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1. Introduction

The annual usage of plastic worldwide is at a global rise, leading to major detrimental concerns
due to plastic’s low biodegradability and abundance in quantity, in consequence leading to
environmental pollution. The growth being fed by the user-friendly properties of plastic such
as low density, durability, strength, long life, lightweight and low cost (Kibria et al., 2017).
Applications of plastic are inseparable and integral part of our lives, in industrial, automotive,
packaging, medical delivery systems, housing and other uses (Siddique et al., 2008). The fate
of our environment is highly dependent on our ability to recycle efficiently and to repurpose
the use of recycled plastics in innovative methods to conserve the planet. Latterly, pronounced
research is ongoing for the possibility of decreasing the plastic waste by incorporating the
properties of recycled plastics in concrete. Utilization of fibre reinforced plastics in concrete
has several benefits due to their relatively high specific surface area. Influencing in reduced
workability and fibres have high energy absorption resulting in an increased life of the concrete
(Bentur and Mindess, 2006).

Numerous studies indicate that fibres are known to improve the fresh and mechanical properties
of the concrete with only an addition of relatively small content of fibres. Their potential exhibit
higher strength and ductility compared with conventional concrete (Kim et al., 2008).
Toughness and energy absorption are some known improvements in the flexural strengths
(Naaman, 2002). Some of the key parameters influencing their performance are fibre type, fibre
geometry, volume content, matrix properties and interface properties (Kovler et al., 2011).
However, compressive strength decreases proportionally as plastic content increases compared
to that of conventional concrete (Batayneh et al., 2007). Moreover, at the time of writing this
research, no standard exists in Norway for the design of recycled plastics in load-bearing
concrete structures. Even despite, extensive research and development, where the purpose has
been to create guidelines that can ensure safe design, production and control of load-bearing
construction with recycled plastics. In one particular study done in Norway, it was concluded
that fibre reinforced plastics at certain content percentages can be efficiently used without
compromising the conventional structural performance of concrete (Grammatikos, 2018).
Based on this study, our hypothesis for our research will be in conjecture to previous research

that has been conducted regarding this field.



The main objective of this research is to present a more sustainable solution to repurpose the
use of recycled plastics. For us to answer whether we can repurpose the use, we need to first
test how the properties of recycled plastics in concrete are affected. This will determine whether
it is beneficial to incorporate the utilization of recycled plastics in concrete. To achieve this
objective, it is first important to set sub-goals that will guide us and lead to answer the main
objective goal. This will be done by experimenting the various volumetric content percentages
of fibre reinforced plastic and polystyrene polymer. Imperative to obtain various fibre content
will provide an insight into the specific fibre content that can be used in concrete to achieve
optimal results. Furthermore, the experiments will be carried out in both fresh and hardened
states. Whereas, the fresh state will include testing of the slump and air content. Meanwhile,
harden state will include testing of mechanical properties by performing flexural and
compressive strength tests.

2. Environment perspective

Environmental concerns with the use of concrete as a building material come with side-effects
associated in the manufacturing process and emissions of greenhouse gases. Manufacturing of
clinker is the most energy intensive, in terms of the cement production process and contributes
half of the concrete’s CO2 emission accounting for 8% of the world’s CO; (Watts, 2019). The
production of concrete is contributing immensely towards global warming, feeding to potential
detrimental impacts globally. Therefore, an effort to reduce emissions, it’s urging us to use
innovative solutions such as fibre reinforced plastic as they hinder the development of cracks
to improve structural integrity and can increase the lifetime of the concrete. Hence, reducing
the production levels and improved energy efficiency for a widespread adoption of preservation
for the climate.

However, one other aspect of environmental concern is the waste production of plastics.
Plastics are known to be non-biodegradable due to their intermolecular bonds, albeit pollution
is inevitable to occur. Similarly, disposal of plastics is often reverted to landfills or either
burned that release toxic gases into our environment. Clogging oceans, forests and other natural
habitats like animals that may mistakenly eat plastic wastes inevitably killing them. Therefore,
the importance of recycling plastic an is essential solution for us to be able to creatively use
the recycled plastics in other areas of development instead of letting our environment suffocate.

Consequently, one of our goals is to strive for a better future; addition of fibre in concrete
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makes the material more ductile for construction and studies show enhancements are attainable.
Hence, the success of recycled plastics in concrete could be a step closer to our optimal future

that can lead to reduction of pollution.

In consequence, benefits in terms of EHS (Environmental, Health and Safety) and economical
welfare will see drastic improvements as the extraction of sand is expensive compared to the
use of recycled plastics. Resulting in conservation of beaches that contribute to societal

benefits.

3. Research question

Study of the behaviour of concrete with recycled plastics by conducting flexural and
compressive strength tests along with air content and slump experiments, answering the main

research question: To what extent does recycled plastics affect the properties of concrete?

To answer the research question, we have put a list of objectives that provide the path we will

follow to achieve the answer to the main research question.

- How effectively can we use recycled plastics mixed in with concrete without
significant effect on its properties or slight compromise in strength?
- How does the various volumetric content percentage of recycled plastics impact the

properties of concrete?

The aim of the research is to add fibre reinforced plastic and polystyrene to study the properties
of concrete. The goal of the research paper is to use recycled plastics as an alternative for
producing concrete. The outcomes shown in this paper give additional information on the

behaviour of recycled plastics in concrete.

This study will be conducted as an experimental along with literature study for comparing the
results with existing research done on the properties of recycled plastics in concrete. To
delineate the task, our approach will be to investigate fibre reinforced plastic and recycled
polystyrene. Comparing the different levels of content of both plastics in the mixture of cement.
Hereby, the results will be compared to previous literature studies in accordance with our
findings and to the reference test to compare the properties of fibre reinforced plastic in

concrete with conventional concrete.



4. Theory

4.1. Properties of cement

One of the world’s most common man-made material is Cement, in the 21% century,
manufactured with a mixture of chemical reactions such as limestone (CaC0O3), silica (Si02),
alumina (AI203) and iron oxide (Fe203). When heated at high temperatures these very
ingredients form a solid substance that is pulverised to make fine powder often referred to as
cement. The development of today's cement is based on the knowledge of the limestone's
properties as a binder for bonding sand and stone. The Egyptians used this knowledge when
they built the pyramids approx. 1950 BC by walling up limestone blocks that were bonded with
a binder that consisted mainly of hard-burned plaster. Later, the Greeks produced binder by
burning limestone, a technology that the Romans pursued by using a mixture of burnt lime and
volcanic ash, known as pozzolan after the city of Pozzuoli at the Bay of Naples, notable for the

most suitable volcanic ash (Maage, 2017).

In the early 19" century, Joseph Aspdin of Leeds, England patented Portland cement by
burning powdered limestone and clay in his kitchen stove (Association, 2018). In his
astonishment, he established the method of producing cement. Limestone providing the
calcium with the addition of clay to give aluminium and silica. Hence, the limestone is
thoroughly mixed with minor constituents such as bauxite, quartz, and gypsum to provide the
correct composition of oxides. The raw materials are then heated to 1400°C to decompose the

materials to create cement. this process is called calcination:
CaCO3 — Ca0O + CO2 (4.1)

However, it was not until 1892 that the production of Portland cement began by Christiania
Portland Cement fabric in Slemmestad (Group, 2018). Today, Norcem AS a cement producer

in Norway and is an experienced international supplier of cement (Group, 2018).

Strength and durability of cement depend on the water concentrations and type of cement.
Hence, standard NS-EN 206: 2013+ Al: 2016 + NA: 2017 shows requirements for mass
relationship against the different cement types and the durability classes. It determines the mass

ratio due to the durability class and the cement designation.

Various types of cement are available in Norway, but predominantly Portland cement is well

adapted to our climate and our building requirements. Portland cement is a hydraulic binder, a



material that hardens with addition of water. In the production process, minor variations in the
composition of the raw materials can give different and specific properties. Lastly, for a
specific cement type to be able to be used, it must fulfil all the given requirements in the
Norwegian standard NS EN-197-1(Sandaker et al., 2003).

Cement is a fine-grained powder that is converted into a kind of glue when we add water known
as cement adhesive. The toughness and density of the cement glue are dependent on the mixing
ratio of water to cement. This relationship is called the water to cement ratio (w/c) and is an

important term in all concrete production.

Additives are added to the concrete either before or during the process of mixing the cement
paste. Various types of additives have different effect on the properties of the concrete. Such
as improving the quality of the concrete, durability, castability, acceleration or retardation.
Industries today prefer to at least contain one or more additives to increase mouldability as well
as reduce costs by increasing efficiency in production or reducing the quantity of cement.

In our case, we opted to use superplasticizing additives. Due to in theory it has the ability to
increase castability along with reducing the water to cement ratio by decreasing the required
volume of added water (manufactures, 2017). The percentage volume of the superplasticizer
can vary from 0.1% to 2.0% accordingly with the mix proportion sheets. Consequently, the
effect of reducing the number will amount to reducing the shrinkage. The superplasticizer we
had available was called ‘Mapei’(SX-N, 2019) .

4.1.1. Fresh process of cement

Cement is a fine-grained powder; with addition of water making it adhesive known as cement
paste. Assembling a strong and dense paste depends on the ratio of water to cement added in
the mixture. This phenomenon is called the w/c number, a crucial aspect in production of

concrete as mentioned earlier.

The concept of fresh concrete is used if the concrete mixture from the sub-materials is mixed
together until the mass is so rigid that it can no longer be processed. The properties of the fresh

concrete are of major importance for the final product.

Fresh concrete is the initial stage of the concrete process when the addition of water is mixed
with cement to create a wet fluidity form before it begins to set, hence it can be easily be
moulded into any form. The potential strength and durability of concrete of a given mix

proportion are very dependent on the degree of its compaction. Therefore, it’s vital that the
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consistency of the concrete should be such that it can easily be transported, placed and finished
sufficiently early enough to attain expected strength and durability. The first 48 hours are very
crucial for the performance of the concrete structure. It controls the long-term behaviour and
influences ultimate strength (elastic modulus), creep and durability (Gupta, 2018).

The properties of fresh concrete (Gupta, 2018) include workability which is the ease with which
freshly prepared concrete can be transported and placed for the job and compacted to a dense
mass. The measurement of workability is done by performing the slump test. Setting when the
concrete changes it’s state from fresh to hardened. Plastic shrinkage indicates when the fresh
concrete undergoes setting and until it sets completely, eventually including the initial
shrinkage. Along with thermal shrinkage due to falling in the temperature of the concrete mix
from the time it laid to the time it sets completely. Furthermore, thermal expansion when the
upper layers are laid before the lower layers have completely set, there may arise a phenomenon
of thermal expansions — in the lower layers. Lastly, the water to cement ratio is the relationship
between water and cement and how it can impact the mixture, as the ratio increase the strength

of the cement paste decreases and vice versa (Popovics, 1990).

The concrete's workability or consistency determines whether the concrete becomes
sufficiently compact and homogeneous. The two properties of the concrete are of great
importance for the mouldability which includes, formability and mobility, that is the ability to
fill the mould and enclose the reinforcement. In addition, compressibility, that is the ability to
be packaged stability, ability to spread itself, while maintaining a homogeneous composition

throughout the concrete mass (Balaguru and Ramakrishnan, 1988).

4.1.2. Hardened process of cement

When waters mergers together with cement a chemical process called hydrations initiates the
process making the product solid over a given period. Thus, during this process crystal shaped
needles form, making the cement paste firm, stiff and durable. The crystals are often known as
cement gel and is a compound of Calcium Silicon Hydrate (CSH). Furthermore, the crystals of
Calcium Hydroxide (CH) are formed but the crystals do not give firmness to cement paste.
However, they contribute towards giving a pH value of 13 that results in a protective oxide

layer around the reinforcement (Maage, 2017).



Moreover, for the cement to fully react with water and form a hardened state prior conditions
are necessary before reacting water with cement. Firstly, water to cement ratio needs to be
decided before any reaction takes place, hence in theory w/c number was decided to be 0.4.
However, in practice not all the water and cement are reacted in the mixture, this gives rise for
a term called “’bleeding’” which refers to remaining water that will not react with the cement
will remain in the cement paste. Nonetheless, heat causes the water to evaporate and leaves
pores known as capillary pores. Such pore systems weaken the firmness of the paste. As the
ratio of water to cement increase this in effect creates larger voids between the cement. The
cavities provide a poorer bonding and therefore providing less firmness while improving the
workability. However, at a low ratio of water to cement, the paste has better bonding and
smaller voids. Although, a significant proportion of the cement that does not react with the
water will function as an aggregate in the cement paste, as a result increasing the firmness
(Maage, 2017).

The development of firmness in the cement paste can be divided into two phases. The
solidification and curing phases. The solidification phase is where the state of the mixture of
cement paste changes from being a liquid to becoming a solid over a given period. At this point
as mentioned earlier, the crystals begin to interlock with the cement paste causing it to become
a solid (Kovler et al., 2011).

Lowve watercemernt ratio High water:ceme rnt rat o
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B
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Figure 4-1:Demonstrates the relationship between the water/cement ratio
and porosity (Matsel.matse.illinois.edu)

When the solidification phase is over, the curing phase sets in. In this phase, the cement grains

will firmly create strong bonds to increase the firmness of the concrete.



The most important factors during the hardening process are the temperature and the humidity
from the environment. The cement particles are hard and compact therefore penetration of
water is a slow process. Hence, the initial hardening process when water is added is fast and
decreasing over time. During the curing process, it is important that the cement paste has

sufficient water such that the process does not come to an abrupt end (Mehta, 1986).

