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ABSTRACT

Exposure to fire could affect the structural behavior of the concrete, including Self-Compacting Concrete
(SCC). Inclusion of polypropylene fibres (PPF) in SCC as fire protection may reduce the effect of thermal stress,
however, there is still lack of information. Thus, the main purpose of this study is to conduct heat transfer
analysis of SCC beam subjected to ISO834 standard fire curve for two hours with the fire protection method by
Finite Element Method. Heat analysis was conducted using ABAQUS software to determine the temperature-time
graph at various location in the cross section of beam (at midspan) and analyse the heat transfer pattern. Four
samples developed from the previous experimental work with different proportions of PPF of 0%, 0.05%, 0.10% and
0.15% have been analysed in this study. Findings shows that temperature-time graph analysis across various position
at cross section demonstrated that higher fibre content consistently resulted in lower peak temperatures, indicating
enhanced fire-resistant properties. The study of temperature contours at the midspan confirmed uniform heat
distribution along the beam. These findings support the conclusion that incorporating PPF enhances the fire
resistance of concrete beams. This study is necessary since there is limited analysis on the SCC with fire protection
measures. The study of heat transfer analysis in this research has significant implications for fire resistance
analysis. By understanding how heat propagates through concrete beams with varying proportions of PPF,
the thermal behaviour and structural integrity of these materials under fire conditions can be assessed.
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INTRODUCTION flowability concrete was required to be pumped over long
distances.

Concrete is generally classified as a non-flammable
material with low thermal conductivity, which makes it
suitable for structural applications under fire exposure (Alis
etal. 2022). This property is vital for protecting embedded
steel reinforcement from high temperatures that can
severely compromise structural performance. However,
despite its fire resistance, concrete’s mechanical strength
is still adversely affected by prolonged or intense heat
exposure (Liu et al. 2016). Alis et al. (2022) emphasized
that fire-induced deterioration in the bond between concrete
and steel reinforcements can significantly reduce the load-
carrying capacity of RC members. In recent years, research
interest in the thermal behavior of SCC under elevated

Reinforced concrete (RC) has become one of the most
common construction materials used in structural members
due to its strength, durability, and versatility. As research
and development continue to enhance the properties of
concrete, a novel type known as self-compacting concrete
(SCC) has emerged. The term “self-compacting” reflects
SCC’s ability to flow and consolidate under its own weight
without the need for mechanical vibration (Mohd Sani &
Osman, 2005). This feature significantly improves
construction quality, especially in complex or densely
reinforced structures. Okrajnov-Baji¢ and Vasovi¢ (2009)
highlighted the successful application of SCC in high-
profile projects such as the Burj Khalifa, where high-
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temperatures has increased (Ahmadi et al. 2023; Al-Thairy,
2020; Malek et al. 2021; Mohamed Eid et al. 2017).
Bostrom and Jansson (2008) noted that SCC is particularly
susceptible to explosive spalling during fire events, even
after extended drying periods, which presents a major risk
to structural safety.

Heat transfer analysis plays a critical role in
understanding the performance and durability of concrete
structures, particularly under extreme temperature
variations. Concrete, being a heterogeneous and porous
material, demonstrates complex thermal behavior governed
by conduction, convection, and radiation. Among these
mechanisms, heat conduction is the most dominant in
determining internal thermal gradients. These gradients
significantly affect the structure’s shrinkage, cracking
potential, strength development, and long-term durability
(Gao et al. 2020). Accurate modeling and prediction of
heat transfer behavior are essential for designing robust
concrete structures, particularly in environments subject
to high thermal stress or rapid temperature fluctuations.

Recent advancements in thermal analysis have
furthered the understanding of heat transfer during various
concrete lifecycle stages—hydration, curing, and service.
According to Zhang et al. (2023), concrete’s thermal
conductivity is highly influenced by its mix composition,
aggregate types, and water-to-cement ratio. These factors,
coupled with the heat generated during cement hydration,
can create substantial internal temperature differences,
potentially causing thermal cracking. This is particularly
critical in massive pours or large-scale structural
components such as dams, bridges, or high-rise buildings.

