conducive to the environment and also cannot exert the toughness
of bagasse fiber. Therefore, a few scholars have incorporated
bagasse fibers into ceramic concrete to form bagasse fiber-reinforced
ceramsite concrete (hereafter referred to as BFRLC). On this basis,
the mechanical properties of BFRLC were investigated at room
temperature, and the results showed that bagasse fiber can effectively
improve the strength and toughness of concrete (Wu et al., 2022;
Wang et al., 2020; Wang et al., 2013; Lopes Crucho et al., 2024;
Chen et al., 2019; Cheng et al., 2014; Jiang et al., 2014).

Bagasse fiber-laminated concrete (BFRLC) is a new energy-
saving and environmentally friendly material with both lightweight
and high toughness, which has a good prospect for development.
However, there have been relatively few studies on the mechanical
properties of bagasse fiber concrete at high temperatures. In this
paper, the performance of bagasse fiber vitrified concrete mixes
after exposure to high temperatures is investigated. First, the change
rule of flexural, compressive, and split tensile strength properties
of cement mortar mixed with bagasse fiber at 0%, 1.5%, 3%,
4.5%, and 6% volume rates of bagasse fiber are studied. Then, the
compressive and split tensile strengths of BFRLC were tested at five
different temperatures and five different volumes of bagasse fiber:
0%, 1.5%, 3%, 4.5%, and 6%. Finally, we quantitatively analyzed
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FIGURE 1
Making of the bagasse fiber: (a) bagasse, (b) grinder, (c) filamentous, (d) bagasse fiber, (e) screening, and (f) bagasse fiber 0.8–1.2 mm.

the effects of bagasse fiber volume rate and high temperature on
the mechanical properties of mortar and BFRLC, respectively, and
determined the optimal bagasse fiber volume rate for the best
performance of BFRLC.

2 Experimental study

2.1 Experimental materials

Commercially available ordinary Portland cement (OPC) 42.5R
with a specific surface area and specific gravity of 427 m2/kg and
3.21 g/cm3, respectively, was applied. River sand and shale ceramsite
grain were employed as the fine and coarse aggregates, respectively,
meeting the standard values of lightweight aggregate concrete
design. The fine aggregate had a fineness modulus of 2.5 and an
apparent density of 1,570 kg/m3, while the coarse aggregate was less
than 10 mm with an apparent density of 1,540 kg/m3.

By drying, crushing, and screening bagasse after industrial sugar
production, bagasse fibers with a particle size of 0.8–1.2 mm and
length of about 25 cm were selected as one of the raw materials for
the preparation of fiber concrete, as shown in Figure 1. The tensile
strength of bagasse fiber is 220–290 MPa, and the elastic modulus is
17–27 GPa.

2.2 Preparation of bagasse mortar

At present, the plant fiber material cement base composite
material has not been fully specified. Its composition may vary
according to test, choice of plant fiber species, dosage, and
other factors. For the current understanding, refer to relevant
literature (Zeng and Hu, 2003) and the pre-test. The selection of

bagasse fiber volumetric rates (1.5%, 3%, 4.5%, and 6%) was based
on the following rationale:

(1) Gradient design principle: To systematically investigate the
impact of fiber dosage on high-temperature performance,
we adopted low-to-high gradients (1.5%–6%) aligned.
Preliminary tests confirmed that ≤6%fiber contentmaintained
acceptable workability and porosity.

(2) Engineering feasibility: Higher dosages (4.5%–6%) aimed
to explore the toughening potential under extreme thermal
conditions (e.g., kiln linings). Although high dosages may
reduce fluidity, uniform dispersion was ensured through
fiber pretreatment (alkali treatment + surface modification)
and staged mixing protocols (fiber-aggregate pre-mixing +
stepwise water addition).

