









	[image: images]
	Structural Durability & Health Monitoring
	[image: images]






DOI: 10.32604/sdhm.2023.022816

REVIEW

Research Progress on the Influence of Varying Fiber Contents on Mechanical Properties of Recycled Concrete

Zhenqing Shi1, Guomin Sun1 and Jianyong Pang2,*

1College of Civil and Architecture Engineering, Chuzhou University, Chuzhou, China
2Engineering Research Center of Underground Mine Construction, Ministry of Education (Anhui University of Science and Technology), Huainan, China
*Corresponding Author: Jianyong Pang. Email: pangjyong@163.com
Received: 28 March 2022; Accepted: 19 August 2022; Published: 26 June 2023


Abstract: Applying recycled concrete for engineered projects not only protects the ecological environment but also improves the utilization rate of waste concrete to satisfy sustainable development requirements. However, the mechanical properties of recycled concrete are not as good as those of ordinary concrete. To enhance the former’s performance and increase its popularity and application in engineering fields, notable advances have been made by using steel, synthetic, plant, and mineral fiber materials. These materials are added to recycled concrete to improve its mechanical properties. Studies have shown that (1) steel fibers have a distinct reinforcing effect and improve the strength, toughness, and elastic modulus of recycled concrete; (2) the addition of synthetic fibers can improve the tension, crack resistance, and durability of concrete, but the size effect needs to be further explored and elaborated; (3) plant fiber concrete is lightweight and environmentally friendly and provides high toughness and good thermal insulation, but the fibers corrode in alkaline environments; in addition, plant fibers have high water absorption capacity, which leads to wet expansion and dry shrinkage phenomena, which need to be further studied; and (4) the cost of basalt fiber, a mineral fiber, is relatively low, and a suitable basalt content can improve the mechanical properties of recycled concrete to a certain extent.
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1  Introduction

Recently, construction waste has accounted for 30%–40% of the total urban waste. The National Bureau of Statistics has reported that construction waste is increasing yearly [1], adversely impacting the ecological environment. The effect of pollution caused by construction waste on the environment cannot be underestimated. It includes water pollution, land pollution, and air pollution. In addition, the cost of treating construction waste is very high. In such a severe situation, construction waste recycling is particularly important. Some construction wastes can be further processed to produce recycled concrete. Recycled concrete is a new kind of concrete made from waste concrete that is treated to form recycled aggregates. It partially or completely replaces natural aggregates such as sand and stone (Fig. 1) [2]. However, the mechanical properties of these recycled aggregates are not as good as those of natural aggregates [3]. Recycled aggregates have high porosity and high-water absorption capacity [4].
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Figure 1: Construction waste and recycled coarse aggregate

Moreover, microcracks and pore damage can appear in recycled concrete before loading. Research and engineering practices have displayed that these problems can be mitigated by doping with fibers so that recycled concrete meets the developmental requirements of engineered construction projects [5]. Therefore, research and discussions are needed on mixing different fibers into recycled concrete.

The research results on the effects of different fibers on the mechanical properties of recycled concrete can provide a reference point for continuous improvement. In the last few years, scholars have carried out research on the mechanical properties of recycled concrete compared with the mechanical properties of ordinary concrete, such as tests for compressive strength [6–11], elastic modulus [4,6], dry shrinkage, and the creep variable [2]. Studies have investigated the mechanical properties of recycled concrete mixed with different fibers, such as employing tests to detect crack resistance [12] and impact resistance [12,13]. The addition of fibers to recycled concrete can significantly improve the mechanical properties of recycled concrete [14], such as its compressive strength, splitting tensile strength [15–17], flexural strength [17], and bending strength [18]. However, the research on the mechanical properties of recycled concrete using different fibers is uncomprehensive and needs to be supplemented.

This work considers the effects of different kinds of fibers on the mechanical properties of recycled concrete and presents the research advances scholars in related fields achieved. This review aims to provide a reference for scholars in the field of recycled concrete and related fields to promote the research and application of recycled concrete.

