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Abstract: Concrete contributes 8% of all global carbon emissions making the need to find substitute 
critical for environmental sustainability. Research has indicated the potential for recycled plastics 
to be used as concrete substitutes. This study extends existing research by investigating the use of 
polycarbonate (PC) in plastic sand bricks as a mechanical equivalent to concrete. PC has high 
compressive strength, durability, impact strength, thermal resistivity, clarity, fatigue resistance, and 
UV resistance. This work provides a method and mold to produce a matrix of sand-plastic sample 
compositions with dimensions adhering to ASTM D695 standard for compressive properties of 
rigid-plastic. Compositions of 0% (control), 20%, 30%, 40%, and 50% sand by weight were tested. 
Samples were tested for compressive strength until yield and stress-strain behaviors plotted. The 
results for 100% PC demonstrated an average and maximum compressive strength of 71 MPa and 
72 MPa, respectively. The 50% PC and 50% sand composition yielded an average and maximum 
compressive strength of 71 MPa and 73 MPa respectively with an increase in compressive stiffness, 
and transition to shear failure resembling cement. With a composite density of 1.86 g/cm3 against 
concrete’s average 2.4 g/cm3, and a compressive strength exceeding commercial concrete demands 
of 23.3 MPa to 30.2 MPa, this lightweight alternative meets the strength demands of concrete, 
reduces the need for new construction materials, and provides an additional recycling opportunity 
for nonbiodegradable waste plastic. 

Keywords: waste plastic composites; poly carbonate; polycarbonate composite; sand; plastic and 
sand composites; plastic sand bricks; concrete; construction; compressive strength; mechanical 
properties   

 

1. Introduction 

Accelerated plastic use over the years has created an enormous quantity of waste plastic. In 2021, 
390.7 million metric tons of waste plastic was produced globally [1]. Despite the continued increase 
in plastic production, only 9% of this volume is recycled [2]. For the plastic that does not get recycled, 
22% is mismanaged, 19% is incinerated, and the remaining 50% is directed to landfill [2]. This 
suboptimal waste plastic disposal has widespread negative environmental effects [3]. The vast 
amount of unrecycled plastic presents a substantial opportunity to profitably utilize available 
materials, reduce pollution, and redirect waste from landfills.  

One such application of waste plastic that continues to be investigated is the use of polymers as 
a replacement aggregate or fiber reinforcement in concrete [4]. Traditional concrete is the most used 
material globally, with approximately 30 billion metric tons of concrete being consumed each year 
[5]. The manufacturing of concrete, however, also makes it one of the most detrimental materials for 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 June 2023                   doi:10.20944/preprints202306.0271.v1

©  2023 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202306.0271.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

the environment [6]. A typical concrete mixture consists of 12% Portland cement, 34% sand, 28% 
crushed stone, and 6% water by weight [6]. Of this mixture, Portland cement alone makes concrete 
the contributor of 8% of all global carbon emissions [7,8]. If concrete were compared against global 
contributors of greenhouse gases as a country, it would be the third largest producer – only surpassed 
by the United States and China [8–10]. These large carbon emissions are almost exclusively a result 
of the manufacturing process of Portland cement [6]. Between the fossil fuel combustion to operate 
the rotary kiln, and the high temperatures required for the calcination of limestone, every 1 ton of 
cement contributes to 1.25 tons of carbon dioxide (CO2) production [6]. Globally, the emissions from 
cement production continue to grow annually reaching a new peak of 1.7 billion metric tons of CO2 
in 2021 [11]. To reduce the total emissions from concrete, many studies have been conducted in search 
of a less energy intensive binder to replace Portland Cement [12]. These existing studies have 
investigated the use of industrial waste products as supplementary cement materials (SCM) and have 
already demonstrated some select successful replacements for Portland cement. These substitutes 
include, but are not limited to, palm oil fuel ash (POFA) [13], rice husk ash (RHA) [13], palm oil 
clinker powder (POCP) [14], ground granulated blast-furnace slag (GGBS) [15], pulverized fly ash 
(PFA) [16], corn cob ash [17]. While many of these materials have demonstrated merit, they are often 
associated with a lack of supply and localization of use. GGBS and PFA are both industrial waste 
products and are only produced in quantities that match only 5-10% of cement production [18]. 
Another research study has shown that up to 70% of the concrete mix can be replaced by treated 
POFA while retaining average mechanical properties [14]. The use of up to 30% recycled concrete 
aggregate in the mixture has also shown a 29% decrease in CO2 emissions [13]. Despite these 
aggressive carbon contributions and a production rate by weight that eclipses all other materials 
including plastics, concrete is often not immediately associated with unsustainable environmental 
practices. The problem of concrete, however, is more severe than plastic, with the total weight of 
plastic produced in 60 years being matched by concrete in only two [10]. Beyond carbon emissions, 
concrete is also responsible for demanding 18% of global industrial water consumption and 9% of 
global industrial water withdrawal annually [19]. A direct correlation can be observed between 
regions that experience greater water stress, and higher production of concrete in the United States, 
the Middle East, India, and China [19]. On all accounts, concrete works to remove natural spaces, 
decrease ecological diversity, and increase water demands on already stressed environments all 
while aggressively contributing to global emissions.  