The standard (Norge, 2017) mentions the number of days to cure the cement paste in the water
bath are 28 days. To ensure the temperature of the environment of the cement paste affects the
strength development. Often a chemical reaction takes place when temperatures are high which
will provide a better bond of the paste. At lower temperatures, it will provide lower strength
development. Therefore, the water bath must maintain a temperature of (20 £ 2) ° C during the

hardening process.

Once the concrete becomes hard and has been taken out of the water bath after a period of 28
days completion. It must ensure that it is strong enough to withstand the structural and service
loads which will be applied on the concrete. In addition, it must be durable enough to the
environmental exposure for which it is designed. Often compressive strength and flexural tests

are performed in the laboratory to ensure its properties can withhold the exposure of loads.

4.2. Recycled plastics

Firstly, it is important to define what reinforced concrete is to understand the implication of
fibres in reinforced concrete. Reinforced concrete is in which a material like steel, glass or
fibres are “’embedded in such a manner that the two materials act together in resisting forces.
The reinforcing steel—rods, bars, or mesh—absorbs the tensile, shear, and sometimes the

compressive stresses in a concrete structure (Britannica, 2014)”°.

Joseph Monier is often credited with the invention of reinforced concrete in 1849. Joseph’s
great contribution is the sole reason why modern buildings are standing tall. Reinforced
material gives excellent bonding characteristics, high tensile strength and good thermal
compatibility (Urooj, 2014). Moreover, the reinforced materials that are often used are steel,
glass or plastic fibres. Since our focus is on plastic fibres therefore, we will only take fibre

reinforced concrete into consideration.


https://www.britannica.com/technology/concrete-building-material

4.2.1. Fibre reinforced plastic

Dating back to the ancient times, the use of fibres was used in construction materials such as
horsehair, straws were used to strengthen the bricks. However, it was not until 1911 that fibre
was used in concrete with the use of asbestos fibre. It was later discovered in 1950 that asbestos
fibre has a great health risk therefore, altogether banned (Urooj, 2014).

Fibre reinforced plastic (FRP) is a type of plastic, where the strength of plastic fibres is
increased by means of high strength of fibres. The plastic is made up of two crucial elements,
matrix and fibre. Where the main function of the matrix is to support and firmly hold the fibres
in the correct position. While, the matrix prevents fibres from surface damage and
environmental conditions. Furthermore, FRP sustain the load as they are the main components
and the matrix contributes to contain stability with moisture and temperature. Hence, the bond
between the fibres and the matrix consists of a chemical adhesive. As the length of the fibres
increases so does the strength of the bond between the matrix and fibres increases than the

tensile strength on fibres (Technical, 2019).

High strength, crack resistance and lighter concrete are some key factors that the demand of
FRP is on a global rise and continuously evolving in the construction industry. Hence, the
development of FRP is steadily on the rise due to its benefits in the industry. Fibres that are
used are steel, nylon, asbestos, glass, carbon sisal, jute, coir, polypropylene, kenaf (Urooj,
2014).

The fibres are randomly dispersed in the mixture of cement and the volume of the fibres have
significant impacts on the tensile properties when the concrete becomes hardened. If the fibres
clump together in the mixture this can restrict the strength and the workability. Therefore, the
distribution of the fibre content in the cement is essential as it allows the fibres to spread and

separate itself for optimal enhancement of its properties.

The size of the fibre is often referred to coefficient of slenderness ratio. This ratio of the object
is the relationship between the uniqueness of the geometry of the fibres and the ratio of length
and diameter. For a thin and long fibre, the slenderness ratio is high with tendency to clump
together while and short fibre with greater diameter has a low slenderness ratio has the tendency

to disperse.



For the fibre properties to be effective in the concrete, the fibres need to have following
characteristics (Buene, 2012), correct geometry of fibre, rough/deformed surface high tensile

capacity, high E-module, ductile fibre such that it doesn’t spilt when torn or bent.

Primarily, research shows that the purpose of the use of plastics in cement consists of either as
a replacement to the aggregates or as fibres for reinforcing in concrete; also known as plastic
fibres. Steel is known to be an expensive material due to its maintenance cost, sensitive to rust
and weakness against fire (Afsar, 2013). On the other hand, plastics fibres are economically
cheap, cost-effective with lower carbon footprint, durability and resistance to water/chemicals,
light material that helps in transportation (Siddique et al., 2008) as well as improves impact
and abrasion resistance along with ductility (Gradinaru et al., 2018).

Fibre reinforced concrete is highly dependent on how the fibres are evenly distributed
throughout the cross section as to be used as a construction solution. The same capacity
throughout the cross-section must be controlled. Hence, fibres are usually weighted and
counted roughly before the fresh process to ensure and document the fibres distribution in the
cement paste mix. As the content of fibres increases, it becomes more challenging to separate
each fibre and control that each fibres geometry is similar. This is also important for the
hardened state, as an even volume of fibres in each prism will provide more precise and

accurate results.

Interfacial transition zone (ITZ) is known to have significant effects on the properties of
concrete. Acting a weak link in the chains when comparing with cement paste and particles of
the aggregate. Hence, lower strength and lower stiffness capabilities of the ITZ, means lower
strength and lower stiffness values for the concrete, compared with cement paste. The volume
of the ITZ increases as the quantity of aggregate increases with the particle size. This
describes why the strength is observed to decrease both parameters. Due to higher porosity in
ITZ, it is more permeable than bulk paste; making a structure that has continuous phase of
high permeability. Thus, the durability of the concrete is inversely proportional to
permeability. Most cracks in the mechanical tests involve the diffusion of reactive ions into
the concrete that attacks the cement paste (Dr. Jeff Thomas, 2018).

10



4.2.2. Polystyrene polymer

A versatile material that can be used in various consumer products such as packaging and
laboratory ware. Polystyrene is made into a foam material, called expanded polystyrene (EPS)
or extruded polystyrene (XPS), known for its insulating and cushioning properties. Foam
polystyrene can be more than 95% air and is widely used to make home appliance insulation,
lightweight protective packaging, surfboards, foodservice and food packaging, automobile
parts, roadway, road bank stabilization systems and etc. (facts, 2019).

Expanded polystyrene has excellent insulating properties because it contains 95% air.
Therefore, the lightness and malleability make it an incredibly good packaging material.
Furthermore, it is resistant to heat hence it is widely used in food industry.

However, the recycling process of polystyrene can be a tricky method. This is because it needs
’to be transported to a centralized plant, increasing costs to the recycler and reducing the
incentive to recycle (John, 2019).”” Another report (Kibria et al., 2017) showed that “’the
polystyrene polymer is not decomposed and causes a serious environmental problem by
increasing as a solid waste (Kibria et al., 2017)’. Indicating towards that alternative and
sustainable ways need to be established to solve environmental issues. Thus, re-using the

polystyrene can be a practical solution for solving the problem of recycling polystyrene.
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5. Previous research on recycled plastics in concrete

The purpose of this section is to provide an overview of the previous studies that have been
conducted regarding our topic of recycled plastics in concrete. Thus, giving us an indication
and opportunity to compare our results with relevant previous studies. This will allow us to
form a hypothesis of our research based upon theory and previous studies. The compilation of
the literature was found in databases like google scholar, Scopus, ResearchGate, ScienceDirect
and SpringerLink were used. Table 5.1 shows the compiled previous studies most relevant to

our method and results.

5.1. Research on fresh state properties

When FRP is added into the cement paste, the slump decreases abruptly with increasing content
of the FRP. Due to the particles have non-uniform geometry, which results in less fluidity (Rai
et al., 2012). The study concluded by saying that the appliance is only required in a situation
where there is low-degree workability. For example, precast bricks, partition wall panels, canal
linings and so on. In another study, it was reported that, by applying 0.3% volume fractions of
polypropylene fibre to the light concrete, it resulted in 40% reduction in the slump flow (from
720 mm to 430 mm) (Mazaheripour et al., 2011). Hence, we can note here that different type
of plastic has been used here and our results can vary.

Only a handful of studies have been conducted on air content. A study (Siddique et al.,
2008) on the effect of air content using plastic fibre in concrete that shows, the air content
increase with the use of plastic fibres, when the volume of plastic fibre is more than 0.3%.
Some studies showed that the fibres and natural aggregates do not combine readily in the
concrete mixture, giving a poor mixture of the two products (Ravindrarajah, 1999). while, no
obvious observational effect on the air content of fresh concrete when the amount of plastic
fibre content is below 0.3% (Tang et al., 2008). Addition of fibres in the air content have known
to influence the workability, strength and durability of concrete. On the contrary, other studies
have shown that FRP has no influence upon the air content of concrete (Richardson, 2006).
Although, the mix proportion, water to cement ratio and type of plastic is a key factor for

determination of whether air content increases or decreases.
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5.2. Research on hardened state properties

Diverse research findings have been made for flexural strengths. Although polystyrene shows
consistently in all the research we have read that the flexural strength is much lower (Sabaa
and Rasiah, 1997). While FRP is much more promising in some studies (Grammatikos, 2018)
indicating that flexural strengths increase as fibre content increases. On the contrary, when it
comes to compressive strength properties, it is popular and is studied in nearly all the works on
plastics in concrete. Previous studies have shown that the compressive strengths of concrete
decreases up to 33% (Choi et al., 2005), along with the weight of the recycled plastic mix with
concrete is also reduced between 2-6% compared with normal concrete. In addition, another
study showed that the compressive strength deteriorates with an increase in the recycled plastic
content. Furthermore, one study investigated that the use of consumed plastic bottle water can
be a substitute for sand aggregate for building applications and showed also that the
compressive strength also decreased (Marzouk et al., 2007). The decrease can be attributed to
the adhesive strength between the plastics and the cement paste, weak bonding between the
particles and weak cement paste (Rai et al., 2012) but using superplasticizer increased the
strength by 5%. (Sabaa and Rasiah, 1997) showed that polystyrene has very low mechanical
strengths due to their lightweight.
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volumetric | Slump | Air | Flexural | Compressive
Resriiggnizzer/ \r/;/t/ig Type/info. L(i?r?qt)h content test |content|strength | strength
(%) (cm) | (%) | (MPa) (MPa)
(Yin, 2017) 0.2 Review on Recycled i ) i ) ) i
Plastic
(Siddique etal., | - | Review on Recycled i ) i ) ) i
2008) ’ Plastic
(Kibriaetal., 2017) | 0,4 Polystyrene - 0to 40 - - - -
(Batayneh etal., 0,56 | Glass and plastic wastes - 2 22 1,87 - -
2007)
(Marzouk et al., . ) ) i i )
2007) 0,5 Plastic bottles 2,510,
0 31,5 50,4
(Grammatikos, 05 Fibre Reinforced i 0,5 i ) 32,8 49,3
2018) "™ | polymer granulate fillers 1 32,5 50,8
15 33,0 51,0
0,45
(Choi et al., 2005) - PET recycled plastics - 0to 75 - - - -
0,53
0 19 4,99 41,19
(N Nibudey et al., . 0,5 18 5,25 419
2013) 0,35 PET fibres 25 1 13 571 42.96
15 11 5,88 43,4
0 17
(Karahan and Atis, 0.35 Polypropylene reinforced i 0,05 17 i
2011) ’ fibres 0,1 16 ) i
0,2 14
(Siddique et al., 0.41 Polypropylene reinforced 12,7 03 i 15 - 48,4
2008) ’ fibres 19 ' 1,9 53,1
. Polypropylene reinforced 0 216 2 - -
(Ziad and Jack) 0,41 fibres 12,7 05 19.1 15
0 4,12
. . 0,5 3,97
(Ochietal., 2007) | 0,5 PET Fibres 30+1 1 - - 4.21 -
1,5 5,29
. 0 43
(Sabaa and Rasiah, |, . Polystyrene - 50 - - - 12,1
1997) 0 38

Table 5-1:Research from previous studies
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6. Research Method

To carry out the experiments in the laboratory, a mix proportioning consisting of all the
necessary quantity required for each material to perform the experiment was formed. The mix
proportioning sheets were made on excel with the appropriate formulas such that any
calculations required were easy to change and manage. In addition, the mix proportioning
sheets were compiled based on previous bachelor thesis from NTNU (Kris A. Flaskerud, 2017).
Adjusted for the necessary changes for the variables and additional improvements for

calculations.

The Figure 6.1 below, demonstrates the various variables for the experiment. Multiple
alternatives could have foregone when deciding the independent variables such as comparing
the different sizes of the fibres or have a constant percentage content of the recycled plastics.
However, due to the limited quantity of fibres, our selection of independent variables was
limited to just one. To confine our experiment, it was vital to select the variable that was going

to be changing throughout the experimental process.

In this case, the independent variables are the volumetric content of the recycled plastics. In
addition, to compare the properties of the concrete samples, a reference test without the
recycled plastics was made for comparison to observe the influence recycled plastics have on
the properties of the concrete. Based on the literature research it was decided to change the
percentage content of the fibres namely, 0%, 0.5%, 1% and 1.5%. In addition, 50% and 70%
for polystyrene. Furthermore, water to cement ratio, cement and curing time were decided to
be constant variables throughout the experiment based on previous studies and practical

observations.
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Variables for
cement paste

Cement w/c ratio Curing-period Recycle plastics
J v
Constant variables Independent variables
Cement: Standard FA fibre content
w/c ratio: 0.4 Polystyrene
Curing-period: 28

Figure 6-1: Different variables types

6.1. Materials

Table 6-1 shows the materials used in the experiment. Superplasticizer admixture is calculated
in the mix proportions. However, it caused the mixture to separate and obtained a very dilute
state not allowing the mixture to create cement paste. A loose structure that did not stick
together. This was consulted with our supervisor and it was decided to neglect the

superplasticiser from our experiment.