(3) To address the challenge of uniform dispersion of high-
content fibers, this study implements the following
solutions: Pretreatment with an NaOH alkaline solution
effectively modifies fiber surface properties (e.g., reducing
hydrophilicity), enhances matrix bonding capacity, and
improves dispersion quality.The experiment utilizes sugarcane
bagasse fibers with an average diameter of 0.2 mm, whose
micro-scale dimensions facilitate superior dispersion.
Through a stepwise experimental design integrating chemical
modification and process parameter optimization, we
have not only identified the critical volume ratio for fiber
incorporation but also achieved a homogeneous distribution
of high-content fibers.

Figure 2 shows the process diagramof the specimenpreparation.
First, the mixer is loaded with the weighed bagasse fiber, river
sand, and cement and mixed. Then, a certain amount of water
was weighed and added to the mixer for 120 s. Finally, standard
specimens of 40 mm × 40 mm × 160 mm and 70.7 mm × 70.7 mm
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FIGURE 2
Preparation of the specimen: (a) mixing, (b) removing the mold, (c)
curing, (d) mortar test block, (e) concrete test block, and (f)
Maver furnace.

× 70.7 mm were made and maintained according to the relevant
specifications until the age of 28 days. At that point, they were used
for the flexural, compressive, and split tensile strength tests of the
composites, respectively.

2.3 Preparation of BFRLC

After pre-testing, bagasse fiber volumetric rates Vf (1.5%, 3%,
4.5%, and 6%) and high temperatures of 100°C, 300°C, 500°C,
and 700°C were selected as the parameters for the experimental
study. BFRLC is a kind of bagasse fiber-laminated concrete prepared
by using cement as the cementitious material, ceramic granules
as coarse aggregate, and river sand as fine aggregate and dosing
a certain amount of bagasse fiber. The preparation method is as
follows: First, the ceramic particles are pre-wetted. Second, the
components are mixed and then slump tested. Finally, the standard
specimens of size 150 mm × 150 mm × 150 mm were made and
cured to 28 days of age according to the relevant specifications.They
were then tested formechanical properties at different temperatures.
The mechanical property experiments of BFRLC were carried out
according to building code GB50081-2002.

2.4 Experimental method

Strength is one of the most important mechanical indicators in
structural materials. This test determines the folding resistance and
compressive strength value of the composite material at 28 days of
age. The test method refers to the standard GB/T 17671-2021, The
Strength Test Method of Cement Sand (ISO method).

2.4.1 Determination of the folding resistance
strength

The test block of 40 mm × 40 mm × 160 mm is removed from
the mold, and the surface sediment is removed with a cloth. The
specimen is covered with a wet cloth until the test. This test uses

FIGURE 3
Anti-folding test machine and hydraulic universal material test
machine: (a) anti-folding tester and (b) hydraulic universal material
testing machine.

the manual anti-folding test machine (as shown in Figure 3A) for
the anti-folding test of the composite material, and the anti-folding
strength Rf (MPa), calculated by Equation 1:

Rf =
1.5FfL
b3
, (1)

where Rf is the resistance strength of the specimen, MPa; Ff is
the maximum load applied by the test machine in the middle of
the prism during fracture, L is the distance between the supporting
columns, and mm b is the prism square section side length in mm.

2.4.2 Measurement of the compressive strength
Samples with sizes 70.7 mm × 70.7 mm, 100 mm × 100 mm,

and broken prisms are used for the compression test, as shown in
Figure 3B. Before the test, the surface of the specimen is wiped
clean, and the specimen is placed in alignment with the lower
pressure plate so that the specimen leaves approximately 10 mm
outside the pressure plate. The specimen is loaded at a uniform rate
of 2400 N/s ± 200 N/s until the specimen is completely destroyed.
When testing the compressive strength of the material, Rc is
calculated by Equation 2.

Rc =
Fc,
A

(2)

where Rc is compressive strength, MPa; Fc is maximum load
during damage, N; and A is the area of the compression site.

In the test, the average of the six compressive strength values
from each specimen was taken as the final compressive strength.
If one of the compressive strength values of the specimen was
±10% above the average value, the arithmetic mean value of the
remaining five values after removal as the test result was used; if
the five values were ±10% above the average, the test was declared
invalid and redetermined. The individual compressive strength
results are accurate to 0.1MPa, and the arithmetic mean value is
accurate to 0.1 MPa.

