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ABSTRACT 

Developing concrete that combines high mechanical efficiency with strong thermal resistance is essential to 

address the challenges of elevated temperatures and repeated mechanical stress. In this study, the 

performance of Self-Compacting Concrete (SCC) was improved using two techniques. First, Basalt Fibers 

(BF) were added due to their excellent thermal resistance. Second, Water-Absorbing Polymer Beads 

(WAPB) were incorporated at 3%, 4%, and 5% of the cementitious material weight to enhance the 

residual mechanical strength of SCC after fire exposure. The WAPB served two main functions. Initially, 

they provided internal curing by gradually releasing the absorbed water (after 24 h of pre-soaking) to 

sustain hydration after casting, and secondly their shrinkage created voids that acted as thermal 

insulators, reducing the risk of explosive spalling at 300 °C, 500 °C, and 700 °C. The objective was to 

investigate how BF and WAPB affect the SCC strength after fire exposure. The results showed that higher 

WAPB content improved the residual mechanical strength at elevated temperatures. Specifically, the 

residual compressive strengths were 32.91%, 36.95%, 41.89%, and 46.84%; the residual tensile strengths 

were 24.94%, 27.71%, 29.51%, and 31.42%; and the residual flexural strengths were 24.70%, 27.19%, 

28.73%, and 30.33% for mixes BF0.4, BF0.4+P3, BF0.4+P4, and BF0.4+P5, respectively. All mixes 

contained 0.4% BF by volume, with WAPB ranging from 0% to 5% by cementitious material weight. 

Keywords-self-compacting concrete; basalt fiber; thermal conductivity; water absorbent polymer   

I. INTRODUCTION  

The developments in construction engineering involve new 
types of concrete with different compositions, characteristics, 
and performance. Examples include SCC, known for its ability 
to fill molds without vibration [1-3]; foamed concrete, 
recognized for its lightweight and thermal insulation properties 
[4, 5]; and Reactive Powder Concrete (RPC), which shows 
excellent compressive strength and environmental resistance 
[6, 7]. Japan developed SCC in the 1980s that flows more 
efficiently than traditional concrete [8, 9]. It can be placed and 
compacted without vibration because it exhibits high 
deformability and resistance to segregation in its fresh state 
[10-12]. Adding fibers to self-compacted concrete improves its 
tensile and flexural strength after hardening, but it can 
negatively affect the workability when the former are fresh [13, 
14]. Authors in [15-17] indicated that BF greatly enhances the 
split tensile strength and reduces the crack width in concrete, 
effectively improving the strength and damage resistance when 
used in calculated proportions. What makes BF superior to 