The polystyrene material is used as a packaging layer for large objects like oven to protect it
from being damaged. However, this material is later wasted and not used. Therefore, we used
this material in our experiment to test if there are any useful properties that could help enhance
the properties of concrete. The fibres were received from ABB composites in Sweden, process

recycled plastics.
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MATERIAL SELECTION

Producer Product Density [kg/m?]

FRP (500 pum) ABB Composites AB, FRP insulation tubes 1395
Sweden

FRP (1mm) ABB Composites AB, FRP insulation tubes 1395
Sweden

Cement Norcem Standard FA 3120

Superplasticizer Mapei Dynamon SX-N 1070

Polystyrene Norwegian Industry AS Recycle protective 21,5

packaging (polystyrene)

Table 6-1:Materials used in the experiment

Figure 6-2:Cement, Polystyrene, Fibres and Superplasticizer

Photo: Abdullah Ahmad and Micael Hossie Elias
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6.2. Test series

The main phases of the experiment were divided into two parts. The first part consisted of
experimenting with fresh state of the cement while the latter dealt with the hardened state of
the concrete after 28 days in the water bath. As mentioned earlier, fresh state included two
experiments, the slump test along with the air content test with fibre content percentage at 0%,
0.5%, 1% and 1.5%.

Meanwhile, the hardened state included testing the flexural strength and the compressive
strength of the prism samples, comprising of fibres and polystyrene. All the test experiments
were formed specifically and accordingly with the mix proportioning sheets. table 6-2 below
indicates the different types of tests that were carried out in the laboratory.

Furthermore, in total seven prisms were made in the hardened state for each test only three
prisms were tested. However, if required additional prism was tested, if the first three prisms
showed great variations between them. The remaining prism samples were set aisde for either
to be sent to the University of Chalmers in Sweden or for further investigation of the prism

samples at NTNU laboratory.

Fresh state Harden state (28 days)
Slump test | Air content | Flexural test | Compressive test
Prism Qty | Prism Qty Prism Qty Prism Qty

Reference test (0%) X X 6 6
FRP 0,5% X X 6
FRP 1% X X 6 6
FRP 1,5% X X 6 6
Polystyrene 50% - - 4 4
Polystyrene 70% - - 4 4
FRP 1,5% +Polystyrene 50% - - 4 4

Table 6-2:Test series for both fresh and harden state
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6.3. Preparation for mix proportion

Recycled plastic fibres received from ABB Sweden contained powder and were in different
sizes which were mixed together. Therefore, it was first important to clean and wash the fibres.

Fibers were first cleansed with water, to remove any powder residue, and then passed through
sieving process such that fibers are cateogrised in similar sizes.Sieving takes place in a
controlled machine, achieved under pressure and constant vibrations (see figure 6-3). Once the

different sizes were arranged it ensured a better controlled experiment in the laboratory.

Polystyrene foam was manually separated into granules by disintegrating the individual balls.
This process required a wooden stick which was used to scrap the foam to separate the balls.
Next, using the sieve machine the polystyrene balls were characterised into the same particle
size distribution. It helped with removing any large and jointed balls that were later discarded.
This allowed us to have a controlled experiment were all the ball sizes of the polystyrene were

relatively close to each other.

The determination of particle density test is based on the Norwegian standard EN ISO 17892-
3. The standard shows a general procedure to determine the particle density. Thus, we used the
general procedure from the standard to determine the density of FRP and polystyrene plastic.
The density will be required for calculating the mix proportioning for the cement paste for each
series. See appendix E for the mathematical calculations. According to the Norwegian standard
EN ISO 17892-3 (4 - principle) “Particle density is calculated from the ratio of mass to volume.
the mass is determined by weighing the test portion in the saturated and surface-dried

condition and again on the oven-dried(Norge, 2015). "’

In this experiment due to the lightweight of FRP and polystyrene, its more suitable to use the
pycnometer method. The difficulty with this experiment is that the size of plastic materials is
not consistent and according to Norwegian standard “If the aggregate consists of a number of
different size fractions, it may be necessary to separate the various fractions before the test

portion. The percentage of each size fraction shall be in the test report (Norge, 2015) .
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Before calculating the mix proportioning sheets for each experiment, a few steps are required
prior to any implementation of the process. First step is to calculate the densities of the
individual materials namely, the recycled plastic fibres and the recycled polystyrene, by
performing pycnometer method to obtain precise values. The experimental value was then
compared with the theortical value to give a percentage error. This allowed us to navigate the

closeness to the actual value, assuring that our calculation was viable for further calculations.

Moreover, besides using the pycnometer method an alternative way to obtain the density was
to cut the polystyrene into even blocks, and measuring the volume and the mass of the blocks.
Thus, acquiring the density in two different methods solidified our actual value and reduced
uncertainty. Section 6.4. provides a detailed version of the method described above. See
appendix E for the mathematical calculations. For detailed version of method and procedure it

is mentioned in appendix A.
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Figure 6-3:The process of cleaning the fibres

Photo: Abdullah Ahmad and Micael Hossie Elias
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6.4. Calculations for mix proportion

Mix proportioning sheets are calculated by volume (6.1). After the density of recycled plastics
are found, we proceed to finding the mass of the cement (6.2), water (6.3), plastic material
(6.4), and superplasticiser (6.5). With the formula shown below. For complete calculation, see

Appendix E.

Viot = X % + Vfibre (6.1)

Where m mass (g), p density (kg/m®), V Volume (m?), the various sub-materials.

_ Vtot_Vfibre
Meement = ( 1 k1—(kz*sp) | kz) (62)

Pcement  Pwater Psp

Myater = Kwater * Msement — Kspwatero * Pwater (6.3)
Mrivre = Vior * Vriverss * Pripre (6.4)
mSp = kSp * mS (65)

Where ki and k2 are coefficients which are a ratio of respectively water - (Kwater), and

superplasticiser - (ksp) to the cement.
kwater = 0.4
ks, =001 0,2%
The different coefficients are calculated with the following equations:

kl = kwater - ksp,water content * ksp (6-6)

k2 = ksp

22



Table 6-3 below shows the mix proportioning for the trial series. For the calculation mixing

proportion, the total volume of cement paste is used as a starting point. The mass of cement

was calculated based on various ratios of (ki) for water and additives.

Mix proportioning

Nr.of | Cement | Water Plastic | Polystyrene | Superplasticiser
Prism|  (9) (9) fibre (g) (9) (9)
Reference test (0%) 6 2345 938 0 0 0
FRP 0,5% 6 [2333,27|933,309| 11,785 0 0
FRP 1% 6 | 23215 | 938,6 24 0 0
FRP 1,5% 6 2309,8 | 923,9 35 0 0
Polystyrene 50% 4 | 781,67 | 312,66 0 12,1 0
+P0E/F:E/rle;r?2/050% 4 758,22 | 303,3 45,281 12,1 0
Polystyrene 70% 4 469 187,6 0 16,95 0
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6.4.1. Cement paste without recycled plastics

The mixing process is based on NS-EN 196-1: 2016. The standard describes procedures for
use of equipment and method for mixing and casting process, as well as testing of mechanical

properties.

Mixing Procedure:

1. Weighing of all ingredients with accuracy * 1g.

2. The cement is placed in the bowl and water is added. The supply of water should not
last longer than 10 seconds.

Hand mix for 60 seconds.

Mix at low speed for 60 seconds.

The machine is stopped for 30 seconds.

Mix at high speed for 60 seconds.

N g &~ W

Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x
40mm x 160mm) prism (see figure 6-4) and covered with plastic and set to cure at room

temperature for 24h.

Figure 6-4: Prisms ready for cement paste to be poured in

Photo: Abdullah Ahmad and Micael Hossie Elias
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6.4.2. Cement paste with recycled plastics

The mixing process is based on NS-EN 196-1: 2016, which is the same standard mentioned
above. The standard describes procedures for use of equipment and method for mixing and
casting process, as well as testing of mechanical properties, for cement paste without fibres and
polystyrene.

The standard is not intended for fibres and polystyrene reinforced cement paste and therefore,
parts of the mixing process have been changed, this is highlighted in bold. In the mixing
process, the fibres and polystyrene were blended in by hand manually such that the fibres and

polystyrene were evenly distributed.

Mixing Procedure:

e Weighing of all ingredients with accuracy * 1g.

e The cement is placed in the bowl and water is added. The supply of water should not
last longer than 10 seconds.

e Hand mix for 60 seconds.

e Mix at low speed for 60 seconds.

e Note the time (zero time).

e Mix at high speed for 30 seconds.

e The machine is stopped for 30 seconds. Plastic material added.

e Mix at high speed for 60 seconds.

e Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x 40mm
x 160mm) prism and covered with plastic and set to cure at room temperature for 24h
(see figure 6-5).
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Figure 6-5: Casted cement paste, ready for curing
time at room temperature.

Photo: Abdulla Ahmed and Micael Hossie Elias

6.4.3. Casting process

To carry out the casting process, in total 12 standardized prism moulds were needed. However,

only two standardized moulds were available in the laboratory, made of steal and wood

respectively (see figure 6-7). Theoretically their dimensions were the same described in NS-
EN 196-1. The moulding process is carried out based with NS-EN 14651. The standard

discloses on methods of moulding procedure for specimens of the concrete.

Casting procedure:

1.

a ~ w N

Fill cement paste in the middle of the mould, nr.1 in figure 6-6 (up to about 90% of
height)

10 knocks with rubber hammer on the side of the mould.

Top up the rest of the mould, nr.2 in figure 6-6 (slightly above mould height)

10 knocks with rubber hammer on the side of the mould

Even and smoothen the shape with a float blade
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Figure 6-6:Method of casting the cement paste into a prism shape (Norge, 2007)

Figure 6-7:Prism mould forms: 1. standard, 2. self-made of wood

Photo: Abdullah Ahmad and Micael Hossie Elias

After the casting process was completed, the prisms were left for 24 hours to dry at room
temperature and were removed once 24 hours were completed. Next, when they were removed
from the moulding, they were put into the water bath for the next 27 days.

27



6.5. Fresh process

6.5.1. Slump test

The slump test is conducted to find out the concrete’s workability, our experiment will measure
the consistency of the fresh cement paste before it sets. The experiment is accordingly with the
Norwegian standard (NS-EN 12350-2:2009) this means that the method used to determine the

slump corresponds to refered standard.

The workability of fresh concrete is often determined by performing a slump test before being
used extensively in site work all over the world. Such tests are useful in detecting variations in
the uniformity of a mix given nominal proportions (Yin, 2017). Thereby, with the addition of
fibres in our content, the behaviour of the slump can be sensitive to variations in workability
and impacts the properties of cement paste. Therefore, it is important to carry out checks to

determine the workability before it is used in any construction site.

The standard mentions that “the slump test is sensitive to changes in the consistence of
concrete, which correspond to slumps between (10 - 210 mm). Beyond these extremes the
measurement of slump can be unsuitable and other methods determining of the consistency
should be considered (Norge, 2009a)’’. In addition, if the slump continues to change over
period of 1 minute after de-moulding in that scenario the slump test is not suitable as a measure

of its consistency.

The fresh concrete is compacted into a cone shaped steel with smooth surfaces that’s open on
both ends. The cone is held fast with the steel plate underneath while one pours the cement
paste into the cone until its filled. Once filled with cement paste the cone is steadily and firmly
lifted upwards and the cement paste slides out providing a distance for a measure of consistency
of the fresh concrete. In appendix B, a detailed version of the method and procedure is

mentioned.
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6.5.2. Air content test

The Norwegian standard (NS-EN 12350-7:2009) mentions two methods to determine the air
content of concrete in a fresh compacted state; the water column method and pressure gauge
method. In our case pressure gauge method was carried out to test the concrete due to the

availability of the apparatus for the experiment.

The purpose of this experiment is to increase the durability of the hardened concrete, as this is
immensely useful when the concrete is subjected to freeze-thaw. In addition, the experiment
helps to increase the workability of the concrete in fresh state that determines the ease and
homogeneity of the mixture. For detailed version of method and procedure refer to appendix
B.

6.6. Hardened process

6.6.1. Flexural Strength Test

In accordance with the standard NS-EN 196-1: 2016, 9.1 it mentions the three-point loading
(Figure 6-9), method to carry out this experiment. The constant force initiated on the prism

samples load was 50+10 N/s until fracture, a value taken from the standard mentioned above.

The main purpose of this experiment is to determine how much load the prism samples can
resist while force is applied in the middle. The occurrence of fracture in the prism samples

will provide towards the flexural strengths of the various prisms.

Apparatus:
a) Flexural Test Machine Type Delta 3 (See appendix D):
“’The apparatus for the determination of flexural strength shall be capable of applying
loads up to 10 KN with an accuracy of +1,0% of the recorded load in the upper four-
fifths of the range being used, at a rate of loading of (50 £ 10) N/s (Norge, 2016).”’
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b) Ruler:

To adjust the prisms equally in the midpoint.

10,0+0,5

o)

10,0105
100,0 +0,5 _L ~30 |

= 160

[k -

Figure 6-8: Align the prisms accordingly with the correct position (Norge, 2016)

Steps:

1. Prism samples:
Take the prism samples required for testing approximately 30 minutes before

performing the flexural tests. Dry the prisms.

2. Testing of prisms:
Next, align the prisms in the midpoint. Adjusting the position accurately with the ruler
such that the distance from the midpoint to each end is equal. This is shown in the

figure 6-10 below.

3. Digital screen (figure 6-9):

Perform the test and record the values from the digital screen on the machine.
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Figure 6-9:Digital screen for reading the measurements of flexural and compressive strengths

Photo: Abdullah Ahmad and Micael Hossie Elias

Figure 6-10:Ready for 3-point testing for flexural strength

Photo: Abdullah Ahmad and Micael Hossie Elias
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Flexural strength calculation (Norge, 2016):

15 Ff *l

Rf = EErvee (6.7)
Where,

Rf is the flexural strength, in megapascals;

b is the side of the square section of the prism, in millimetres;

Ff is the load applied to the middle of the prism at fracture, in newtons;

I is the distance between the supports, in millimetres.

