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Abstract

:

Plastic waste causes severe environmental impacts worldwide and threatens the lives of all creatures. In the medical field, most of the equipment, especially personal protective equipment (PPE), is made from single-use plastic. During COVID-19, the usage of PPE has increased, and is disposed of in landfills after being used once. Worldwide, millions of tons of waste syringes are generated from COVID-19 vaccination. A practical alternative to utilizing this waste is recycling it to reinforce building materials. This research introduces an approach to using COVID-19 syringe plastic waste to reinforce building material as composite concrete. Reinforced fiber polymer (FRP) concrete materials were used to mold cylindrical specimens, which underwent mechanical tests for mechanical properties. This study used four compositions with 0%, 5%, 10%, and 15% of FRP to create cylindrical samples for optimum results. Sequential mechanical tests were carried out on the created samples. These specimens were cured for a long period to obtain water absorption capability. After several investigations, the highest tensile and compressive strengths, approximately 2.0 MPa and 10.5 MPa, were found for the 5% FRP composition samples. From the curing test, the lowest water absorbability of around 5% was found for the 5% FRP composition samples.
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1. Introduction


1.1. Usage of Plastics and Their Impacts on the Environment


We can no longer imagine a world without plastics and polymers. All the polymer ever synthesized is still out there somewhere, and it has been a disaster for the ecosystem ever since [1,2]. The onset of the COVID-19 epidemic has only exacerbated the problems associated with managing plastic garbage. The critical situation caused by the COVID-19 epidemic has led to a huge need for personal protective equipment (PPE). Despite the high plastic content, this PPE is the most cost-effective and effective means of preventing the spread of the virus [3]. PPE for health-care systems and frontline employees is necessary, since this virus is spread from person to person via the air. A rise in the detection of symptomless cases has increased the need for PPE kits, particularly single-use items such as face masks, gloves, and face shields.



Consequently, the production and manufacturing of these goods have exploded worldwide [3,4,5,6]. Hand gloves, single-use face masks, syringes, eye safety goggles, and disinfectant bottles are some items that divers have lately found floating in the water [7]. Using syringes for COVID-19 vaccinations is inevitable, but they have significant effects on the natural environment. The WHO adopted rules during the epidemic, including using PPE; however, most syringes still wind up in landfills, worsening the environmental consequences [8,9]. The public’s adoption of PPE has far-reaching ecological effects beyond its apparent benefits in halting the spread of COVID-19.



The science world has successfully advocated for countermeasures to the COVID-19 pandemic since the pandemic’s end, including using repurposing antimicrobial medications to treat affected patients and using attenuated vaccines for protection [10]. According to multiple sources [11,12], the most polluting by-product of mass vaccination centers is a wide variety of mainly nonbiodegradable waste plastics.



The cumulative effect of increased plastic waste on nature during the vaccination campaign or due to routine safety precautions to avoid COVID-19 is enormous and should not be ignored. The prospective use of biodegradable materials, such as bioplastics, may eliminate harmful plastics [11]. Considering the negative environmental consequences caused by discarded COVID-19 vaccines, we provide a vision for creating a sustainable world by utilizing a large number of vaccination syringes to reinforce building materials as an urgent social necessity.




1.2. Recycling Plastic for Buildings


Given the building industry’s high material need, recycling polymeric waste into new building materials is one viable option for significantly cutting down on plastic waste. The durability and mechanical characteristics of waste plastics in the building sector must meet the specified applications to guarantee safety and adaptability. Several studies have focused the use of reused plastic wastes in aggregates as a complete or partial substitute for natural aggregates. Successfully combining plastic wastes as fine aggregate, Hama and Hilal [13] created self-consolidating concrete (SCC). According to their findings, adding fine plastic aggregate at a weight percentage of 12.5% may improve the fresh qualities of SCC, such as flow and filling ability. Alqahtani et al. [14], Castillo et al. [15], and Scarpitti et al. [16] studied the feasibility of using recycled waste plastics in lieu of naturally occurring coarse particles in the concrete mixture. In addition, investigators found that the replacement of natural aggregates with greater waste plastics decreased the mechanical parameters (such as compressive, tensile, and flexural strengths, elastic modulus, and water absorbability). The substitution of coarse and fine aggregates with various waste plastics, namely polypropylene (PP), high-density polyethylene (HDPE), and polyvinyl chloride (PVC), was studied recently by Belmokaddem et al. [17]. Plastic trash was discovered to reduce density dramatically while enhancing acoustical properties in concrete. Synthetic fiber aggregates (PA) were used to replace natural aggregates, and other waste plastics were used as short fibers in fiber-reinforced concrete (FRC). Using a recycled polyethylene terephthalate (PET) container and synthetic waste filament, Khalid et al. [18] carried out a study in FRC. Their experiments using a concrete substrate revealed that increasing the number of fibers and using an unconventional form can significantly improve the lift strengths of synthetic materials. They further implemented their work on a PET-FRC in a constructional beam. Despite their finding that plastic fibers added to concrete had little effect on the mode of failure, they did find that it greatly enhanced the structural capabilities of the beam in terms of cracks and failure strength. Further, Mohammed and Rahim [19] recommended using recycled PET in FRC with high-stress concrete, demonstrating enhanced cracking tolerance afforded by PET fiber. Similarly, Forti and Lerna [20] tested the effects of adding waste PET particles to mortar, finding that the combination increased the mortar’s durability.




