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The use of foamed concrete (FC) in the construction sector has been rapidly growing over the past few years as a result of the several advantages it possesses in comparison to traditional high-strength concrete. FC, on the other hand, suffers from a number of deficiencies, such as brittleness, limited ductility, high porosity, excessive drying shrinkage, little resistance to cracking and deformation. To improve the tensile strength and fracture resistance of FC, engineers usually opt for steel fibre or polymer fibre as the reinforcement material of choice. Hence this research aims to investigate the potential utilization of synthetic twisted bundle macro-fibers (SF) in FC to enhance its durability, mechanical and thermal properties. The SF were included in the FC in varied amounts of weight fractions, including 0%, 1%, 2%, 3%, 4%, and 5% respectively. FC was produced at three low densities, precisely 1,000, 1,300, and 1,600 kg/m3, which were all prepared. Compression, flexural, splitting tensile, flow table, porosity, water absorption and thermal conductivity tests were conducted to establish the thermal, mechanical and durability properties of SF-reinforced FC. The findings imply that the integration of SF into FC results in a significant enhancement of the material’s strength and thermal conductivity properties while simultaneously lowering the material’s capacity for water absorption and porosity. For the purpose of improving the material’s mechanical, durability and thermal properties, the weight percentage of SF that was ideal ranged from 3% to 4%. The incorporation of SF into FC resulted in a rise in the material’s ductility, and the specimens maintained their integrity from the loading stage to failure. The SF is able to lessen the cracks that were already present in the FC and prevent the formation of additional cracks in the FC.
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1 INTRODUCTION
These days, foamed concrete (FC) is one of the most extensively employed materials owing to its distinctive properties (Mydin et al., 2014a; Nawi et al., 2018; Chica and Alzate, 2019). FC offers various benefits over normal-strength concrete, including lower self-weight, rapid production and high sound insulation and absorption capacities (Ganesan et al., 2014; Saeed et al., 2022a; Zeybek et al., 2022). FC has a high workability and is a lightweight composite (Amran et al., 2016; Qaidi et al., 2022a; Saeed et al., 2022b). A pre-foam is inserted in preparation for FC, creating a network of voids inside the FC-hardened composite (Mugahed Amran et al., 2018). However, FC is prone to fractures and cracks because it has fairly minimal failure strain. Foamed concrete (FC) is considerably more fragile and possesses a low bending performance contrasted to other materials like normal-weight concrete, metals and polymers (Mohamad et al., 2018; Qaidi et al., 2022b; Martínez-García et al., 2022). When compared to FC in terms of fracture toughness, steel is at least one hundred fifty times more resistant to crack propagation. As a consequence, cracks may often appear in FC that have been put into use, allowing harmful substances to readily penetrate the material and cause premature saturation (Serri et al., 2015; Maglad et al., 2022; Çelik et al., 2022).
However, because of several flaws, most notably brittleness, reduced strength, and a poor capacity to manage fractures, the development of FC in building construction has been constrained. FC’s usage is restricted to non-structural applications because of its weak mechanical and physical qualities (Castillo-Lara et al., 2020; Ahmed et al., 2021; Althoey et al., 2022). Reinforcing FC using polymer fibres of different materials reduces the concerns and uncertainties associated with its weak fracture toughness (Pakravan et al., 2017). Natural fibre-reinforced FC describes the resultant material, which has a random distribution of small, discontinuous fibres, and is gradually becoming a widely recognised mainstream building medium (Wan Ibrahim et al., 2014). When synthetic fibres are evenly dispersed throughout a quantity of FC, the weak matrix in the FC is greatly strengthened, and the concrete begins to act more like a composite material with quite different qualities than unreinforced FC (Mydin et al., 2014b; Ahmed et al., 2021; Althoey et al., 2022; Tayeh et al., 2022a; Unis Ahmed et al., 2022).