In recent years, SCC has gained widespread attention
for its enhanced flowability and ease of placement in
complex formworks. However, its unique composition—
including higher binder content and use of chemical
admixtures—results in different thermal characteristics
than conventional concrete (Liu et al. 2021). These
characteristics necessitate tailored thermal models to
accurately predict heat transfer behavior and ensure the
durability of SCC structures. Hossain and Hasan (2022)
pointed out that SCC’s high paste content increases heat
generation during hydration, especially in thick or
restrained sections, which can lead to significant internal
temperature rises and cracking if not properly managed.

Thermal behavior at early ages is a key concern for
SCC due to the risk of thermal gradients causing stress
development. Ramachandran and Murugan (2020) found
that SCC exhibits lower thermal conductivity and
diffusivity compared to conventional concrete, influenced
by the type of aggregates and presence of admixtures. This
difference requires dedicated thermal simulations for
proper curing strategies and to mitigate early-age thermal
cracking.

Environmental conditions such as ambient temperature,
humidity, and formwork insulation also significantly
influence heat transfer in SCC. Li et al. (2021) developed
coupled thermal-mechanical models to simulate temperature
evolution and stress distribution in SCC under variable
environmental conditions. Their results showed that high
temperature differentials could result in substantial internal
stresses, underlining the need for thorough thermal analysis
during design and construction.

Additionally, the incorporation of supplementary
cementitious materials such as fly ash and slag has been
shown to reduce the peak temperature during hydration.
Wang et al. (2024) demonstrated that using slag as a partial
cement replacement in SCC reduced the hydration
temperature, making it beneficial for large pours where
thermal control is critical. These findings contribute to the
growing industry practice of optimizing SCC thermal
properties for enhanced structural performance.

To address fire-related concerns, SCC is often modified
with fire-resistant materials such as polypropylene fibres
(PPF). Existing protective measures, such as increasing
the concrete cover, aim to delay heat penetration and
safeguard the reinforcement (Naser & Sharjah 2011).
However, incorporating PPF offers a more efficient
solution. Bamonte and Gambarova (2016) noted that SCC
reinforced with PPF is widely used in buildings exposed
to high operational temperatures or fire hazards. At elevated
temperatures, PPF melts and forms micro-channels that
release pore pressure, reducing the risk of explosive
spalling and internal cracking (Chauhan & Saini 2014;
Sultangaliyeva 2021; Yang & Garimella 2010).

Despite these advancements, standardized methods to
evaluate the thermal performance of SCC under fire
conditions remain limited. Current studies tend to focus
on mechanical properties under load rather than detailed
thermal assessments (Mustapha et al. 2019). While pilot
studies have explored SCC'’s fire response, significant gaps
remain, particularly regarding the effectiveness of fire
protection strategies such as PPF integration under real fire
exposure.

Therefore, this study focuses on conducting a detailed
heat transfer analysis of SCC beams reinforced with PPF
under fire conditions. The main objective is to evaluate the
temperature-time distribution and thermal behavior of SCC
beams with varying PPF contents (0%, 0.05%, 0.10%, and
0.15%) using finite element modeling (FEM) in ABAQUS.
A 3D non-linear model of simply supported SCC beams,
based on temperature-dependent material properties, is
developed and validated using existing literature (Gao et
al. 2013; Khaliq & Kodur, 2011; Malek et al. 2021). The
ISO 834 standard fire curve is applied for two hours to
replicate real fire scenarios. Findings from this research
aim to provide valuable insights for engineers and designers



in enhancing fire protection strategies and revising current
code provisions related to SCC in fire-prone environments.