1.3. Alternative Building Materials


Primarily due to financial constraints, sophisticated synthetic structures in structural engineering application have progressed slowly. Elevated production and raw material costs outweigh their benefits, which include adaptability to a wide variety of shapes and sizes, resistance to corrosion and chemical breakdown in the vast majority of domestic settings, and superior weight-to-strength ratios compared to traditional civil and structural materials. In addition, it is challenging to financially and functionally rationalize using composites in building engineering given the existing practice of component-for-component substitute features in traditional engineering structures with sophisticated laminated composites [21].



Most preexisting concrete buildings suffer from deterioration and degradation throughout their useful lives, making it imperative to reinforce them to enhance structural characteristics and guarantee safety. Fiber-reinforced polymer (FRP) is one of the most popular reinforcement options due to its low density and great corrosion resistance. Aramid FRP (AFRP) and carbon FRP (CFRP) are the most popular FRPs. Still, they are too expensive and have too much of an environmental effect to be practical for application in most nonengineering structures in developing countries, sparking a search for greener alternatives. Recycled waste plastic FRPs (PEN, PET) and natural FRP (cotton, hemp) are only a few examples of environmentally FRP materials that have been developed to date [22,23,24,25,26,27]. An experimental study by Jirawattansomkul et al. [22,24] found that using environmental FRPs as confinement materials might improve the strength and elasticity of concrete elements. The displacement ductility of concrete components was significantly improved using big-rupture-strain PEN and PET FRPS in investigations of Dai et al. [25,26]. Reinforcing cement using FRPs manufactured from SUP wastes such as plastic syringe waste is uncommon, despite the widespread use of recycled syringe plastics and natural FRPs to replace traditional FRPs. Recycling these SUP scraps into FRP materials instead of throwing them away can benefit land and aquatic environments by reducing the massive annual SUP waste stream.



Even in places where extremes of temperature are common, such as deserts, construction-related projects have been built. In addition to being affected by high temperatures, cement can also fracture from shrinking. The effect of thermal phases on elevated concrete with organic oil palm, polyolefin, and reinforcing steel at varying volumes was studied by Hakeeem et al. [28]. The authors demonstrated that fiber insertion in concrete is a common practice when working with FRP composites. This helps to reduce the likelihood of cracking, improve strength development under seismic loading, and boost the structural capacity to absorb shock.



The highly efficient construction composites that use CNTs as supplementary ingredients have a wide range of possible uses [29,30]. Researchers are quickly developing and characterizing nanocomposite materials due to their enthusiasm in nanostructures. Experiments and atomic-level simulations demonstrate that the size influence on mechanical characteristics becomes more important when dealing with nanoscale structures [31]. The impact of CNTs on the bending characteristic of FRP composites was studied by Madenci et al. [29]. The authors used carbon-fiber-reinforced polymer (CFRP), epoxy, and carbon nanotubes (CNTs) in their investigation. The bending behavior of the composites was improved by utilizing 0.3% CNT additions, as shown by a series of mechanical tests conducted by the authors.