Synthetic fibre may be utilized reasonably and beneficially in several contexts due to the substantial enhancements gained by the presence of fibres in concrete for properties enhancement (Tayeh et al., 2022b; Qaidi et al., 2022c). Many major building projects around the world have already made use of these polymer fibres in the form of cladding, highway intersections, plank, paving and others. These fibres are a viable alternative to reinforcing steel structures and are also employed in the manufacturing of continuous fibres (Yap et al., 2014). The process of fracture in FC is a multi-scale process, beginning with the initiation and propagation of micro-cracks and progressing all the way up to macro-cracks (Murad et al., 2019; Al-Faqra et al., 2021). The inclusion of synthetic fibres that have a diameter that is on the smaller side and an aspect ratio that is on the larger side has a greater impact on limiting the initiation, extension, and coalescence of micro-cracks that occur as a result of stress. However, the use of an excessive amount of synthetic fibres in FC might result in poor adherence to the matrix, which could cause the pulling out and spread of macro cracks in FC cementitious composites (Akil et al., 2011; Tayeh et al., 2022c; Qaidi et al., 2022d; Qaidi et al., 2022e).
A great number of investigations were executed in order to enhance the FC’s mechanical properties. The findings shown that the incorporation of synthetic fibres in a random distribution may significantly enhance the flexural and tensile strengths, toughness, and impact resistance of FC (Ramezanianpour et al., 2013). The efficacy of the enhancement varies depending on the material of the fibres, the geometry of the fibres, the distribution, the orientation, and the content. Studies on synthetic fiber-reinforced FC have offered useful information and methods for a broad variety of technical applications. According to the research that has been conducted, the volume percentage of the synthetic fibre may range anywhere from 0.1 to 4.5% (Rasheed and Prakash, 2018; Abd et al., 2022; Ahmed et al., 2022). The larger volume percentage may result in the synthetic fiber-reinforced FC having a higher tensile strength; however, this may come at the expense of an increased cost and a decreased ability to be worked with. Therefore, improvement of the mix is required for a wider use of fibre-reinforced composites made using synthetic fibres. In addition, the fibres in FC have an effect on the process of fracture, which causes a modification in the material’s mechanical characteristics, in particular the correlations between those mechanical qualities (Behfarnia and Behravan, 2014). When contrasted with studies on the connections between the mechanical characteristics of normal-strength concrete, however, the study on the correlations between the mechanical properties of synthetic fiber-reinforced FC is limited.
It is possible that the inclusion of synthetic twisted bundle macro-fibres (SF) may have a synergistic effect, which will result in an increase in the strengths and mechanical characteristics of cement-based materials (Akeed et al., 2022a; Almeshal et al., 2022). The randomly dispersed SF in concrete has the ability to prevent the coalescence and spread of microcracks while also bridging macrocracks. The nature, form, and composition of SF all have a role in the manifestation of these effects. The insertion of polypropylene fibres into FC resulted in an improvement in the material’s tensile strength in comparison to FC that did not include polypropylene fibres. The best percentage of PP fibres was found to be 0.05% for both 1,600 kg/m3 and 1800 kg/m3 of material. The flexural strength of FC reduced by about 16% due to the addition of 0.4% polypropylene fibres, however the bending strength improved by up to 26% as a result of the addition (Mydin and Soleimanzadeh, 2012; Aisheh et al., 2022a; Abd et al., 2023). Both the fracture resistance and drying shrinkage of FC are improved when polypropylene fibres are added to the mix. On the other hand, the reduction in elastic modulus of polypropylene fibres has not resulted in a reduction in concrete creep (Liu et al., 2021). Propylene fibres typically have a length of 19 mm, tensile strengths ranging from 240 to 740 N/mm2, and ultimate elongations ranging from 15 to 74% (Ranjbar and Zhang, 2020). As a result of the addition of polypropylene fibre (PPF) fibres, the porosity of the concrete was reduced, and its resistance to fracture was significantly increased (Liu et al., 2021; Aisheh et al., 2022b; Akeed et al., 2022b). Polypropylene fibres have very high endurance despite their low modulus of elasticity, which ranges from 2 to 11 gigapascals (GPa). Polypropylene fibres are an ideal option for usage in FC since they have an even lower density than polyvinyl alcohol, which ranges from 0.89 to 0.94 g/cm3.
