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ABSTRACT 

Aggregates typically constitute 65%-75% of the concrete volume and significantly influence its mechanical 

properties while also playing a crucial role in the post-fire behavior. This study explores the effect of fire 

exposure on thermal conductivity, residual strength, and performance of Expanded Polystyrene (EPS) 

lightweight Self-Compacting Concrete (SCC) reinforced with steel fibers. EPS beads are utilized as a 

coarse aggregate replacement and steel fiber reinforcement with different volume fractions. The test for 

the pre-fire concrete samples indicated that EPS beads significantly reduced the mechanical properties of 

the hardened concrete, resulting in significant improvement in the splitting and flexural strength due to the 

steel fiber reinforcement. Also, the rheological properties for the mixtures were within the ENFARC limits 

for the different EPS and fiber volume fractions. Following exposure to fire, the findings revealed that 

increasing the EPS content enhances the retention of strength in the post-fire samples. The experimental 

results highlighted the constructive effect of EPS beads on tensile strength, flexural strength, and mass loss 

due to fire exposure. On the other hand, for post-fire performance, results revealed a significant adverse 

effect of the steel fibers on the thermal conductivity and mechanical properties of the concrete samples. 

Keywords-lightweight concrete; Expanded Polystyrene (EPS); elevated temperature; fiber reinforced; Self-

Compacting Concrete (SCC); thermal conductivity 

I. INTRODUCTION 

One of the main disadvantages of conventional concrete is 
its considerable self-weight. The density of standard concrete 
typically ranges from 2200 kg/m³ to 2600 kg/m³, making it an 
economically unfavorable material when considering casting 
molds, thickness, and reinforcement for foundation. 
Lightweight concrete is a type of concrete that has a density 
ranging from 300 kg/m³ to 1850 kg/m³ [1, 2]. For a lightweight 
concrete to be effectively used in buildings, it must possess 
specific characteristics that fulfill the required standards for 
strength and performance in the application. Prior to the use of 
any material in construction, it is essential to investigate its 
mechanical properties to assess its suitability. Due to its low 
density, which provides significant advantages by reducing the 
size of components, the demand for lightweight concrete has 
increased in many architectural projects [2].  

Reusing and recycling waste materials is the most eco-
friendly solution to the disposal issue. Consequently, a new 
method for producing lightweight concrete involves using 
lightweight materials, such as agricultural waste, construction 
waste, and corks, as substitutes for aggregates (either coarse or 
fine) [3]. EPS is one such material, which has acquired a 

broader use in modern construction. EPS is a very lightweight 
waste material generated from industry and used consumer 
products. The waste disposal problem can be solved by using 
waste EPS as a recycled material to produce sustainable 
lightweight concrete by substituting conventional aggregates 
[4, 5]. EPS lightweight concrete has found applications in 
constructing structural elements, such as beams, walls, and 
slabs, owing to its lightweight characteristics and advantageous 
thermal properties [6]. Authors in [7, 8] investigated the 
mechanical properties of concrete mixed with a high-strength 
cement matrix and EPS particles. The study developed a model 
that links the concrete strength with the size and content of the 
EPS particles. When concrete is subjected to fire and elevated 
temperatures, the microstructure and properties of the cement 
hydration products alter with the temperature changes, which 
directly or indirectly compromise the macroscopic properties of 
the matrix, thus affecting the overall behavior of the concrete at 
high temperatures [9]. As the fire temperature reaches 200°C or 
higher, the decomposition of cement hydrates and the 
deterioration of aggregates begin in the concrete. The disparity 
in the thermal expansion between the cement matrix and the 
aggregates results in stress concentration, leading to a 
substantial decline in concrete strength, with the extent of 
strength reduction depending on both the properties of the 
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aggregate and the temperature experienced by the concrete 
[10]. In environments where temperatures escalate rapidly, 
High-Strength Concrete (HSC) is more prone to spalling due to 
the combined effects of pore pressure and thermal stress 
resulting from temperature gradients during heating [11, 12]. 
This severely compromises the structural integrity of reinforced 
concrete structures, making the spalling behavior of HSC at 
elevated temperatures a topic of considerable interest [13, 14].  