The usage of pultruded fiber polymer (PFRP) structures has increased recently in the building trade. These components’ behavior changes depending on the location of the web apertures, since they are particularly vulnerable to axial stress. Experimental research was conducted by Madenci et al. [32] employing 21 flexural profiles subjected to vertical stresses, some of which were reinforced with GFRP and CFRP. Based on axial test results, the authors learned that it is crucial to consider the hole’s location and quantity when drilling a hole with a particular diameter into a profile. Also, they found that the erratic openings and off-center web apertures drastically cut down on the structure’s load-bearing capability. Additionally, a considerable drop in capacity was found when multiple holes were bored together, and reinforcing had the least impact on such specimens. The CFRP specimens were found to yield greater amounts to the samples’ load-carrying capability than the GFRP samples.



Creating web holes in building elements is a common requirement for the installation of utility conduits and pipelines. When a building component’s x area is diminished due to webbing, its load-bearing capacity and rigidity are reduced in that location. Experimental research on the impact of web apertures on the behavior of PFRP composite structures to compression load was undertaken by Aksoylu et al. [33]. They examined how the characteristic and durability of PFRP features with fiber-reinforced web apertures varied depending on the hole and the fiber-reinforced scheme. According to their findings, the width of the holes determines the extent to which the load-bearing ability of specimens is reduced. It turns out that the hole’s dimension and the specific CFRP/GFRP strengthening technique used are crucial factors.



The concrete structure used in hydroelectric power plants, which are susceptible to abrasive and erosive action, must be resistant to wear and fracture to ensure their continued regular function and dependability. Polyvinyl alcohol (PVA) fiber combined with magnesium oxide (MgO) expansion agents was utilized in experimental research conducted by Wang et al. [34] to prevent fracturing and abrasion damage. In their research, they explored how adding PVA fiber and MgO to high-strength hydraulic concrete affected its mechanical properties, wear and fracture toughness, pore architectures, and cyclic feature. The authors found that though PVA fiber integration somewhat coarsened the porosity, MgO insertion smoothed the pores.



Important aspects in ensuring the continued regular functioning and stability of cement face earth-fill dams are the concrete’s resilience to cracking and its longevity over time. Wang et al. [35] conducted research to determine the effects of fibers of varying lengths (10 mm and 20 mm) made from PP, PVA, and polyacrylonitrile (PAN) on the flowability, resilience, compression behavior, and fracture toughness of the embedded face tile concrete. The scientists showed that PVA > PAN > PP was the most effective sequence for lowering shrinkage and increasing fracture resistance in faced slab concrete. In addition, the inclusion of fibers enhanced the concrete’s insulative properties and temperature resistance, with the effectiveness ranking of PAN > PVA > PP.




1.4. Usage of Waste Plastic in Concrete


As a matter of long-term environmental concern, the replacement of regular Portland cement with reused plastics in specific quantities is an intriguing subject [36,37,38]. High energy levels are utilized and carbon dioxide (CO2) is discharged into the environment during the manufacturing process of cement. As a result, concrete modifiers are of considerable interest [39,40]. The low yield stress as well as the poor tensile strength of regular concrete necessitate the addition of reinforcing bars and occasionally fibers or polymers [41,42,43,44]. Although reinforcing bars enhance the mechanical characteristics of concrete, these may not be enough to control crack spread. One of the best methods for limiting crack propagation in concrete structures is the incorporation of fibers [45]. Aside from stopping cracks, fibers are crucial in avoiding the aforementioned negative aspects of concrete [46]. Numerous kinds of fiber can be added to concrete to improve its compressive, bending and resistance to crack [47]. Fibers of many different types are employed in concrete materials, including glass, steel, carbon, etc. [48,49,50,51,52]. Metal scrap, such as old steel parts, is a by-product of modern industry and is categorized as trash since it is produced inefficiently by machining. It is well known that such wastes, in contrast to other wastes, lack a high salvage value and cannot be recycled effectively [53]. It has been discovered [41,54] that the mechanical strength of concrete is increased owing to the use of these scraps as reinforcement. As manufacturing facilities grow, it stands to reason that the quantity of fibers generated by metal businesses would rise as well [55]. Reinforcing fibers, bars, or polymers are used to increase the mechanical strength of building materials [56,57]. Tests have demonstrated that after their first usage, the waste fibers from industries may be recycled into elevated reinforced concrete [58].



In this experimental study, we investigated the contribution of syringe plastic fibers to concrete reinforcement to reduce plastic waste, which causes hazardous effects on our environment. To accomplish this, we mixed varying volume fractions of syringe plastic waste fibers with a certain amount of cement and created several samples to test the mechanical behavior and durability of the resulting reinforced cylindrical blocks. After sequential sampling and mechanical testing, as well as a water-absorbability test, it was found that the volume fraction of 5% of syringe plastic waste provides the best performance compared to the other samples made from a separate waste plastic–concrete mix.