Based on the review above, it seems that FC may benefit greatly from the incorporation of synthetic fibers. This research looked at how using FC reinforcement with SF affected the mechanical, durability, and thermal properties performance of concrete by analyzing its fresh workability, compressive strength, flexural strength, tension splitting strength, porosity, water absorption, and thermal conductivity. The influence of the varying SF weight fractions on the FC properties was determined. The properties of FCs with densities of 1,000, 1,300, and 1,600 kg/m3 were examined, with varying weight fractions of SF (Al-Bodour et al., 2022; Ashteyat et al., 2022; Murad and Abdel-Jabbar, 2022). The novelty of this laboratory investigation work is to improve the understanding of the durability, mechanical and thermal properties of SF-FC composites. There is currently a knowledge gap regarding the properties of medium-density FC (1,000 kg/m3—1,600 kg/m3) reinforced with SF at different weight fractions. The employment of SF, which are low-cost additives, is of great value currently, i.e., it is increasingly essential to explore and expand innovative cement-based materials for applications in the construction industry.
2 EXPERIMENTAL WORK
This section describes the constituent materials used to produce FC, as well as the mix proportions and laboratory test procedures. First, the preparation of materials is thoroughly discussed. The mix proportions, mixing methods, and experimental approaches for the LFC samples reinforced with SF were then determined. The purpose of this study was to investigate the impact of SF at six different weight fractions specifically 0%, 1%, 2%, 3%, 4% and 5% on FC durability, mechanical and thermal properties. Three medium densities FC densities were prepared, namely 1000 kg/m3, 1300 kg/m3, and 1600 kg/m3. The medium densities of FC were taken into account in this study because they are employed for semi-structural components in building construction and can gain from SF reinforcement. Durability, mechanical and thermal properties were the three main parameters investigated. Slump, density, water absorption and porosity were the four main parameters studied for durability properties. Mechanical properties have been examined in three areas specifically compressive strength, splitting tensile strength and flexural strength. Additionally, to establish the thermal property, the FC-SF composite’s thermal conductivity was determined. The correlation between durability and mechanical properties was then revealed to quantify how closely the two parameters are associated.
2.1 Materials
This study focuses on fabricating and testing high-density FC specifically 1,000, 1,300 and 1,600 kg/m3 with different weight fractions of SF ranging from 0% to 4%. A control FC was also made for comparison purposes. Ordinary Portland cement (CEM1) was employed as cementitious material to make FC. The cement utilized in the research for the production of various densities of FC mixes was commercially available ordinary Portland Cement (OPC) CEM-I under the brand name Lafarge. The fine sand utilized was acquired commercially from one of the top quarries. The sand fulfilled the Bs 882(1992), 1992 specifications. In this investigation, clean and drinking tap water was used, as well as a commercial surfactant (foaming agent), Noraite PA-1. A consistent pore structure was established by homogeneous foam dispersion in cement paste, and the foam had to be produced by shearing the foaming agent at a high speed.
In this experiment, synthetic twisted bundle macro-fibers (SF) were selected to be employed in FC. As a reinforcement in cement-based materials, SF provides numerous benefits. Each SF has its own unique anchorage system, and this, combined with a higher aspect ratio, boosts performance in the FC matrix. By incorporating the SF into the FC, the strength, resilience, and toughness are all augmented. Moreover, unlike steel, SF offers additional crack control without the associated corrosion risk. These innovative SF work wonderfully in FC applications because of the enhanced adhesion they provide and the superior bond they form with the cementitious matrix. Greater energy absorption, an efficient rock section profile, increased ductility, fracture toughness, and fewer logistical complications are all benefits of SF-reinforced FC. Figure 1 visualizes the SF employed in this study. The SF was added to the FC with varying weight fractions of 0%, 1%, 2%, 3% and 4%; Table 1 displays the SF’s essential details and properties of synthetic twisted bundle macro-fibers (SF).