6.6.2. Compressive strength Test

In accordance with the standard NS-EN 196-1: 2016, 9.2 it mentions that the test shall be
carried out after the flexural strength test. After the flexural strength test, the prism will have

two halves. The compressive strength test will be performed on the halves of the broken prisms.

The purpose of this test is to observe and collect data to determine the response of the material
while it experiences compressive pressure applied by the machine. The deformation of the
prisms will help us understand the behaviour of the materials. Towards determining whether

this material is suitable or applicable for any use.

Apparatus:
a) Compression testing machine type Mega 110 (appendix D):
“’Testing machine for the determination of compressive strength shall be of suitable
capacity for the test: it shall have an accuracy of £ 1,0% of the recorded load in the
upper four-fifths of the range being used when verified in accordance with EN 1SO
7500-1. It shall provide a rate of load increase of (2400 + 200) N/s (Norge, 2016).”’

Steps:
1. Prism halves (figure 6-11):
After performing the flexural strength test and splitting the prisms in two. The two

split halves of the prisms will be used in the compressive strength test.
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2. Alignment:

Correctly place and position the halve prisms in the machine, ready for testing.

3. Digital screen (figure 6-10):

Perform the test and record the values from the digital screen on the machine.

’ A " -
CR e, ¢ e L N1V i LAl

Figure 6-11:Halved rectangular shaped samples ready for compressive strength tests

Photo: Abdullah Ahmad and Micael Hossie Elias
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Compressive strength calculations (Norge, 2016):

Fc
c= (6.8)
1600

Where,
Rc is the compressive strength, in megapascals;
Fc is the maximum load at fracture, in newtons;

1600 is the area of the platens or auxiliary plates (40 mm x 40 mm), in mm?

6.7. Statistical model for interpreting results

In accordance with NS-EN1992-1-1:2004+NA:2008 and NS-EN
206:2013+A1:2016+NA:2017 the results from the mechanical properties of concrete are shown
with confidens intervall for student’s t- distribution. It is important to calculate a 95%
confidence interval to determine the characteristic of both the flexural and compressive

strengths of the concrete.

To determine whether different results obtained of fibre and polystyrene content had higher
flexural strength and compressive strength, a right-sided hypothesis test was used for the
average values Rf and Rc, with 95% security. Since the population's standard deviation is
unknown, Student distribution was used, where we estimated with the sample standard

deviation.
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Standard deviation :

o = ,Z(x—i)"z
n-1

Where,
c symbol for standard deviation
) summation symbol
X each individual value in the data set
X arithmetic mean value
n number of trials
Mean value
Xx=(2xi)/n
Where,
X mean value symbol
) sum of density
Xi x-values which in this case is the density value for all trials
n number of trials
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7. Results

For complete calculation of the results in this section see Appendix F.
7.1. Slump test conducted with FRP in fresh cement paste

The table 7-1 below, shows the results of the fresh concrete which are presented for the
different fibre content percentage. As mentioned in section 6.1 superplasticizer was not used

in this practical part of the experiment due to its ability to cause separation.

Slump test
cm
Reference test (0%) 23
FRP 0,5% 22
FRP 1% 17
FRP 1,5% 15

Table 7-1:Slump measurements

Figure 7-1:Slump test

The results in table 7-1 display that the higher fibre content reduces the slump workability,
contributing to stiffer and difficult handling of the cement paste. For instance, the fibre content
between 0 % and 0,5 % indicate that the workability decreases slightly, but the workability

reduces up to 30 % when compared with the fibre content of 0% to 1 %.

Accordingly, the cement paste with 1,5% fibre content significantly decreases with 42,1 %
comparing to the reference test with 0%. It can be predominantly observed from the results
obtained that the workability decreases when the fibre content increases. The reason for this
depletion can be ascribed to the fact the plastic particles have non-uniform shapes resulting in
less fluidity. In one study, it was reported that, by applying 0.3% volume fractions of fibre to
the light concrete, resulted in 40% reduction in the slump flow (from 720 mm to 430 mm)
(Mazaheripour et al., 2011). Although, in terms of our experiment we did not obtain such high

reductions but it can be determined from this study that there is a correlation between the fibre
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content and rate of workability. We can conclude this is because the studies mentioned in

section 5 (table 5-1) signifies the same correlation.

7.2. Air content conducted with FRP in fresh cement paste

The air content of the fresh concrete is shown in table 7-2. The air content of the reference
mixture is 1.6% with 0% fibre content, which is standard for a concrete that contains a volume
percentage of 1-2% in air content. As the table 7-2 indicates, the air content decreases to 1,4%
comparing to reference test when 0,5% fibre content was added. In addition, the air content
increases proportionally as the fibre contents increases, where 1% of fibre resulted with 1,5%
air content, and 1,5% of fibre resulted with 1,8% air content. Thus, signifying that the air

content increases with increasing amount of fibre content.

Air content
%
Reference test (0%) 1,6
FRP 0,5% 1,4
FRP 1% 1,5
FRP 1,5% 1,8 " |

\ X
Temamisa

Figure 7-2: Air-content test

Table 7-2:Air content measurements

Photo: Abdullah Ahmad and Micael
Hossie Elias
A study (Siddique et al., 2008) on the effect of air content using plastic fibre in concrete that
shows, the air content increase with the use of plastic fibres, when the volume of plastic fibre
is more than 0.3%. There is no obvious observational effect on the air content of fresh concrete
when the amount of plastic fibre content is below 0.3%. This corresponds to the results of the

air content shown in the table above.
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7.3. Results from reference test

In this section three trials were performed on the Flexural strength tests and as the prism spilt

into two halves, it gave us additional three prisms, in total six to test for compressive strengths.

This has been previously explained in section 6.6.

The purpose of the reference sample is to create a conventional concrete sample that we can
compare with our new test samples, for comparison of the mechanical properties of the fibre
reinforced plastic and Polystyrene. Table 7-3 below, shows the average values for the reference
tests done for flexural strength and compressive strength that were 7,71 (N/mm?) and 74,81

(N/mm?).

Reference test (0%)
Nr. Of trails n 4
Flexural strength Flexural load average (MPa) Rf 7,71
Standard deviation S 1,03
Number of fibres in FRP Qty. -
fracture surface Polystyrene Qty. i
Nr. Of trails n 6
Compressive strength Breaking load average (MPa) Rc | 74,81
Standard deviation S 10,90

Table 7-3:Summary of results for Reference test with 0% recycled plastics added

S b
Figure 7-3: After compressive strength test for reference samples, shows that it is a
good mix, very small air bubbles are observable

Photo: Abdullah Ahmad and Micael Hossie Elias
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7.4. Result with Fibre Reinforced Plastic

Table 7-4 shows a summary of average results for the sample series containing only fibres with
different fibre percentages. As the table 7-4 shows the test sample with 0.5% fibre was weaker
than the reference test in flexural strength, corresponding with the study (Grammatikos, 2018)
that shows that there is a sudden decrease in the flexural strength when fibre content is 0.5%.
It further shows that the strength increases after increase in fibre content. The reason for the
sudden decrease could be due to interfacial transition zone, this is further discussed in the

analysis section 9 and the concept is explained in the theory section 4.

The table shows the flexural load average increases with the fibre content. Its ability to resist
load shows positive signs comparing it to the reference samples, while the compressive strength
decreases as the fibre content increases. Therefore, the reference samples have properties that
can withstand compressive pressure while the FRP properties weaken in compressive strength
as fibre content increase. This could be due to the water to cement ratio, as this ratio can affect
the strengths in properties. In addition, a weak mixture can create fibres balls unduly affecting

the quality of the prism samples.

0,5% Fibre | 1% Fibre | 1,5% Fibre

Flexural Nr. Of trails n 4 3 3
strength
Flexural load average (MPa) | Rf 5,75 8,06 10,03
Standard deviation S 1,34 0,53 0,65
Number of FRP Qty. 21 32 46
fibers in
fracture surface Polystyrene Qty. } ) )
Compressive Nr. Of trails n 8 6 6
strength .
Breaking load average (MPa) | Rc 67,46 37,92 16,33
Standard deviation S 3,10 5,21 17,16

Table 7-4:Summary of results for FRP
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While carrying out the experiment it was observed in both flexural and compressive tests that
samples containing 1% and 1,5% of fibre content showed similar behavior during the load—
deflection until cracks were formed. Shown in figure 7-4 below, the fibres were slightly still
held together at top of the concrete samples under the flexural test. Even though it was divided
in to two, we still see some fibres still sticking out on top of the concrete sample. This
observation was evident in all test samples containing 1% and 1.5% fibre during both

mechanical properties’ tests.

Figure 7-4:After compressive strength test for 0.5% fibre content

Photo: Abdullah Ahmad and Micael Hossie Elias

The figure above shows the flexural strength of the first four different series testes. The line
indicates the flexural average point which increases with the fibre content. The drop in the
curve is at when fibre content is 0.5%, indicating weakness in the flexural strength. An
observation made during the compressive strength of different fibre content was that, 0.5%
fibre content completely cracked and did not stay contacted together shown in figure 7-4.
However, as the fibre content was increased for example 1% and 1.5% fibre content showed
different deformation. As shown in figure 7-5 and figure 7-6 that they did not break apart from

each other (interlocked) and were still held together because of the additional fibres.
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Figure 7-5: After compressive strength test for 1%
fibre content

Photo: Abdullah Ahmad and Micael Hossie Elias

Figure 7-6:Results after Flexural and compressive strength tests for FRP 1.5%

Photo: Abdullah Ahmad and Micael Hossie Elias
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7.5. Results with Polystyrene

Polystyrene content was much higher with 50% and 70% while it was lightweight, it made the
concrete samples afloat in the water bath during curing time. Therefore, to solve this issue, we
had to put reference prism samples on top of them to hold them from floating in the water bath.
Moreover, during the mixing process it was every evident that the mixture was dry, resembling
a fully hydrated state. It was difficult to mix in the blending machine as it became stiffer and
rigid. But regardless we continued with the experiment as we managed to form four prisms for

three of the series.

Polystyrene 50% | Polystyrene 70%
Nr. Of trails n 3 3
Flexural strength Flexural load average (MPa) Rf 2,73 1,12
Standard deviation S 0,11 0,11
Number of fibres in FRP Qty. - -
fracture surface Polystyrene Qty. 30 42
Nr. Of trails n 6 6
Compressive Breaking load average (MPa) | Rc 8,76 3,34
strength
Standard deviation S 1,60 0,39

Table 7-5:Summary of results with only polystyrene content in concrete

Weaknesses in strength in the flexural and compressive strength for polystyrene are apparent
that they cannot withstand great deal of load. This coincides with the theory in section 4. The
average result shows the mechanical properties decreases as the Polystyrene content increases,
meaning 50 % Polystyrene withstood more pressure than 70% Polystyrene. Our results can be
compared with a study (Sabaa and Rasiah, 1997) where, the same amount of polystyrene
content namely 50% and 70% were used and obtained similar observations. Compressive
strength is sensitive to change in polystyrene content. This is because polystyrenes are not
known for their element of strength but rather have better insulation properties. Thus, from
these results we concluded that it is more effective and useful to test the insulation properties

of this mixture in the future; further discussed in recommendations section 11.
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Figure 7-7:Flexural strength tests for Polystyrene 50%

Photo: Abdullah Ahmad and Micael Hossie Elias

Figure 7-8:Image on the left shows the mixture of 50% polystyrene, while image on the right shows
the same mixture but, in the mould, ready to harden at room temperature

Photo: Abdullah Ahmad and Micael Hossie Elias
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Figure 7-9:70% Polystyrene, removed from the casting mould after 24 hours, ready to be put in the water
bath

Photo: Abdullah Ahmad and Micael Hossie Elias

Figure 7-10: 50% polystyrene after the compressive strength tests

Photo: Abdullah Ahmad and Micael Hossie Elias
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7.6. Results with Polystyrene mixed with FRP

Table 7-6 shows the test sample with polystyrene 50% mixed with 1,5 % FRP. The average

results show slight improvements in both mechanical properties comparing to the results from

section 7.5 as the polystyrene content decreases the mechanical strengths increase. This is

mainly due to the addition of fibres that give the extra strength and bonding, holding the sample

together even after internal fracture has occurred. Hence, fibres improve the energy absorption

capacity of the structure.

FRP 1,5% +Polystyrene 50%

Nr. Of trails n 3
Flexural strength Flexural load average (MPa) Rf 3,75
Standard deviation S 0,20

Number of fibres in FRP Qty. 23

fracture surface Polystyrene Qty. 34

Nr. Of trails n 6

Compressive
pressiv Breaking load average (MPa) Rc 14,99
strength

Standard deviation S 2,67

Table 7-6:Summary of results for mixture with FRP 1,5% added with Polystyrene

Figure 7-11:Image on the left shows the mixre, while the image on the right shows

S {/

the prism moulds ready to harden in room temperature; both are for 1.5% FRP mixed
with 50% polystyrene

Photo: Abdullah Ahmad and Micael Hossie Elias
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8. Summary of results

8.1. Flexural strength results

The testing procedure of these mechanical properties were executed in accordance with the
specified method in NS-EN 196-1:2016 as explained above in section 6.6. To determine if
higher amount of fibre content improves flexural strength and compressive strength of a

concrete.