In this experimental study, we investigated the contribution of the syringe plastic fibers to concrete reinforcement, as well as reducing the plastic waste that causes hazardous effects on our environment. To perform this, different volume fractions of syringe plastic waste fibers was mixed with a certain amount of cement and several samples made to test the mechanical behavior as well as the durability of the reinforced cylindrical blocks. After sequential sampling and mechanical testing, as well as a water-absorbability test, it was found that the volume fraction of 5% of syringe plastic waste provides the best performance in comparison to the other samples made from the separate waste plastic–concrete mix.





2. Materials and Methods


Many produced SUPs end up in landfills, and COVID-19 immunization syringes are among the most common examples. More and more SPs are being utilized, which poses a threat to ecological systems across the globe. This research includes producing recycled SP as fiber-reinforced composites, studying the microscopic and mechanical features of SP waste fiber-reinforced polymer (SPFRP) composites, and conducting compressive testing on concrete cylinder blocks that SPFRP.



2.1. Production of SPFRP


The manufacturing process and the mechanical testing of waste syringe plastic FRP (SPFRP) are shown in Figure 1. The collection of syringes is depicted in Figure 2. Firstly, an overview regarding the waste disposal of used SPs in landfills was studied. The used syringe plastics (SPs) were collected from domestic hospitals and other COVID-19 vaccination campaigns, and then they were cleaned using soapy water, which followed a disinfection step using disinfect sanitizer. Before the disinfection, the injection needle was pulled back wholly into the sheath to prevent the risk of needle sticks. Due to government regulations, disposable syringes, which have nearly identical configurations to COVID vaccination syringes, as seen in Figure 3, were used in this study made by the nongovernmental Indian enterprise GETWELL. Then, the cleaned SPs were wiped with a clean cloth and air-dried for seven days. The dried and cleaned SPs were crushed into tiny plastic particles in a crusher machine. Some of the crushed syringes were mixed with the concrete to form composite FRP.



In this study, 1500 disposable syringes were crushed into tiny plastic particles (Figure 4) in a plastic crusher machine, and 10 kg of crushed plastic was used in different ratios to replace the coarse aggregate. The polypropylene plastic (PP) particles were 0.5 ± 0.3 inches in size. Usually, concrete consists of cement, fine aggregate, coarse aggregate, and water. The coarse aggregates are granular and uneven materials, such as gravel or crushed stone. In this experiment, the coarse aggregate was replaced by 0, 5%, 10%, and 15% (as seen in Table 1) of crushed SPs to optimize the percentage of SPs in the concrete mixture to obtain better mechanical strengths of the FRP. The mixtures of concrete and crushed SPs were poured into the mold and kept for 24 h to create cylindrical blocks. The final products of SPFRPs are shown in Figure 5.



The final cylindrical samples were created in accordance with the ASTM C31 standard [59]. The mold was cylindrical, with a length and diameter of 8 inches and 4 inches, respectively. Three layers of the concrete mixture were pounded and squeezed into the mold (Figure 6). The samples (Figure 5) were removed from the mold after 24 h and maintained for 28 days to cure (Figure 7). After fixation, various mechanical tests were performed to determine the mechanical properties of the samples after 28 days. Three additional tests—water absorption, compression, and split tensile strength—were performed, and the durability and strength of the composite blocks were identified.



2.1.1. Chemical Properties of the Cement


Ordinary Portland cement (OPC) is used to carry out this experiment. The chemical constituents of OPC are lime (60–67%), silica (17–25%), alumina (3–8%), iron oxide (0.5–6%), magnesia (0.1–4%), sulfur trioxide (1–3%), and soda and potash (0.5–1.3%). Those raw material components undergo chemical reactions during burning and fusing, resulting in tricalcium silicate, dicalcium silicate, tricalcium aluminate, and tetracalcium aluminoferrite compounds.




2.1.2. Purposes of Selecting Design Mixture


The study selected and applied a mix-design approach to make the concrete mixture more uniform and robust, because a concrete mix design takes into account the specifics of the building site and the expected life span of the concrete to determine the optimal ratios of the various constituents. The cement needs for a particular concrete grade at a given location may be lower for a particular technique than it would be for a conventional mix. Compressive testing on cement cylinders assesses the strength of the percentages derived from the concrete mix design.