[image: Figure 1]FIGURE 1 | Synthetic twisted bundle macro-fibers (SF) of 35 mm in length.
TABLE 1 | Essential details and properties of synthetic twisted bundle macro-fibers (SF).
[image: Table 1]2.2 FC mix design
Three different densities (1,000, 1,300, and 1,600 kg/m3) were created and evaluated in this research. Both the water-to-cement and cement-to-filler ratios were held constant at 0.45 for all mixtures, while the cement-to-filler ratio was kept at 1:1.5. Eighteen different FC concoctions were created. In Table 2 you’ll see the FC mixture layout. After the mixing was finished, a slump test was performed in accordance with (B. Standard and Part-102, 1983) requirements to evaluate the FC mixes’ workability (slump).
TABLE 2 | FC mix design.
[image: Table 2]2.3 Details of experimental tests
2.3.1 Mechanical properties tests
The parameters evaluated for FC mechanical properties were compressive strength, flexural strength, and tensile strength. The compression test was done on a FC cube of 100 × 100 × 100 mm in line with (B.E. 12390-3, 2009), flexural strength was performed on a prism of 100 × 100 × 500 mm in accordance with (P.-E. 12390-5, 2011), and tensile strength was executed on FC cylinder (100 mm diameter and 200 mm in height) in compliance to (B. EN and 12390-6, 2002). For each test, the loading rate remained constant at 0.30 MPa/sec. Each test was performed on days 7, 28 and 56. The result was calculated by taking the average of three FC specimens. Figures 2, 3 and 4 demonstrate the apparatus for compressive, flexural and tensile strength tests.
2.3.2 Fresh and durability properties tests
For the fresh and durability properties tests, the parameters evaluated were FC’s slump flow, water absorption capacity and porosity. A slump flow test was accomplished to ascertain how the addition of SF affected the workability of FC. Using a long cylinder, the FC’s spreadability was evaluated. After the FC stopped flowing, the average spread diameter of FC mixtures was determined. Figure 5 depicts the spreadability measurement of FC. The vacuum-saturated approach was used during the porosity evaluation as shown in Figure 6. The diameter of the cylinder specimens that were cast was 45 mm, and their height measured 50 mm. On day 28, this test was carried out by putting the FC specimens into a vacuum desiccator and letting them sit there for 24 h. Next, FC’s water absorption enables the transfer of carbon dioxide, oxygen and chlorine resulting in the corrosion of FC’s reinforcing steel. This study’s water absorption test was achieved in line with the (B. -122, 2011) standard. The preparation of FC cylinder specimens of 75 mm in diameter and 100 mm in height.
2.3.3 Thermal conductivity test
The thermal conductivity of FC was measured using the hot guarded plate technique, as shown in Figure 7. A sample of FC measuring 35 mm × 35 mm × 12 mm was prepared and evaluated. The sample’s thickness was sandwiched s by stacking two composite discs on top of the sensor and two more below. Consequently, the researchers were able to confirm that the axis-parallel heat diffusion assumption was true and that the sample domain was unlimited.
3 RESULTS
3.1 Slump flow
Figure 2 presents the slump flow of FC mixtures with different weight fractions of SF. It is evident that when the water-cement ratio was kept constant at 0.45 for entire mixtures, the slump flow reduced with the increase of SF weight fractions. The slump flow of control FC (no fibre addition) attained a slump of 258 mm (1,000 kg/m3), 250 mm (1,300 kg/m3) and 240 mm (1,600 kg/m3). While the FC mixtures with the addition of 4% SF had the lowest slump values of 213 mm (1,000 kg/m3), 205 mm (1,300 kg/m3) and 198 mm (1,600 kg/m3). This is mainly because the higher weight fraction of SF will increase the water necessity of the fresh FC mixture, which headed to a reduction in slump flow compared to the control FC sample. Additionally, it can be observed the lower FC density accomplished a higher slump value compared to the higher densities (Al-Tayeb et al., 2022; Akeed et al., 2022b; Emad et al., 2022; He et al., 2022). For instance, the 1,000 kg/m3 control density with a 3% weight fraction of SF achieved a slump of 219 mm whereas the 1,600 kg/m3 density with the same weight fraction of SF attained a slump of 205 mm.