Fibers have been used as reinforcement. In fiber-reinforced 
concrete, the thermal interface between the fibers and the 
concrete matrix may result in thermal cracking when exposed 
to high temperatures. Authors in [15] conducted a data-driven 
analysis of real fire tests, revealing that the artificial 
intelligence technology serves as a powerful tool for precisely 
predicting fire-induced spalling phenomena. Authors in [16] 
examined the residual strength of HSC after exposure to 
elevated temperatures. Their experimental findings revealed 
that HSC is susceptible to explosive spalling after high-
temperature exposure, with early spalling occurring around 
400°C. Authors in [17] reviewed the mechanical properties of 
Steel Fiber-Reinforced Concrete (SFRC) subjected to high 
temperatures. Their detailed analysis highlighted that SFRC 
generally demonstrates superior residual mechanical properties 
compared to the plain concrete under high-temperature 
conditions. Authors in, [18] examined the contribution of EPS 
particles on fire resistance, thermal properties, and compressive 
strength of foamed concrete. The results indicated that the 
increasing EPS bead content lowers the thermal conductivity, 
strength, and fire endurance of foamed concrete. An 
investigation on the impact of high temperature on normal and 
high-strength lightweight SCC, incorporating Perlite, Scoria, 
and Polystyrene aggregates, showed that the strength and 
thermal stability of lightweight concrete made from such 
aggregates change after the exposure to high temperatures [19]. 
Authors in [20] focused on developing sustainable, fire-
resistant concrete by incorporating EPS beads. A lightweight, 
HSC was developed by replacing 50 % of the sand volume 
with EPS. The findings exposed the performance of EPS-
infused HSC, highlighting its role in enhancing the thermal 
characteristics due to fire exposure. The lightweight concrete is 
a popular material in the construction industry due to benefits, 
involving low thermal expansion, heat, and sound insulation 
capabilities.  

This study examines pre-fire and post-fire behavior of 
fiber-reinforced lightweight concrete with EPS beads as a 
coarse aggregate. The experimental program involved the 
casting and standardize testing of concrete samples to explore 
the residual strength of lightweight concrete made using 

different proportions of coarse aggregate substituted with EPS 
beads (i.e., 20% and 40%) and reinforced with various volume 
fractions of steel fiber (i.e., 0%, 0.5%, and 1%). The 
assessment was conducted before and after exposure to steady-
state fire at 700°C. The concrete's performance was assessed 
based on its residual mechanical properties, such as 
compressive strength, tensile strength, flexural strength, mass 
loss, and thermal conductivity. 

II. EXPERIMENTAL PROGRAM 

A set of standard test specimens was selected to achieve the 
study objectives. The 28-day compressive strength was studied 
using 150 mm ×150 mm ×150 mm cubes. Tests on split tensile 
strength were performed on 150 mm × 300 mm cylindrical 
specimens. The flexural strength was measured using prisms 
measuring 500 mm ×100 mm ×100 mm. The thermal 
conductivity was examined using 100 mm ×100 mm ×100 mm 
cubes. Seven concrete mixtures were designed, and for each 
mix, 3 cubes, 2 cylinders, and 2 prisms were cast, considering 
twice the number of samples required for both the burned and 
unburned cases. Eventually, a set of 42 cubes, 28 cylinders, and 
28 prisms were cast. 

A. Materials 

In this study, SCC complying with the specifications and 
guidelines provided by EFNARC (2005) [21] served as the 
basis for the mix design. SCC is a highly fluid and non-
segregating concrete that can flow easily under its own weight, 
filling narrow spaces without mechanical vibration. The 
materials utilized for producing the SCC mixture included 
Portland cement, natural coarse and fine aggregates, silica 
fume, and a superplasticizer. Superplasticizers are used to 
increase the fluidity of concrete without adding excess water 
and to avoid the segregation of EPS spheres in the concrete. To 
achieve low-density concrete in the experimental phase, EPS 
beads were incorporated to replace a certain percentage of the 
aggregate, specifically 20% and 40% of the coarse aggregate's 
volume fraction. To improve the strength characteristics of the 
final EPS mixture, various proportions of hooked steel fibers 
were utilized. The mechanical properties of the hooked steel 
fibers are detailed in Table I, while Table II presents the 
composition and proportions of SCC materials for the different 
mix designs. 

