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Executive Summary

PROJECT TITLE: RECYCLED PLASTIC IN CONSTRUCTION
PROJECT ID: CEEn_CPST_06
PROJECT SPONSOR: Dr. W. Spencer Guthrie
TEAM NAME: Team Vector

During our studies here at BYU we are constantly taught the phrase “Enter to learn, go
forth to serve”. This motto is often taught in our weekly campus devotionals and within
our major’s weekly seminars. With this idea ingrained into everything we do here, we as
a team decided there must be something we can do to make an impact. One of our
team members in a concrete materials class came up with the idea of using recycled
plastics as a potential additive or aggregate replacement for concrete or grout. The rest
of the group quickly got on board and began researching the possibilities. After much
research and consulting with our faculty advisor Dr. Guthrie, we came to the conclusion
that with our resources and timeline we should narrow our scope to using recycled
plastic as an additive for just grout.

Referencing the procedures outlined in the American Society for Testing and Materials
(ASTM) standards, we were able to create a mortar mix design for Type N and Type S
mortar, using 0% (control), 5%, and 7.5% replacement of mortar sand with ground
plastic. After batching our mixes, we conducted a flow test and water retention test to
ensure all ASTM standards were met. The cubes were cast into square molds and left to
cure for 7-day and 28-day compressive testing. The ASTM standards set a minimum
strength requirement for 28-day mortar cubes. This strength requirement was met by all
control (0% plastic) cubes, 5% cubes, and the Type N 7.5% plastic cubes.

In the future, we recommend conducting a burn test, air inclusion test, and freeze-thaw
test to better understand the effects of plastic substitution in mortar cubes. Our findings
were that plastic can be substituted for mortar sand up to 7.5% in Type N mortar and 5%
in Type S mortar.
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Introduction

Engineering practice in the United States lacks a drive for sustainable solutions. Often,
the environment is not a large enough priority and suffers at the expense of
construction and development. Construction practices commonly used today contribute
25-40% of the world’s carbon emissions according to Bold Business. Current practices
also contribute to air and water pollution, material waste, the burning of fossil fuels, and
high energy consumption. Needless to say, there is a great environmental need for
change in construction practice.

Plastic waste is a common issue throughout the United States. Too often recycling is
ignored or deemed too much of a hassle. According to the EPA, in 2017 35,370,000 tons
of plastic were generated in the United States, yet only 2,960,000 tons were recycled.
While that is a large number of recycled materials, that is only 8% of what is generated.
That means roughly 92% of recycled materials are sent to landfills to decompose in the
next 1000 years or to be burned creating air pollution. All of this material is being
wasted or causing more harm to the environment instead of being repurposed for a
legitimate cause.

Recycled materials in construction could be the answer to so many problems
Americans face. It could help with deforestation as well as combat material shortages
by providing alternative materials for construction. Plastic can be removed from water
sources and the ocean to encourage environmental cleanup. Rather than leaving the
plastic to waste and pollute, it could be extremely beneficial in the building of
eco-friendly communities worldwide.

Our team decided to tackle this issue on a smaller scale by determining how we could
recycle plastic from our community and use it in our engineering practice. Due to the
generosity of local business Blender Bottle, their waste products were donated to
Brigham Young University to be used as a substitution for mortar sand. Our objective
was to grind up the bottles into a fine-aggregate state to include in mix designs instead
of shipping them off to landfills.
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Schedule

Date Milestone

10/10/2021 Complete Primary Research

11/10/2021 Complete Plastic Grinding

11/30/2021 Begin Phase 1 Testing

1/30/2022 Begin Phase 2 Testing

2/30/2022 Begin Phase 3 Testing

3/10/2022 Begin Result Analysis

4/10/2022 Project Completion
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Assumptions & Limitations

When creating the mix designs for type S and type N mortar, our team assumed that the
specific gravity of the sand was 2.65. While this is a common assumption, there is a
possibility that the sand we used had a different specific gravity.

One of the limitations that our team faced was performing a water retention test. Since
our lab did not have a water retention test, we had to build one using the materials
available. We used a plastic funnel and modified the vacuum in the laboratory so that
we could run the test as closely as possible to the procedure listed in ASTM C 1506. The
dimensions of the water retention testing apparatus is outlined in ASTM C 1506, and the
test was physically built to match them. Figure 3.1 shows the water retention test that
our team built. While it is as close to the specifications as possible, it is not an official
test, and there is a potential for error in our water retention results.