2  Steel Fibers

The good thermal conductivity of steel fibers is advantageous because it can reduce temperature increase while promoting cement hydration and improving interfacial bonding to compensate for the internal defects of recycled concrete to a certain extent (Fig. 2) [19,20]. Adding steel fibers to recycled concrete can counteract the negative impacts of recycled aggregates on the mechanical and impact properties of concrete [21] and further improve the strength and toughness of material. Compared with the influence of flexible fibers, the influence of steel fibers on the mechanical properties of concrete is more significant [22]. Thus, steel fibers have attracted the attention of scholars worldwide [23–25].
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Figure 2: Steel fibers [20]

A series of studies have shown that the addition of steel fibers to recycled concrete can increase the compressive strength [16,26], tensile strength [17,27–30], and flexural strength [16,27–29] of recycled concrete to a certain extent.

2.1 Compressive Strength

The compressive properties of recycled concrete containing 0%–2.0% by volume of steel fibers have been investigated by scholars in the last decade. Volumetric contents of 0.5% and 1% have been extensively studied. Studies have reported that the compressive strength of recycled concrete tends to increase when the content of steel fiber increases from 0% to 1.5%. Compared with the compressive strength of steel fiber pebble concrete, the compressive strength of steel fiber recycled coarse aggregate concrete can be increased by 26% [16]. When the steel fiber content is 1.5%, its axial compressive strength increases to 19.4% [29]. Danying investigated the influence of volume ratio and the type of steel fibers on the compressive strength of cubic samples of steel fiber-reinforced recycled concrete. The cubic compressive strength of milled prewetted steel fiber concrete materials was reported to be higher than that of reference concrete materials [26]. Zhou et al. investigated the changes in the compressive strength and other mechanical properties of recycled concrete by increasing the content of brazed steel fibers and noted that an excess of steel fibers could reduce the compressive strength of concrete [31]. The main reasons for the decrease are as follows: (1) small bubbles are introduced with the addition of fibers; (2) the introduction of fibers increases the interfacial porosity of concrete, and this increase is proportional to the length and volume of fibers, and (3) fiber agglomeration occurs due to insufficient homogeneity in the mixing of fibers and aggregates [32–34]. Table 1 demonstrates the compressive strength of recycled concrete materials with different steel fiber volumes.

[image: images]

2.2 Splitting Strength and Flexural Strength

Various research groups have investigated the flexural properties of steel fiber recycled concrete with volumetric contents of 0%–3.0%. Steel fiber additions of 0.5% and 1% by volume have received special attention. In general, when the volumetric content of steel fibers increases in the range of 0%–1.5%, the flexural strength of recycled concrete demonstrates an upward trend [20,39]. SEM and other analyses have shown that connections between steel fibers can prevent crack generation and development in the cement base, reducing the stress concentration in the structure and enabling the formation of a more cohesive structure to improve the flexural and splitting properties of recycled concrete [27,28]. With an increase in the percentage of steel fiber by volume, the maximum tensile strength and peak strain of steel fiber-reinforced recycled aggregate concrete increase by 55.90% and 48.03%, respectively [30]. When the content of steel fiber is 2%, the increase in the splitting tensile strength and flexural strength is the largest, at 44.8% and 34.0%, respectively [29]. Researchers have found that the splitting tensile strength can be increased by 43%–52% upon adding steel fibers [17]. Compared with the splitting strength of steel fiber pebble concrete, the splitting strength of steel fiber recycled coarse aggregate concrete is 18.1% higher [16]. The flexural strength values of recycled concrete with different volumetric contents of steel fiber are listed in Table 2.
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2.3 Other Performance Parameters

The toughness of steel fiber-reinforced recycled aggregate concrete increases upon increasing the steel fiber content [24,46]. Adding steel fiber helps prevent spalling and significantly improves the ductility and crack resistance of recycled concrete after exposure to high temperatures [26]. Studies have also revealed that the addition of steel fiber has a certain restraint and inhibition effect on the micro-expansion of concrete [43].

In conclusion, although replacing natural aggregates with recycled aggregates can reduce the mechanical properties of concrete, the addition of steel fibers to the latter can have a certain reinforcing effect and a positive effect on improving its compressive and splitting tensile strength. Steel fibers can significantly improve the shear responses of recycled concrete aggregate-based beams [47]. As a green concrete material, steel fiber recycled concrete is feasible to fabricate. It can better solve the environmental pollution problems associated with the disposal of waste aggregates to produce economic and social benefits [19].