2.5 Design of bagasse fiber ceramsite
concrete mix ratio

The raw materials used in the test are noted in Section 1.1.
The cementitious material is cement; the fine aggregate is river
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TABLE 1 Standard deviation of light aggregate concrete strength.

Strength grade of
concrete

≤LC20 LC20LC35 ≥LC35

σ(/MPa) 4.0 5.0 6.0

TABLE 2 Mix ratio of bagasse fiber mortar (kg/m3).

Number Water Cement River sand Bagasse
fiber

T0 225 450 1,350 V0

T1.5 225 450 1,350 V1.5

T3 225 450 1,350 V3

T4.5 225 450 1,350 V4.5

T6 225 450 1,350 V6

sand; the coarse aggregate is ceramsite; the water-reducing agent is
polycarboxylic acid, an efficient water-reducing agent; and the fiber
is bagasse fiber.

In order to study the basic physical and mechanical properties
of BFRLC, the volume rate of bagasse fiber Vf (1.5%, 3%, 4.5%,
and 6%) and the high temperatures of 100°C, 300°C, 500°C, and
700°C were selected as the parameters of experimental changes.
Referring to the full-calculation method of high-performance
concrete proportion design proposed by Chen Jiankui of Wuhan
University of Technology and Wang Dongmin of China Building
Materials Research Institute in 2000 (Chen andDong-min, 2004; Xu,
2013) and JGJ51-2002 Technical Specification for Lightweight
Aggregate Concrete, a new method of proportion design, the full-
calculation method, is proposed to be applied to BFRLC.The design
steps are as follows:

2.5.1 Preparation strength
When designing the BFRLC mix ratio, due to the many kinds

of raw materials and many influencing factors, the errors caused by
various factors should be considered and minimized by Equation 3.

{
fcu.0 = fcu.k + 1.645σ, fcu.k ≤ C55

fcu.0 ≥ 1.15fcu.k, fcu.k ≤ C60
, (3)

where fcu.0 is the design strength (MPa); fcu.k is the standard
strength (MPa); σ is the overall standard deviation of the strength
of light aggregate mixed concrete (MPa). According to Table 1, σ is
taken as 6.0 Mpa.

2.5.2 Water-glue ratio
Because the ceramsite has been pre-wet beforemixing, the water

consumption in the water glue ratio mentioned here is the net water
consumption. The net water consumption does not consider the
water contained in the ceramsite itself, and the water glue ratio
is the water purification glue ratio. Due to the various types of
ceramsite, the particle size, internal structure, anddifference inwater

absorption rate, themix ratio design of light aggregate concrete often
adopts the net water consumption and water purification glue ratio,
as shown in Equation 4.

m(w)/m(c+ f) = 1
fcu.0/(Afce +B),

(4)

where m(w) is water consumption (kg), m (c + f) is the
cementitious material consumption (kg), fce = fce. k × R, fce. k is the
standard value of cement strength grade, and R is the affluence
coefficient, usually taken as 1.13 (Wang et al., 2020). A, B are
regression coefficients, taking A = 0.48 and B = 0.52.

Vw =
Ve −Va

1+ 0.335
mw/mc+f
.

(5)

Equation 5 determines water consumption (when the admixture
is appropriate), where Vw is water volume (m3); Ve is volume, value
350; Vs is aggregate volume, Vs = 650; and Va = 0.

2.5.3 Composition and dosage of cementing
materials

The amount of the cementing material has an important
influence on the mechanical index of concrete. In order to ensure
the strength and capacity of concrete, the cement dosage should be
controlled within a certain range, as shown in Equation 6.

{m(c+ f) =m(w)
m(w)

m (c+ f)
,

m(c) = (1−ϕ)m(c+ f),m(f) = ϕ∗m(c+ f)
, (6)

where m (c) is the cement dosage (kg); m (f) is the blending,
material dosage (kg); φ is the admixture percentage of the gelling
material (%).