steel fibers is not only their mechanical properties, but also 
their environmental sustainability and cost-efficiency [18]. The 
production of BF requires less energy and produces lower CO₂ 
emissions, making them an eco-friendly option [19]. Therefore, 
BF are a great choice for improving the structural performance, 
environmental sustainability, and cost-effectiveness, suitable 
for modern projects aiming to balance performance with green 
practices [20]. Besides improving the flexural and tensile 
strength post-hardening, BF also increase the residual 
mechanical strength after exposure to high temperatures 
because they act as good thermal insulators and possess high 
thermal resistance [21-24]. Basalt rock fibers have desirable 
traits, such as a high melting point, compatibility with 
cementitious mixes, high tensile strength, and long-term 
durability [25]. Developing SCC that can withstand harsh 
conditions, like fire and high temperatures, has become 
essential to enhance the crack resistance and residual strength 
after heat exposure, especially since SCC is more heat-sensitive 
than ordinary concrete [26, 27]. Authors in [28] examined the 
residual compressive and tensile strengths of SCC after gradual 
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cooling from high temperatures. The results showed a 
negligible increase in the residual compressive strength at 150 
°C, but at 300 °C, the compressive strength dropped to 20.27% 
and the tensile strength decreased by 50% at temperatures 
between 450 °C and 600 °C. Authors in [29] observed that the 
residual compressive strength of SCC declined when heated up 
to 650 °C. The exposure to high temperatures causes concrete 
deterioration; for example, with 0.25% BF, the concrete had a 
compressive strength of 71.3 MPa at 300 °C, slightly higher 
than the 70.7 MPa of unreinforced concrete. The addition of 
0.5% BF significantly improved the performance at 600 °C. 
Residual strengths with varying BF percentages ranged from 
28.4% to 34.3%. In comparison to unreinforced concrete, 
adding 0.5% BF reduced the thermal degradation and increased 
the residual strength more than 0.25% fiber ratio. Different 
polymers, like sheets [31], beads [32, 33], fibers [34], emulsion 
latex [35, 36], and bars [37], have been used. Internally curing 
concrete with polymer beads [38] has gained interest due to its 
role in increasing the strength and performance. As explained 
in [39], internal curing involves keeping concrete moist 
internally for longer than usual, using water-absorbing polymer 
granules to offset the moisture loss during curing in dry or hot 
conditions. This process reduces the self-shrinkage and 
maintains rehydration, sustaining the strength under high 
temperatures. According to [40], WAPB in SCC was achieved 
by pre-soaking the polymer in water before mixing, allowing 
continued hydration by releasing the internal water. The effect 
of air curing also influenced the development of the 
compressive strength, with 5% polymer beads relative to 
cement weight found to be optimal. Excessive amounts 
lowered strength. As shown in [41], adding SAP beads caused 
a 25.5% reduction in split tensile strength after three days due 
to delayed hydration and void formation from the water release. 
Similarly, authors in [42] added 5% pre-soaked WAPB, which 
increased 28-day compressive strength by 13%-15%, while 
water-cured samples saw a 10%-12% decrease due to the 
excessive water absorption causing internal damage. In [32], 
WAPB were used at ratios of 5%, 10%, 15%, and 20% of the 
cement weight with the aim of evaluating their effect on the 
compressive strength of concrete under two types of curing: 
water curing and air curing (after 7 days of initial water curing 
followed by air exposure). The optimal content, which 
achieved the best compressive strength, was 5%, with a value 
of 21 MPa at 28 days of air curing, higher than the reference 
specimens that had a strength of 20 MPa under air curing 
conditions. In contrast, at 5% of polymer beads and underwater 
curing, the compressive strength decreased to 18.5 MPa in 28 
days, a reduction of 7. 7.5% compared to the reference mix at 
28 days. This finding indicates that the polymer beads were 
more effective in air curing than in water curing for all 
polymer- containing mixes. The decreases are explained by the 
fact that internal curing provided by the polymer beads through 
their gradual and continuous release of the water content 
enhances the hydration reaction at later ages. Conversely, in 
water curing, the polymer beads continue to absorb water from 
the external environment until they reach their maximum limit, 
at which point they rupture and leave the internal voids that 
weaken the concrete structure. Despite the advantages of SCC 
in modern construction, it remains sensitive to high 
temperatures, even when reinforced with BF that improve its 

thermal resistance. Therefore, it has become necessary to 
enhance the latter by developing improved mixes that 
incorporate polymer beads to boost the strength, reduce the 
spalling caused by capillary water vapor pressure, and 
minimize the cracking after fire exposure. Although several 
studies have explored concrete reinforced with various fibers, 
the combined effect of fire exposure on SCC modified with 
water-absorbing polymer beads and reinforced with BF 
remains underexplored. The objective of this research is to 
evaluate the impact of WAPB on the fresh and some hardened 
mechanical properties of BF-reinforced SCC before and after 
exposure to different burning temperatures for 1 h, aiming to 
develop more fire- resistant concrete composites. 

II. MATERIAL CHARACTERIZATION 

A. Cement 

Ordinary Portland Cement (OPC) [CEM.I. 42.5 N], known 
as ALMAS, was used in this experimental research. The results 
complied with those in [43]. Tables I and II provide a detailed 
description of OPC physical characteristics and chemical 
composition. 