3  Polypropylene Fibers

Polypropylene fiber is the major synthetic fiber used in concrete. In China, scholars and practitioners have conducted in-depth research on polypropylene fibers to improve the performance of ordinary concrete. However, only a few studies have examined its ability to improve recycled concrete [48]. Adding polypropylene fiber can effectively inhibit the plastic shrinkage cracking of concrete and improve its impermeability, frost resistance, and corrosion resistance. Furthermore, the diameter of polypropylene fiber is between 0.22–0.25 mm, which is close to the diameter of steel fibers, but its cost for the same volume is only one-fifth that of steel fiber. Thus, it can economically replace steel fibers [49,50]. Lastly, adding polypropylene fibers can improve the mechanical properties of recycled concrete [51].

3.1 Strength

Scholars have investigated the compressive and flexural properties of polypropylene fiber recycled concrete with volumetric fiber contents of 0–1.5 kg/m3. The present review focuses on materials with volumetric fiber contents of 0.6, 0.9, and 1.2 kg/m3. In general, when the content of polypropylene fiber increases in the range of 0–1.2 kg/m3, the compressive strength and flexural strength of a recycled concrete show an increasing trend. Studies have revealed that the content of polypropylene fibers has no significant effect on the compressive strength of recycled concrete, but it can improve its ductility and impact resistance [52]. Adding 1% polypropylene fiber can increase the splitting tensile strength of concrete [53]. Yuan et al. conducted a series of tests and found that a fiber content of 1.2 kg/m3 can significantly improve concrete’s flexural and splitting tensile properties, with the highest flexural strength being 5.1 MPa and splitting tensile strength being 2.93 MPa [54]. A previous study has revealed that the splitting tensile strength of recycled concrete with a volumetric fraction of 1.0% polypropylene fiber was increased by 57% [55]. Zhu et al. made prismatic specimens of five kinds of recycled concrete reinforced with polypropylene fiber contents of 0, 0.7, 1.0, 1.3, and 1.6 kg/m3. The results presented that when the fiber content is 1.6 kg/m3, the flexural strength of recycled concrete increases by 23.9% compared with that without polypropylene fibers [56].

During the early stages of recycled concrete development, some scholars believed that the influence of polypropylene fiber content on compressive strength could be ignored [57]. However, scholars have reported that as the volume fraction of polypropylene fiber increases from 1% to 2%, the compressive strength of recycled concrete with 50% and 100% substitution rates increases by 20.7%–45% and 15.7%–35.7%, respectively [58]. When recycled aggregates are completely replaced, and the fiber content is 0, 4.5, and 1 kg/m3, the 28-day strength decreases by 25.7%, 23.8%, and 24.2%, respectively [59]. Adding polypropylene fibers helps increase the compressive strength of artificial sand recycled concrete specimens at various strength levels. However, the reinforcement is unobvious for specimens with high strength levels [60]. It is found that the axial compressive strength, flexural strength, and splitting tensile strength of recycled concrete present the highest level of increase when the fiber content is 0.8 kg/m3, reaching 15.8%, 39.6%, and 40.5%, respectively [29]. Furthermore, some research results have revealed that the optimal percentage of polypropylene fiber is 0.6%, for which the compressive strengths of concrete materials with 50% and 100% substitution rates are increased by 24.8% and 24.4%, respectively [61]. With an increase in the polypropylene fiber content from 0.25% to 1%, the compressive strength at substitution rates of 25%, 30%, and 35% increased by 57.6%–108.0%, 40.5%–90.9%, and 45.5%–102.3%, respectively [62]. The compressive strength, splitting tensile strength, and flexural strength increase upon increasing the polypropylene fiber content. The sample with a 30% substitution rate and 2% fiber content presented the highest compressive strength, which was 26.9% higher than the control sample on day 28 [63]. In addition, the compressive strength of polypropylene fiber concrete increases with increasing curing age. Curing for 91 days increases its compressive strength by 11.5% [64]. The compressive and tensile strengths of recycled concrete with different volumetric contents of polypropylene fibers are listed in Tables 3 and 4, respectively.
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3.2 Other Mechanical Properties