Extrapolating beyond waste plastic aggregates, plastic applications have seen use as full material 
substitutes in the experimental testing of plastic sand bricks [20]. Traditional bricks rely on cement as 
a key material in their manufacture and therefore also contribute to growing annual carbon 
emissions. By utilizing sand as the bulk aggregate and a liquid thermoplastic as the binder, plastic 
sand bricks have demonstrated potential as a new building material [20]. Together, these solutions 
work to offset the cost and emissions associated with the manufacture and use of virgin construction 
materials while also providing a new opportunity for recycling [4]. Using plastic composites to 
replace existing building materials can pave the way toward a more circular economy and reduced 
environmental impact [20]. 

The current research field surrounding plastic composites for use as building materials consists 
of combining cement with fine aggregate plastics, lightweighting approaches for traditional concrete 
based on aggregate density, plastic additives in unfired clay brick, and soil-cement blocks [20]. 
Existing plastic sand brick studies have developed methods for producing to-scale bricks and 
subjecting them to compressive strength, tensile strength, efflorescence, thermal resistance, and water 
absorption tests [21,22]. The typical thermoplastics used across these studies were limited to 
polyethylene (PE), low density polyethylene (LDPE), high density polyethylene (HDPE), 
polyvinylchloride (PVC), polypropylene (PP), and polystyrene (PS) [23]. On average, these studies 
found that plastic sand bricks demonstrated an initial decline in compressive strength at low 
percentages of sand but experienced a peak in strength at 40% compositions and similar strength at 
50% [21]. The highest strength was recorded at 32.7 MPa for a 3:1 LDPE-sand material composition 
[24]. This places plastic sand bricks at a comparable compressive strength to residential concrete 
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which has a strength range from 23.3 MPa to 30.2 MPa in commercial structures [25]. High strength 
concrete, however, is more difficult to replicate as it can have compressive strength ratings exceeding 
70–80 MPa [26]. 

The existing research has demonstrated potential for using recycled plastic as a substitute for 
traditionally used building materials in construction. This study extends this research by 
investigating the use of polycarbonate (PC) in plastic sand bricks as a new material. The 
characteristics of PC make it a desirable material for applications demanding high compressive 
strength, durability, impact strength, thermal resistivity, clarity, fatigue resistance, and UV resistance 
[27]. It is readily used in commercial applications such as storefront windows, protective barriers and 
safety glass, vehicle components, electronic housings, and medical diagnostic equipment [27,28]. The 
highest demand for PC are in the automotive industry due to its high performance strength 
properties in conjunction with its light weight [28]. In 2020, the global capacity for PC was 6.1 million 
tons annually with a projected continued growth of 8% in upcoming years [29]. This high production 
rate and potential source of waste plastic, coupled with the high compressive strength properties of 
PC (76 – 86.2 MPa for molded PC) as an engineering plastic makes it a desirable substitute for 
typically high strength concrete applications [30]. This work provides a repeatable test method and 
mold to produce a matrix of sand-plastic sample compositions with dimensions adhering to ASTM 
D695 standard test method for compressive properties of rigid-plastics [31]. The testing consisted of 
compositions of 0% (control), 20%, 30%, 40%, and 50% sand by weight based on proven success 
ranges of sand-plastic ratios across previous studies with different plastics [24]. Each sample was 
subjected to compressive strength tests until yield and their resulting stress-strain behavior were 
plotted. The results are presented and discussed in the context of plastic recycling and the circular 
economy.  