TABLE I.  OPC CHEMICAL PROPERTIES 

Oxides Content (%) IQS, limits for CEM I-42.5 N 

(CaO) 63.33 - 

(SiO2) 22.14 - 

(Al2O3) 5.31 - 

(Fe2O3) 2.89 - 

(MgO) 3.39 Max (5) % 

(SO3) 2.13 [SO3 ≤ 2.8] If C3A > 3.5 

(L.O.I) 1.88 Max 4 % 

(I.R) 0.92 Max 1.5 % 

Calculated from Bogue's equations 

(C₃S) 49.68 

(C₂S) 25.86 

(C₃A) 9.18 

(C₄AF) 8.78 

TABLE II.  OPC PHYSICAL PROPERTIES 

Physical properties Results 
IQS, limits for CEM.I. 

42.5 N 

Surface area. (Blain method) 354 ≥ 280 

Setting time (Victa’s Apparatus) 

Initial setting time (min) 155 ≥ 45 min 

Final setting time (h) 3:47 ≤ 10 hrs 

Compressive strength (MPa) 

2 days 18.60 ≥ 10 MPa 

28 days 44.71 ≥ 42.5 MPa 

Autoclave expansion (%) 0.19 ≤ 0.8 
 

B. Fine Aggregate (FA) 

Table III presents the physical properties of the locally 
available sand, while Table IV provides the sieve analysis 
results, both in accordance with [43]. 

TABLE III.  FA PHYSICAL PROPERTIES 

Physical properties Results [44] 

Specific gravity  2.59 - 

Absorption ratio % 0.9 - 

Sulphate amount 0.447 Max 0.5% 

Dry rodded density (Kg/m3) 1632 - 
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TABLE IV.  FA SIEVE ANALYSIS 

Sieve opening (mm) Passing (%) [43] 

9.50 100 100 

4.75 94 90 – 100 

2.36 83 75 – 100 

1.18 74 55 – 90 

0.60 42 35 - 59 

0.30 11 8 – 30 

0.15 3 0– 10 

 

C. Coarse Aggregate (CA) 

Locally crushed CA with a nominal size of 10 mm was 
used. Its physical and chemical properties, along with the sieve 
analysis, are depicted in Tables V and VI and conform to [44]. 

TABLE V.  CA PHYSICAL PROPERTIES 

Properties Results [44] 

Specific gravity  2.68 - 

Absorption ratio % 0.5 - 

Sulphate content 0.068 ≤ 0.5 

Dry rodded density (Kg/m3) 1597 - 

TABLE VI.  CA SIEVE ANALYSIS 

Sieve size (mm) Passing (%) Nominal size 10mm [44] 

12.5 100 100 

9.5 98 85-100 

4.75 18 0-25 

2.36 3 0-5 

D. Silica Fume (SF) 

All mixes included SF as a partial replacement of cement 
by 6%; SF complied with [45], as portrayed in Tables VII and 
VIII, correspondingly. 

TABLE VII.  SF PHYSICAL CHARACTERISTICS 

Physical characteristics Results [45] 

State Amorphous Sub-micron powder 

Color Grey Grey 

Specific surface area [m2/g] 19 Min (15) 

Strength activity index @ 7-day, 119 Min (105) 

Retained on 45 µm sieve (No.325), % 8 Max (10) 

TABLE VIII.  SF CHEMICAL ANALYSIS 

Oxide Content (%) [45] 

SiO₂ 92.14 Min 85% 

Al₂O₃ <0.03 - 

Fe₂O₃ 0.98 - 

CaO 0.65 - 

MgO 0.73 - 

TiO₂ <0.11 - 

SO₄ 0.58 - 

P₂O₅ 0.17 - 

K₂O 1.03 - 

LOI 3.56 Max 6% 

E. Limestone (LM) 

LM powder was used in the SCC mixtures for improving 
workability, density, and segregation resistance. Due to the 
particle size, which was smaller than 0.125 mm, Table IX 
shows the details. 

 

TABLE IX.  LM CHEMICAL COMPOSITION 

Oxides Content (%) 

SiO2. 0.21 

Fe2O3. 3.33 

Al2O3. 0.03 

CaO 48.28 

MgO 3.94 

SO3 0.07 

L.O. I 43.12 

IR 2.11 

 

F. Superplasticizer (SP) 

High-performance concrete SP (PC800), with a guidance 
dosage of 1 lt/100 kg to 2.9 lt/100 kg of cementitious materials 
was utilized. It functions as a high-range water-reducing SP 
and retarder. Hyperplastic was according to the requirements of 
specification type A and G [46]. Table X lists the properties of 
hyperplastic. 