[image: Figure 2]FIGURE 2 | Slump flow of FC with varying weight fractions of SF.
3.2 Density
Figure 3 visualizes the variation of densities with various weight fractions of SF. The density of FC mixtures recorded a slight reduction with the addition of SF from 1% to 4% for 1,000 kg/m3, 1,300 kg/m3 and 1,600 kg/m3. The lowest densities were attained with the presence of 4% SF whereas the highest densities were accomplished for the control FC specimens (no addition of fibre). Due to the porous characteristic of FC, compaction was more difficult to be achieved when it was blended with larger weight fractions of SF, resulting in a lower density of the mixed specimen equated to the control specimen. Anyway, the range of the dry densities achieved for entire FC densities is still within the allowable boundary of ±45 kg/m3.
[image: Figure 3]FIGURE 3 | Density of FC with varying weight fractions of SF.
3.3 Compressive strength
The compression test was accomplished on days 7, 28 and 56. The test was carried out for each mixture of FC’s compositions. The variation of compressive strength results for 1,000, 1,300 and 1,600 kg/m3 densities with varying weight fractions of SF are shown in Figures 4–6. From these three figures, it is noted that for all three densities considered in this study, an increment in compressive strength is observed with the inclusion of SF. For the control FC sample, the compressive strengths attained on day 28 were 4.13 MPa, 9.01 MPa, and 15.13 MPa for the 1,000 kg/m3, 1,300 kg/m3, and the 1,600 kg/m3 mix respectively. The utmost compressive strength was accomplished with the inclusion of 3% SF in FC mixtures. The compressive strengths recorded were 7.10 MPa, 12.62 MPa, and 17.84 MPa for the 1,000 kg/m3, 1,300 kg/m3, and the 1,600 kg/m3 mix respectively on day 28. The percentages of enhancement were 72%, 40% and 17% for these three densities. Lower FC densities attained a higher percentage of compressive strength enhancement with the inclusion of 3% SF. Because of their higher surface energy, hydrated cement products tend to cluster near SF when they are evenly propagated in FC at the appropriate weight fraction. In response to the FC’s contraction, the SF attracts tensile energy at the interface between the SF and FC cementitious matrix and distributes it to the neighbouring matrix, therefore lowering the localized tensile stress and increasing the fracture resistance (Amran et al., 2020; Qaidi et al., 2022f; Qaidi et al., 2022g; Qaidi et al., 2022h). Once SF-reinforced FC specimens reached their compressive peak strength, they were able to bear loads at progressively larger strains. It should be pointed out that at a 4% weight fraction of SF, the compressive strengths started to decrease for entire densities tested. This might be due to the fact that when the SF weight fraction surpasses the critical fibre percentage, it readily forms balls.
[image: Figure 4]FIGURE 4 | Compressive strength of 1,000 kg/m3 FC density with varying weight fractions of SF.
[image: Figure 5]FIGURE 5 | Compressive strength of 1,300 kg/m3 FC density with varying weight fractions of SF.
[image: Figure 6]FIGURE 6 | Compressive strength of 1,600 kg/m3 FC density with varying weight fractions of SF.