METHODOLOGY

FINITE ELEMENT MODELLING

Numerical modelling of Self-Compacting Concrete beam
commences with the development of a finite element model
using ABAQUS. Then, the beam model is subjected to a
standard fire test and validated against the numerical
solution from a previous study by Gao et. al. (2013). The
numerical solution proposed by Gao et al. (2013) was
chosen because it has been validated against laboratory
tests by previous researchers, demonstrating its reliability
in capturing heat transfer analysis of RC beams.
Additionally, the beam model used in the finite element
analysis shows a strong correlation with experimental
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results, further confirming its accuracy and applicability
to this study.

The development of a numerical model is to simulate
the actual condition, as in the laboratory. In order to
replicate the real situation in the laboratory, a detailed
sketch of the beam cross section must be visualised. This
beam model was adopted from the study by Gao et. al.
(2013). The beam size adopted is 200mm x 400mm x
4000mm. Figure 1 visualises the cross section of the SCC
beam with its reinforcement detailing. Figure 2 displays
the SCC beam modelled in ABAQUS, where the modelling
of concrete is using volumes, while for reinforcement bars
is planar. A total of four samples of SCC that differ in terms
of polypropylene fibres (PPF) contents were simulated in
this study, namely SCC-PP00, SCC-PP05, SCC-PP10 and
SCC-PP15. The last 2 digits in the model name is referring
to the percentage of fire protection material known as PPF,
available in the model.
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FIGURE 1. Reinforcements Detailing (not to scale)

FIGURE 2. Modelling of SCC beam in Abaqus

Material properties for meshing analysis are according
to the requirements for heat transfer analysis. All the
thermal properties of concrete and steel are according to

the study conducted by Gao et. al. (2013). The density of
the concrete and steel is assumed to be constant with the
value of 2400kg/m* and 7800kg/m?, respectively. The
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thermal properties for concrete beam and reinforcement
bar were in accordance with Eurocode 2 and Eurocode 3,
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respectively. An example of the Material properties for
concrete and steel is shown in Figure 3.
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FIGURE 3. Material properties for concrete

In this study, the beam surface that will be exposed to
fire or not were defined by creating surface interaction as
shown in Figure 4 and Figure 5. The heat were applied at
the bottom and both sides of the beam model. Then, the
surface coefficient for the heat transfer such as heat
convection exchange coefficient and the integrated
radiation coefficient were included in the surface interaction
(refer Table 1). Those coefficients are adopted from
EN1992-1-2. Other than that, Stefan-Boltzmann radiation

constant, & is 5.67 x 10 W/m?k*. This coefficient is to
define the relationship between the temperature in the beam
element and the emission of its thermal radiation. Heat
emissivity for fire (¢)) and concrete (¢ ) is 1.0 and 0.8
respectively (European Committee for Standardization,
1992). Support and loading conditions for heat transfer
analysis is not being considered in heat transfer analysis
as it only focusing on the static analysis of heat transfer
pattern and fire resistance of the SCC beam.
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FIGURE 4. Sketch of fire and non-fire surface (not to scale)
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FIGURE 5. Sketch of fire and non-fire surface

TABLE 1. Surface coefficient for heat transfer (Gao et. al.,
2013)

Surface con-  Heat convection Integrated
dition exchange coeffi- radiation
cient coefficient
(W/m%k)
Fire 25 0.5
Non fire 9 0.7

Transient heat transfer step was conducted according
to the temperature field of ISO-834 international standard
temperature rise curve (Numerical solution). This curve is
generated based on the burning rate of materials in general
building materials and contents. It can be described as in
EN1991-1-2 (European Committee for Standardization,
1991) by Equation (1) where 7 is temperature subjected to
the elements in degree Celsius while ¢ is time in minutes.

The value of the temperature against time for the ISO-
834 is added into the fire step in ABAQUS. The response
was set as transient. Incrementation type was set as
automatic and maximum number of increments was
100000. The heat simulation was run for 2 hours with
increment size of 10 and at minimum and maximum
increment size of 0.0072s and 500s, respectively. The
maximum allowable temperature change per increments
was 100 and maximum allowable emissivity change per
increment was 0.7. This heat step is to simulate the fire
resistance time of the concrete structure design as in
EN1992-1-1 (2004).