TABLE X.  PROPERTIES OF PC800 

 

G. Basalt Fibers 

BF, also known as basalt rock fibers, are brown in color, as 
shown in Figure 1. They originate from volcanic rock and were 
used in this study with a length of 10 mm, a diameter of 15 µm, 
and a density of 2.6 g/cm³. Owing to their high elasticity, 
characterized by a modulus of elasticity of 75 GPa, tensile 
strength of 4.5 MPa, and elongation ratio of 3.15%, they were 
incorporated into the SCC mixture at a dosage of 0.4% of the 
total mix volume. 

 

 

Fig. 1.  BF. 

H. Water Absorption Polymer Beads 

WAPB are smart materials in the form of small, spherical 
polymers capable of absorbing water up to 100 times their own 
volume. For this study, they were pre-soaked in water 24 h 
prior to mixing. Figure 2 illustrates the appearance of the 
WAPB before and after immersion in water. 

Properties Description 

Form Viscous liquid 

Appearance/color Light yellow 

Chemical base Modified polycarboxylate-based polymer 

Specific gravity 1.06 g/cm3 ± 0.02 g/cm3 

Dosage 
1 lt/100 kg to 2.9 lt/100 kg of cementitious materials in the 

mix 



Engineering, Technology & Applied Science Research Vol. 15, No. 6, 2025, 28402-28410 28405  
 

www.etasr.com Karem & Awad: The Effect of Water Absorbent Polymer Beads on Fiber Reinforced Self-Compacting … 

 

I. Water 

Potable water, which conforms to [47], was used for the 
experiment. 

 

 

Fig. 2.  WAPB before soaking and after soaking. 

J. Mix Proportions 

A total of four SCC mixes were prepared. Each mix 
contained 510 kg/m³ of cement, 30.6 kg/m³ of SF (as a partial 
cement replacement), 60 kg/m³ of LM filler, 779 kg/m³ of sand, 
870.6 kg/m³ of gravel, and a water-to-cementitious materials 
ratio (w/cm) of 0.29. An SP (PC800) was added at 2.9 L/100 
kg of cementitious materials. All mixes included BF at 0.4% of 
the total concrete volume. The reference mix (BF0.4) contained 
only BF, while the other three mixes incorporated WAPB at 
3%, 4%, and 5% of the cementitious material weight, labeled 
as BF0.4+P3, BF0.4+P4, and BF0.4+P5, respectively. The 
detailed proportions are presented in Table XI. All mixtures 
were designed to meet the SCC requirements specified in [48]. 

K. Fresh Concrete Properties 

The workability of the fresh SCC mixes was evaluated 
using several standard tests: the slump flow test, V-funnel test, 

L-box test, and segregation resistance test, in accordance with 
[48]. The results are summarized in Table XII and illustrated in 
Figure 3, following the specifications in [49]. 

 

(a) 

  

(b) 

  

(c) 

  

Fig. 3.  Fresh tests. (a) Slump flow test, (b) V-funnel test, (c) L- Box test. 

L. Hardened Concrete Testing 

Mechanical and thermal tests were carried out on hardened 
SCC specimens. The compressive strength was measured using 
10 × 10 × 10 cm cubes at 7, 28, and 56 days, with the results 
based on the average of three specimens per age, following the 
specifications of [49]. The splitting tensile strength was 
determined using 10 × 20 cm cylindrical specimens at the same 
ages, in line with [50]. The flexural strength was tested on 7.5 
× 7.5 × 38 cm prisms using a one-point loading method, as 
specified in [51]. All mechanical tests were conducted with a 
hydromechanical testing machine of 2000 kN capacity and a 
2.5 MPa/s loading rate. Additionally, the thermal conductivity 
was measured at 28 days using 10 cm × 10 cm × 10 cm cubes, 
in accordance with [58]. 