Graph 8-1 shows the flexural strength of all 21-sample tests. The 0,5 % fibre content test sample
showed variation in results under the flexural test. As the first two prisms were relatively close
to each other in terms of readings but the second prism achieved a much higher strength value.
Therefore, we concluded on testing an extra fourth prism to outline the outlier in the data
collection. The reason this could have occurred is due to errors when aligning the prism onto
the two supporting rollers as we had to manually align the prism into the correct position. Thus,
it could be that the load did not in fact press in the middle as it should have but instead was off

by a few millimeters.

Graph 8-2 illustrates that fibre reinforced plastics have the tendency to increase the flexural
strength of the concrete after the 0.5% FRP test samples. Although, this pattern was the same
with other studies like (Ochi et al., 2007) and (Grammatikos, 2018). But the reason we had
deviations is since, instead of using steal moulding prism to cure the concrete, we used
moulding made from wood which has been made by previous students. This is relevant as the
dimensions in exact millimeters are not the same as the steal moulding for prisms, hence

changes in dimensions could also influence the end results.

Furthermore, Graph 8-2 shows the flexural toughness increases with 13% as we go from
reference sample to 1,5% fibre. In addition, the test samples of (FRP 1,5% + polystyrene 50%)
have a higher toughness in flexural strength comparing to the test samples of just polystyrene
(50% and 70% content).
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Moreover, Graph 8-1 below shows where the vertical line indicates the standard deviation. The
standard deviation illustrates the error margin for each of the test series. In some cases, the
variation was significant for example 0.5% fibre content had higher standard deviation due to
the errors mentioned above. While, some test series like 1.5% fibre content had insignificant
and low standard deviation values, this shows the closeness of the results indicating reliability

of samples.

Flexural strength
4,5

3,5

load average (MPa)

2,5
1,5

| .| | " ™

0,5
Reference FRP 0,5% FRP 1% FRP 1,5%  Polystyrene Polystyrene FRP 1,5%
test (0%) 50% 70% +Polystyrene
50%

M Prism1 ®Prism2 ™ Prism3

Graph 8-1:Results for Flexural Strength

Flexural strength

1,40
1,20
1,00
0,80
0,60

0,40

Standard deviation

0,20

0,00
Reference FRP 0,5% FRP 1% FRP15%  Polystyrene Polystyrene  FRP 1,5%
test (0%) 50% 70% +Polystyrene

Test serie S0%

Graph 8-2:Flexural strength standard deviation for each test series
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8.2. Compressive strength results

Graph 8-3 shows the compressive strength of all 42-sample series. By increasing the fibre ratio,
the compressive strength values of recycled plastic in concrete decrease. It is observed here
that there is a clear relationship between the content of fibre and compressive strength, as the
fibre content increase, the compressive strength decrease therefore they are indirectly
proportional to each other. Comparing the reference samples to the samples containing fibres
1,5% the observed reduction was up to 65%. In addition, for a 0,5 % fibre content, the
compressive strength shows a reduction up to 10% of the original strength, with 0,5% fibre

content the compressive strength shows a 41% reduction compared with 1.5% fibre content

This reduction can be due to the interfacial transition zone causing lower stiffness. It also
explains the relationship as interfacial transition zone increases with increasing content of fibre

resulting in weaker strength properties.

Graph 8-4 shows the standard deviation obtained for each test series. Fibre content with 1.5%
showed high standard deviation along with reference test series. However, the rest of the test
series had lower standard deviations. Moreover, high standard deviation for fibre content with
1.5% could have occurred due to the prism samples were first tested for flexural strengths and
once they were spilt, fractures could have occurred around the half spilt samples which made
it even weaker when compressive strength was tested. Therefore, giving variations in the
standard deviation. Thus, to eliminate this problem in the future it would have been wiser to

separate test samples for compressive that were not initially tested for flexural strength first.

We also see that the polystyrene of 50% and 70% have the lowest strength in compressive as
the flexural strength. We also note that the polystyrene 50 % + FRP 1,5 % have a higher
compressive strength when comparing to the polystyrene with 50% and 70% content samples.
Indicating that fibres strengthen the samples withholding pressure longer than pure polystyrene

samples without fibres.

48



load average (MPa)

Standard deviation

80,00

70,00

60,00

50,00

40,00

30,00

20,00

10,00

0,00

18,00

16,00 -
14,00
12,00
10,00

8,00
6,00
4,00
2,00
0,00

Compressive test

FRP 0,5% FRP 1% FRP 1,5% Polystyrene Polystyrene

Reference
test (0%)

EPrisml ®Prism2 ®Prism3 [ Prism4 mEPrism5 M Prism6

Reference test

(0%)

50%
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Graph 8-4:Results for Compressive strength
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9. Analysis and discussion

To answer the devised research question, we had decided to do a thorough literature study to
acquire better understanding of the topics as well as draw inspiration from previous
experiments that we could compare our test results with. In addition, the amount of fibre
content and polystyrene content along with cement and water ratio were not entirely the same
with other studies, hence giving our research the innovative element. However, this does come
with disadvantages as we did not have verifiable studies to support the tests results completely
but instead, we gained an overview over the relationships of the tests and impacts on materials

properties.

Moreover, it is difficult to neither confirm nor deny the results. This is because repetition of
trials is a key factor when determining the authenticity of the research as more trials would

minimize random errors and systematic errors, mentioned below.

Our literature study contains uncertainty in both that assumption and choice of variables are
contrasting therefore, the inquiry arises if our research can be compared with the literature

studies mentioned in our thesis.

The choice of variables is a key factor for the research, as it sets boundaries for the experiment
and makes it easier to focus on certain elements of the experiment rather than a general view
of the task. Hence, the independent variables were the type of recycled plastics and this was

decided earlier based upon previous studies shown section 6.

When determining the water to cement ratio as a constant variable, factor that binds the strength
and durability of the concrete, it was found from the literature study that the ratio is often
between 0.3 to 0.6. Hence, a moderate ratio 0.4 was selected as many studies showed promising
results with this ratio as showed in section 5. Such as different studies (Karahan and Atis, 2011)
showed that upon using 0.3 w/c observed that the fibres clumped together. While, another study
(Siddique et al., 2008) observed that using 0.5 w/c the cement paste became very fluidly and
the form would not hold together. When upon deciding the water to cement ratio, it was
important to take in consideration for the distribution of the fibres, as lower water to cement
ratio hindered the separation of each fibres. On the other hand, higher water to cement ratio
would make them afloat on the top and would not blend in the mixture. Hence, 0.4 water to
cement ratio was determined to be the constant variable corresponding with the theory in

section 4.
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Furthermore, the type of cement is crucial to use as in our case with we opted for Norcem
Standard FA due to it having higher Blaine fineness that makes sure that the cement grains are
ideal for fibres/polystyrene and creates a good adhesion between the cement paste and
fibres/polystyrene section 6.1. That mentions the importance of fineness as it affects the
hydration rate meaning that how it gains strength over time. In addition, particle sizes that are
smaller and if the surface area to volume ratio is greater. Then, there is more interaction and

reactivity for the water and cement to mix.

The distribution of fibres when casting the cement paste in the prisms was randomly dispersed
in the prisms. Hence, it was difficult to exactly control the amount of fibres in each prism. This
created a problem as uneven amount of fibres in the prisms give different values in each test,
consequently impacting the strength properties of the concrete. Therefore, in hindsight
conditions need to be taken before casting and forming the prisms. For example, counting the
fibres and making each of the proportioning mix just for one prism at a time. Although, this
would be a tedious process but would be a better approach towards a controlled scientific
method. In addition, a visual documentation of each prism should show the fibre distribution
and orientation in all prisms. Thus, exploring the relationship between the force and the

distribution of the fibres in the cross section.

Curing time is an integral part when mixing the fibres and casting the cement paste in the
prisms, as it was difficult to control the timing for each trial at appropriate temperatures. This
is done to reduce shrinkage, cracking and optimize the curing process. However, in our case
when we had put the prism samples into the water bath, theoretically the temperature should
be constant but other groups were also simultaneously using the water bath. Therefore, there
was always fluctuations in the temperature in the water bath. In consequence, effecting the
properties of the prism samples, mentioned in the theory section 4.1.2. that lower temperatures
will provide lower strength development. Hence this was a systematic error in our research

method.

For testing the mechanical properties of the concrete, in total we tested 21 prisms and 42 cubes.
In addition, experiments in the fresh state, namely slump and air content. A weakness in our
experiment is the lack quantitative experiments, concerning with the fresh state experiments
and the hardened state experiments. Lack of trials in the study can give a higher uncertainty of

the number of samples required to ensure the validity of the experiment. Thus, conclusions
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drawn from the study can be less reliable due to the limited test samples will only provide a

slight indication of whether there were any improvements in the properties of concrete.

Furthermore, the number of trials conducted in this experiment were three for 3-point flexural
strength and the remaining prism samples were kept for future experiments to be sent to the
Chalmers University of Technology. Thus, to ensure verifiability, we decided upon not testing
all the samples as we were informed that Chalmers University in Sweden would like to test
some of the remaining samples. Therefore, it will be in our favour as it would validate the
verifiability of our experiments. Nevertheless, we should have casted nine prisms as the
standard NS-EN 14651:2005+ A1:2007 mentions that six should be conducted and not three
in our case. However, due to fibre content constraints received from ABB composites from
Sweden, it was difficult to carried out the required nine tests as we were short on the volume

of fibres.

The slump test measures the consistency and checks the workability of the fresh concrete. The
fibres reduce the workability of the fresh concrete. Regarding the degree to which the
workability decreases, it depends on the type of fibre and the added volume. Therefore, when
proportioning fibre reinforced concrete, it is important to choose the right amount of fibre to

get the desired improvement in mechanical behaviour.

Moreover, while conducting the air content test, emphasis on moisture and other characteristics
and specifications should have been taken in consideration. As moisture can affect the stability
of the mixture. Hence, it is recommended to test the moisture content to control the experiment

and achieve better results.

Other studies reported that, when the content of plastic fibre reached to 0.5%, there would not
be a significant reduction in slump compared to the conventional concrete. However, several
studies also experimented that the workability of concrete can be improved by increasing the
content of fibres (Harald K. Eidhamar, 2018). In our observation, the decrease in the slump is
due to the shape of fibres. As the fibres are pointy and have sharper edges than fine aggregate

that is used in conventional concrete.

Density and air content are related in the concrete composition, where higher air content gives,
lower density and vice versa. Density is also related to compressive strength which is crucial
to classify the concrete. If density increases, the compressive strength will also increase due to
correlation. It is therefore essential to have control of the density of the concrete to achieve a

stable result that satisfies the requirements applicable. Generally, concrete contains a volume
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percentage of 1-2% air content, but there are also cases where an air content of up to 4% is
desirable. This is because of higher air content gives lower compressive strength. For each
volume percent increase the air content decreases the compressive strength by 5%, similar
results were also apparent in previous studies (Harald K. Eidhamar, 2018).

The experiment accounts for systematic errors that are vital to include as it explains the
fluctuation in the calculated standard deviation. For example, during compressive test, we
noticed that the concrete samples were not parallel to the square shaped load cell shown in
figure 9-1 with an arrow. Thus, the test equipment was not perfectly aligned. This leads to
imprecisions in calculation and strength results; the test sample is for 1.5% fibre content where
we obtained the highest standard deviation value. The load applied by the machine was not
proportionally placed due to portion of the sample’s edge was unparallel and not covering the
entire shape of the concrete sample. Hence, giving variations in the load distribution of the
concrete sample. The use of the suggested formula for strength calculation of standard
deviation then gives percentage deviation of more than 5%. Furthermore, in hindsight more
samples could have been tested to reduce this error.

l J
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Figure 9-1:the arrows show errors in placing the concrete samples for compressive
strength test, the load pressure did not accurately adjust with the concrete

Photo: Abdullah Ahmad and Micael Hossie Elias
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Subsequently, the same scenario was apparent in the flexural strength tests as shown in figure
9-2. It illustrates that the load machine is slightly tilted upwards creating an angle less than 10
degrees. Hence, when the load is applied it is not perpendicular with the prism sample therefore,
giving variations in results in flexural strength. This is the case for 0.5% fibre content samples

that showed increased deviations in the results obtained.

Figure 9-2:Slightly inclined, load is not evenly pressed
on the sample

Photo: Abdullah Ahmad and Micael Hossie Elias

Regarding the mixture made for polystyrene mentioned in section 7.6, it was observed that
when the prisms were casted there were evident air pores that were created due to the water to
cement ratio being low for the mixture. There was not enough liquid to fill the gaps that the air
bubbles created as shown in figure 9-3. Polystyrene created blockages that stopped the liquid
from filling the pores. Hence, this impacted upon the mechanical strengths of the polystyrene
tests with concrete as the compression and flexural strengths were low. In addition, SEM
images of the interfacial transition zone would have provided a detailed account of the internal

pores in the samples.
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Figure 9-3:Apparant Air pores in the samples

Photo: Abdullah Ahmad and Micael Hossie Elias

The results obtained from 3-point flexural strength contained random errors. For example,
when placing the prism onto the machine ready to be tested, it had to be first correctly
positioned such that the load applying machine is perpendicular with the prism and the load is
applied in the middle, shown in figure 9-4. If the correct alignment was not achieved, then the
samples had various sizes for compressive testing. Hence, this could impact the results for both
the mechanical properties and indicate a false value.

In addition, some of the functions in the machine were not working, for example usually when
carrying out the experiments the digital screen provides a graph where it indicates the points
of fracture, thus precisely recording the true values. However, in our case we had to make a
video simultaneously observering at the point the fracture ensued (figure 9-5). Hence, making
the measuring value dependent on our observation made with our sight. In consequence,

making the random error proportional with all the measurements recorded.