3.4 Flexural strength
Figures 7–9 show the flexural strength results for different densities at varying SF weight fractions. The flexural test was completed on days 7, 28 and 56 for each mixture of FC’s compositions. Generally, FC mixtures with 3% inclusion of SF exhibited greater flexural strength in comparison to control FC and FC with other weight fractions of SF. The flexural strengths recorded on day 28 with the presence of 3% of SF were 1.77 MPa, 3.16 MPa, and 4.64 MPa for the 1,000 kg/m3, 1,300 kg/m3, and the 1,600 kg/m3 mix respective. These were 113%, 76% and 46% higher than the control FC specimens of 1,000, 1,300 and 1,600 kg/m3 densities. As per observed in the compressive strength result, at 4% weight fraction of SF, the flexural strength of FC reduced dramatically. SF and foam cement slurry will typically form an interfacial transition zone (ITZ) (Yu et al., 2021). If the water-cement ratio is held constant, excess addition of FC will lead to an increase in the ITZ area as well as the porosity of FC, which will ultimately result in a loss in flexural strength. Additionally, the high weight fraction of SF in the cementitious matrix will make it difficult to scatter evenly and will lead to agglomeration. Even with the presence of 4% SF, the flexural strength was still higher than that of the control specimen. In the course of fracture propagation, the SF will be progressively ejected from the matrix until the bonding intensity is completely exceeded within the FC matrix (Roslan et al., 2013; Murad et al., 2022; Murad et al., 2023). Although the matrix was fractured, the essential form may still be maintained. The presence of SF in FC is essential for reinforcing the FC. This does aid in the reduction of fractures in FC, specifically in the bottom section of the specimen that is stretched during the test. This enabled the residual resistance to be improved (Akeed et al., 2022c; Tayeh et al., 2022c; Qaidi et al., 2022d; Faraj et al., 2022; Prakash et al., 2022).
[image: Figure 7]FIGURE 7 | Flexural strength of 1,000 kg/m3 FC density with varying weight fractions of SF.
[image: Figure 8]FIGURE 8 | Flexural strength of 1,300 kg/m3 FC density with varying weight fractions of SF.
[image: Figure 9]FIGURE 9 | Flexural strength of 1,600 kg/m3 FC density with varying weight fractions of SF.
3.5 Splitting tensile strength
Figures 10–12 demonstrate the results of the splitting tensile strength test on the FC mixtures containing varying weight fractions of SF at 7, 28 and 56 days. The splitting tensile results largely imply that using SF in FC mixtures has a positive effect on the tensile strength enhancement as a whole. For the control FC specimen, the splitting tensile strengths attained on day 28 were 0.50 MPa, 1.10 MPa, and 1.94 MPa for the 1,000 kg/m3, 1,300 kg/m3, and the 1,600 kg/m3 mix respectively.
[image: Figure 10]FIGURE 10 | Tensile strength of 1,000 kg/m3 FC density with varying weight fractions of SF.
[image: Figure 11]FIGURE 11 | Tensile strength of 1,300 kg/m3 FC density with varying weight fractions of SF.
[image: Figure 12]FIGURE 12 | Tensile strength of 1,600 kg/m3 FC density with varying weight fractions of SF.
. The highest splitting tensile strength was achieved with the addition of 3% SF in FC mixtures. The splitting tensile strengths recorded were 1.21 MPa, 2.18 MPa, and 3.25 MPa for the 1,000 kg/m3, 1,300 kg/m3, and the 1,600 kg/m3 mix respectively on day 28. These three densities had percentages of augmentation that were respectively 142%, 98%, and 68% correspondingly in comparison to the control FC. With the addition of 3% SF, lower FC densities were able to achieve a larger percentage of compressive strength augmentation than higher densities. The incorporation of SF in FC mixtures ensures that it will perform the function of a fastener when the FC develops microcracks as shown in Figure 13. This prevents the matrix elastic modulus from instantaneously decreasing to zero once the direct boundary strain has been attained. When fractures start to appear, the SF will take all the tension on itself and then gradually transfer it to the cementitious matrix (Wang et al., 2019; Qaidi et al., 2021; Emad et al., 2022; Qaidi et al., 2022h). Nevertheless, above the 4% weight fraction of SF, the splitting tensile strength of FC reduced dramatically. A high amount of SF in FC will lead to ununiform dispersion of fibre in the matrix of FC.
[image: Figure 13]FIGURE 13 | SF function as a fastener when the FC develops a microcracks.