TABLE XI.  MIX PROPORTION FOR SCC 

Specimen 
Cement 

(kg/m3) 

SF 

(kg/m3) 

LM 

(kg/m3) 

Sand 

(kg/m3) 

Gravel 

(kg/m3) 

Water 

(kg/m3) 

SP lt/100kg of 

cementitious 

materials  

w/cm 

BF by 

volume 

fraction 

(%) 

WAPB by weight 

of cementitious 

material (%) 

BF0.4 510 30.6 60 779 870.6 156.6 2.9 0.29 0.4 0 

BF0.4+P3 510 30.6 60 779 870.6 156.6 2.9 0.29 0.4 3 

BF0.4 +P4 510 30.6 60 779 870.6 156.6 2.9  0.29 0.4 4 

BF0.4 +P5 510 30.6 60 779 870.6 156.6 2.9  0.29 0.4 5 

TABLE XII.  FRESH PROPERTIES OF SCC 

No Mix ID 

Fresh properties of SCC according to [48] 

Slump flow (mm) T500 (s) V-funnel (s) L- Box (h2/h1) 
Sieve Segregation Index (SI) 

(%) 

1 BF0.4 716 9 15 0.88 11.76 

2 BF0.4+P3 750 8 12.6 0.91 13.15 

3 BF0.4+P4 772 7.4 11.1 0.92 14.42 

Limits of [48] 

SF1 (550-650) SF2 

(660-750) SF3 

(760-850) 

VS 1 ≤ 2 

VS 2 > 2 
VF 1 ≤ 8 VF 2 (9-25) PA 1 ≥ 0.8 PA 2 ≥ 0.8 SR 1 ≤ 20 SR  2 ≤ 15 

 

M. Burning Procedure 

Based on the methods reported in [52–54], all specimens 
intended for fire testing at 56 days were first cured in water for 

28 days, followed by an additional 28 days of air curing in the 
laboratory. At 56 days, each specimen was placed in a cooled 
furnace measuring 3500 mm × 2000 mm × 900 mm, as shown 
in Figures 3(a) and 3(b). The furnace temperature was 
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monitored with a digital thermometer, as illustrated in Figure 
3(c). The specimens were then exposed to fire flames at target 
temperatures of 300 °C, 500 °C, and 700 °C. The heating rate 
was controlled in accordance with [55] until the desired 
temperature was reached. Each specimen was maintained at the 
target temperature for 1 h, after which it was removed from the 
furnace and allowed to cool naturally to room temperature 
before testing. 

 

   
(a)  (b)  (c)  

Fig. 4.  Burning process. (a) Placing the specimens in the furnace, (b) 

burning furnace, (c) digital thermometer. 

III. RESULTS AND DISCUSSION 

A. Fresh Properties of SCC 

The fresh properties of the mixes are summarized in Table 
XII and Figure 3, following the specifications of [48]. The 
measured ranges were: a slump flow diameter of 716 mm – 787 
mm, T500 9 s – 6.9 s, V-funnel 15 s – 9.8 s, L-box ratio 0.88–
0.94, and SI 11.76%–15.51%. The reference mix containing 
only BF0.4 recorded the lowest slump flow diameter, L-box 
ratio, and SI among all mixes. Incorporating WAPB improved 
these results compared to BF0.4. The improvements increased 
with higher WAPB content. For mixes BF0.4+P3, BF0.4+P4, 
and BF0.4+P5, the slump flow increased by 4.75%, 7.82%, and 
9.92%, respectively, while the L-box ratio increased by 3.41%, 
4.55%, and 6.82%, and the SI increased by 11.82%, 22.62%, 
and 31.89%, compared with BF0.4. The enhancement in the 
flowability is attributed to the smooth, spherical shape of the 
polymer beads, which reduces the internal friction and 
decreases the interlocking effect between the BF and the 
aggregates [26, 56]. The T500 test results ranged from 9.9 s to 
6.9 s, with the BF mixes showing higher values compared to 
those containing WAPB [13, 57]. However, adding polymer 
beads reduced the negative effect of BF on workability, as 
confirmed by the results in Table XII. 