The results analysis from the heat transfer model are
the temperature-time curve of beam at three different nodes
at midspan cross-section, as specified in Figure 6. Nodal
temperature at the specified locations were recorded from
the beginning of the simulation until two hours. Then, the
result of numerical solution in this study is validated against
the numerical solution by Gao et. al. (2013).

T =20+ 345(log (8t + 1) )
Height from [ 200mm |
Datum T
A =10mm
B=25mm
C = 100mm 400mm
xC
B
Datum ¥ ¥A |V
E—>f
100mm

FIGURE 6. Location of nodes for beam validation (not to scale)
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MESHING SENSITIVITY ANALYSIS

The first objective of this study is to develop a validated
finite element model of SCC beam subjected to transient
heat transfer analysis by meshing sensitivity analysis. Only
sample SCC-PP00 was used in this analysis. Meshing
analysis in this study is conducted by comparing the mesh
sensitivity results of meshing size 10mm, 20mm, 25mm,
30mm and 40mm (refer Figure 7). This is to ensure that
the results of the numerical solution are accurate and
independent of mesh size.

The material properties for meshing analysis applied
to the thermal properties of SCC with no addition of PPF
and labelled as SCC-P00. The density at room temperature
is 2393kg/m>. Then, the density of the concrete with respect

to temperature change has been specified in EN1992-1-2
for the range between 20-1200°C. Equations(2), (3), (4)
and (5) show the density of concrete at different
temperatures. The equations density of concrete at different
temperatures was obtained from clause 3.3.2(3) (European
Committee for Standardization, 1992). Thermal
conductivity and specific heat capacity for SCC-P00 been
adopted from the study by Gao et. al. (2013). Density of
the concrete and steel are assumed to be constant with the
value of 2400kg/m? and 7800kg/m? respectively. The
thermal properties of the concrete beam and reinforcement
bar were in accordance with Eurocode 2 (European
Committee for Standardization, 1992) and Eurocode 3
(European Committee for Standardization, 2005),
respectively.

(10mm) (20mm) (25mm)
(30mm) (40mm)

FIGURE 7. Different mesh size use in mesh sensitivity analysis

20°C< 0 <115°C @)
p(0) = p(20°C)

115°C< 6 £200°C

p(8) = p(20°p).(1 — 0.02(8 — 115)/ 3)
85)

200°C< 0 =400°C

p(8) = p(20°C). (0.98 — 0.03(6 — 200)/ 4)
200)

400°C< 0 <1200°C

p(8) = p(20°C). (0.95 — 0.07(8 — 400)/ (5)
800)

As for the loading, boundary conditions and numerical
solutions, setup are the same as the validation model for
two hours of fire loading using ISO834 standard fire curve.

Temperature at two hours of beam at 100mm depth
(midspan cross-section) been taken as results comparison
for mesh sensitivity analysis.

TRANSIENT HEAT TRANSFER ANALYSIS

The selected mesh from meshing analysis has been used
for transient heat transfer analysis of different PPF
proportions. Different types of SCC-P will exhibit
variations in the properties based on the materials used and
their proportions. For transient heat transfer analysis study,
it encompasses on the analysis of different PPF proportions.
The density of SCC without PPF and reinforced with PPF
at different proportions are shown in Table 2. Study
conducted by Malek et al. (2021) recommended a modified
factor for thermal conductivity and specific heat value of
SCC-P. Table 3 represents the modified factor for the
thermal properties of concrete used in this study.
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TABLE 2. Density of SCC at different PPF proportions (Khaliq & Kodur, 2011)

Fly ash

Sample content

(kg/m®)
SCC-P00 101
SCC-P05 101
SCC-P10 101
SCC-P15 101

e trpr bensy
(%)
0 2393
0.05 2391
0.10 2390
0.15 2388

TABLE 3. Factor for thermal properties of SCC

Sample co:;gzl:trl?ili ty Specific heat
SCC-P00 1.026 0.988
SCC-P05 1.000 1.000
SCC-P10 0.974 1.012
SCC-P15 0.947 1.024

Loading, boundary conditions and numerical solutions
setup are the same as in the meshing sensitivity analysis
setup. The result from this study is the temperature-time
curve at 5 different nodes (midspan cross-section) of the
beam model (Figure 8). Position A, B and C referring to
concrete element while position D is for top bar and
position E is for bottom bar. Results for transient heat

transfer analysis were presented in graphs plotted at
different nodal temperature locations, comparison at time
interval of 120 minute been made for all different fibre
proportions. The effect of increment fibre proportions on
the heat transfer mechanism of the SCC beam been
analysed based on the results.