3.6 Relationship between mechanical properties
This section intended to observe the correlation between the mechanical properties of FC with varying weight fractions of SF. The results of the correlation analysis may be utilized to extrapolate future FC characteristics based on the available data and information, as well as to assess the prevalence and correlations between the FC properties. Additionally, the results of correlational studies may shed light on intricate real-world associations between cement-based material properties, paving the way for new hypotheses and predictions. Figures 14–16 show the correlation between compressive-flexural strength, compressive-splitting tensile strength, and flexural-splitting tensile strength. From these three figures, the distribution of data lends credence to the proposition that there is, in fact, an excellent correlation between the strength properties of FC reinforced with SF. With R-squared values of 0.9693 (compressive-flexural strengths), 0.9766 (compressive-splitting tensile strengths), and 0.9931 (flexural-splitting tensile strength), it is clear that there is a strong linear correlation. This indicates that changes in the predictors are connected to changes in the response variable and that the obtained prediction models explain a large portion of the variability in the response.
[image: Figure 14]FIGURE 14 | Correlation between compressive and flexural strengths of FC.
[image: Figure 15]FIGURE 15 | Correlation between compressive and tensile strengths of FC.
[image: Figure 16]FIGURE 16 | Correlation between flexural and tensile strengths of FC.
3.7 Porosity
The result of the porosity test of FC with different weight fractions of SF is shown in Figure 17. From Figure 17, it is apparent that the FC porosity reduces gradually with the inclusion of SF from 1% to 4%. The FC mix with a 4% weight fraction of SF attained the ideal porosity for all densities. For the control FC specimen, the recorded porosities via vacuum saturation test on day 28 were 52.15% (1,000 kg/m3), 31.92% (1,300 kg/m3) and 20.79% (1,600 kg/m3). The lowest porosity was achieved with the addition of 4% SF in FC mixtures. The porosities recorded were 8.99% (1,000 kg/m3), 29.09% (1,300 kg/m3) and 18.94% (1,600 kg/m3) on day 28. The percentage of enhancements were 47.5%, 29.1% and 18.9% for 1,000 kg/m3, 1,300 kg/m3 and 1,600 kg/m3 densities respectively. Through the incorporation of 4% weight fractions of SF, it is possible to improve the compactness of the FC and cut down on the number of large pores that are interconnected pores (Chung et al., 2017).
[image: Figure 17]FIGURE 17 | Porosity of FC with varying weight fractions of SF.
3.8 Water absorption
FC water absorption testing analyses the rate of unidirectional water flow by capillary action. Figure 18 shows the water absorption capacity of FC with different weight fractions of SF. In general, all FC densities had a reduction of water absorption capacity after the initial 28 days of curing with the inclusion of SF. The highest water absorption was recorded for the control specimen whereas the lowest water absorption was attained with the inclusion of a 4% weight fraction of SF. Because synthetic fibres are hygroscopic, moisture absorption causes volume changes in the fibres (Hou et al., 2021). Within the FC composite, this component may encourage fibre separation. It should be pointed out that the lower density FC tends to have higher water absorption capacity compared to higher density. As water evaporates from an FC-SF composite, the fibres shrink, creating spaces and voids inside the porous material. In light of this, it has been shown that low-density FC (1,000 kg/m3) has a greater absorption rate than higher-density FC.
[image: Figure 18]FIGURE 18 | Water absorption of FC with varying weight fractions of SF.