The resulting building will be as sturdy as possible when the material is mixed properly. It also helps us get the most out of our concrete by minimizing waste and making the most of our dry and wet components.



Mix design aims to determine the relative quantities of ingredients that will provide concrete with the desired characteristics. The mix proportions should be chosen such that the resultant concrete has the appropriate workability when fresh, and can be conveniently put and pressed for the purpose desired. The concrete, while still wet, must be fluid enough to fill it up the concrete slabs and encapsulate the reinforcing, and after it has been set, it must be strong and durable enough to meet the project’s needs.



The efficacy of the fibers was measured using a series of experiments designed to probe several properties of SPFRP concrete. We may adjust the SP fiber content by adding more or less to the concrete mix. Elevated SPFRP fiber concrete was produced in this research using 0, 5%, 10%, and 15% SP fibers by the amount of concrete used. The SP fiber and cement were used to create four different blends. An experimental investigation was conducted to determine the varying mechanical properties of the elevated SPFRP fibrous polymer using cylinders with diameters of 97 mm, 101 mm, 101.5 mm, 102 mm, and 103 mm.






3. Experimental Procedures


In this research, three sorts of mechanical testing of the specimens—water-absorption test, compression test, and split tensile strength test—were conducted to identify the composite’s durability and mechanical strengths.



3.1. Water-Absorption Test


Water-absorption testing is one of the most common methods to evaluate the water tightness of concrete. It is the term for fluid flow in porous media such as concrete under saturated circumstances and without external pressure. The amount of water that permeates concrete samples while submerged is measured using this method to determine water-absorption capability. Before testing, 8 × 4-inch specimens were dried for 30 min at room temperature to make the specimens moisture free. The specimens were then fully submerged in water for 28 days. After this time, the specimens were taken out and dried at ambient temperature for an hour to remove water from their surfaces. Then, the weights of the saturated samples were measured using an analytical weighing balance, and after that they were dried in an oven at 110 °C for 24 h. After being dried in the oven, the weights were further measured. Finally, the percentage of water absorbed (Wab) was found using Equation (1).


    W   a b   =     ( W   w   −   W   d   )     W   d     × 100 %  



(1)




Ww is the samples’ weight at the saturated condition, and Wd is the weight of the dried samples. The experimental procedures are shown in Figure 8.




3.2. Compression Test


The compression test was performed with the help of a universal testing machine (UTM) operated manually according to ASTM C31 [59]. In the compression test, a total of 8 cylindrical specimens were used. Before the test, the specimens were pulled out from the water after the specified curing time, and excess water was wiped out from the surfaces. With the help of slide calipers, the dimensions of the cylindrical blocks were measured to find out the surface area. The geometrical measurements are given in Table 2.



At first, the flat surfaces of the specimen were placed in the machine in such a manner that the load was applied to the opposite sides of the cylinder cast, as shown in Figure 9. The pressure was increased gradually with respect to time until the failure of the sample appeared to find the maximum load. Equation (2) was used to determine the compression strength of the specimens.


    σ   c   =   F   π   r   2      



(2)




where     σ   c     is compression strength in MPa, F is the maximum load in Newtons (N), and r is the radius of each specimen in mm2.




3.3. Split Tensile Test


The split tensile tests of the 8 specimens were performed following ASTM C496 [59] instructions with the help of the UTM with a capacity of 800 kN. After the required curing time (28 days), the specimens were taken out of the water, and any excess water was dried off the surface. In this experiment, the load was applied at a constant rate of 3 mm/min. The tensile splitting strength was found using Equation (3). The experimental procedures of this tensile test are shown in Figure 10.


    σ   t   =   2 F   π L d    



(3)




where     σ   t     is tensile splitting strength in MPa, F is the maximum load in N, L is the length of the specimen in mm, and d is the diameter of the specimen in mm.





4. Results and Discussion


4.1. Water-Absorption Test


The salient features of the pore structures in concrete, absorption characteristics, as well as concrete’s durability, can be revealed with the help of the water-absorption rate of concrete. Correlations among the indices of water absorption and other corrosive parameters of concrete can also be developed using this water-absorption test, as found in previous studies. The results of the water-absorption test are shown in Table 3 and Figure 11.