TABLE I.  MECHANICAL PROPERTIES OF STEEL FIBER 

Fiber size, D 

(mm) 
Length, L (mm) 

Fiber aspect 

ratio (L/D) 

Yield strength 

(MPa) 

0.5 50 100 1900 

TABLE II.  MIXTURE COMPOSITION AND PROPORTIONS FOR DIFFERENT MIXTURES 

Mix 

Designation 

Mix Proportions (kg/m3) 
SP (lit/m3) 

Silica fume** 

(%) SF EPS* Gravel Sand Cement Water 

R 185 441 750 950 0 0 4 4 
EPS20SF0 185 441 750 760 2 0 4 4 

EPS20SF0.5 185 441 750 760 2 39 4 4 
EPS20SF1 185 441 750 760 2 78 4 4 
EPS40SF0 185 441 750 570 4 0 4 4 

EPS40SF0.5 185 441 750 570 4 39 4 4 
EPS40SF1 185 441 750 570 4 78 4 4 

* Replacement by volume of coarse aggregates, ** Content by weight of cement.
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B. Concrete Mixing, Casting, and Curing 

A mechanical pan-type mixer with a capacity of 0.25 m³ 
was employed to blend the concrete components. Initially, 40% 
of the water, along with the superplasticizer, was added to the 
mixer, followed by the dry EPS particles. The mixing 
continued for approximately 2 min to ensure that the EPS 
particles were thoroughly wet with water and superplasticizer. 
Next, the solid components were introduced into the mixer, 
with the remaining 60% of the water being gradually added. 
Finally, the fibers were evenly distributed throughout the 
mixture, and the mixing was resumed for an additional 2 min. 
Subsequently, the fresh fiber-reinforced EPS lightweight 
concrete was poured into molds. A steel trowel was utilized to 
create leveled and smooth surfaces on the specimens. Finally, 
concrete cubes, cylinders, and prisms were removed from their 
molds 24 h after casting and transferred for 28 days of curing 
using wet burlap. 

C. Burning and Cooling 

The specimens were subjected to burning in a gas furnace 
using direct fire, while maintaining controlled conditions, 
specifically a steady-state temperature of 700 ± 10 °C for an 
exposure duration of 1 h, as illustrated in Figure 1. 

 

(a) (b) 

Fig. 1.  Burning samples, (a) molds in the furnace, (b) temperature control. 

A digital thermometer with a K-type sensor wire was 
utilized to monitor and record the fluctuations within the 
furnace environment over time. The criteria for the 
temperature-time relationship were established based on 
ASTM E-119 standard [22]. The change in temperature during 
the fire test was divided into three stages: heating to 700 °C (10 
min), followed by constant temperature at 700 °C (60 min), and 
after that cooling to ambient temperature [23, 24]. During the 
heating stage, the furnace was heated in accordance with 
ASTM E119-20. 

III. RESULTS AND DISCUSSION 

A. Fresh Concrete Tests 

Several trial mixes were performed to produce SCC with a 
target cube compressive strength of approximately 57 MPa. 
The mix proportions for the R mix, as detailed in Table II, 
represent the reference SCC mix. Various tests were conducted 
to evaluate the rheological properties of the adopted mix, 
including slump flow time (T500), maximum slump diameter, 

L-box flow times, and V-funnel flow times. To assess the 
flowability of SCC, the slump flow time and the diameter of 
the spread area are typically utilized [25]. The results indicated 
that the slump flow time for the R mix was 1.8 sec. According 
to EFNARC (2005) [21], a slump flow time of ≤  2 sec is 
required for viscosity class VS1. The slump flow diameter of 
730 mm fell within the acceptable range for the slump flow 
class SF2 (660 mm - 750 mm), making it suitable for many 
standard applications. The L-box test demonstrated a blocking 
ratio of 0.889 for the R mix, confirming the compliance with 
EFNARC's passing ability limits of ≥ 0.8 for PA1 or PA2 
classes.  

The V-funnel flow time measured at 5 sec was also within 
the VF1 flow time limit of ≤ 8 sec, as outlined by EFNARC, 
thus all test results for the R mix confirmed that the concrete 
mix is qualified as SCC. Furthermore, the results of the slump 
flow test, T500 time, V-funnel flow time, and L-box tests for 
the mixes where only the coarse aggregate was replaced with 
EPS (i.e., EPS20FS0 and EPS40FS0) were also within the 
acceptable ranges set by EFNARC, indicating that the EPS 
content does not adversely impact the rheological properties of 
the SCC mixes. However, the addition of steel fibers to the 
mixes (i.e., EPS20FS0.5, EPS20FS1, EPS40FS0.5, and 
EPS40FS1) reduced the workability, though it remained within 
the EFNARC limits. These findings suggest an inverse 
relationship between the quantity of steel fibers added to the 
mix and the workability of the concrete, indicating that the 
flowability of SCC containing steel fibers is reduced when 
moving through confined spaces. 