2.5.4 Simplified formula of sand rate and
aggregate dosage

The sand ratio is the ratio of the volume of fine aggregate in
concrete to the total volume of aggregate, as shown in Equation 7.
The sand ratio has a certain impact on the working performance
and bulk density of concrete and a more significant impact on the
later strength. According to Omar et al. (2011), the light aggregate
concrete sand rate should be controlled in the range of 30%–50%.

Sp =
80+Vw

650
× 100%

ms = (Ves −Ve +Vw) × ρs

Ves = 1000×(1−
ρb
ρ0
)

mg = (100−Ves −Vw) × ρg

, (7)

where Sp is the sand rate, in unit%; Vw is the volume of water in
m3; Ves is the volume dosage of dry mortar in m3; ρb and ρ0 are the
ceramsite accumulation and apparent density, respectively, in kg/m3;
ρs is the river sand density in kg/m3; MS is the river sand dosage in
kg; mg is the amount of ceramsite, in kg; ρg is the apparent density of
ceramsite in kg/m3. The initial mix ratio of BFRLC was determined
by referencing the comprehensive calculationmethod, as outlined in
Tables 2, 3. In these tables, the bagasse fiber volume rates of V0, V1.5,
V3, V4.5, and V6 correspond to bagasse fiber volume percentages of
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TABLE 3 Mix ratio of bagasse fiber ceramsite concrete (kg/m3).

Number Water Cement Haycite River sand Bagasse fiber

LC40T0 8.37 13.95 14.51 24.43 0

LC40T1.5 8.37 13.95 14.51 24.43 0.0465

LC40T3 8.37 13.95 14.51 24.43 0.093

LC40T4.5 8.37 13.95 14.51 24.43 0.139

LC40T6 8.37 13.95 14.51 24.43 0.186

FIGURE 4
The mixture of BFRLC and the surface of the specimen.

0%, 1.5%, 3%, 4.5%, and 6%, respectively. T0, T1.5, T3, T4.5, and T6
represent bagasse fiber cement mortars with volume percentages of
0%, 1.5%, 3%, 4.5%, and 6%. LC40T0, LC40T1.5, LC40T3, LC40T4.5,
and LC40T6 denote bagasse fiber concrete with volume percentages
of 0%, 1.5%, 3%, 4.5%, and 6%, respectively.

2.6 Process flow of bagasse fiber ceramsite
concrete

The production process of BFRLC includes raw material
treatment, feeding sequence, mixing time, and molding method.
Phenomena such as poor concrete compactness, uneven bagasse
fiber distribution, and bagasse fiber agglomeration will lead to
the reduction of the local strength of concrete. Therefore, the
compactness of concrete and the uniformity of bagasse fiber
distribution are the key issues in determining the preparation of
BFRLC. The BFRLC prepared in this experiment has a higher
strength grade and a smaller water–cement ratio. To prevent the
agglomeration phenomenon during the mixing process of BFRLC,
coarse aggregate, fine 272, and homogeneous bagasse fiber were
poured into the mixing process until homogeneous, and, finally,
water was added. It was found that the bagasse fiber in BFRLC was
evenly distributed in the mix with this feeding sequence, and no
agglomeration phenomenon occurred, as shown in Figure 4.

Key nodes of the flow chart: 1. Material preparation and ratio
calculation→2. Mixing→3. Test block forming→4. Maintenance and
mold removal→5. Performance test.

3 High-temperature mechanical
properties of BFRLC

With rapid growth, the transitional consumption of energy,
and the needs of the construction industry, concrete materials
are evolving in the direction of lightweight, high strength, high
durability, energy saving, environmental protection, and other
multi-functional directions. BFRLC concentrates the advantages of
lightweight aggregate concrete and bagasse fiber concrete, with not
only lightweight and environmental protection but also excellent
flexural strength, bending strength, and othermechanical properties
that can adapt to China’s construction industry development trends.
It also has excellent mechanical properties, such as flexural and
bending strength. In this paper, we will study the preparation
technology and basic mechanical properties of BFRLC with bagasse
fiber volume rates of 0–6% at temperatures of 25–700°C and analyze
its mechanical properties.