The impact of aggregate on concrete can be influenced either by the variation in the intensity of porosity or the variation in the paste. The percentage of water absorption for different specimens has been illustrated in Table 3. In addition, the variations in the water absorption capacity of the cylindrical blocks have been visualized with the changes in plastic percentage in the reinforced composite blocks. It is seen that the percentage of water absorption in the SPFRP cylindrical blocks increased due to the addition of plastic aggregate in the concretes. The highest water absorption was found for the 15% plastic aggregate in the concrete. From this finding, it can be said that the number of inclusions or pores increases with the addition of SP in concretes. The increase in water absorption may be attributed to weak bonding in the concrete mixtures, which could be made more difficult by the presence of plastic aggregate to form a stronger bond with the cement, thereby allowing water to pass through more easily. Therefore, increased plastic aggregate in concrete causes an increase in water absorption as well as a decrease in the durability of concrete, because a concrete mixture with excessive water may crack. Moreover, excessive water and plastic inclusions in concrete might cause dusting, pop-outs, and moisture-absorption increase in concrete.




4.2. Compression Test


Table 4 shows the compressive loads and the ultimate compressive strengths up to the failure of the specimens found in the compression test. It is seen that the ultimate compressive strength decreases with the addition of plastics (PP) to replace the coarse aggregate in concrete after a 5% mix of SP. It is also clear from Figure 12 that the maximum compressive strength (10.36 MPa) was found for the sample of 5% SP mixed with the concrete. This might be caused due to the poor bonding between the plastic’s surface and the cement’s binder at a higher percentage of plastics. To avoid this failure, it is suggested to optimize the usage of plastic concentrations in the concrete mix. In Figure 13, the compression load variations in the specimens are shown with time until the failure of the specimens. The highest compressive failure time (170 s) was found in the sample of 5% SP mix in concrete.



From Figure 14, the variation of tensile strength with the percentage of SP fiber in concrete can be correlated using the following equation (Equation (4)).


    σ   c   = − 0.42   v   f   + 9.02  



(4)




where     v   f     is the volume fraction of SP fiber in concrete in percentage and     σ   c     is the ultimate tensile strength in MPa of SPFRP concrete.



In this experiment, the compressive strengths were 7.25 MPa for 0 SP mix, 10.4 MPa for 5% SP mix, 3.25 MPa for 10% SP mix, and 2.6 MPa for 15% SP mix found. Therefore, based on the finding above and an average of the results for various SP mix ratios, the 5% plastic replacement with coarse aggregate exhibits higher compressive strength.




4.3. Split Tensile Test


Table 5 shows the split tensile loads and the ultimate tensile strengths up to the failure of the specimens found in the split tensile test. It is seen that the ultimate tensile strength decreases with the addition of plastics (PP) to replace the coarse aggregate in concrete after a 5% mix of SP. It is also clear from Figure 15 that the maximum tensile strength (1.934 MPa) was for the sample of 5% SP mix with the concrete. This might be caused due to the poor bonding between the plastic’s surface and the cement’s binder at a higher percentage of plastics. To avoid this failure, it is suggested to optimize the usage of plastic concentrations in the concrete mix.



For 5% plastic aggregate, an unusual load of 37.79 kN appeared for specimen A, which might be caused due to uneven tempering or construction fault. For this, the value of 5% (specimen A) has been disregarded so far.



From Figure 16, the variation of tensile strength with the percentage of SP fiber in concrete can be correlated using the following equation (Equation (5)).


    σ   t   = − 0.1   v   f   + 1.96  



(5)




where     v   f     is the volume fraction of SP fiber in concrete in percentage and     σ   t     is the ultimate tensile strength of SPFRP concrete.



The tensile strengths for the specimens of 0 and 5% plastic aggregate were 1.761 MPa and 1.934 MPa, which is a slight increase. However, the tensile strength significantly decreased for the 10% and 15% SP mixtures. Since the bindings between cement and aggregate are stronger than those between cement and plastic aggregate, adding more plastic particles causes a weaker binding. Therefore, split tensile strength decreases after reaching an optimum condition, and the SPFRP becomes weaker.




4.4. Analysis of Standard and Experimental Values


The experimental water-absorption rate is shown in Figure 17 to compare with the ASTM C39 standard [59] water-absorption rate of the concrete structure. Though the water absorption rate rises in concrete with the mixture of SP aggregate, the ASTM standard suggests that the 0–10% SP aggregates in concrete might be useful. Beyond this limit of SP mix, excessive inclusions or porosity in concrete might cause concrete failure, and the mechanical strength of the concrete will be adversely affected. Other than that, the 15% plastic mix shows a higher rate of water absorption, and more water absorption reduces the workability of the concrete.