Concerning other mechanical properties, the effect of fiber on increasing the peak strain of concrete is obvious. The ultimate strain is inversely proportional to the grade of concrete strength and is directly proportional to the increase of fiber content. Fiber can improve concrete’s deformation and ductility [67]. Adding polypropylene fiber reduces the dynamic elastic modulus and increases the static modulus. When the fiber content is 0.45%, the 28-day dynamic elastic modulus is 3% lower than that of ordinary concrete, and the 91-day static elastic modulus increases by 6%, reaching 37.5 GPA [64]. A research group has noted that adding polypropylene fiber to concrete can slightly reduce the latter’s elastic modulus and Poisson’s ratio [70]. When recycled aggregates are completely replaced, compared with the case without recycled aggregates, the elastic modulus of test blocks with fiber contents of 0, 4.5, and 1 kg/m3 decreases by 49.2%, 44.1%, and 46.4%, respectively [59]. The XCT analysis results have shown positive and negative effects of incorporating polypropylene fiber, and a reasonable fiber dosage range needs to be considered to enhance concrete performance [54].

The fiber size affects the compressive strength and tensile strength of polypropylene fiber recycled concrete, and the influence is more distinct with an increase in size [50]. The size effect is influenced by the replacement rate of the recycled aggregates, the amount of waste fiber, and the strength grade of concrete [71]. In addition, when adding hybrid fibers to recycled concrete with volumetric contents within a certain defined value, there are synergistic effects between the two fibers that can increase the bonding strength of matrix. If the volumetric content exceeds the defined range, it will indirectly reduce the bonding strength of matrix [72].

Although the effect of synthetic fibers on the compressive strength, elastic modulus, and Poisson’s concrete ratio is unobvious and even leads to a reduction in its indices, a series of studies have displayed that synthetic fibers can improve many other properties of concrete to a certain extent. For example, synthetic fibers have achieved promising results in the preparation of waterproof concrete, As a new type of polymer building material, synthetic fibers can replace traditional reinforcement meshes and steel fibers in concrete, reducing construction costs, saving time, and making recycled concrete more convenient to use and apply, thus presenting a wider application potential for it [73–75]. There are still some problems associated with the combined influences of synthetic fibers and cement substrates, which need to be addressed before their use [76].

4  Plant Fibers

As a complex natural composite with cellulosic structures, plant fibers can be produced in large quantities and are renewable. Additionally, their strength and stiffness are similar to those of ordinary synthetic fibers, and their densities are lower. Therefore, their specific strength and specific stiffness (ratio of elastic modulus to density) are high, reducing the weight of concrete at a low cost. They are being developed as cement-filling materials [77]. The traditional fibers widely used in engineering have many environmental and health problems associated with them [78,79], and the application of plant fibers is conducive to environmental protection. It is in line with the purpose of China’s sustainable development plans. It plays a role in promoting the realization of major national policies such as energy conservation and emission reduction, circular economy, and environmental harmony. However, research on the application of plant fibers in recycled concrete needs to be expanded, and there are many studies on the application of plant fiber in ordinary concrete. The research advances related to plant fiber concrete are summarized below; this summary is expected to provide a reference for scholars in the field of plant fiber recycled concrete and related materials.

4.1 Straw Fiber

Adding plant fibers to concrete can improve the internal defects in concrete [80]. Common natural plant fibers, such as rice fiber, rape straw fiber, bamboo fiber, and corn straw fiber, impact the mechanical, thermal insulation, water absorption, and corrosion resistance properties of concrete [81]. Previous studies have presented that the compressive strength of concrete gradually decreases upon increasing the rape straw content, and the 7-day compressive strength of concrete decreases faster than the 28-day compressive strength [82]. Subsequently, Baohua selected the sand ratio, water cement ratio, and ash content of rape straw as variables, tested the thermal conductivity of block, and observed the same trend. The author noted that this is because adding straw ash reduces the amount of cement in the concrete and reduces the hydration reaction, resulting in a reduction in the strength of concrete [83]. However, when the fiber length of rape straw is 30–40 mm, and the volume content is 0.1%, the compressive strength reaches a peak value and increases by 16.45%. When the fiber length is 20–30 mm, and the volume content is 0.2%, the splitting tensile strength and flexural strength increase by 9.12% and 6.64%, respectively [84]. When the content of rape straw ash is 10%, the dynamic bearing capacity of concrete reaches an optimum value [85]. Regarding other properties, straw concrete presents good thermal insulation performance [86].