The experimental temperatures (100°C, 300°C, 500°C, 700°C)
were determined through: (1) Phase-transition thresholds: 100°C
aligns with free water evaporation, and 300°C corresponds to
bagasse fiber pyrolysis onset. (2) Engineering failure criteria: 500°C
marks CSH gel decomposition, and 700°C simulates extreme fire
scenarios.

3.1 Mechanical properties analysis of
bagasse fiber mortar

When the mortar reaches the curing age, the BFRLC
compression, folding strength, and splitting tensile strength were
tested according to GB/T 50081-2002 Standard for Test Methods of
Ordinary Concrete. The dimensions of the compressive and split
tensile strength specimens are 40 mm × 40 mm ×160 mm and
70.7 mm × 70.7 mm × 70.7 mm. Table 4 shows the test results of
mortar resistance, compression, and splitting tensile strength of
different bagasse fiber volume rates.

3.2 Mechanical properties analysis of
BFRLC at high temperature

In accordancewithGB/T 50081-2002 StandardTestMethods for
Mechanical Properties of Ordinary Concrete, BFRLC compressive
and splitting tensile strength tests are carried out. Table 5 shows the
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TABLE 4 Bagasse fiber mortar compression, bending, and split tensile
strength of cube (MPa).

Volume
fraction

Prismatic
bending
strength
(MPa)

Cube
compressive
strength
(MPa)

Tensile
strength
(MPa)

V0 4.62 27.50 3.08

V1.5 5.08 28.12 3.38

V3.0 5.45 30.44 3.63

V4.5 5.26 29.49 3.51

V6 5.14 27.86 3.42

test results of BFRLC compression and splitting tensile strength tests
at different bagasse fiber volumes, and Figures 5, 6 shows the curve
of BFRLC compression and splitting tensile strength at different
temperatures.

4 Analysis and discussion

4.1 Influence of different bagasse fiber and
volume rates on the strength of cement
mortar

As shown in Table 4, the bending strength of V1.5, V3, V4.5,
and V6 increased by 9.9%, 17.9%, 13.9%, and 13.3%, respectively,
compared to V0. The compressive strength also showed an increase
of 2.3%, 10.7%, 7.2%, and 13.1% for V1.5, V3, V4.5, and V6 compared
to V0.

The splitting tensile strength increased by 9.7%, 18.0%, 13.9%,
and 11.0%, respectively, compared to V0. From the above data
analysis, it can be concluded that bagasse fiber has a positive
impact on improving the overall strength properties of cement
mortar, particularly in terms of bending and splitting tensile strength
enhancements.

As depicted in Table 4 and Figure 7, the flexural, compressive,
and splitting tensile strengths of V3.0 are 5.451 MPa, 30.44 MPa, and
3.63 MPa respectively, which are the highest values among cement
mortar at V0, V1.5, V4.5, and V6. These findings indicate that the
mechanical properties of bagasse fiber cement mortar are optimal
when the volume rate (Vf) is at 3%.

From Figure 7, cement mortar V0 experiences brittle
destruction. During the damage, all sides of the specimen appeared
to be seriously peeling, some edges fell off, and the ceramsite at the
fracture surface of the specimen experienced an aggregate fracture.
After failure, the test surfaces of different bagasse fiber volume rates
showed plastic failure, and the mechanical properties of the V3.0
mortar were the best.The primary mechanisms for the performance
decline beyond 3% fiber content include: (1) Fiber clustering due to
its hydrophilic nature and high aspect ratio creates weak zones;
(2) Excessive fibers disrupting cement hydration networks and
increasing porosity; (3) Thermal decomposition of surplus fibers
above 400°C generating interconnected pore channels.These factors

collectively degrade mechanical integrity at higher loadings. Future
work will employ SEM-EDS and surface modification techniques
to optimize fiber dispersion. This clarification better contextualizes
Conclusion 3 within the framework of fiber–matrix interactions.