2. Materials and Methods 

2.1. Materials  

Recycled and reground PC available at a rate of CAD$2.03/kg from Post Plastics in Toronto, 
Ontario (non-spherical grain size up to 10mm in length) was used as a substitute binder and 
uncategorized beach sand (allowable grain size between 0.06mm–2mm) was mixed in as the 
aggregate. The size of the PC regrind used is shown in Figure 1.  

 

Figure 1. Waste PC regrind used to produce all samples. 
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An aluminum mold consisting of a 1/8” base, 1/8” lid, 1” body, and ½” plugs was laser cut to 
provide a 3 x 4 matrix of 12 total ASTM D695 standard 1” x 1” x ½” samples as seen in Figure 2. The 
designs for the mold are released under CERN OHL v2 and are available on the Open Science 
Framework [32–34]. 

  
(a) (b) 

Figure 2. Laser cut aluminum mold components and alignment orientation. (a) Mold Lid X2, (b) 
ASTM D695 Pocket Mold, (c) Mold Plug X12. 

Compositions of 0% (control), 20%, 30%, 40%, and 50% sand by weight were selected based on 
proven success ranges of sand-plastic ratios across previous studies with different polymers [24]. The 
appropriate ratios of sand and plastic were weighed out using a digital scale (+/- 0.01 g). The mold 
was heated and samples formed using the open-source scientific hot press in Figure 3 [35]. All 
handling of the aluminum mold and hot press was done using thermally resistant gloves insulated 
up to 300 ℃ (minimum). Box fans were used for cooling but are not required if cycle time is not a 
user concern. Once set, the samples were ejected from the mold using a vice and tested in an Instron 
5980 Series universal testing machine using a 100 KN load cell until failure.  
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Figure 3. Open-source scientific hot press used for manufacturing all samples. 

2.2. Production of Sand-Plastic Composite Samples  

Before pressing any samples, the hot press was closed, and the plates preheated to 300℃. This 
temperature was chosen based on the melting temperature of PC and previous testing with 100% 
recycled PC in the same mold which demonstrated desirable flow behavior at this elevated 
temperature. During this time, the necessary quantities of sand and plastic to achieve each of the 20-
50% sand compositions were weighed, and the mold loaded. The ratio of masses required for each set 
of testing was calculated based on the density of the two materials comprising the sample and the 
volume of the mold being filled. It was assumed that the density of PC was 1.2 g/cm3 [30] and sand was 
1.52 g/cm3 [14].  

As the mold volume is small relative to the grain size of the PC, and there is no way to evenly 
mix the sand and plastic dry, the addition of the sand and plastic to the mold could not be done all 
at once. As a result, the optimized procedure required measuring out the plastic and sand in 
consistent ratios and adding them to the mold in batches so that the plastic could melt in between 
each addition. To begin, the pocket mold was set on top of the mold lid and ½ the amount of plastic 
for each of the four compositions was added to each pocket. The pocket mold and mold lid (lower) 
was then placed in the hot press and allowed to heat for 5 minutes, or until the PC was melted. Once 
complete, the mold was removed, and the missing ratio of sand was added. Working quickly, the 
sand was manually stirred into the viscous plastic until visual homogeneity was achieved. At this 
time another batch of plastic was added on top, and the mold returned to the hot press. After an 
additional 5 minutes, the mold was removed, and the missing sand was added and stirred. This 
process was repeated until the mold was filled with the original calculated masses of sand based on 
mold volume with an additional excess of material to account for expelled flash. The resulting 
weights that were used are summarized in Table 1.  
  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 June 2023                   doi:10.20944/preprints202306.0271.v1

https://doi.org/10.20944/preprints202306.0271.v1


 6 

 

Table 1. Total Mass and Ratio of Sand and Plastic Required to Fill ASTM D695 Standard Size Molds. 