B. Mechanical Properties  

1) Thermal Conductivity  

As presented in Table XIII and Figure 5, the thermal 
conductivity coefficient (K value) of the SCC specimens 
ranged from 1.061 to 1.308 W/(m·K) at 28 days, measured on 
10 cm × 10 cm × 10 cm cubes, in accordance with [58]. The 
addition of WAPB increased the thermal conductivity 
compared to the reference mix (BF0.4). At BF0.4+P3, the 
conductivity rose by 11.88%, while the highest increase was 
observed in BF0.4+P5, with a 23.28% rise over BF0.4. This 
trend can be explained by the dual effect of BF and polymer 
beads. BF contribute to thermal insulation by reducing the heat 
transfer through the concrete matrix. However, WAPB, once 
surrounded by hydration products, enhance heat transfer and 

raise the thermal conductivity as their content increases [59, 
60]. 

TABLE XIII.  THERMAL CONDUCTIVITY (W/M. K) 

Mix At 28 days 

BF0.4 1.061 

BF0.4+P3 1.187 

BF0.4+P4 1.248 

BF0.4+P5 1.308 

 

 

Fig. 5.  Thermal conductivity. 

2) Compressive Strength 

The results of the compressive strength test on SCC cubes 
are presented in Table XIV and Figure 6, where the tests were 
conducted on two different groups of samples subjected to the 
same mixing and casting conditions. The first group was tested 
at 7 and 28 days of age under water-curing throughout the 
period. It showed a decrease in compressive strength compared 
to the reference samples, with reductions of 9.33%, 21.88%, 
and 28.72% for the mixtures BF0.4+P3, BF0.4+P4, and 
BF0.4+P5, respectively, compared to BF0.4 at 28 days. The 
reason is that the polymer beads WAPB formed voids in the 
concrete structure, reducing the overall density of the mass, 
which in turn decreased its compressive strength. As for the 
second group, it was prepared within the same batch, but a 
water curing period of 28 days was followed by an air curing 
period of an additional 28 days (up to 56 days of age). These 
samples also showed less compressive strength than the 
reference mix BF0.4, but the rate of improvement in strength 
compared to the 28-day age was higher. The increase rate in the 
samples BF0.4, BF0.4+P3, BF0.4+P4, and BF0.4+P5 
belonging to the 56-day group was 9.41%, 15.53%, 22.30%, 
and 27.13%, respectively, compared to the decrease rate in the 
samples belonging to the first group at 28 days, which was 
33.33%, 26.13%, 22.51%, and 18.21%. This indicates that 
there is a decrease in strength for the 28-day group, while the 
strength increases with the addition of polymer beads at 56 
days. This behavior is due to the continuity of the internal 
curing resulting from the moisture provided by the polymer 
beads gradually during the air curing period, contributing to the 
formation of more hydration products and a denser concrete 
structure over time. This finding is consistent with those in 
[32]. 
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TABLE XIV.  COMPRESSIVE STRENGTH BEFORE BURNING, 
(MPA) 

Mix 

Water curing 
Differenc

e between 

7 and 28 

days (%) 

Air 

curing 
Difference 

between 28 and 

56 days (%) 7 days 
28 

days 

56 

days 

BF0.4 47.19 62.92 33.33 68.84 9.41 

BF0.4+P3 45.23 57.05 26.13 65.91 15.53 

BF0.4+P4 40.12 49.15 22.51 60.11 22.30 

BF0.4+P5 37.94 44.85 18.21 57.02 27.13 

 

 

Fig. 6.  Effect of WAPB on the compressive strength before burning. 

The residual compressive strength of SCC is shown in 
Table XV and Figure 7 at 56 days after the burning process. 
The compressive strength decreases significantly with an 
increasing burning temperature (300 °C, 500 °C, and 700 °C), 
and it decreases further with an increasing WAPB%. An 
increase in the burning temperature has less impact on SCC 
3%, 4%, and 5% WAPB specimens compared to the same 
specimens before burning. SCC specimens with 5% WAPB 
had the highest residual compressive strength at 300 °C, 500 
°C, and 700 °C, respectively, and were the least affected by the 
heat rising after exposure to burning compared to the same mix 
before burning. This advantage is due to a greater content of 
internal voids that are caused by the shrinkage of WAPB after 
fully releasing the water content, which allows for more 
flexibility in the moisture movement, minimizes the stresses 
inside SCC, and reduces the explosive spalling [33].  