55



Figure 9-4:manually adjusting the position of the prism sample ready to be tested for flexural strength;
indicating random errors

Photo: Abdullah Ahmad and Micael Hossie Elias

W Force MH n“

Figure 9-5:showing that the recording of the measurement was made by observing and not measured from the
graph that the machine should have provided but was not functioning

Photo: Abdullah Ahmad and Micael Hossie Elias
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10. Conclusion

Our goal for this research project was to find out to what extent does recycled plastic effect the
properties of concrete. The importance of using recycled plastics in concrete is due to reducing
the disposal of plastic wastes as mentioned earlier. To reduce the global concern of plastic
pollution and by conserving non-renewable fossil fuels, thereby reuse of recycled plastic is the
next best alternative foregone to preserve our planet for longevity.

Existing studies signified the potential of using fibre reinforced plastic on the structural and
non-structural applications on the properties. Our experiments showed that as the volume of
fibre relatively increased, improvements in 3-point flexural strength properties were observable
compared with conventional concrete (reference test). However, compressive strengths
decreased as fibre volume increased. Moreover, changes in the fresh state properties in the
slump test showed that higher fibre content reduced the cement pastes workability. Thus,
signifying that the air content increases with increasing amount of fibre content.

Answering our research question, the study demonstrated that to a certain degree recycled
plastic can improve the mechanical properties along with changes in fresh state concrete
properties. For example, applications for lightweight concrete. Consequently, answering the
second sub-question that recycled plastic materials can in fact have the potential to enhance
sustainability as fibre content of 1% showed promising results without significant compromise
in its properties compared with conventional concrete. If implemented in the industry, it will
reduce plastic disposal and increase innovations in concrete industry. However, a
comprehensive research on the applicability of polystyrene as an insulation product could

further uplift the concrete industry.

57



11. Recommendation and improvements for the future

During the work process, several different areas were highlighted that should be put in the
limelight to be studied and improved on in any future experiments. The main challenges were
concerned with the uneven distribution of fibres and their orientation in the prisms, along with

general improvements and recommendations that we feel suitable for the future.

In addition, for improved measurements, use of sensors with the load-CMOD curve of a
notched beam would give a more precise and accurate value. As this equipment was not

available at our laboratory.

Furthermore, it should have been wiser in the future to test more volumetric fibre content
beyond 1.5%. As the results were promising in terms with the 3-point flexural tests and it would
have been interesting to observe if for example if 3% fibre content would have improved the

strength properties.

Focusing more on polystyrene, it was not ideal to test the mechanical properties of the
polystyrene in concrete as polystyrene is not known for its strength. Hence, from theory we
know that polystyrene has good insulation properties. Thus, conducting and testing its
structural thermal insulation material properties like shown in this one study (Kharun and

Svintsov, 2017) would had been more suitable.

Lastly, conducting an environment life cycle assessment on the recycled plastics would give a

solution to effectively address the waste problem, aiming towards sustainability.
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Appendix A - Determining the density of recycled
plastics Pycnometer method

The determination of particle density test is based on the Norwegian standard EN 1SO 17892-
3. The standard shows a general procedure to determine the particle density. Thus, we used
the general procedure from the standard to determine the density of recycled plastics (Fiber-
reinforced plastic and polystyrene plastic). The density will be required for calculating the
mix proportioning for the cement paste for each series. See appendix E for the calculations.
According to the Norwegian standard EN 1SO 17892-3 (4 - principle) “Particle density is
calculated from the ratio of mass to volume. the mass is determined by weighing the test
portion in the saturated and surface-dried condition and again on the oven-dried(Norge,
2015).”

In this experiment due to the light weight of FRP and polystyrene, its more suitable to
use the pycnometer method. The difficulty with this experiment is that the size of plastic
materials is not consistent and according to Norwegian standard “If the aggregate consists of
a number of different size fractions, it may be necessary to separate the various fractions
before the test portion. The percentage of each size fraction shall be in the test report (Norge,
2015) ”. This Experiment was repeated several times to achieve more precise value and

closeness of results.

Apparatus:
- Water bath, capable of being maintained at (25 + 0,1) °C.

- Thermometer, accurate to 0,1°C.

- Testsieves, 0,063mm, 2mm, 4mm.

- Pycnometer, of nominal capacity 50 ml, conforming to ISO 3507.
- Balance, accurate to the nearest 0,01 g for the determination.

- Demineralized water boiled and cooled.

- Plastic materials (FRP, polystyrene)
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Experimental procedure:

1. First, determining the weight of empty, and drying the pycnometer (mo).

2. Then add Demineralized water, so that pycnometer as well as capillary hole in the
stopper is filled with Demineralized water. Drying the spare water that leaks
through the capillary hole and measure total weight (mw)

3. Empty the Demineralized water and make sure that the pycnometer is dry inside,
then fill about 1/3 of pycnometer volume with recycled plastic material and
measure the weight (mp).

4. The next phase is to take the pycnometer filled with 1/3 Plastic material and add
Demineralized water so that the pycnometer is well filled all the way through the
capillary hole and measure total weight (mp +w)

5. Next, measure the mass of the pycnometer alone, pycnometer filled with
Demineralized water, 1/3 volume of pycnometer filed with plastic materials, and
lastly pycnometer filled Demineralized water and 1/3 FRP of pycnometer volume.
(Wan)

After these measurements the standard discloses through pt. 5.1.2.3. “Place The
pycnometer in the water bath, or in the temperature-controlled room or cabinet.
Record the temperature if using a water bath, only the neck, the stopper, and the
capillary rising tube of the pycnometer should emerge above the surface of the water
in the bath. Leave the Pycnometer in the water bath until the control fluid temperature

is equal to that of the water bath, a minimum of 1 h (Norge, 2015). ”

6. Place the pycnometer in the water bath at (25 + 0,1) °C for 60 minutes
7. Remove the pycnometer from the water bath, and carefully dry the outside and

weigh the pycnometer.
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Pycnometer method
Photo: Micael Hossie Elias and Abdullah Ahmad
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Calculation

Pycnometer is placed in the water bath with a temperature at 20° C for one hour. Determining
the density of plastic material by calculating the volume of the pycnometer after 1 hour, with

the following equation:

mg =my — My [0]
Vy= [mi]
P20°c
_mg 3
A=V, [Kg/m?]
Where:

Pd is the density of the material

Mo is the mass of the empty pycnometer, in grams

ms is the mass of the pycnometer, filled with water and plastic material, in grams
p20’c  is the density of water at 20 °C, in megagrams per cubic meter (= 0,99823),

(table 6-3)

1SO 17892-3:2015(E)

Density of de-aired and distilled water at various temperatures, corrected for uplift in

alr
Temperature Density Temperature Density
T (°C) pw (Mg/m*) T (°C) pw (Mg/m?)

10 0,999 73 21 0,998 02
11 0,999 63 22 0,997 80
12 0,999 53 23 0,997 57
13 0,999 41 24 0,997 33
14 0,999 27 25 0,997 08
15 0,999 13 26 0,996 81
16 0,998 97 27 0,996 54
17 0,998 80 28 0,996 26
18 0,998 62 29 0,995 98
19 0,998 42 30 0,995 68
20 0,998 23
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Block Method for density of polystyrene

Determining the density of polystyrene

The determination of density is divided into two experiments to find the density, respectively

one of the methods is achieved through the pycnometer while the latter is done with

measuring blocks. See appendix E for the mathematical calculations.

Measuring the Block met This involves measuring the volume and the mass of the block. The

blocks were cut in an evenly rectangle shape along with 10 samples of the blocks to achieve a

precise and accurate value for the test, as shown in the table 6-4 below.

length (cm) | width (cm) | height (cm) density

Block trials +0.01 +0.05 +0.05 volume (cm) £0.05 | mass (g) £0.02 | (g/cm”3)
1 42,29 3,75 9,41 1492,31 37,48 0,03
2 40,16 5,25 5,25 1106,91 23,03 0,02
3 40,53 4,09 6,48 1074,17 21,85 0,02
4 43,71 5,63 4,89 1203,37 25,44 0,02
5 39,97 2,98 3,17 377,58 14,32 0,04
6 41,21 4,17 9,25 1589,57 40,71 0,03
7 44,07 3,34 5,91 869,92 18,39 0,02
8 42,33 3,91 7,03 1163,54 24,67 0,02
9 40,86 5,65 6,11 1410,55 35,01 0,02
10 41,61 4,38 7,97 1452,55 36,32 0,03
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Calculation

Mean value

XxX=(Xxi)/n

Where,
X mean value symbol
) sum of density
Xi x-values which in this case is the density value for all trials
n number of trials

The mean value calculated is 0.024 g/cm?. In addition, the standard deviation value is
important to calculate such that to measure the uncertainty from the difference between the

actual value and the mean value.

Standard deviation
/ Z(X—X)
o= |————
n—1

o symbol for standard deviation

Where,

) summation symbol

X each individual value in the data set
X arithmetic mean value

n number of trials

The standard deviation value calculated to be 0.0017 g/ cm? given as the uncertainty for the

mean value. Hence, the mean value
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Moreover, it is important to compare the experimental value above with the theoretical value
found online (VIC, 2010) to be between 0.011 to 0.032 g/ cm?.

Formula for percentage error:

experimental value — theoretical value 100
k

theoretical value

The percentage error for the density of polystyrene in this case was calculated to be 13.07%.
In this case the percentage error value obtained is acceptable as it is not a significant error as
the errors can only be improved by improving the measuring devices. Furthermore, various
measurements can improve the accuracy of the measurement, however it will not improve the

inherent measurement error.
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Appendix B - Fresh state procedure

Fresh process

The experiments that we will carry out will include the measurement of workability. Hence,

to achieve this, slump tests will be conducted to measure the workability of the concrete.

The workability of fresh concrete is often done by performing a slump test (Yin, 2017) and
used extensively in site work all over the world. Useful in detecting variations in the
uniformity of a mix given nominal proportions. Thereby, with addition of fibres in our
content, the behaviour of the slump can be sensitive to variations in workability and impact
the properties. Therefore, it is important to experiment the workability before it is used in any

construction site.

The mixing sequence, moulding and curing at fresh state

The mixing process is based on NS-EN 196-1: 2016. The standard describes procedures for
use of equipment and method for mixing and casting process, as well as testing of mechanical

properties, for cement paste without fibre.

The standard is not intended for fibres and polystyrene reinforced cement paste and therefore,
parts of the mixing process have been changed, this is highlighted in bold. In the mixing
process the fibres and polystyrene were blended in by hand manually such that the fibres and

polystyrene were evenly distributed.

Apparatus

- Collomix (cx100f)

- mixing bucket
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R/Iixing apparatu's

Mixing procedure:

1. Weighing of all ingredients with accuracy + 1g.

2. Apply the necessary cement into the bucket.

3. Dry mixing for a minute.

4. Water is added over 30 seconds.

5. Mix at low speed for 60 seconds. Fibre added gently.
6. Mix at high speed for 30 seconds

7. The mixer is stopped and standing for a half of a minute.
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8. Mix at low speed for 60 seconds

As the fibre is added with cement and water

Photo: Abdullah Ahmad
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Slump test

The slump test is conducted to find out the concrete’s workability, our experiment will
measure the consistency of the fresh cement paste before it sets. The experiment is
accordingly with the Norwegian standard (NS-EN 12350-2:2009) this means that the method
used to determine the slump corresponds to referenced documents.

The workability of fresh concrete is often done by performing a slump test and used
extensively in site work all over the world. Useful in detecting variations in the uniformity of
a mix given nominal proportions (Yin, 2017). Thereby, with addition of fibres in our content,
the behaviour of the slump can be sensitive to variations in workability and impact the
properties. Therefore, it is important to experiment the workability before it is used in any

construction site.

The standard mentions that “the slump test is sensitive to changes in the consistence
of concrete, which correspond to slumps between (10 - 210 mm). Beyond these extremes the
measurement of slump can be unsuitable and other methods determining of the consistency
should be considered (Norge, 2009a)’’. In addition, if the slump continues to change over
period of 1 minute after de-moulding in that scenario the slump test is not suitable as a

measure of its consistency.

The fresh concrete is compacted into a cone shaped steel with smooth surfaces that’s
open on both ends. The cone is held fasten with the steel plate underneath while one pours the
cement paste into the cone until its filled. Hereby, once filled with cement paste the cone is
steadily and firmly lifted upwards and the cement paste slides out providing a distance for a
measure of consistency of the fresh concrete. Below is provided a more detailed account of

the process for a slump test.
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Apparatus:

a)

b)

d)

9)

Cone mould
Metal no thinner than 1,5 mm with smooth exterior and interior surfaces without any
dents. With following internal dimensions according to the standard (NS-EN 12350-
2:2009):

- Diameter of base: (200 + 2) mm;

- Diameter of top: (100 £ 2) mm;

- Height: (300 = 2) mm.
Note the base and top must have opening that are parallel to each other at right angles
to the axis. Along with two-foot pieces to hold the cone firm at the bottom.
Tamping Rod
A long stainless-steel bar 600 mm long x 16 mm diameter used for eliminating the air
voids in the cement paste in the container. Striking 30 times each when the container
is being filled to even out the paste distribution at the top.
Ruler
cautious with a ruler as the zero point must be extremely close to the end to avoid and
minimize any uncertainties contained in the measurement. Ideally, ruler must be from
0 mm to 300 mm.
Base plate
a rigid non-absorbent surface without dents to place the cement paste on after lifting
the cone.
Moist cloth
For dampening the surface on the base plate and the interior of the cone.
Scoop
to pour the cement paste into the cone; approximately 100 mm in width.
Timer

the standard says that the experiment must be complete in 150s for accurate results.
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Slump test apparatus

Photo: Abdullah Ahmad
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Procedure:

1.

Samples:

First and foremost, it is important to create the mixture of cement paste containing our
variables that we are going to be using for this experiment.