--n'. ! ,

F--% 400mm
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=
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100mm

FIGURE 8. Location of 5 different nodes for transient heat transfer analysis (not to scale)

TEMPERATURE CONTOUR ANALY SIS

The heat transfer pattern of each different proportion of
PPF contents is also taken for further analysis. The results
from transient transfer analysis have developed a heat
transfer pattern throughout the beam. For the analysis, the
temperature contour at different time intervals of 0.5, 1.0,
1.5 and 2.0 hours is taken at the midspan cross section of

the SCC beam model. Observation on the heat propagation
at the beginning of the simulation until the two hours is to
assess the initial heat distribution and identify any
significant temperature gradients within the beam. This
period is critical for understanding the early-stage thermal
behaviour and how the presence of PPF influences the rate
of heat transfer and peak temperature development in the
material.
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RESULTS AND DISCUSSION

MESHING ANALYSIS

Prior to the commencement of meshing analysis, the beam
model must be validated against previous research, for
instance, experimental or FEA results. For this study,
validation was made against the FEA results from the study
by Gao et. al. (2013). This study was selected as the results
are reported in detail to ease FE simulations and

comparisons. Figure 9 shows the comparison between the
measured temperature and the results from the study by
Gao et. al. (2013) at various locations. Based on Figure 8,
the nodal temperature for all the locations has the same
pattern as the FE model by previous study. The slight
difference between the temperature value has been
calculated based on the percentage difference of every
nodal temperature. Table 4 shows the average percentage
difference for comparison between the result from the beam
model in this study with the study by Gao et al. (2013).

10mm Gao et. al. X25mm Gao et. al. A 100mm Gao et. al.
©® |0mm FEM ¢ 25mm FEM B 100mm FEM
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[ )
600 o X
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= X e
o o %X
5 400 X
s o WK Yo
g ° % -
=300 XX A A
= ® yK® mA
.. X)K. Al A
200 . X m A
° %4 B Al
100 ° i% .
XiKO " F.1 Fa
2 HA
0 * -‘A
0 20 40 60 80 100 120
Time, t (min)

FIGURE 9. Comparison between measured temperature and previous research at various locations

TABLE 1. Average percentage difference between the current
and previous study

FEA mesh Average percentage
size difference (%)
10mm 5.933
25mm 8.232
100mm 8.927

With all nodal temperature locations exhibiting a
percentage difference below 10%, this indicates a strong
correlation between the findings in this study with the
previous one. Therefore, the beam model is validated and

verified to be used as the setup for heat transfer analysis
of this study. Then, the validated FE model has been used
for the mesh sensitivity analysis using material properties
of SCC-P00. Table 5 provides the result of the nodal
temperature at two hours for different FEA sizes.

The nodal temperature between 10mm and 20mm
shows a higher difference value (1.27°C) compared to
between 20mm and 25mm (0.22°C). This indicates that
the result has been stabilised between FEA sizes of 20mm
and 25mm. For the selection of mesh size to be used, an
analysis of the approximate error between the temperature
of every FEA size is specified in Table 6.