TABLE XV.  PERCENTAGE OF RESIDUAL COMPRESSIVE 
STRENGTH (%) 

Mix at 300 °C at 500 °C at 700 °C 

BF0.4 79.68 54.71 32.91 

BF0.4+P3 84.7 59.71 36.95 

BF0.4+P4 88.93 63.88 41.89 

BF0.4+P5 93.53 67.81 46.84 

 

 

Fig. 7.  Percentage of residual compressive strength after burning. 

3) Splitting Tensile Strength 

The results of the split tensile strength test for the SCC 
samples after 28 and 56 days (air-cured for 28 days after 
immersion in water for 28 days) are displayed in Table XVI 
and Figure 8. The introduction of polymer beads led to a 
decrease in the tensile strength. This decrease becomes more 
apparent when 5% of WAPB is used, resulting in a 36.91% 
reduction in the BF0.4+P5 samples after 28 days of water 
treatment compared to the BF0.4 samples. After completing the 
air curing, which is the second stage of treatment for the 56-day 
group, the increase rates in the samples BF0.4, BF0.4+P3, 
BF0.4+P4, and BF0.4+P5 were 9.92%, 13.42%, 19.89%, and 
25.76%, respectively. Compared to the rate of decrease in the 
samples belonging to the 28-day group, which was 32.97%, 
23.94%, 19.95%, and 17.74%, the decrease indicates a negative 
role of the polymer beads in contributing to the development of 
split tensile strength values under water treatment for the 28-
day samples. Conversely, under air treatment conditions for 56 
days, there was a positive effect on the split tensile strength. 
The explanation for this effect is the drying of the surroundings 
around the polymer, which forces the polymer beads to release 
all their water content and shrink, providing internal curing. 
The additional hydration products contributed to an increased 
density and improved bonding between the components of the 
cement paste, aggregate, and BF [33, 41]. 

TABLE XVI.  SPLITTING TENSILE STRENGTH BEFORE 
BURNING (MPA) 

Mix 

Water curing Difference 

between 7 

and 28 

days (%) 

Air 

curing 
Differenc

e between 

28 and 56 

days (%) 7 days 28 days 
56 

days 

BF0.4 5.46 7.26 32.97 7.98 9.92 

BF0.4+P3 4.93 6.11 23.94 6.93 13.42 

BF0.4+P4 4.36 5.23 19.95 6.27 19.89 

BF0.4+P5 3.89 4.58 17.74 5.76 25.76 

 

 

Fig. 8.  Effect of WAPB on the splitting tensile strength before burning. 

At 56 days (following 28 days of water curing and 28 days 
of air curing), the residual splitting tensile strength of the 
specimens was evaluated after fire exposure. The results 
showed that BF0.4+P5 achieved the highest residual tensile 
strength compared to the other mixes and also outperformed its 
pre-burning values. This improvement is attributed to the voids 
formed by the shrinkage of the polymer beads after releasing 
their water content. These voids act as thermal insulators, 
reducing the heat transfer within the concrete, and as channels 
for releasing capillary water vapor, thereby limiting the 
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explosive spalling at high temperatures. As a result, the adverse 
effects of the heat on the concrete matrix were reduced, helping 
to prevent the deterioration and minimize the cracking [33]. 

TABLE XVII.  PERCENTAGE OF RESIDUAL TENSILE 
STRENGTH (%) 

Mix at 300 °C at 500 °C at 700 °C 

BF0.4 72.43 47.37 24.94 

BF0.4+P3 76.62 49.93 27.71 

BF0.4+P4 79.59 53.43 29.51 

BF0.4+P5 80.38 54.17 31.42 

 

 

Fig. 9.  Percentage of residual splitting tensile strength after burning. 