4.2 Wood Fiber

Wood fiber-reinforced concrete is a new environmentally friendly material that can absorb and degrade carbon elements and can also reduce CO2 emission [80]. In terms of mechanical properties, According to Yang‘s investigation, the strength of concrete materials doped with sawdust under dry and saturated water absorption states shows a downward trend. However, the downward trend in the strength in saturated water absorption states is sharper. When the volumetric addition of sawdust is 3% does the strength of concrete decrease by approximately 38%, and when the volumetric addition reaches 10%, the concrete segregates [87].

4.3 Coconut Shell Fiber

Coconut shell fiber has good mechanical properties, heat, moisture, and wear resistance [88]. When the content of coconut shell fiber is 0.5 kg/m3, the 28-day flexural strength of recycled concrete can be as high as 5.79 MPa, the lowest being 4.1 MPa, with an increase of 5.13%–23.19%, achieving the conditions necessary for applications in ordinary concrete structure engineering [89,90]. The splitting tensile strength of concrete increases with the addition of coconut shell fiber. When the content of coconut shell fiber is 0.25%, and the content of nano-SiO2 is 3%, the resultant concrete has good wear resistance [91]. A study has reported that coconut shell fiber concrete materials with water-cement ratios of 0.4 have better mechanical properties. Concrete has better interfacial properties when the coconut shell fiber is woven into a network [92].

Plant fiber concrete is lightweight and environmentally friendly, has high degrees of toughness, and displays good thermal insulation performance. It has been applied to some projects with promising results. The addition of CR latex can effectively improve the strength of fiber-reinforced concrete and the viscosity of these materials [93]. However, many alkaline substances are produced during the mixing of concrete, and in alkaline environments, the problems associated with corrosion cannot be overlooked [94]. In addition, using plant fibers can result in wet concrete expansion and dry shrinkage, which can lead to changes in the plant fibers and affect their degree of bonding with the concrete [80]. An in-depth study of plant fibers may indicate that they could play a substantial role in the fabrication of recycled concrete.

5  Basalt Fiber

Basalt fiber is a common mineral fiber, and as a new inorganic green fiber material, it has good ductility and affordability. Basalt fiber is a new material for improving the mechanical properties of recycled concrete. Many studies have displayed that basalt fiber can improve the strength of concrete [95,96], and a few studies have revealed that it can increase the strength of recycled concrete [97]. Compared with the high cost of steel fibers and the poor dispersion of polypropylene fibers, basalt fibers show high strength, high modulus, good high and low-temperature resistances, and strong acid and alkali resistances. Furthermore, they are pollution-free [98], do not generate or emit toxic substances or wastes during production, and can be easily processed with conventional processes and equipment. Without the use of any other additives during a single production process, their production costs are lower than the costs of other materials.

Basalt fiber essentially has basically the same composition as cement and the same expansion and contraction coefficient. When mixed with cement concrete, basalt fiber shows natural compatibility, is easily dispersed and has good chemical stability [99]. Studies have presented that basalt fiber has a dose-dependent reinforcement effect on a reinforced recycled aggregate and natural aggregate concrete, and there is a complementary effect between basalt fiber and recycled aggregate concrete. That is, the poor performance of recycled aggregate concrete can be offset by adding basalt fiber [100]. Adding basalt fiber improves the unstable crack propagation of concrete, effectively prevents rapid crack propagation, increases the crack resistance of concrete, and produces reinforcement, crack resistance, and toughening effects [101]. A suitable quantity of basalt fiber can also enhance the ductility of recycled concrete and improve its mechanical properties [102].

The addition of an appropriate amount of basalt fiber can increase the compressive strength [97,102–104], splitting tensile strength [102,104–107], and flexural strength [102,104] of recycled concrete to a certain extent. Scholars have conducted in-depth research on the compressive and splitting tensile properties of basalt fiber recycled concrete at volumetric contents of 0%–0.4%, among which fiber contents of 0.1%, 0.2%, and 0.3% have been the research hotspots. In general, when the content of basalt fiber increases in the range of 0%–0.15%, the compressive strength and splitting tensile strength of recycled concrete display an upward trend. In addition, studies have found that when the substitution rate is 50%, the basic mechanical properties of recycled concrete materials containing different basalt fiber contents are better than those of ordinary concrete [108]. At a fixed content, the compressive strength of recycled concrete increases upon increasing fiber length [109]. Subsequent studies have shown that the strength of recycled concrete increases upon increasing the fiber content. For three different design strength grades of concrete, when the fiber content is 1.5 kg/m3, the strength is consistent with that of ordinary concrete [97]. Furthermore, by fitting the experimental data, some scholars proposed a new conversion formula relating the mechanical indices of basalt fiber recycled concrete [110], which provides a convenient way to convert between the mechanical performance indices of basalt fiber recycled concrete.