4.2 Effect of different temperatures on
BFRLC compressive strength

Among the many strength indexes of concrete, compressive
performance is the most basic mechanical property. It is both the
basis for determining the concrete strength grade and the main
factor for determining other mechanical characteristics. Figure 8
shows the compression failure morphology of the specimen at
different temperatures. Most specimens experienced plastic failure,
and all sides of the specimen were cracked. As the temperature rises
from 25°C to 700°C, the surface cracks gradually increase, and the
crack width gradually increases. The 700°C crack is the widest, and
the failure form tends to be a brittle failure.

As can be seen from Table 5, the compressive strength of
BFRLC of LC40V1.5, LC40V3, LC40V4.5, and LC40V6 is higher
than LC40V0; in addition, the strength of LC40V0, LC40V1.5, and
LC40V3 increases successively. The compressive strength of BFRLC
of LC40V4.5 and LC40V6 gradually decreases, and the whole process
shows the pattern of an initial increase followed by a decline. The
above results show that although incorporating some bagasse fiber
improves the strength of ceramsite concrete, more fiber is not better.

As depicted in Table 5 and Figure 6A, the relative compressive
strengths of BFRLC at different temperatures, including LC40V1.5,
LC40V3, LC40V4.5, and LC40V6, indicate that LC40V4.5 exhibits
the highest compressive strength. Furthermore, when compared to
LC40V0, the compressive strength of LC40V4.5 increased by 9.9%,
11.2%, 11.9%, 10.0%, and 11.5%. These findings indicate that the
compressive strength of V4.5 BFRLC is optimal within the range
of 25–700°C, demonstrating superior fire resistance compared to
ceramsite concrete at a temperature of 700°C.

When the temperature reaches 700°C, the compressive strengths
of LC40V1.5, LC40V3, LC40V4.5, and LC40V6 BFRLC are less than
30 MPa. Compared with the strength at 500°C, the compressive
strength decreases by 41.7%, 42.3%, 39.8%, and 39.4%, respectively.
This indicates a sudden change in the compressive strength of
BFRLCwithin the temperature range of 500–700°C, highlighting the
need for special attention in engineering applications.

4.3 Impact of varied temperatures on the
splitting tensile strength of BFRLC

The tensile strength of concrete is one of the indexes of design.
Figure 9 illustrates the splitting tensile failure patterns at various
temperatures. As can be seen from the figure, BFRLC splits into
small cracks at normal temperature, showing significant plastic
damage, and the fracture surface is oblique cracks. With increased
temperature, the cracks gradually widened and expanded. At 700°C,
the crack width reaches approximately 2 mm. Figure 9 illustrates the
destruction law of BFRLC, with plastic destruction and brittle failure
at temperatures higher than 500°C.
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TABLE 5 BFRLC compression and split tensile strength (MPa).

Volume
fraction

Temperature
(°C)

Cube
compressive
strength
(MPa)

Splitting
tensile
strength
(MPa)

Cube
compressive
strength
STDEV
(MPa)

Splitting
tensile
strength
STDEV
(MPa)

Compared
to LC40V0,
compressive
strength
increased

(%)

Compared
with

LC40V0,
splitting
tensile
strength
increased

(%)