B. Hardened Concrete Tests 

1) Density and Mass Loss 

The mass of concrete decreases with an increasing 
temperature due to the moisture evaporation, spalling, and 
fracture of the concrete surface. The mass loss for each 
concrete mix is presented in Table III. As anticipated, the 
proposed EPS mixes showed a decrease in weight in relation to 
the amount of EPS content used due to replacing heavy gravel 
particles with lightweight EPS beads. The results for the 
reference mix (R) indicated a density of 2485 kg/m³, consistent 
with Normal Weight Concrete (NWC), as specified by ACI 
318-19 [26]. However, after fire exposure, the observed mass 
was 2262 kg/m³ revealing a mass loss of 8.9%. The data from 
the first group showed that using 20% EPS resulted in density 
reductions of 14.8%, 14.6%, and 10.7% for the steel fiber 
contents of 0%, 0.5%, and 1%, respectively. In the second 
group, where 40% EPS was used, the density of the concrete 
decreased by 20%, 18%, and 14.6%, respectively, compared to 
using 0%, 0.5%, and 1.5% steel fibers. The decrease in density 
reduction corresponding to increasing the steel fiber percent is 
expected due to the high density of the added steel fiber, i.e. 
7850 kg/m3, highly contributing to concrete density [4, 27].  

The results for the mass loss due to fire exposure 
demonstrated an inverse relation between the amount of EPS 
aggregate added and the mass loss with the temperature 
increase. This is justified by the reduced risk and severity of 
spalling, which diminishes as the content of lightweight 
aggregate rises due to its thermal insulation features [20]. This 
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conclusion is consistent with the findings for concrete with 
0.5% and 1% of steel fiber. However, the mass loss has slightly 
increased for non-fibrous concrete (0% steel fiber) with 
increasing EPS. This result might be attributed to inaccurate 
test measurements. The mass loss for each concrete mix is 
illustrated in Figure 2 and Table III. After exposure to a steady-
state temperature of 700°C, the observed mass loss percentages 
were 8.9%, 4.1%, 7.6%, 9.3%, 4.8%, 7.1%, and 8.6% for the 
respective EPS replacement ratios for R, EPS20SF0, 
EPS20SF0.5, EPS20SF1, EPS40SF0, EPS40 SF0.5, and 
EPS40SF1. Moreover, the results presented in Table III 
indicated an additional increase in the mass loss when 
incorporating steel fiber in the concrete mixes. This fact is due 
to the high thermal conductivity of steel fibers that mitigate the 
EPS thermal insulation and, thus, accelerate the water 
evaporation and concrete spalling losses. 

TABLE III.  PERCENTAGE OF MASS LOSS 

Mix 

designation 

Unburned samples, 

(kg/m3) 

Burned samples, 

(kg/m3) 

Density %Reduction Density %Mass loss 
Group one 

R 2485 ---- 2262 8.9 
EPS20SF0 2117 14.8 2031 4.1 

EPS20SF0.5 2122 14.6 1928 7.6 
EPS20SF1 2218 10.7 2012 9.3 

Group two 
R 2485 ---- 2262 8.9 

EPS40SF0 1988 20.0 1891 4.8 
EPS40SF0.5 2013 18.0 1869 7.1 
EPS40SF1 2120 14.6 1937 8.6 

 

2) Compressive Strength 

The results from this test were determined based on the 
average compressive strength of three cubes before and after 
burning, each measuring 150 mm ×150 mm ×150 mm. Table 
IV presents the residual compressive strength of the tested 
specimens. The results for the reference mix (R) indicated a 
reduction of 31.7% in the compressive strength due to fire 
exposure. This finding showed the severe decline in the 
compressive strength when concrete is exposed to high 
temperatures with no additives [18]. 

 

 
Fig. 2.  Specimen mass loss after fire exposure. 