 Set 1 Set 2 Set 3 Set 4 
Percent Sand (%) 20 30 40 50 
Percent PC (%) 80 70 60 50 
Mass sand (g) 2.30 3.45 4.60 6.70 

Mass Pc (g) 6.65 5.82 4.99 4.16 

Once the mold was fully loaded, the plugs were placed on top of each pocket followed by the 
lid. The complete mold was returned to the hot press and the platens closed until just contacting the 
lid. The fully loaded mold before compression can be seen in Figure 4. Notice that the plugs are proud 
of the mold surface. This is to be expected as the mixed plastic and sand will reduce in volume once 
compressed, and excess material will fill the void surrounding the plugs as flash. 

 
Figure 4. Loaded mold before compression. 

The freshly loaded mold was allowed to heat for 5-10 minutes before applying pressure. The 
pressure was incrementally increased to approximately 15 000N based on the manually observed 
resistance of the mold as the plastic continued to flow. Once the lid of the mold was fully contacting 
the middle body, the system was maintained at a constant temperature and pressure for 30 minutes. 
After this time, the hot press was turned off, external box fans turned on and aimed across the platen 
surface, and the mold was allowed to cool under pressure. The fully compressed mold can be seen in 
Figure 5. 
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Figure 5. Compressed mold demonstrated by visible flash and sealed lid to mold body. 

Once the mold had reached room temperature and was safe to handle, the mold was cracked open 
(prying using thin putty knives and a hammer was most effective). Each sample was ejected by 
applying pressure to one plug at a time within a vice and forcing each completely through the mold. 
Damage to the samples was avoided by only contacting the plug surface during part removal. Once 
removed, all excess flash was trimmed from the samples using snips, and any irregularities were 
smoothed over with sandpaper. The results from pressing and ejecting the mold can be seen in Figure 
6.  

  
(a) (b) 

Figure 6. (a) Released mold with visible flash. Mold was filled with 50% sand on the Left and 20% 
sand on the right. (b) 100% PC sample example immediately following part ejection and prior to 
cleanup. 

Once the parts were cleaned, they were each placed lengthwise in an Instron 5980 Series 
Universal Testing machine and subject to a compressive load at a strain rate of 1.3 mm/min until 
failure in accordance with ASTM D695 [31]. The force and displacement for each sample was 
recorded until visible signs of failure were observed in the form of cracks or splits and the test 
stopped. This mold design allows for a total of 12 samples to be produced under the same process 
controls. As a result, once the loading procedure and temperatures were confirmed, the control for 
100% PC was determined in a sample test using all 12 cells. Following PC, the four material 
compositions were tested simultaneously with 3 samples associated with each.  
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3. Results 

The plastic sand bricks produced demonstrated macrohomogeneity and minimal porosity. At 
low sand compositions (30% sand and below), the samples’ viscosity and appearance were nearly 
identical to pure PC. The increase from 30% to 40% sand, however, showed a dramatic increase in 
both visible sand and working texture. While liquid, high sand compositions (40% and 50% sand) 
were more viscous than the low sand compositions and the cooled bricks retained a “gritty” texture. 
This resulting gradient is demonstrated in Figure 7 where the stark contrast between 20% sand and 
50% sand can be seen.  

 
Figure 7. Plastic sand bricks resulting matrix of samples. Columns are identified from left to right as 
20%, 30%, 40%, and 50% sand to plastic ratios by weight. 

After each sample was subjected to a compression test to failure, the resulting stress-strain 
curves were plotted and compared against a 100% recycled PC sample produced using the same 
mold and process. The resulting strength behavior in Figure 8 was observed.  

Figure 8 shows that the addition of sand directly affects the compressive strength, compressive 
modulus, and failure mode of a PC sand brick. At low sand compositions, the compressive yield 
strength has notably lower averages than the 71 MPA recorded for 100% PC with a minimum of 51 
MPa at 20% sand. As the percentage of sand increases, the compressive strength of the samples also 
increases until a maximum of 71 MPa at 50% sand is reached. The reduced strength at low sand 
compositions can be associated with an additive threshold for which sand behaves as an impurity at 
insufficient amounts and as a reinforcement above this threshold. The compressive modulus or 
compressive stiffness (slope of the linear region prior to plastic yield) of the low sand compositions 
has no change from the control at an average of 1.43 GPa, but increases with higher sand contributions 
to ultimately exceed the control at 50% sand and achieve a modulus of 2.44 GPa. The maximum and 
average compressive strengths of each PC sand composition are summarized in Figure 9. 
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Figure 8. Stress vs. Strain across a range of sand/PC compositions by weight compared against the 
optimal 100% PC control. The datasets shown are representative samples of the different compositions. 