TABLE 5. Result of meshing sensitivity analysis

FEA mesh size (mm) Nodal temperature (°C)

10 430.76
20 432.03
25 432.25
30 433.69
40 433.26

TABLE 6. Approximate error of FEA mesh size

FEA mesh size (mm) Percentage difference (%)
10-20 0.586
20-25 0.103
25-30 0.663
30-40 0.198

The percentage difference between the 20mm and
25mm FEA mesh sizes is the lowest compared to the other
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mesh sizes. This indicates that the results have stabilised,
demonstrating that a mesh size of 25mm provides sufficient
accuracy for the transient heat transfer analysis. This mesh
size has also been used for the heat transfer analysis in past
research by Mohamed Eid et. al. (2017) and Gao et. al.
(2013).

TRANSIENT HEAT TRANSFER ANALY SIS

Transient heat transfer analysis examines the time-
dependent variation of temperature within a system or
material when exposed to thermal loads. Transient analysis
tracks how temperatures evolve due to changing conditions.
For this study, the temperature-time curve of various PPF
proportions at five different locations has been identified.
Figure 10 - 14 visualises the temperature-time curve at
points A, B, C, D and E used for comparison in this study.
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FIGURE 10. Temperature-time curve at point A
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FIGURE 11. Temperature-time curve at point B

The temperature-time graphs obtained at various location A (Figure 10) and B (Figure 11), SCC with 0.15%
locations on the beams with different proportions of PPF~ PPF (SCC-P15) reaches a peak temperature significantly
reveal significant trends. Generally, beams with higher fibre lower than a beam with a lower PPF percentage and without
content exhibit lower peak temperatures compared to those fibre. Table 7 shows the temperature at 120 minutes
with lower or no fibre. This can be seen in the results at intervals for locations A, B, C, D and E.
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FIGURE 12. Temperature-time curve at point C
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FIGURE 13. Temperature-time curve at point D
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FIGURE 14. Temperature-time curve at point E
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TABLE 7. Temperature at 120 minutes’ interval for location A, B, C, D and E of various PPF proportions

Nodal temperature at

Nodal location

time 120 minute (°C)

SCC-PO0  SCC-PO5 SCC-P10  SCC-P15
A 378.78 369.25 360.25 350.45
B 516.22 508.96 501.93 494.44
C 987.93 987.75 987.63 987.49
D 648.49 643.18 638.19 632.85
E 762.68 756.80 751.02 744.90

Even the addition of just 0.05% of PPF (SCC-P05)
results in a noticeable reduction in temperature rise. This
aligns with previous studies by Abbas and Alwash (2023),
indicating that PPF, even at low concentrations like 0.15%
by volume, can enhance fire resistance by mitigating
spalling and reducing temperature rise within the beam
structure. Hence, the presence of PPF helps to reduce the
overall temperature rise within the beam, suggesting
improved fire resistance.

Apart from that, the temperature-time graph obtained
at the nodal point located on the outer surface of the beam
(Figure 12) shows a striking similarity across all four beam
models, each with different proportions of PPF. Despite
the varying fibre content, the temperature-time curves for
all models appear nearly identical. This observation can
be justified by the fact that the same heat load of the [ISO834
standard fire curve was applied uniformly to all the beams
during the experiment. This uniform application of heat
serves as validation that the outer surface, being directly
exposed to the heat source, responds primarily to the
applied heat rather than the internal composition of the
beams. As a result, the presence of PPF, which primarily
influences the internal temperature distribution and
structural integrity, does not significantly alter the
temperature response at the surface. Therefore, the identical
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SCC-POO SCC-PO3

nature of the graphs reflects the uniform heat application,
highlighting that the fibre proportions impact internal heat
resistance and structural behaviour rather than the initial
surface temperature response.

The temperature-time curves for the rebar in the four
beam models with varying PPF proportions at location D
(Figure 13) and location E (Figure 14) demonstrate a clear
linear relationship. As the PPF content increases, there is
a consistent trend towards lower peak temperatures. This
relationship suggests that higher proportions of PPF
contribute to improved thermal performance in the beams.
The linear reduction in temperature rise with increasing
fibre content underscores the effectiveness of PPF in
enhancing fire resistance within the beams.