4) Flexural Strength 

 The test results for the flexural strength of the SCC 
specimens at 7, 28, and 56 days (which were subjected to air 
curing for 28 days after being immersed in water for 28 days) 
are presented in Table XVIII. Figure 10 illustrates that 
increasing the proportion of WAPB by 3%, 4%, and 5% in the 
SCC resulted in a notable reduction in the flexural strength. For 
the BF0.4, BF0.4+P3, BF0.4+P4, and BF0.4+P5 specimens, 
the reduction rates were 33.33%, 24.22%, 21.35%, and 
18.39%, respectively, at underwater curing at 28 days, relative 
to the increasing rate in the flexural strength for higher 
concentrations of WAPB in the specimens when the latter were 
exposed to air for the other 28 days (in 56 days) by (10.04, 
14.36, 21.91, 26) for (0%, 3%, 4%, and 5%). WAPB, 
respectively, was higher due to the moisture provided from 
WAPB inside the SCC specimens, which was the reason for 
continuing the hydration processes at a later age, leading to 
denser concrete [61].  

TABLE XVIII.  FLEXURAL STRENGTH BEFORE BURNING 
(MPA) 

Mix 

Water curing 
Difference 

between 7 

and 28 

days (%) 

Air 

curing 
Difference 

between 28 

and 56 

days (%) 

7 

days 
28 days 

56 

days 

BF0.4 6.87 9.16 33.33 10.08 10.04 

BF0.4+P3 6.11 7.59 24.22 8.68 14.36 

BF0.4+P4 5.34 6.48 21.35 7.9 21.91 

BF0.4+P5 4.84 5.73 18.39 7.22 26.00 

 

 

Fig. 10.  Effect of WAPB on the flexural strength before burning. 

Table XIV and Figure 11 provide the results of testing the 
SCC specimens for flexural strength 56 days after the burning 
process. The behavior of concrete in the flexural strength test 
after the exposure to fire flames resembles its behavior in the 
compressive test, as the WAPB preserved the residual flexural 
strength of the concrete after the exposure to fire flames. This 
was particularly evident with the BF0.4+P5 specimens, which 
had the highest residual flexural strength compared to the same 
mixes before the exposure to the fire flames. This is due to the 
increased content of WAPB in the specimens, which led to the 
formation of air voids that contributed to reducing the heat 
transfer within the concrete structure. These voids act as a 
relative thermal insulator, which reduces the severity of the 
thermal gradient between the layers of concrete and minimizes 
the spread of micro-cracks. As a result, the SCC specimens 
containing higher ratios of WAPB showed a better ability to 
retain their residual strength after exposure to burning 
compared to the other samples. 

TABLE XIX.  PERCENTAGE OF RESIDUAL FLEXURAL 
STRENGTH (%) 

Mix at 300 °C at 500 °C at 700 °C 

BF0.4 69.15 43.75 24.70 

BF0.4+P3 71.08 46.77 27.19 

BF0.4+P4 73.54 49.24 28.73 

BF0.4+P5 75.62 51.39 30.33 

 

 

Fig. 11.  Percentage of residual flexural strength after burning. 

IV. CONCLUSIONS 

The results showed the effect of introducing WAPB in SCC 
mixes, focusing on their thermal and mechanical behavior 
before and after exposure to high temperatures. 
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 The thermal conductivity coefficient value of concrete 
significantly increased when WAPB was added to the SCC 
mixes. 

 The SCC samples containing WAPB that were subjected to 
water curing in the 28-day group exhibited a significant 
decrease in the compressive, splitting tensile, and flexural 
strength growth rates, and still, the strength values for the 
reference sample free of WAPB  were higher. 

 Incorporating BF into SCC is essential for bridging the 
micro-cracks and reducing the effects of volumetric 
alterations caused by the temperature variations while 
maintaining enhanced residual mechanical strength by 
allowing the release of capillary water vapor pressure and 
minimizing the explosive spalling. 

  The SCC samples demonstrated a positive correlation 
between the increasing percentages of polymer beads and 
the residual compressive, splitting the tensile, and flexural 
strength values relative to the reference samples without 
polymer beads under fire flames. 
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