Dampen the mould/cone:

First step is to dampen the base plate along with the mould cone with a wet cloth
ready for the cement paste to be poured in using a scoop. Set up the horizontal plate
beneath the cone for to be poured in for cement paste.

Filling the mould/cone:

The cone should be filled in three layers approximately one third the height of the
cone. Along with each layer when poured the fresh cement paste must be compacted
with using a rod, striking the cement paste 25 times for each layer. This will help
spread and distribute the cement paste to even out on the top of each layer removing
any undesirable bubbles/ air voids.

Filling layers:

NOTE: when you compact the second layer the rod should not penetrate the first layer
of the cement paste as the first layer is already free of air void when you already
stroke it with a rod.

Evenly and plaining out the top of the cone:

when the last layer of the cement paste is added, if required add additional cement
paste to even out the top of the cone with cement paste and remove any excess on top
of the mould and around the cone.

Lifting the cone:

cautiously remove the mould vertically upwards direction *’with no lateral or
torsional motion being imparted to the concrete (Norge, 2009a)’’. The entirety of this
operation from the removal of the mould and completion must be within 150s.
Therefore, immediately start the timer once the cone has been lifted.

Measuring and recording the slump:

invert the cone metal and place the rod at the right-angled axis on the cone to measure
the distance just like shown in the figure- 5 below, next with a ruler measure the
height from the rod to the highest point of the slumped test. Record the value and

wash the equipment used.
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Fresh concrete

Slump (cm)
Reference test (0%) 23
FRP 0,5% 22
FRP 1% 17
FRP 1,5% 15

Slump test results

Photo: Abdullah Ahmad
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Alr content test

The Norwegian standard (NS-EN 12350-7:2009) mentions two methods to determine the air

content of concrete in a fresh compacted state. Namely, the water column method and

pressure gauge method. However, in our case pressure gauge method was carried out to test

the concrete due to the availability of the apparatus for the experiment.

The purpose of this experiment is to increase the durability of the hardened concrete, as this

is immensely useful when the concrete is subjected to freeze-thaw. In addition, the

experiment helps to increase the workability of the concrete in fresh state that determines the

ease and homogeneity of the mixture.

Apparatus:

a)

b)

d)

Pressure gauge meter

Figure- 6 below shows the apparatus required to perform this experiment, where
Figure: 6-2 Represents the pressure gauge meter.

Container

A cylindrical vessel made of strong steel having the capacity to store 8 litres of
cement paste. The inner interior and outer rim surface of the vessel must be smooth
such that the cement paste does not stick to the surfaces. In addition, the cover
assembly must be suitable to withhold operating pressure of approximately 0,2 MPa
(Norge, 2009b).

Cover lid

A solid steel cover lid is used to seal the container once it’s filled with cement paste
and evened out on the top before sealing. This ensures that the air is entrapped within
the container maintaining the pressure at both joint between the flanges of the cover
and the container (Norge, 2009b).

Pressure gauge

“*fitted to cover assembly, calibrated to indicate air content from 0% to at least 8%
and preferably 10% (Norge, 2009b).”” The scale of various ranges on the reading can
vary from 0% till 10%.

Tamping Rod

A long stainless-steel bar 600 mm long x 16 mm diameter used for eliminating the air

voids in the cement paste in the container. Striking 30 times each when the container
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9)

is being filled to even out the paste distribution at the top.

Hammer and a scoop

A thick hammer to eliminate any bubbles in the container when its being filled with
cement paste. Striking 12 times in total and evenly on four sides of the container. A
scoop to pour the cement paste into the cylindrical vessel container.

Air pump

Built on top on the cover lid once the cover is sealed to pump the container to create

pressure inside the container.

Luftporengehalt

InhaltB1 2
pryp

Air-content apparatus, 2 pressure gauge meter

Photo: Abdullah Ahmad
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Procedure:

1. Samples:
First and foremost, it is important to create the mixture of cement paste containing our
variables that we are going to be using for this experiment.

2. Filling the container and compacting the cement paste:
using the scoop to fill the container with cement paste will help with removing air
voids layer by layer. The scoop process will be repeated three times or more to fill the

container completely to its max capacity.

3. Compacting the container with rod and a hammer:
Every time the container is being filled, it will be required to hit the container 12
times using a hammer that will create vibrations to eliminate any emergence of large
air bubbles on the surface of the cement paste layers. Along with striking the rod 30

times when each new layer is added into the container.

4. Sealing the container:
After the container is filled, even out the cement pastes on the top level with a steel
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trowel to make it smooth. Next, thoroughly clean and wipe the outer rims on the
container with a wet cloth and then seal the container with the cover lid.

Syringe to pump water through the valves:

On the cover lid there are two valves namely valve A and valve B as shown in the
figure - 8 below. Through valve A by using a syringe pump the water into the valve
until water emerges from the other valve B.

Next, immediately close both valves and then pump air into the container until the
dial on the pressure gauge is on the red indicator. Tap the pressure gauge to ensure the

dial is stable for the next process.

Valve A and Valve B

Photo: Micael Hossie Elias

Measuring air content:

Press down on a L shaped lever on the cover lid as shown in the figure — 9 below this
action will give a reading on the pressure gauge once the dial stops, tap the gauge
lightly to stabilize the dial. Read the value on the pressure gauge expressed to the
nearest 0,1%.
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7. Releasing the pressure:

Once the experiment is completed and a reading value to obtained, release the

pressure by opening both valves and remove the cover ready to be emptied out and

cleaned.

Fresh concrete

Air content (%)
Reference test (0%) 1,6
FRP 0,5% 1,4
FRP 1% 1,5
FRP 1,5% 1,8

Air-content results

Photo: Micael Hossie Elias
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Appendix C - Lab reports

REPORT: REFERENCE TEST WITHOUT FIBERS

Date: 02.04.2019 - 01.05.2019

Purpose of the experiment

The purpose of the reference sample is to create a conventional concrete sample that we can
compare with our new test samples, for comparison of the mechanical properties of the fibre
reinforced plastic and Polystyrene. The reference sample will be tested for flexural tensile
strength, compressive strength.

Equipment

Balance, accurate to the nearest 0,01 g

Bowl

Gloves

Mixer (Matest E092N Mixmatic)

Float blade

Standardized prism

Water bath, capable of being maintained at (25 + 0,1) °C.

Quantity of materials

6 specimens, total volume = 1,69 L

Materials Mass [g]
Cement 2345,0
Water 938,0
Plastic fibre 0
SP 0

Mixing Procedure:

1. Weighing of all ingredients with accuracy + 1g.
2. The cement is placed in the bowl and water is added. The supply of water should not

last longer than 10 seconds.
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Hand mix for 60 seconds.

Mix at low speed for 60 seconds.

The machine is stopped for 30 seconds.
Mix at high speed for 60 seconds.

N o a &~ w

Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x
40mm x 160mm) prism and covered with plastic and set to cure at room temperature
for 24h.

8. After 24h cure in a room temperature the prisms are placed in water bath for 28 days.

Results

Mechanical properties strength test after 28 days.
- Flexural test

Reference test (0%) Rf [N/mm?]
Prism 1 9,47
Prism 2 7,33
Flexural test (Rf)
Prism 3 7,71
Prism 4 7,29
Average > (P1, P2, P3, P4) 8,17
Standard deviation 1,03

Reference test (0%)

Prism 1 Prism 2 Prism 3 Prism 4

=

MPa
OFRPNWRAUUONOOWOO

Bending test (Rf)
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- Compressive test

Reference test (0%) Rc[N/mm?]
Prism 1.1 79,46
Prism 1.2 69,21
Prism 2.1 66,81
Compressive strength Prism 2.2 71,83
Re Prism 3.1 76,39
Prism 3.2 74,79
Prism 4.1 74,81
Prism 4.2 44,68
Average > (P1,P2,... P8) 69,75
Standard deviation 10,90

Reference test (0%)

90
80
7
6
5
yit
3
2
1

Mpa
O O O O O o

o

Compressive strength Rc

Observations

The observations of the fresh cement paste for the reference sample was a little dry during
casting. After compressive strength test the reference samples showed to be a good mix, but

very small air bubbles are observable.
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Analysis and discussion

All the prisms except prism 1 had showed a consistency in results for flexural tensile
strength. No signs of cracking before the compressive test. In total six prisms were made for
each test, but only three prisms were tested. If required additional prism would be tested if the
first three prisms showed great variations between them. An observation made during the
compressive strength the half sample concrete cracked and did not stay contacted together.

Photo: Abdullah Ahmad and Micael Hossie Elias
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REPORT: REFERENCE TEST WITH 0,5% FIBERS

Date:

02.04.2019 - 01.05.2019

Purpose of the experiment

The purpose is to observe if FRP provides in any mechanical improvement to the reference

Standardized prism

sample.
Equipment
e Balance, accurate to the nearest 0,01 g
e Bowl
e Gloves
e Mixer (Matest E092N Mixmatic)
e Float blade
[ ]
[ ]

Water bath, capable of being maintained at (25 + 0,1) °C.

Quantity of materials

6 specimens, total volume = 1,69 L

Materials Mass [g]
Cement 2333,27
Water 933,309
Plastic fibre 11,8
SP 0

Mixing Procedure

Weighing of all ingredients with accuracy + 1g.

The cement is placed in the bowl and water is added. The supply of water should not
last longer than 10 seconds.

Hand mix for 60 seconds.

Mix at low speed for 60 seconds.

Note the time (zero time).

Mix at high speed for 30 seconds.
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e The machine is stopped for 30 seconds. Plastic material added.

e Mix at high speed for 60 seconds.

e Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x
40mm x 160mm).

Results:

- Flexural test

FRP 0,5% Rf [N/mmz]
Prism 1 6,70
Prism 2 8,82
Flexural test (Rf)
Prism 3 5,75
Prism 4 6,30
Average > (P1, P2, P3, P4) 6,89
Standard deviation 1,34
0,5% FRP
10
9
8
7
o 6
a 5
= 4
3
2
1
0
Prism 1 Prism 2 Prism 3 Prism 4

Bending test (Rf)
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- Compressive test

FRP 0,5% Rc[N/mm2]
Prism 1.1 67,38
Prism 1.2 62,55
Prism 2.1 64,65
Prism 2.2 62,91
Compressive strength Rc
Prism 3.1 66,64
Prism 3.2 58,99
Prism 4.1 67,46
Prism 4.2 61,18
Average > (P1,P2, ... P8) 63,97
Standard deviation 3,10
0,5 FRP
70
68

MPa
(o] o N

()]

66
64
6
6
5
5
54

Prism 1.1 Prism 1.2 Prism 2.1 Prism 2.2 Prism 3.1 Prism 3.2 Prism 4.1 Prism 4.2

Compressive strength Rc

Observations

An observation made during the compressive strength, 0.5% fibre content completely cracked and
did not stay contacted together.
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Analysis and discussion

The 0,5 % fibre content test sample showed variation in results under the flexural test. As the
first two prisms were relatively close to each other in terms of readings but the second prism
achieved a much higher strength value. Therefore, we concluded on testing an extra fourth
prism to outline the outlier in the data collection. The reason this could have occurred is due to
errors when aligning the prism onto the two supporting rollers as we had to manually align the
prism into the correct position.

The test sample with 0.5% fibre was weaker than the reference test in flexural strength. It
further shows that the strength increases after increase in fibre content. The reason for the
sudden decrease could be due to interfacial transition zone. In addition, a weak mixture can
create fibres balls unduly affecting the quality of the prism samples.

Photo: Abdullah Ahmad and Micael Hossie Elias
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REPORT: REFERENCE TEST WITH 1% FIBERS

Date: 03.04.2019 - 01.05.2019

Purpose of the experiment

The purpose is to observe if FRP provides in any mechanical improvement to the reference
sample

Equipment

Balance, accurate to the nearest 0,01 g

Bowl

Gloves

Mixer (Matest E092N Mixmatic)

Float blade

Standardized prism

Water bath, capable of being maintained at (25 + 0,1) °C.

Quantity of materials

6 specimens, total volume = 1,69 L

Materials Mass [g]
Cement 23215
Water 928,7
Plastic fibre 24
SP 0

Mixing Procedure

e Weighing of all ingredients with accuracy + 1g.

e The cement is placed in the bowl and water is added. The supply of water should not last
longer than 10 seconds.

e Hand mix for 60 seconds.

e Mix at low speed for 60 seconds.
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e Note the time (zero time).

e Mix at high speed for 30 seconds.

e The machine is stopped for 30 seconds. Plastic material added.

e Mix at high speed for 60 seconds.

e Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x 40mm

X 160mm) prism.

Results

- flexural test

FRP 1% Rf [N/mm?]
Prism 1 7,99
Flexural test (Rf) Prism 2 8,06
Prism 3 8,95
Average > (P1, P2, P3, P4) 8,33
Standard deviation 0,53
1% FRP
9,2
9
8,8
8,6
& 8,4
= 82
8
7,8
7,6
7,4

Prism 1 Prism 2 Prism 3

Bending test (Rf)
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- Compressive test

FRP 1% Rc[N/mm?]

Prism 1.1 43,33

Prism 1.2 43,32

Prism 2.1 43,03

Compressive strength Rc

Prism 2.2 32,96

Prism 3.1 37,92

Prism 3.2 47,89

Average > (P1,P2, ... P8) 41,41

Standard deviation 521

1% FRP

60
50

40
£ 3
=

2

1

0

Prism 1.1 Prism 1.2 Prism 2.1 Prism 2.2 Prism 3.1 Prism 3.2

o

o

o

Compressive strength Rc

Observations

While carrying out the experiment it was observed in both flexural and compressive tests that
samples were slightly still held together at top of the concrete samples under the flexural test.
Even though it was divided in to two, we still see some fibres still sticking out on top of the
concrete sample. This observation was evident in all test samples containing 1% and 1.5% fibre
during both mechanical properties’ tests.