According to ASTM C39 [59], the standard value for compressive strength of concrete is in the range of 8 MPa to 40 MPa. In this experiment, the highest value of compressive strength of 10.36 MPa was found for the 5% of SP mix in concrete. Therefore, this 5% mix SPFRP concrete can be a viable alternative to concrete aggregate in building materials. On the other hand, the split tensile strength of the concrete structure is about 10% of the compressive strength. The results of split tensile strength were nearly consistent, as shown in Figure 18.





5. Conclusions


The major goal of this study was to pioneer the production of a syringe plastic fiber-reinforced polymer (SPFRP) for use in concrete confinement. Concrete cylinder block properties such as water absorption, compressive strength, and split tensile strength were examined to ascertain the effect of SPFRP confinement. The percentage of syringe plastic used (5–15%) as aggregate in concrete samples is the most important variable to consider. An environmental impact assessment was conducted to determine the SPFRP’s viability. The following is a summary of the findings.



	
The COVID-19 pandemic has led to a rise in the use of disposable plastics; thus, it is essential to reduce their accumulation via recycling in favor of the usage of new plastics. A simple manufacturing method might be used by people to create FRP from discarded plastic syringes. The mechanical qualities of SPFRP, including ultimate compressive strength and ultimate tensile strength, are adequate for strengthening from an engineering perspective. As the syringe plastic’s surface might weaken the binding between aggregate and concrete, it is unclear how to keep the volume percentage of syringe plastics and concrete uniform. This indicates that uniform mixing of the syringe plastic aggregate with the concrete will increase both the bonding strength and hence the mechanical strength of the SPFRP.



	
It was found that the mechanical properties of the FRP were significantly affected due to the mixing of syringe plastics fiber with concrete beyond a certain percentage of plastic fiber. This study aimed to find an alternative that can overcome the plastic wastes for the sustainability of our environment and can be utilized as a concrete material for low-load-bearing applications such as cement-based plaster with SPFRP confinement to cover and smoothen the surface of walls and ceilings, flooring in garages, warehouses, and industrial facilities, as well as grouts to fill gaps between tiles, bricks, or other building materials. In addition, it can be used for the casting of varieties of blocks, pavers, and decorative elements in landscaping and construction projects.



	
In terms of durability, concrete’s compressive strength enhancement due to SPFRP confinement increased from 7.25% to 10.36% with a five percent (5% w/w) SP aggregate mix. The concrete can benefit greatly from the SPFRP confinement’s reinforcing effect.



	
Concerning environmental effects, SPFRP may greatly minimize the quantity of plastic syringe waste. In this study, reinforcement of eight concrete cylinder blocks may reduce the total of 1500 syringe plastics, suggesting successful waste management by reusing used syringe plastics. The real reinforcing of reinforced concrete columns needs greater strengthening regions than in a small-scale concrete cylinder test, meaning higher requirement for SP wastes. Continued deployment of SPFRP strengthening in real full-scale columns should be carefully undertaken to determine its usability and to analyze the environmental effects.
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Figure 1. Overall workflow diagram of the fabrication of SPFRP composite and mechanical testing procedure. 
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Figure 2. Data flow diagram of syringe plastics. 
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Figure 3. Auto-disabled syringes for fixed-dose immunization. 
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Figure 4. Crushed syringe polypropylene plastic particles. 
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Figure 5. Final cylindrical blocks made of SPFRP. 
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Figure 6. Construction of the samples in the cylindrical molds. 
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Figure 7. The samples under the curing process to obtain wettability. 
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Figure 8. Weight measurements of the dry and wet samples: (a) wet condition weight, (b) drying process, and (c) dry condition weight. 
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Figure 9. Experimental setup for compression test of the cylindrical samples: (a) placement of the specimen in the UTM, and (b) failure of the specimens under compression. 
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Figure 10. Experimental setup for split tensile test of the cylindrical samples: (a) UTM for tensile splitting strength, (b) placement of the specimen in UTM, and (c) specimen after failing under tensile splitting strength. 
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Figure 11. Variation of water absorption with the changes in plastic percentage in the composite concrete. 
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Figure 12. Variation of compressive strengths with the changes in plastic percentage in the composite concrete. 
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Figure 13. Load–time curve for different cylindrical specimens from the compressive tests in a UTM with sample ID of (a) B0, (b) D0, (c) C5, (d) D5, (e) B10, (f) C10, (g) C15, and (h) D15. 
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Figure 14. Correlation between the ultimate compressive strength and the volume fraction percentage of SPFRP in concrete. 
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Figure 15. Variation of split tensile strength with the changes in plastic percentage in the composite concrete. 
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Figure 16. Correlation between the ultimate tensile strength and the volume fraction percentage of SPFRP in concrete. 
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Figure 17. Comparison of water absorption with standard value. 
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Figure 18. Strength for different percentages of plastic aggregation. 
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Table 1. Variation of PP SP percentage in concrete aggregates.
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No. of Samples