Another limitation that our team faced was a limited amount of time. In the time allotted
for this project, we were only able to perform compressive strength tests on the finished
cubes. If given a longer time to research, we would have liked to perform a tensile
strength, freeze-thaw and burn depth tests to see how these properties were affected by
plastic waste replacement.

Figure 3.1: Water retention test created by the team
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Design, Analysis & Results

In order to test the viability of incorporating fine plastic aggregate mortar we had to
create a mortar mix design that met the ASTM mortar mixing parameters. The four
standard ingredients we used in our mortar design were water, portland cement, lime,
and sand. The sand is the fine aggregate of the mix. The plastic that we incorporated
into this project replaced a percentage of the volume of the fine aggregate. Below is
figure 4.1 which was the table used in our mix design.

Figure 4.1: Table used for our mix design (ASTM C 270 Table 1)

The table uses the proposition of volume to specify the mix design’s dry ingredients.
This is so that mortar can be mixed by a trade worker on-site only using a simple
measuring cup. This practical approach works great in the field, however, it presented us
with a difficult task for our lab testing. Our lab mechanism for measuring the ingredients
out was using a scale that measured in grams. Due to the different densities of each
material we had to find some way to convert the volume measurement to weight in
order to stay within the ASTM mixing parameters. This was done by measuring the
weight of each material in the same size cup as seen in figure 4.2 below. This was then
used as a key to convert the volume ratios to weight ratios for our mix design.
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Figure 4.2: weight of portland cement in one 3.3g cup

The amount of water inclusion for the mortar was determined from the previous testing.
The ratio of water to cementitious material (portland cement plus lime) ranged from
around 1 to 1.5 based on the percentage of plastic that was used in the batch. We found
that the higher the plastic content the greater amount of water was needed in the batch.
We suspect that this is because the molecular structure of the plastic particles is
rougher than the normal sand aggregate. The greater gap void area in the plastic causes
a space where more water can fill.

When it came to batching our mortar, we followed the procedure listed in ASTM C 1437.
We mixed plastic in with the sand. Figures 4.3 through4.5 show our performance of
several steps of the process.
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Figure 4.3: Plastic waste mixed in with the sand

Figure 4.4: Measuring mortar workability according to ASTM C 1437
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Figure 4.5: Mortar that passed the water retention test put into the molds according to
ASTM C 1437

The plastic we substituted into the mortar replaced the percentage of the volume of the
sand, not the entire volume of mortar mix. This was calculated by using the specific
gravity values of 1.18 for the plastic and 2.65 for the sand.

The compression test was performed according to the standards established by ASTM
C 109. Figure 4.6 shows a team member measuring out the area of the cube, and figure
4.7 shows the cube in the testing machine.

Figure 4.6: Team member measuring the area of the cube face.
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Figure 4.7: Cube with plastic waste inclusion undergoing the compressive strength test

Once the maximum load was measured, the compressive strength was determined by
dividing the load by the area of the face that was bearing the load. Figure 4.8 and 4.9
shows the results of the 28-day compression test for all type N and type S mortar
samples. For figure 4.8 the values in green mean that the sample met the ASTM’s
minimum compression value for that type of mortar as shown in figure 4.10. The red
values did not meet the minimum compressive value. Figure 4.9’s bar graph shows the
amount that the compressive was over or under for each sample average. As you can
see, when plastic was included with the mix type N mortar met the minimum
compression values where type s only passed for the 5% plastic conclusion.

Figure 4.8: Type N and S Compression Test Results
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Figure 4.9: Ave Compressive Strength for each Plastic Supplement.

Figure 4.10: Min. 28-Day Compressive Strength Values (ASTM C 270 Table 2)
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Related Issues

Our project has a potential impact on the environment and the economy. Using plastic
waste in design can reduce the amount of plastic in landfills and the amount of
pollution in the environment. Additionally, sand for construction can be expensive to
transport. The shortage of construction sand in the world further demonstrates the
costs associated with obtaining and using sand. If some of the sand can be replaced
with plastic waste, the mortar will be less expensive. Mortar made with plastic waste
has the potential to not only reduce pollution but to be economically viable. This
reduction in plastic waste can also increase public health. With less waste in the
environment, people have the potential to live healthier lives.