5.1 Compressive Strength

When the content of basalt fiber is 1%, the recycled concrete achieves maximum compressive strength [104]. The compressive strength of recycled concrete has been reported to increase and decrease upon increasing the basalt fiber content [111]. Additionally, the influence of different fiber contents on the axial compressive strength of recycled concrete under different substitution rates is different [106]. A previous study has demonstrated that the compressive strength of recycled concrete has a non-significant improvement by adding basalt fiber [104]. However, at high temperatures, basalt fiber is conducive to improving recycled concrete’s compressive strength [112]. The compressive strength of recycled concrete with different basalt fiber contents (Table 5).
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5.2 Splitting Tensile Strength

Studies have demonstrated that when the basalt fiber content is 4 kg/m3, the splitting tensile strength of recycled concrete increases by 8.3% [113]. For recycled concrete materials with a high replacement rate, the material splitting tensile strength is affected by basalt fiber, and the reinforcement effect is very significant [105]. When the content is too high, the splitting tensile strength is weakened to a certain extent. Jiangfeng investigated the physical and mechanical properties of recycled concrete reinforced with different replacement levels (0, 2, and 4 kg/m3) of recycled aggregate and observed that when the basalt fiber content was 4 kg/m3 and the substitution rate was 50%, the flexural strength and splitting tensile strength increased to their maximum values [106]. The splitting tensile strength of recycled concrete with different basalt fiber contents (Table 6).
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5.3 Other Performance Parameters

The effect of basalt fiber on improving the elastic modulus of recycled concrete is somewhat ambiguous [113]. A study has revealed that the elastic modulus first decreases and then increases with increasing basalt fiber content (0%–0.2%) [118]. In addition, basalt fiber has a distinct toughening effect on rubber recycled concrete [119]. Adding basalt fiber to recycled concrete can slow down freeze-thaw damage in recycled concrete [120]. In addition, studies have displayed that adding a basalt macrofibre can improve the flexural capacity of recycled concrete beams [121]. Furthermore, adding basalt fiber can significantly improve the deformation capacity of recycled concrete, which presents potential and value for certain engineering applications [122].

6  Conclusion

Research on improving the mechanical properties of recycled concrete by fiber doping is related not only to the different fiber parameters but also to the content of fibers and their substitution rate for recycled aggregates. Most studies have presented that adding fiber can increase the mechanical properties of recycled concrete. The conclusions are as follows:

1.    After adding an appropriate amount of steel fiber, the strength of recycled concrete is distinctly improved, its brittleness is reduced, and the elastic modulus of recycled concrete is improved.

2.    Polypropylene fibers are suitable for replacing steel fibers in concrete and have a certain strengthening effect on recycled concrete. However, the strengthening of compressive strength is non-significant, and the fibers can reduce the elastic modulus of recycled concrete. The compressive strength and tensile strength of polypropylene fiber recycled concrete have a size effect, which has positive and negative consequences on the mechanical properties of recycled concrete.

3.    Plant fiber concrete is lightweight and environmentally friendly and has high toughness and good thermal insulation performance. It has been applied to a few studies and has shown promising results. However, there is little research on its use in recycled concrete, and the corrosion problems associated with the fibers in alkaline environments cannot be ignored during mixing concrete. Plant fibers absorb water and undergo wet expansion and dry shrinkage. These problems need to be further studied.