Initially, the test results indicated that the inclusion of EPS 
led to a significant reduction in the compressive strength. A 
decrease of approximately 32.9% in compressive strength was 
noted with a 20% EPS content, while the reduction increased to 

47.9% with a 40% EPS content. The addition of steel fibers 
resulted in a relatively minor increase in compressive strength 
[4], as illustrated in Figure 3. Furthermore, the results displayed 
in Figure 3 and Table IV revealed that the residual compressive 
strength declined significantly due to the burning process. The 
residual compressive strength measured at 700 °C showed 
values of 68.3%, 81.5%, 72.9%, 67.1%, 70.7%, 67.2%, and 
61.7% for R and the respective replacement ratio samples of 
group one and group two. As for the mass loss, the results 
indicated a further decline in residual compressive strength 
when incorporating steel fiber in the concrete mixtures. The 
mass loss increased by 14.4% and 9% due to the steel fiber 
inclusion for the mixtures with 20% and 40% EPS content, 
respectively. 

TABLE IV.  DETAILS OF RESIDUAL COMPRESSIVE 
STRENGTH VERSUS TEMPERATURE 

Mix 

designation 

Unburned samples,  Burned samples 

Fcu 

(MPa) 
%Variation 

Fcu 

(MPa) 
%Loss 

% 
Residual 

Group one 
R 57.1 --- 39 31.7 68.3 

EPS20SF0 38.3 -32.9 31.2 18.5 81.5 
EPS20SF0.5 41.4 -27.5 30.2 27.1 72.9 
EPS20SF1 43.7 -23.5 29.3 32.9 67.1 

Group two 
R 57.1 --- 39 31.7 68.3 

EPS40SF0 30.0 -47.9 21.2 29.3 70.7 
EPS40SF0.5 32.3 -43.4 21.7 32.8 67.2 
EPS40SF1 37.6 -34.2 23.2 38.3 61.7 

 
Concrete compressive strength experiences a sharp decline 

when exposed to high temperatures due to several reasons. One 
key factor is the dehydration of concrete, which results in the 
loss of free water, interlayer water, and chemically combined 
water that are vital for the strength and bonding of the concrete 
matrix. Another factor is the thermal expansion of concrete and 
its components, which induces internal stress and cracks that 
weaken the structural integrity. Additionally, the chemical 
decomposition of certain concrete constituents, such as calcium 
hydroxide and calcium silicate hydrate, diminishes the 
cementitious properties of the concrete [28, 29]. 

 

 
Fig. 3.  Residual compressive strength versus temperature. 

3) Splitting Tensile Strength 

The split tensile strength tests were performed on fourteen 
standard cylinder specimens measuring 150 mm × 300 mm, 
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following the guidelines of ASTM C496/C496M-17 [30]. The 
results for the splitting tensile strength were obtained by 
calculating the average of two specimens tested for each mix 
before and after the fire exposure. The tests were conducted 
using a compression testing machine, where the load was 
applied diametrically along the length of the specimens until 
failure occurred. The splitting tensile strength was determined 
using: 

�� �  
��

��	
     (1) 

where P is the applied load, D is the cylinder diameter, and L is 
the length of the cylinder. 

Figure 4 presents the tensile strength test results for each 
specimen. Table V illustrates the variation in the tensile 
strength related to the EPS, steel fiber content, and temperature 
effect. The test findings indicated a significant reduction in 
splitting tensile strength with the addition of EPS beads. The 
presence of 20% and 40% EPS content led to reduction in split 
tensile strength of 35.20% and 40%, respectively. This result is 
due to the reduced splitting mechanism in lightweight concrete, 
as the modulus of EPS is very low compared to that of the 
concrete matrix, especially at higher EPS percentages [8].  

The addition of steel fiber had a positive effect, resulting in 
a significant increase in splitting tensile strength with an 
increasing fiber content. Furthermore, Table V outlines the 
retention of tensile strength in the burned specimens. As seen 
in Figure 4, the tensile strength of the specimens diminished 
markedly due to the burning temperature. The residual tensile 
strengths at 700°C were 74%, 64.8%, 59.7%, 51.6%, 63.3%, 
64.3%, and 58.9% for R and the respective replacement ratio 
samples of group one and group two. Moreover, the outcomes 
indicated that increasing steel fiber content resulted in a rapid 
decrease in the residual tensile strength of the samples exposed 
to fire. The tensile strength loss increased by 13.2% and 4.4% 
due to the steel fiber inclusion for mixtures with 20% and 40% 
EPS content, respectively. This is due to the high thermal 
conductivity of steel fibers that mitigates the EPS thermal 
insulation and results in an additional strength loss. It is noted 
that unlike the pre-fire stage, where increasing the EPS percent 
significantly reduced the fracture strength, after burning, an 
improved residual splitting strength was observed, 
corresponding to the increasing the EPS percent, due to its 
potential for enhanced thermal resistance and structural 
integrity in fire-prone environments [20]. 