3.9 Thermal conductivity
Figure 19 reveals the thermal conductivity of FC with varying weight fractions of SF. It can be seen from Figure 19 that the inclusion of SF in FC can assist in reducing the thermal conductivity of FC. The ideal thermal conductivity result was obtained with the presence of a 3% weight fraction of SF. The thermal conductivities of control specimens were 0.31 W/mK, 0.47 W/mK and 0.68 W/mK for 1,000 kg/m3, 1,300 kg/m3 and 1,600 kg/m3 densities in that order. With the addition of a 3% weight fraction of SF, the thermal conductivities of FC were reduced dramatically to 0.24 W/mK, 0.38 W/mK and 0.60 W/mK for 1,000 kg/m3, 1,300 kg/m3 and 1,600 kg/m3 densities respectively. Because of the porous nature of the FC with the inclusion of SF, which allows it to absorb heat (Figure 20), the thermal conductivity of the material improves as the weight fraction of the SF in the material rises (Suhaili et al., 2021). The ideal weight percentage of the material is 3%. The inclusion of SF also contributes to the redistribution and development of a smaller uniform pore void, both of which are further explanations for the very low thermal conductivity of FC (Serri et al., 2014; AL-Rakhameen et al., 2022; Murad, 2022; Murad and Abdel-Jabar, 2022). The occurrence of this event led to the formation of a greater number of numerous isolated pore voids when compared to the control, which has no fibre addition (Nensok et al., 2021). The findings also showed that the SF has a significant amount of untapped potential for use in cement-based materials, in which it has the ability to play a vital part in lowering the thermal inducing property of manufactured concrete or increasing its heat transmission. In addition to this, the FC that is made with SF has the potential to save a significant amount of energy when it is used as a green construction material.
[image: Figure 19]FIGURE 19 | Thermal conductivity of FC with varying weight fractions of SF.
[image: Figure 20]FIGURE 20 | Porous nature of FC with the presence of SF allows heat to be absorbed.
4 CONCLUSION
This study focuses on the potential utilization of synthetic twisted bundle macro-fibers (SF) in foamed concrete (FC) mixtures to enhance the thermal, durability and mechanical properties. Five varying weight fractions of SF of 0%, 1%, 2%, 3% and 4% were introduced in FC. This investigation concentrates on FC densities of 1,000 kg/m3, 1,300 kg/m3 and 1,600 kg/m3. The findings of this investigation provide the following conclusions on the FC properties reinforced with SF:
1. The addition of SF in FC has proven to be effective in increasing the mechanical, thermal and durability properties of FC, allowing for improved FC performance as well as better deployment of material capacities
2. The percentage of improvements for compressive strength for these three densities evaluated were 72%, 40%, and 17%. With the addition of 3% SF, lower FC densities achieved a larger percentage of compressive strength improvement. Hydrated cement products have a tendency to cluster close to SF due to their greater surface energy when they are equally distributed in FC at the proper weight percentage. When the FC contracts, the SF at the interface between the SF and FC cementitious matrix absorbs tensile energy and transfers it to the nearby matrix, reducing the localized tensile stress and boosting fracture resistance.
3. The bridging effect of SF, which improves the brittleness of the FC matrix, was identified in the splitting tensile and flexural tests. The flexural strengths of FC with the inclusion of 3% SF increased by up to 113%, 76% and 46% for FC specimens of 1,000, 1,300 and 1,600 kg/m3 densities compared to FC without SF (control sample). While the splitting tensile strength increased by up to 142%, 98%, and 68% correspondingly for 1,000, 1,300 and 1,600 kg/m3 densities in comparison to the control FC.
4. The addition of SF increased the water absorption capacity of all FC densities after the first 28 days of curing. The control specimen had the lowest water absorption, whereas adding 4% SF increased it to its maximum. SF absorbs moisture from the air and expands or contracts as a result. Within the FC matrix, this component may promote fiber separation.
5. With the SF inclusion, FC porosity steadily decreases from 1% to 4%. For all densities, the FC mixture with a 4% weight fraction of SF reached the optimal porosity. It is feasible to increase the FC’s compactness and decrease the number of large pores and interconnected pores by adding 4% weight fractions of SF.
6. Incorporating SF into FC may help lessen the material’s thermal conductivity. Adding 3% SF by weight produced the best thermal conductivity results. The relatively low thermal conductivity of FC may also be attributed to the incorporation of SF, which helps redistribute and generate a smaller uniform pore void.
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Density (g/cm’) 092
Length of SF 35 mm
Young's modulus 391 GPa
Tensile strength 385 MPa
Elongation at break 205%
Equivalent diameter 0.25 mm
Aspect ratio 140
Conductivity 0256 W/mK
Melting point >160°C
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