4.    Compared with other fibers, basalt fibers have many advantages, including cost savings in production. Adding these fibers to recycled concrete can improve the latter’s flexural toughness and ductility. The research shows that with a reasonable addition of basalt fiber, basalt fiber recycled concrete can achieve the strength of ordinary concrete.
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Table 1: Compressive strength of recycled concrete with different volumetric contents of steel fibers

No. Ref. Compressive strength (MPa)

0% 0.5% 1% 1.5% 2%
1 Ref. [13] 45.3 50.6 52.4 54.3 -
2 Ref. [19] — 47.02 46.44 48.22 -
3 Ref. [20] 43.5 49.3 51.5 53.2 -
4 Ref. [26] 40.8 42.1 45.6 49.8 -
5 Ref. [31] 32.75 - 41.32 - 29.19
6 Ref. [35] 44.8 45.4 47.6 - -
7 Ref. [36] 37.4 394 - — —
8 Ref. [37] 49.2 55.2 58.4 60.6 —
9 Ref. [38] 49.3 - 55.2 - —
10 Ref. [39] 39.2 41.1 45.1 47.8 -
11 Ref. [40] 44.9 45.6 46.8 48.1 49.9
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Table 3: Compressive strength of recycled concrete with different polypropylene fiber contents

No. Ref. Compressive strength (MPa)
0 kg/m’ 0.6 kg/m’ 0.9 kg/m’ 1.2 kg/m’ 1.5 kg/m’

1 Ref. [12] 46.5 514 53.5 53.9 —

2 Ref. [50] 28.52 30.52 - 30.02 —

3 Ref. [65] 33.0 34.0 - 35.1 -

4 Ref. [66] 39.3 37.3 37.6 37.9 —

5 Ref. [67] 37.3 38.9 37.3 39.6 38.5

6 Ref. [68] - - 36.5 38.3 394

7 Ref. [69] 33.6 - - 34.8 -
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Table 6: Splitting tensile strength of recycled concrete with different volumetric contents of basalt fiber

No. Ref. Splitting tensile strength (MPa)
0% 0.1% 0.15% 0.2% 0.3% 0.4%
1 Ref. [105] 2.59 2.75 - 2.13 2.49 -
2 Ref. [114] — 2.6 - 2.9 2.8 -
3 Ref. [115] 4.56 5.17 5.79 6.7 — —
4 Ref. [116] 2.3 - 2.92 - 3.28 -
5 Ref. [117] 3.3 3.15 - 3.6 3.49 3.58
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Table 4: Tensile strength of recycled concrete with different polypropylene fiber contents

No. Ref. Tensile strength (MPa)
Okg/m’  0.6kgm’  09kg/m’ 1.2 kg/m’ 1.5 kg/m’
1 Ref [12] 3.5 4.0 4.7 4.9 —
2 Ref. [50]  2.25 2.74 — 2.45 —
3 Ref. [65° 1.42 1.47 — 1.55 —
4 Ref. [66]  3.01 3.12 3.25 3.33 —
5 Ref [68] —— — 3.0 3.3 3.4
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Table 2: Flexural strength of recycled concrete with different volume contents of steel fiber

No. Ref. Flexural strength (MPa)

0% 0.25% 0.5% 0.6% 0.75% 1% 1.2%  15% 2% 3%
1 Ref. [20] 534 — 569 — — 6.34 — 7.21 —  —
2 Ref. [27] 4.5 — 49 — — 5.2 — — —  —
3 Ref. [36] 4.9 — 5.1 — — — — — —  —
4 Ref. [39] 6.01 — 625 — — 732 — 832 — —
5 Ref. [41] — 4.77 533 — 5.26 521 — — —  —
6 Ref. [42] 4.8 — — — — 5.1 — — 6.0 7.8
7 Ref. [43] 4.09 — — 446  — — 4.7 — —  —
8 Ref. [44] 6.0 — 6.8 — — 7.3 — 8.8 —  —
9 Ref. [45] 3.9 — 438 — — 478 — 517 — —
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Table 5: Compressive strength of recycled concrete with different volumetric contents of basalt fiber

No. Ref. Compressive strength (MPa)
0% 0.1% 0.15% 0.2% 0.3% 0.4%
1 Ref. [103] 46.83 50.39 - 53.15 45.26 -
2 Ref. [105] 40.9 36.6 - 31.1 36.4 -
3 Ref. [114] - 35.1 - 33.1 324 -
4 Ref. [115] 40.77 41.89 45.85 41.05 - —
5 Ref. [116] 34.2 - 33.22 - 32.82 —
6 Ref. [117] 41.9 42.1 - 43.7 43.9 42.5
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