 
Figure 9. Summary of the impact of % sand in sand/PC composite on maximum strength and average 
strength (MPa). 
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The 40% and 50% sand compositions experienced more consistent response to stress between 
trials, and their strength was comparable to the 100% PC control than samples with lower percentage 
contributions of sand. This is shown by the higher standard deviations for 20%, and 30% sand in 
comparison to the lower deviations for 40% and 50% sand samples (Figure 10).  

  
(a) (b) 

Figure 10. Deformed sample differences between high and low sand compositions. (a) top view of 
20% sand (left) and 50% sand (right) samples demonstrating the increase in deformation contributing 
to larger cross sections in lower sand compositions. (b) Side view of 20% sand (left) and 50% sand 
(right) samples indicate higher strain associated with thermoplastic flow in lower sand compositions. 

At 50% sand composition, the critical distinction from 100% recycled PC is the increase to 
compressive modulus and the change in failure mechanism. As the ratio of sand increases, the 
compressive stiffness of the brick increases, and the plastic region of the curve following yield 
plateaus (Figure 8). This pattern deviates from the low sand compositions in which the higher ratio 
of PC allows the sample to continue to deform and flow at increasingly high stresses and strains. This 
can be seen by comparing the control values at fracture to the sand samples in Figure 8. The 100% PC 
control has a smooth plastic region that increases exponentially until fracture at a final strain of 0.63. 
Alternatively, the 50% sand samples achieve a strain of only 0.49 after a plateau equivalent to the 
yield strength. A gradient of incrementally lower fracture stress and strains can be observed as the 
percentage of sand increases from 20% to 50% until a minimum is reached at 50%. This pattern is a 
product of the thermoplastics ability to flow and the tradeoff to the more brittle shear/cracking 
behavior of a concrete-like material as sand is added [36]. The high strains at fracture associated with 
lower sand compositions can only be achieved by having material flow outward to conserve the 
sample material and increase the effective cross section capable of withstanding higher stresses. This 
change in cross section and flow behavior is emphasized in Figure 10. While this high stress at 
fracture would suggest increased structural potential, the severe strain and cross-sectional 
deformation makes this plastic region largely inconsequential to most load bearing cases. 
Alternatively, as the composition of sand is increased, the sample flows less, resulting in a lower 
strain, and less deformed neutral cross section.  

The failure mechanism of high sand compositions more closely reflects that observed in concrete 
due to the transition from ductile to shear failure. This can be seen in Figure 11 following the 
indicated shearing line of action. The PC acts as a binder for the sand and enables the sand to 
contribute to the rigidity of the sample. This explains the increase to strength and stiffness up to 
failure, at which point the sand begins to separate from the PC causing cracks to propagate between 
grains of sand and along the shear plane until the material crumbles to the same effect as concrete 
[36]. The contribution of sand to crack propagation and shear failure can be observed by comparing 
the curves in Figure 8. The control demonstrates a smooth stress vs. strain behavior in the plastic 
region following yield as the material flows. Alternatively, all sand composites show visible 
fluctuations from a theoretical smooth curve in the plastic region with more appearing as the 
percentage of sand is increased. The moment sand is introduced to the material, the smooth flow 
behavior of the thermoplastic is interrupted to a varying degree dependent on the amount of sand 
used. 
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Figure 11. Shear failure of 50% sand sample during compression testing. 

Therefore, it can be concluded that 50% sand composition most closely mimics high performance 
concrete at a reduced density of 1.86 g/cm3 and contributes to an increased compressive stiffness, 
increased compressive strength, and shear failure at lower strains than 100% recycled PC.  