In regards to safety, the results of our research demonstrate that type N mortar passes
ASTM standards up to 7.5% replacement, while type S can safely pass up to 5%
replacement. This mortar is safe enough to use in practice when regarding compressive
strength. It is apparent from our research that plastic inclusion does not make mortar
safer, but it is still safe enough. This research demonstrates that mortar could be used
in lower risk structures and still meet the design requirements. However, further
research should be done regarding freeze-thaw testing and burn depth testing to see if
mortar with plastic waste is safe enough according to those standards.

Socially, this project can gain a lot of momentum as companies with lots of plastic
waste such as Blender Bottle can find a more effective way to dispose of their plastic
waste. There is potential for companies to receive an incentive such as tax breaks if
they grind their plastic waste themselves before sending it to an aggregate yard. As
more companies grind their plastic for use in mortar mix, then less of it will go into
landfills. On a global scale, while plastic is one of the most common elements in waste,
there are many other waste products such as glass. Additional research could be done
investigating the impact of compressive strength with glass waste replacement.
Countries that may have difficulty turning plastic into aggregate could use different
types of waste. The more that any type of waste is used in mortar mix can lead to a
reduction in pollution worldwide.

Another factor that needs to be considered is practicality. Most aggregate yards have
piles of sand out in the open. This is so loaders can take from the piles directly and load
the trucks so that the sand can be taken to be mixed. When it comes to fine plastic
aggregate, it may need to be stored differently. Since plastic waste is so light, it can
blow away easily, and has potential to cause even more pollution to the environment.
Therefore, in order to use plastic waste in plastic, additional measures must be taken
when storing it before mixing.

Page 15 of 22



Lessons Learned

Initially, we planned to add plastic waste into concrete and asphalt mix designs;
however, there was not an efficient way to grind the amount of plastic to replace the fine
aggregate we would need for concrete and asphalt. Our system of using angle grinders
was a slow process and was not efficient for a large amount of plastic needed for each
batch of concrete and asphalt. Therefore, we decided to pursue plastic inclusion in the
mortar which required a much lower amount of fine aggregate.

As we proceeded with type N and type S mortar mix designs, we had issues with our
water retention test. Several of our batches required multiple iterations due to failure in
the mortar flow and water retention tests. One of the assumptions in our mix design
was the water ratio, so the amount of water used was variable. While it was based on
the previous testing from guidance from our faculty mentor, it sometimes made our
designs too liquid and sometimes not enough. The solution required iterations of adding
equal parts of lime, sand, cement, and plastic when the solution was too liquid and vice
versa; however, in our later designs, we consciously underestimated the amount of
water needed because adding water to the mix design was much easier and faster than
adding in several other ingredients. This allowed us to pass the mortar flow test more
consistently.

The water retention test had a couple of other challenges that had to be resolved. First,
we constructed the apparatus on our own and made sure that it met standards;
however, the construction was not perfect and based on materials we had available. The
paper material that covered the bottom of the apparatus where the water seeped
through became soggy and would tear easily. This made it difficult for us to transfer to
the mortal flow test. Additionally, the vacuum sucked at power much larger than what
was required which led to lower water retainage value and distorted our values. There
was no easy solution to this problem because there were no other materials available to
us to make the apparatus work better; however, with enough iterations we were able to
get the designs to meet ASTM standards despite these concerns.
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Conclusions

We conclude that plastic waste is a viable substitute for fine aggregate in type N and
type S mortar. Type S compressive strengths show that at 5% substitution of fine
aggregate with recycled plastic can still meet the 1800 psi requirement per ASTM C 270,
but 7.5% replacement does not. Type N compressive strengths show that at least 7.5%
of the sand can be substituted by plastic waste in this mortar mix design.

Recommendations

We would recommend that future research determine the optimum percentage of
plastic inclusion that still meets the required minimum compressive strength.
Additionally, we would recommend additional tests such as fire testing and freeze-thaw
testing that allow for a wide range of mortar applications.
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