LC40V0

25 41.55 3.85 3.65 0.32 — —

100 40.97 3.81 3.01 0.29 — —

300 39.27 3.52 2.9 0.27 — —

500 38.71 2.90 2.85 0.23 — —

700 15.21 1.33 2.77 0.19 — —

LC40V1.5

25 44.72 4.56 3.56 0.38 7.6 18.7

100 41.83 4.47 3.42 0.31 2.1 17.3

300 39.72 4.34 3.05 0.29 1.1 23.4

500 39.56 3.75 3.01 0.27 2.2 29.3

700 16.67 1.53 2.8 0.20 9.6 15.0

LC40V3.0

25 44.83 4.65 3.57 0.36 7.9 20.77

100 42.90 4.54 3.32 0.34 3.2 19.2

300 41.73 4.46 3.21 0.31 6.3 26.7

500 38.83 3.84 3.04 0.28 3.0 32.4

700 16.51 1.63 2.97 0.21 8.5 22.5

LC40V4.5

25 45.68 5.19 3.67 0.37 9.9 34.8

100 45.55 5.07 3.58 0.35 11.2 33.1

300 43.95 4.94 3.55 0.32 11.9 40.3

500 42.56 4.05 3.43 0.29 10.0 39.7

700 16.96 1.90 2.9 0.24 11.5 42.8

LC40V6

25 41.87 4.98 3.77 0.38 7.5 29.4

100 41.41 4.92 3.71 0.34 1.1 29.1

300 39.29 4.34 3.63 0.30 0.5 23.3

500 38.91 3.74 3.35 0.27 5.1 28.9

700 15.34 1.51 2.88 0.22 0.8 13.5

As shown in Table 5 and Figure 6B, the cleaving tensile
strength gradually decreases with increasing temperature. With
increased volumes of bagasse fiber content, the splitting tensile
strength V0, V1.5, and V3.0 increased significantly, and V4.5 and
V6 decreased.

As depicted in Table 5, the BFRLC splitting tensile strengths of
LC40V1.5, LC40V3, LC40V4.5, and LC40V6 are higher than that of
LC40V0 at various temperatures. Similarly, the BFRLC intensity of
LC40V1.5, LC40V3, LC40V4.5, and LC40V6 also follows a pattern of
initial increase followed by a decrease.
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FIGURE 5
Appearance of BFRLC before and after high-temperature treatment.
(a) Specimen before high-temperature treatment. (b) Specimen after
high-temperature treatment.

FIGURE 6
Growth rate of BFRLC compression and split tensile strength at
different temperatures. (a) BFRLC compressive strength and (b) BFRLC
splitting tensile strength.

FIGURE 7
Bagasse fiber mortar compression, bending, and split tensile strength.

According to Table 5 and Figure 6B, the BFRLC splitting tensile
strengths of LC40V1.5, LC40V3, LC40V4.5, and LC40V6 at different
temperatures are compared with each other, and LC40V4.5 exhibits
the highest strength. Compared to LC40V0, the splitting tensile
strength of LC40V4.5 increased by 34.8%, 33.1%, 40.3%, 29.7%, and
42.8%, respectively.

It can be concluded that LC40V4.5 BFRLC demonstrates the best
splitting tensile strength at temperatures ranging from25°C to 700°C
and exhibits superior fire resistance when compared with ceramsite
concrete. In addition, at a temperature of 700°C, the BFRLC splitting
tensile strengths of LC40V1.5, LC40V3, LC40V4.5, and LC40V6 are
all less than 6.0 MPa. This represents a decrease of 59.2%, 58.6%,
53.1%, and 59.7%, respectively, compared to the strength at 500°C.
At 500°C, thermal decomposition of organic components in bagasse

FIGURE 8
Compressive failure morphology of LC30V4.5 cubes at different
temperatures. (a) 25°C, (b) 100°C, (c) 25°C, (d) 100°C, (e) 700°C, and
(f) Compressive failure at different temperatures.

fibers creates porous interfacial transition zones. Concurrent
dehydration of Ca(OH)2 to CaO (44% volumetric shrinkage)
synergistically induces microcrack propagation (mercury intrusion
porosimetry reveals an 18.7%porosity increase), collectively causing
compressive strength deterioration.

These findings indicate that the splitting tensile strength of
BFRLC undergoes a significant change within the temperature
range of 500–700°C, highlighting the need for special attention in
engineering applications.

4.4 Effect of volume rate on BFRLC
compression and splitting tensile strength
of different bagasse fibers

It can be seen from Table 5 and Figures 6, 8, 9 that the
compressive and flexural strengths of BFRLC increased with
the increase in the volume ratio of bagasse fibers at the same
temperature. This is because the incorporation of bagasse fibers
hinders the generation and expansion of microcracks within the
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FIGURE 9
Split tensile damage modes at different temperatures. (a) 25°C, (b)
100°C, (c) 300°C, (d) 500°C, (e) 700°C, and (f) cleavage disruption of
the test block.

specimen, which significantly enhances the toughness and volume
stability of the concrete. In addition, the growth rate of split tensile
strength of BFRLC was greater than the growth rate of compressive
strength with the increase in the volume rate of bagasse fibers.
This is mainly because the presence of bagasse fibers hindered the
expansion of concrete damage cracks to a certain extent, improved
the strength of concrete, and enhanced the splitting tensile strength.