TEMPERATURE CONTOUR ANALYSIS

The temperature contours obtained from the transient heat
transfer analysis at the midspan of the beam for different
proportions of polypropylene fiber at 0.5, 1.0, 1.5, and
2-hour time intervals reveal important insights into the
thermal behaviour and fire resistance of the concrete beams.
Figure 15 to 18 show distinct patterns for each time interval
and fibre proportion.

SCC-P10 SCC-PI3

FIGURE 15. Temperature contour at t=0.5h



SCC-PO0 SCC-PO3

1905

SCC-P10 SCC-P15

FIGURE 16. Temperature contour at t=1.0h
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FIGURE 17. Temperature contour at t=1.5h

SCC-POO SCC-PO5

SCC-P10

SCC-P15

FIGURE 18. Temperature contour at t=2.0h

Based on the obtained temperature contours at
midspan for beam models with varying proportions of PPF,
consistent patterns emerged across all time intervals (0.5,
1.0, 1.5, and 2 hours). The contours reveal that regardless
of the fibre content, the temperature evolution within the
beams follows a similar trajectory. Initially, temperature
distribution initiates from the sides and bottom of the
beams, corresponding to the direct exposure to the heat
source. As time progresses, the heat propagates through
the beam’s structure, influencing the temperature
distribution uniformly across the cross-section.

Other than that, in current study, the minimal
incremental differences in PPF proportions (0.05%),
contribute to the difficulty in distinguishing distinct
variations in heat transfer patterns among the beam models.

The small changes in fibre content result in subtle
modifications to the thermal properties of the beams, which
may not manifest prominently in the early stages of heat
propagation observed in the temperature contours.
Therefore, while the overall temperature evolution at
midspan appears consistent across different fibre
proportions, the finer nuances in heat transfer dynamics
influenced by varying fibre content might require more
refined analytical techniques or longer duration fire tests
to detect significant deviations in temperature distribution
patterns.

This uniformity in temperature evolution indicates
that the presence of PPF does not significantly alter the
overall heat propagation pattern within the beam models
during fire exposure. Instead, the fibres primarily affect the
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internal heat resistance and structural integrity of the beams
rather than the initial propagation of heat through the
surface layers. The identical temperature contours at
midspan across different fibre proportions suggest that
while PPF enhance internal thermal performance and
structural durability, they do not distinctly influence the
early stages of heat propagation as observed on the surface
contours. This observation aligns with expectations based
on the fibre’s role in mitigating internal microcracking and
enhancing the overall fire resistance of the beam models.

CONCLUSION

In conclusion, the SCC beam model was validated against
previous research, demonstrating a very close agreement
in general for all nodal temperature locations. The meshing
analysis further confirmed the stability of nodal temperatures
with a 25mm mesh size, aligned with previous studies, thus
justifying the mesh selection.

The assessment of temperature-time profiles in SCC
beams with varying PPF percentages has revealed a clear
linear relationship between fibre content and temperature
reduction. The results consistently show that beams with
higher PPF content exhibit lower peak temperatures
compared to those with lower or no fibre. Even small
increments of 0.05% in PPF content contribute to
noticeable reductions in temperature rise, indicating the
fibre’s effectiveness in enhancing the beams’ thermal
performance.

The temperature contours at midspan for beam models
shows consistent thermal behaviour over time intervals
from 0.5 to 2 hours. Despite minimal incremental changes
in fibre content (0.05%), the heat distribution pattern
remains uniform across the beams. Thus, incorporating
PPF enhances the fire resistance of beams.

For future studies, it is recommended to investigate
the effects of higher PPF contents to produce more distinct
results and determine the optimum fibre content for
enhancing fire resistance in concrete beams. The current
study utilized fibre proportions with increments of only
0.05%, which, while effective, may not fully capture the
potential range and impact of higher fibre concentrations.
By exploring larger increments and higher total percentages
of PPF, future research can provide clearer insights into
the relationship between fibre content and thermal
performance. This approach will help identify the most
effective fibre dosage for maximizing fire resistance and
structural integrity, ultimately contributing to the
development of more robust and resilient concrete
materials.
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