	
Percentage of PP SP

	
Quantity of Cement (kg)

	
Quantity of Fine Aggregate (kg)

	
Quantity of PP Plastic (kg)

	
Quantity of Coarse Aggregate (kg)

	
Quantity of Water (L)






	
6

	
0%

	
4

	
10

	
0

	
18

	
1.6




	
6

	
5%

	
0.9

	
17.1




	
6

	
10%

	
1.8

	
16.2




	
6

	
15%

	
2.7

	
15.3
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Table 2. Geometrical characteristics of the specimens for compression test.
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Percentage of Syringe Plastic in Composites

	
Sample ID

	
Diameter (mm)

	
Radius (mm)

	
Section Area (mm2)






	
0%

	
D

	
101.33

	
50.67

	
8067




	
B

	
101.54

	
50.77

	
8100




	
5%

	
D

	
102.22

	
51.11

	
8209




	
C

	
102.85

	
51.43

	
8311




	
10%

	
B

	
102.78

	
51.39

	
8300




	
C

	
102.09

	
51.05

	
8189




	
15%

	
D

	
101.58

	
50.79

	
8107




	
C

	
97.01

	
51.68

	
7394
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Table 3. Average water absorption rate in different specimens.






Table 3. Average water absorption rate in different specimens.





	
Amount of Plastic (%)

	
Specimen

	
Weight of Dry Block, Wd (kg)

	
Weight of Wet Block, Ww (kg)

	
Water Absorption, Wab (%)

	
Average Water Absorption, Wab (%)






	
0%

	
E

	
3.596

	
3.754

	
4.393

	
4.652




	
F

	
3.726

	
3.909

	
4.911




	
5%

	
E

	
3.444

	
3.633

	
5.487

	
4.942




	
F

	
3.456

	
3.608

	
4.398




	
10%

	
A

	
3.144

	
3.364

	
6.997

	
6.375




	
E

	
3.320

	
3.511

	
5.753




	
15%

	
A

	
2.806

	
3.029

	
7.947

	
7.91




	
E

	
2.80

	
3.021

	
7.892
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Table 4. Maximum compressive force and ultimate compressive strengths of the specimens found in the compression test.
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Amount of Plastic (%)

	
Sample ID

	
Section Area, A (mm2)

	
Maximum Force, F (kN)

	
Ultimate Compressive Strength,      σ   c      (MPa)






	
0%

	
B0

	
8100

	
55.90

	
6.9




	
D0

	
8067

	
61.00

	
7.6




	
5%

	
C5

	
8311

	
93.60

	
11.3




	
D5

	
8209

	
77.65

	
9.5




	
10%

	
B10

	
8300

	
32.25

	
3.9




	
C10

	
8189

	
21.15

	
2.6




	
15%

	
C15

	
7394

	
21.95

	
3.0




	
D15

	
8107

	
18.15

	
2.2
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Table 5. Maximum tensile force and ultimate tensile strengths of the specimens found in the split tensile test.
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Amount of Plastic (%)

	
Sample ID

	
Tensile Load, F (kN)

	
Average Tensile Load, F (kN)

	
Ultimate Tensile Strength,      σ   t      (MPa)






	
0%

	
A

	
55.451

	
56.38

	
1.761




	
C

	
57.309




	
5%

	
A

	
37.79

	
61.905

	
1.934




	
B

	
61.905




	
10%

	
D

	
20.275

	
22.987

	
0.718




	
F

	
25.7




	
15%

	
B

	
24.052

	
18.55

	
0.579




	
F

	
13.061
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