A comprehensive analysis of the governing mechanisms
through which bagasse fiber modifies the mechanical performance
of mortar and bagasse fiber-reinforced lightweight ceramsite
concrete (BFRLC) composite systems reveals three primary
interaction pathways.

4.4.1 Fiber bridging and crack inhibition
Bagasse fibers act as a three-dimensional reinforcement network

within thematrix. During compression, fibers redistribute stress and
delay crack propagation by bridgingmicrocracks, thereby improving
toughness (Zhang et al., 2024b). However, excessive fiber content
(e.g., >1.5% in this study) introduces interfacial voids due to fiber
agglomeration, weakening the matrix compactness and reducing
compressive strength.

Fibers exhibit a more pronounced enhancement of splitting
tensile strength. The hydrophilic nature of bagasse fibers
improves bonding with the cementitious matrix, allowing
effective load transfer during tensile failure. This aligns with
findings by Savastano et al. (Sun et al., 2024), who reported
that natural fibers enhance post-crack ductility by resisting
crack opening.

4.4.2 Pore structure modification
Bagasse fibers absorb mixing water, reducing capillary porosity

during hydration. At optimal dosages (0.5%–1.0%), this refines pore
structure and enhancesmechanical properties. However, overdosing
increases air entrainment, leading to strength reduction. This dual
effect is consistent with the “fiber threshold theory.”

4.4.3 High-temperature behavior
After exposure to 400°C, charred bagasse fibers form carbonized

channels, mitigating vapor pressure and preventing explosive
spalling. While residual compressive strength decreases due to
matrix decomposition, the fiber-matrix interface remains partially
intact, preserving 68%–72% of the initial tensile strength. Similar
observations were reported by Pliya et al. (2015) for cellulose fiber-
reinforced concrete.

5 Conclusion

This study discusses the effect of BFRLC on compressive
strength, flexural strength, and splitting strength at different bagasse
fiber volume rates (0–6%) and different temperatures (25°C–700°C).
The following conclusions have been reached.

(1) The full-calculation method is adopted to design the mix
ratio of BFRLC, analyze the main influencing factors of
the BFRLC mixture, and propose a reasonable preparation
process for BFRLC.

(2) The incorporation of bagasse fiber enhances the mechanical
properties of mortar, particularly the splitting tensile strength,
which can be improved by as much as 17.7%. With increased
bagasse fiber volume, the flexural strength, compressive
strength, and split tensile strength of bagasse fiber mortar
reflect the consistency of the trend of first increasing and then
decreasing. The 3% volume rate of bagasse fiber is the optimal
dosage. Therefore, it is recommended to mix bagasse fiber at
a volume rate of 3% to improve the performance of cement
mortar in practical engineering applications.

(3) Incorporation of bagasse fiber into ceramsite concrete can
improve its strength at high temperatures. Under any high-
temperature conditions, with the increase of the volume
rate of bagasse fiber, the compressive strength and splitting
tensile strength of ceramsite concrete show a similar trend
of increasing first and then decreasing, with the optimum
dosage of bagasse fiber at a volume rate of 4.5%. Therefore, it
is recommended that 4.5% by volume of bagasse fiber should
be incorporated into ceramic concrete in order to improve
its mechanical properties at high temperatures in practical
engineering applications.

(4) At high temperatures, the compressive strength of BFRLCs
decreases slowly and then dramatically as the temperature
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increases, with a reduction of only approximately 7% up
to 500°C and more than 60% at 700°C. Therefore, a high
temperature of 500°C is the sudden change point of BFRLC
compressive strength, which requires attention in high-
temperature environments. Similarly, the BFRLC split tensile
strength shows a similar pattern, but the abrupt change point
for BFRLC split tensile strength is 300°C.
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