4. Discussion 

Utilizing ASTM standard test methods is an integral part of validating the use of recycled waste 
plastics in structural applications. Recycled polymers do not have guaranteed mechanical properties 
due to the unknown batch characteristics, additives, and lifetime. As a result, utilizing the 
appropriate standard test methods following the methodology conducted in this paper is critical for 
pushing the use of recycled waste plastics.   

The compressive strength tests performed in this study demonstrate the desirable mechanical 
properties of PC sand composites. Compared with previous studies reporting maximum compressive 
strengths of 32.7 MPa for 3:1 LDPE sand bricks [24], PC sand bricks at nearly any sand percentage 
doubled the compressive strength to an average of 51 – 71 MPa. Furthermore, the 40% and 50% sand 
composites support the viability of using PC sand composites as concrete substitutes in both general 
construction applications where strength demands do not exceed 30 MPa, and potentially even in 
mid to high strength applications [26]. At 40% and 50% sand compositions, the strengths of 70 MPa 
and 71 MPa respectively achieves and exceeds the minimum threshold compressive strength of 70 
MPa for high performance concrete [26]. With a density of 77.5% that of concrete, this lightweight 
alternative reduces the need for manufacturing new construction materials and provides an 
additional recycling opportunity for nonbiodegradable waste plastics.  

4.1. Applications  

Researchers have also used recycled plastics such as polyethylene terephthalate (PET), 
polypropylene (PP), expanded polystyrene (EPS) and recycled rubber (mechanically ground or 
cryogenically processed) to form concrete composites with a reduced density and improved thermal 
and sound isolating properties [37]. Other research has shown that plastics can also be used as 
microcrack stoppers in concrete [38]. Recycled materials such as electroplating sludge and fly ash 
have also been utilized to manufacture lightweight concrete, paver blocks, bricks, and structural 
components [39]. Limited studies have investigated the use of sand and acrylonitrile styrene acrylate 
(ASA) polymer for outdoor applications such as sidewalk paving bricks [40]. This has the potential 
to be further extended into road surfaces with PC due to the high durability, UV resistance, and high 
temperature resistance of this material. Polycarbonate also demonstrated excellent flow behavior 
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around sand at high temperature in molds. These various studies support the upscaling of this batch 
mixing method to achieve large bricks or tiles for path laying, cobbled roads, or housing. 
Furthermore, due to the variability in color, PC and sand could provide lighter paved products to 
offset much of the heat trapped by existing dark asphalt solutions [10].    

With these promising results, the high performing PC sand compositions can also be applied as 
footings for ground-mounted fixed and variable tilt solar photovoltaic systems. These footings would 
provide an opportunity to directly test the capabilities of PC and sand as a concrete substitute while 
also reducing the emissions associated with the manufacturing and installation of a clean energy 
source.  

With appropriate testing, PC sand composite can also be used as a sustainably sourced material 
for construction applications. Moreover, with developments in distributed recycling and additive 
manufacturing (DRAM)[41], PC sand composite can be: i) 3D printed using a large format 3D printer 
with a high flow extruder [42,43], ii) made into bricks and pick-and-placed [44–47] or iii) extruded 
into molds [48]. Further, recycled plastic aggregates can also be used in mortars. Research has shown 
that polyolefin waste can be used as a partial replacement in hydraulic mortars for pavement blocks 
to improve thermal insulation as well as water vapor permeability of the mortar [49]. 

4.2. Future Directions 

The methodology applied here and associated mold design provides a repeatable method for 
validating plastics against the ASTM D695 standard test [31] and will be used to further test 
additional waste polymers such as HDPE and LDPE in the future. Due to availability of HPDE and 
existing studies citing LDPE as a strong composite alternative [24], these materials offer excellent next 
targets.  

In these future tests, it is worth exploring alternative mixing strategies that could be employed 
to promote a more homogenous sample. Alternative research approaches have used an external 
mixing chamber to introduce the plastic to preheated sand under continuous agitation [50]. Once the 
mixture is homogenous, it can be poured directly into the mold and stamped down. This may help 
to avoid cases where pockets of unmixed sand were observed at the corners of the mold. An example 
of these edge defects formed by unmixed sand can be seen in Figure 12. With improved homogeneity, 
the mechanical properties of the samples will improve as well. 