TABLE V.  RESIDUAL SPLITTING TENSILE STRENGTH 

Mix 

designation 

Unburned samples,  Burned samples 

Ft 

(MPa) 
%Variation 

Ft 
(MPa) 

%Loss 
% 

Residual 
Group one 

R 5.00 --- 3.70 26.0 74.0 
EPS20SF0 3.24 -35.2 2.10 35.2 64.8 

EPS20SF0.5 3.85 -23.0 2.30 40.3 59.7 
EPS20SF1 4.98 -2.00 2.57 48.4 51.6 

Group two 
R 5.00 --- 3.70 26.0 74.0 

EPS40SF0 3.00 -40.0 1.90 36.7 63.3 
EPS40SF0.5 3.28 -34.4 2.11 35.7 64.3 
EPS40SF1 3.84 -23.2 2.26 41.1 58.9 

 
Fig. 4.  Residual split tensile strength versus temperature. 

4) Flexural Strength (Modulus of Rupture) 

In accordance with ASTM C78/C78M-18 [31], the modulus 
of rupture was evaluated by testing prism specimens measuring 
100 mm × 100 mm × 500 mm. The flexural strength was 
derived from the average of two tested specimens for each mix 
before and after fire exposure. The prisms underwent mid-span 
point loading using a flexural testing machine. The test results 
indicated that cracking was initiated at the tension face of the 
prism at the mid-span. Consequently, the modulus of rupture 
(�
) was calculated as: 

�
 �
��∗	

�
∗��
     (2) 

where P is the rupture load, L is the loading span, b is the prism 
width, and d is the prism depth. 

The research findings, shown in Figure 5 and Table VI, 
indicated that the modulus of rupture significantly decreased 
with the incorporation of EPS particles, with reductions of 
approximately 22.2% and 30.4% observed for EPS contents of 
20% and 40%, respectively.  

TABLE VI.  RESIDUAL FLEXURAL STRENGTH 

Mix 

designation 

Unburned samples Burned samples 

Fr 

(MPa) 
%variation 

Fr 

(MPa) 
% 

Loss 
% 

Residual 
Group one 

R 6.35 --- 4.80 -24.4 -24.4 
EPS20SF0 4.94 -22.20 3.52 -28.7 -28.7 

EPS20SF0.5 5.73 -9.800 3.9 -31.9 -31.9 
EPS20SF1 7.95 25.20 5.26 -34.0 -34.0 

Group two 
R 6.35 --- 4.80 -24.4 75.6 

EPS40SF0 4.42 -30.40 3.16 -28.5 71.5 
EPS40SF0.5 4.95 -22.04 3.40 -31.3 68.7 
EPS40SF1 7.55 18.90 5.03 -33.4 66.6 

 
Furthermore, the addition of steel fibers led to a significant 

improvement in the modulus of rupture. These results align 
with those of previous studies [5, 6]. For specimens exposed to 
fire, Table VI illustrates the retention of flexural strength in the 
burned samples. As depicted in Figure 5, there is a considerable 
reduction in the flexural strength of the specimens due to 
exposure to elevated temperature, with a maximum loss of 
about 34%. Also, the residual flexural strengths at 700°C were 
75.6%, 71.3%, 68.1%, 66%, 63.3% for R and the respective 
replacement ratio samples of group one. Similar residual 
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strengths ratios were noticed for group two. These results 
displayed an additional strength loss due to the fire exposure 
when the steel fibers increased for samples with different EPS 
ratios. This indicated that the EPS thermal insulation was 
diminished due to the high thermal conductivity of steel fibers 
that accelerate the residual flexural strength loss. 

 

 
Fig. 5.  Residual flexural strength versus temperature. 