  
(a) (b) 

Figure 12. Surface defects caused by plastic sand inhomogeneity during mixing. (a) 40% sand sample 
front view, (b) 40% sand sample side view. 

To continue pursuing concrete substitutions, these higher percent sand compositions may also 
benefit from being tested against the ASTM C39 standard for compressive strength of cylindrical 
concrete specimens [51]. This study would need to be conducted using PC sand composites in 
addition to a concrete control to better quantify and compare the exact strength and stiffness behavior 
under the same strain rates. Stiffness acts as the primary distinguishing feature between concrete and 
PC sand composites at high sand proportions and must be further investigated. Concrete is also 
subject to shrinkage tests to determine the quality of the batch. These tests are normally conducted to 
determine shrinkage from water loss as concrete dries, and a similar test must be completed for PC 
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sand bricks to determine how much the thermoplastic shrinks as it cools and solidifies. The average 
shrinkage values for PC are 0.005 – 0.007 in/in [52] for injection molding and must be validated after 
the introduction of sand. Further, concrete must be tested using ASTM C231 [53] and/or ASTM C173 
[54] to determine the air-content within the concrete. These tests are critical for determining how the 
material will sustain frost-related damage [55]. Concrete on average sees an air content of 6%, though 
these same tests can be extended to PC sand bricks.  

To quantify the PC sand bricks’ response to environmental elements, additional testing will be 
required on all future samples. Principally, a water absorption test must be conducted should this 
material be used outdoors. This test can be extrapolated to include strength response under cold and 
frost conditions. This behavior is critical in determining their efficacy in northern communities and 
supporting their use as solar rack footings. Additional tests that can be run to maintain the standard 
tests upheld by other researchers on plastic sand bricks include a hardness test, thermal resistance 
test, efflorescence test, and 3-point bending test [22,50]. Finally, a full life cycle analysis must be run 
on the system to quantify the environmental benefits of using this composite as an alternative to 
concrete. At the end of the life cycle, it is anticipated that PC sand bricks can be sorted based on 
composition, reground, and used either as an alternative mixed aggregate in traditional concrete, or 
recycled directly into new PC sand bricks. This investigation must be extended in the future into the 
economic viability of using waste PC as a cost competitor to fresh concrete mixes.   

5. Conclusions 

The preliminary results of this study demonstrate that PC can be mixed with varying amounts 
of sand to produce a viable composite for use as high strength construction materials and a concrete 
substitute. The purpose of this study was to design a repeatable production method to manufacture 
and test PC and sand samples with compositions of 20%, 30%, 40%, and 50% sand in adherence with 
ASTM standard D695 for rigid plastics in compression. The samples mechanical properties were then 
compared both against a similarly produced 100% PC control to determine how sand influences the 
material properties of PC. The resulting stress and strain for each sample composition demonstrated 
that low sand compositions below 30% experience a reduced compressive strength in comparison to 
the control. At higher sand concentrations of 40% and 50%, the average compressive strength was 
comparable to the control. Furthermore, the addition of sand at these higher compositions 
contributed to an increase in compressive stiffness from the control. This increase in stiffness is critical 
as it transitions the material from a high strain, ductile failure to a low strain shear failure that more 
closely mimics concrete failure behavior and maintains the material’s cross section. Therefore, the 
compressive strength and stiffness values achieved for 50% sand samples both meet and exceed the 
results observed in the control, as well as the average strength demands of commercial concrete (23.3 
MPa – 30.2 MPa) and high-performance concrete (70-80 MPa minimum). With an average density of 
1.86 g/cm3, this lightweight alternative to concrete has the potential to be applied across a variety of 
construction applications such as alternative bricks or paver blocks for use in path laying, walls, 
cobbled roads, or housing. When combined with alternative manufacturing methods to pressing, the 
plastic sand composite could also be extended to applications as a mortar or structural footing. 
Additional tests should be run in the future to investigate the shrinkage of PC and sand during 
solidification and final air content to mirror concrete standard tests. Finally, a more thorough 
economic and lifecycle analysis must be conducted to determine a cost comparison of this PC sand 
solution to concrete and the complete environmental impact. 
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