5) Thermal Conductivity 

The thermal Conductivity test was conducted on 100 mm 
cubes using a Quick Thermal Conductivity Meter (QTM-500) 
in accordance with ACI 207.4R-20 [32], as portrayed in Figure 
6. 

 

 
Fig. 6.  Thermal conductivity test. 

The thermal conductivity of concrete is influenced by the 
thermal properties of its constituent phases, particularly the 
paste and aggregates. Aggregates constitute approximately 
70% of the concrete volume, and thus replacing them with low 
thermal conductivity aggregates can significantly enhance the 
thermal insulation properties of concrete [33, 34]. Table VII 
presents the experimental results for the thermal conductivity 
of all mixes. The findings indicated that increasing the EPS 
content reduces the thermal conductivity of the concrete, 
thereby improving its thermal insulation. An enhancement of 
about 37% in thermal insulation was achieved when 40% of the 
gravel volume was replaced with EPS beads. The enhanced 
thermal insulation is primarily attributed to the low thermal 
conductivity of the trapped air within the porous structure of 
the EPS [35, 36]. However, the results exhibited the adverse 
effect of the steel fiber on the samples' thermal insulation, as 
their higher thermal conductivity increases the overall thermal 
conductivity of the concrete mixtures. An increase of 42.3%-

47.7% in the thermal conductivity was noticed due to the 1% of 
steel fibers incorporated in the concrete mixture. 

TABLE VII.  CONCRETE THERMAL CONDUCTIVITY 

Mix 

designation 

Thermal 

conductivity 

(W/m-K) 

Variation 

with R mix 

(%) 

Variation 

due to EPS 

(%) 

Variation 

due to steel 

fiber (%) 

R 1.1890 ---- ----  
EPS20SF0 1.1573 -2.7 -2.7 ---- 

EPS20SF0.5 1.4089 18.5  21.7 
EPS20SF1 1.7091 43.7  47.7 
EPS40SF0 0.7446 -37.4 -37.4 ---- 

EPS20SF0.5 0.9552 -19.7  28.3 
EPS20SF1 1.0596 -10.9  42.3 

 

IV. CONCLUSIONS 

Based on the experimental findings and analysis, the main 
conclusions of the present study can be summarized as:  

 The results indicated that the inclusion of Expanded 
Polystyrene (EPS) does not affect the rheological properties 
of Self-Compacting Concrete (SCC). However, adding steel 
fiber resulted in reduced workability, which suggests a 
decrease in flowability, though it remained within the 
EFNARC limits. 

 The density tests demonstrated a significant decrease when 
EPS was used, while adding steel fibers contributed to a 
slight increase in density. Overall, concrete incorporating 
20% and 40% EPS breads with steel fiber can be classified 
as structural lightweight concrete. 

 After exposure to high temperature, the observed mass loss 
percentages were 4.1% to 9.3%. The results indicated an 
additional increase in mass loss when incorporating steel 
fiber in the concrete mixture. 

 The test results revealed a substantial reduction in the 
compressive strength due to the EPS beads, showing 
reductions of 33% and 48% for EPS contents of 20% and 
40%, respectively. Moreover, the compressive strength 
declined significantly due to the burning process, revealing 
a minimum residual compressive strength of 61.7%. 

 The findings indicated that the splitting tensile strength 
decreased with the addition of EPS beads, however adding 
1% of steel fiber resulted in the restoration of tensile 
strength by up to 53.7% for 20% EPS. Furthermore, the 
tensile strength diminished markedly due to the burning, 
with a minimum residual tensile strength of 51.6% and 
58.9% for 20% and 40% EPS content, respectively. 

 The flexural strength tests showed that the modulus of 
rupture decreased by 22.2% and 30.4% for 20% and 40% 
EPS, respectively. However, the results were significantly 
improved by steel fiber, revealing a restoration of the 
flexural strength by up to 70.8% for 40% EPS. 
Furthermore, a considerable reduction in the flexural 
strength was observed due to the exposure to elevated 
temperature, with a maximum loss of about 34% for 
different EPS and steel fiber percent. 
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 As for the thermal properties, it was demonstrated that the 
EPS content significantly enhances the thermal insulation 
of the concrete mixture. The thermal conductivity improved 
by 37.4% due 40% of EPS. On the other hand, an adverse 
effect was noticed owing to the steel fiber inclusion. 
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