Analysis and discussion

All the prisms showed a consistency in results for flexural tensile strength. In total six prisms
were made for each test, but only three prisms were tested. The test sample with 1% fibre
increases in both flexural strength and compressive strength comparing it to the 0,5 % FRP.
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Photo: Abdullah Ahmad and Micael Hossie Elias
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REPORT: REFERENCE TEST WITH 1,5 % FIBERS

Date: 03.04.2019 - 01.05.2019

Purpose of the experiment

The purpose is to observe if FRP provides in any mechanical improvement to the reference
sample.

Equipment

Balance, accurate to the nearest 0,01 g

Bowl

Gloves

Mixer (Matest E092N Mixmatic)

Float blade

Standardized prism

Water bath, capable of being maintained at (25 + 0,1) °C.

Quantity of materials

6 specimens, total volume = 1,69 L

Materials Mass [g]
Cement 2309,8
Water 923,9
Plastic fibre 35
SP 0

Mixing Procedure

e Weighing of all ingredients with accuracy + 1g.
e The cement is placed in the bowl and water is added. The supply of water should not last
longer than 10 seconds.

e Hand mix for 60 seconds.
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e Mix at low speed for 60 seconds.

e Note the time (zero time).

e Mix at high speed for 30 seconds.

e The machine is stopped for 30 seconds. Plastic material added.

e Mix at high speed for 60 seconds.

e Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x 40mm

x 160mm) prism and covered with plastic and set to cure at room temperature for 24h.

Results

- Flexural test

FRP 1,5% Rf [N/mm?]
Prism 1 9,03
Flexural test (Rf) Prism 2 10,03
Prism 3 8,81
Average > (P1, P2, P3, P4) 9,29
Standard deviation 0,65
1,5 % FRP
10,2
10
9,8
9,6
S 94
— 92
£ 9
8,8
8,6
8,4
8,2
Prism 1 Prism 2 Prism 3

Bending test (Rf)
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Compressive test

FRP 1,5% Rc[N/mm?]
Prism 1.1 15,63
Prism 1.2 10,11
Prism 2.1 50,39
Compressive strength Rc
Prism 2.2 41,71
Prism 3.1 16,33
Prism 3.2 12,16
Average| > (P1,P2,...PS8) 24,39
Standard deviation 17,16
1,5 % FRP

60
50

MPa

Prism 1.1 Prism 1.2 Prism 2.1

Prism 2.2

Compressive strength Rc

Observations

40

30

20

N 1 =
. ]

Prism 3.1 Prism 3.2

Same observation mentioned as the sample above. The samples were slightly still held together
at top of the concrete samples under the flexural test. Even though it was divided in to two, we
still see some fibres still sticking out on top of the concrete sample
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Analysis and discussion

As the first two prisms were relatively close to each other in terms of readings but the second
prism achieved a much higher strength value. The reason this could have occurred is due to
errors when aligning the prism onto the two supporting rollers as we had to manually, or other
reason. The reason for the sudden decrease could be due to interfacial transition zone. In
addition, a weak mixture can create fibres balls unduly affecting the quality of the prism
samples.

Errors

This leads to imprecisions in calculation and strength results; the test sample is for 1.5% fibre
content where we obtained the highest standard deviation value. The load applied by the
machine was not proportionally placed due to portion of the sample’s edge was unparallel and
not covering the entire shape of the concrete sample. Hence, giving variations in the load
distribution of the concrete sample.

Photo: Abdullah Ahmad and Micael Hossie Elias

99



REPORT: REFERENCE TEST WITH 50% Polystyrene

Date: 04.04.2019 - 02.05.2019

Purpose of the experiment

The purpose is to observe if polystyrene could provide any mechanical improvement to
concrete sample comparing it FRP.

Equipment

Balance, accurate to the nearest 0,01 g

Bowl

Gloves

Mixer (Matest EO92N Mixmatic)

Float blade

Standardized prism

Water bath, capable of being maintained at (25 + 0,1) °C.

Quantity of materials

6 specimens, total volume = 1,69

Materials Mass [g]
Cement 781,7
Water 312,6
Plastic fibre 0
Polystyrene 12,2

Mixing Procedure

Weighing of all ingredients with accuracy + 1g.

The cement is placed in the bowl and water is added. The supply of water should not last
longer than 10 seconds.

Hand mix for 60 seconds.

Mix at low speed for 60 seconds.

Note the time (zero time).
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e Mix at high speed for 30 seconds.

e The machine is stopped for 30 seconds. Plastic material added.

e Mix at high speed for 60 seconds.

e Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x 40mm

x 160mm) prism and covered with plastic and set to cure at room temperature for 24h.

Results

- Flexural test

Polystyrene 50% Rf [N/mm?]

Prism 1 2,57

Flexural test (Rf) Prism 2 2,73

Prism 3 2,77

Average > (P1, P2, P3, P4) 2,69

Standard deviation 0,11

Polystyrene 50%

2,8
2,75
2,7
< 2,65
= 26
2,55
2,5
2,45

Prism 1 Prism 2 Prism 3

Bending test (Rf)
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- Compressive test

Polystyrene 50% Rc[N/mm?]

Prism 1.1 12,53

Prism 1.2 11,99

Prism 2.1 9,15

Compressive strength Rc

Prism 2.2 11,16

Prism 3.1 8,76

Prism 3.2 9,44

Average > (P1,P2, ... P§) 10,50

Standard deviation 1,60

Polystyrene 50%

14

12
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Prism 1.1 Prism 1.2 Prism 2.1 Prism 2.2 Prism 3.1 Prism 3.2
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Compressive strength Rc

Observations

Regarding the mixture made for polystyrene, it was observed that when the prisms were casted
there were evident air pores that were created due to the water to cement ratio being low for
the mixture. There was not enough liquid to fill the gaps that the air bubbles created.
Polystyrene created blockages that stopped the liquid from filling the pores. Hence, this
impacted upon the mechanical strengths of the polystyrene tests with concrete as the
compression and flexural strengths were low

102



Analysis and discussion

Moreover, during the mixing process it was every evident that the mixture was dry, resembling
a fully hydrated state. It was difficult to mix in the blending machine as it became stiffer and
rigid. But regardless we continued with the experiment as we managed to form four prisms for
three of the series. Weaknesses in strength in the flexural and compressive strength for
polystyrene are apparent that they cannot withstand great deal of load.

Photo: Abdullah Ahmad and Micael Hossie Elias
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REPORT: REFERENCE TEST WITH 70% Polystyrene

Date: 04.04.2019 - 02.05.2019

Purpose of the experiment

The purpose is to observe if polystyrene could provide any mechanical improvement to
concrete sample comparing it FRP.

Equipment

Balance, accurate to the nearest 0,01 g

Bowl

Gloves

Mixer (Matest EO92N Mixmatic)

Float blade

Standardized prism

Water bath, capable of being maintained at (25 + 0,1) °C.

Quantity of materials

6 specimens, total volume = 1,69 L

Materials Mass [g]
Cement 469
Water 187,6
Plastic fibre 0
Polystyrene 17

Mixing Procedure

Weighing of all ingredients with accuracy * 1g.

The cement is placed in the bowl and water is added. The supply of water should not last
longer than 10 seconds.

Hand mix for 60 seconds.

Mix at low speed for 60 seconds.

Note the time (zero time).

Mix at high speed for 30 seconds.
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e The machine is stopped for 30 seconds. Plastic material added.

e Mix at high speed for 60 seconds.

e Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x 40mm
x 160mm) prism and covered with plastic and set to cure at room temperature for 24h.

Results

- Flexural test

Polystyrene 70% Rf [N/mm?]

Prism 1 1,20

Flexural test (Rf) Prism 2 1,12

Prism 3 1,34

Average > (P1, P2, P3, P4) 1,22

Standard deviation 0,11

Polystyrene 70%
1,4
1,35
1,3
1,25
)
S

1,15
1,1
1,05
1

Prism 1 Prism 2 Prism 3

Bending test (Rf)
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- Compressive test

Polystyrene 70% Rc[N/mm?]

Prism 1.1 3,24

Prism 1.2 3,56

Prism 2.1 2,88

Compressive strength Rc

Prism 2.2 2,63

Prism 3.1 3,34

Prism 3.2 2,63

Average > (P1,P2,... P8) 3,04

Standard deviation 0,39

Polystyrene 70%
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Compressive strength Rc
Observation

As mentioned above, there was not enough liquid to fill the gaps that the air bubbles created.
Polystyrene created blockages that stopped the liquid from filling the pores. Hence, this
impacted upon the mechanical strengths of the polystyrene tests with concrete as the
compression and flexural strengths were low
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Analysis and discussion

that the polystyrene of 50% and 70% have the lowest strength in compressive as the flexural
strength. 50 % Polystyrene withstood more pressure than 70% Polystyrene. This could be
because polystyrenes are not known for their element of strength but rather have better

insulation properties. We also see that the polystyrene of 50% and 70% have the lowest strength
in compressive as the flexural strength.
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Photo: Abdullah Ahmad and Micael Hossie Elias
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REPORT: REFERENCE TEST WITH 50% Polystyrene + 1,5% FRP

Date: 04.04.2019 - 02.05.2019

Purpose of the experiment

The purpose is to observe if polystyrene together with FRP could provide any mechanical
improvement to concrete.

Equipment

Balance, accurate to the nearest 0,01 g

Bowl

Gloves

Mixer (Matest EO92N Mixmatic)

Float blade

Standardized prism

Water bath, capable of being maintained at (25 + 0,1) °C.

Quantity of materials

6 specimens, total volume = 1,69 L

Materials Mass [g]
Cement 758,2
Water 303,286
FRP 45,281
Polystyrene 12,1

Mixing Procedure

e Weighing of all ingredients with accuracy + 1g.

e The cement is placed in the bowl and water is added. The supply of water should not last
longer than 10 seconds.

e Hand mix for 60 seconds.

e Mix at low speed for 60 seconds.
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e Note the time (zero time).

e Mix at high speed for 30 seconds.

e The machine is stopped for 30 seconds. Plastic material added.

e Mix at high speed for 60 seconds.

e Lastly, after the moulds were mixed and moulded, they were placed in a (40mm x 40mm

x 160mm) prism and covered with plastic and set to cure at room temperature for 24h.

Results

- Flexural test

FRP 1,5% +Polystyrene 50% Rf [N/mm?]
Prism 1 3,58
Flexural test (Rf) Prism 2 3,75
Prism 3 3,98
Average > (P1, P2, P3,P4) 3,77
Standard deviation 0,20

FRP 1,5% +Polystyrene 50%

4,1

3,9
3,8
3,7

MPa

3,6
3,5
3,4

3,3
Prism 1 Prism 2 Prism 3

Bending test (Rf)
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- Compressive test

FRP 1,5% +Polystyrene 50% Rc[N/mm?]
Prism 1.1 13,29
Prism 1.2 14,99
Prism 2.1 12,43
Compressive strength Rc
Prism 2.2 8,15
Prism 3.1 14,99
Prism 3.2 14,94
Average > (P1,P2, ... PS) 13,13
Standard deviation 2,67

FRP 1,5% +Polystyrene 50%

16

14
12
1
O I

Prism 1.1 Prism 1.2 Prism 2.1 Prism 2.2 Prism 3.1 Prism 3.2

MPa
~ (o)} 0] o

N

Compressive strength Rc
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Analysis and discussion

The average results show slight improvements in both mechanical properties comparing to
the results from above. This is mainly due to the addition of fibres that give the extra strength
and bonding, holding the sample together even after internal fracture has occurred. Hence,
fibres improve the energy absorption capacity of the structure. We also see that the
polystyrene of 50% and 70% have the lowest strength in compressive as the flexural strength.
We also note that the polystyrene 50 % + FRP 1,5 % have a higher compressive strength
when comparing to the polystyrene with 50% and 70% content samples.

Photo: Abdullah Ahmad and Micael Hossie Elias
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Appendix D - Data sheets

Flexural and compression strength test machines

oo™
oo S
O

Bending testing machine
DELTA 3-10 DM1-S

« Accuracy acc. to
DIN EN ISO 7500-1, class 1

« For bending tests on specimens
made of cement, mortar, screed,
building plaster especially acc.
to EN 196, EN 1015-11,

ASTM C348, EN 12808-3,
EN 13813, EN 13892-3,
EN 13279-2, EN 13454-2

« With Accessories / Options also
for compression tests

» On compact base or with
separate drive station AS C 20N or
AS C 20K (see picture)

« Automatic load increase through
control via digital controller
DIGIMAXX® C-20 with servo
valve in closed loop system
with permanent comparison of
nominal value and actual value

PpRUTF

Technical dates - testing machine
© 2-column test frame

© single acting test cylinder

© Test load max.: 10 kN

® Working pressure max.. 79 bar
 Piston stroke: 50 mm

o Test chamber height: 50 mm

© Bending roller length: 50 mm

© Bending roller: @ 10 mm

o Lower bending roller distance: fix 100 mm
® Measuring range: 0.20 ... 10kN
o Display range: 0 .. 10 kN

© Load measuring via shear force wear-
resstant electronic precision load cell

o Voltage: 3x 400 Vo, 50 Hz, 1.5 kW
o Weight approx. 150 kg
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Technical dates - digital display
LCD-screen-display, 5 numbers
Resalution 60,000 digits
Automatic zero point corection

Programmable calculation of the strength
of 30 different specimens as well as the

corresponding standard speeds

Display of strength in Nimm* or Mpa

o Adjustable display in kN, N, kg, kp, 1o or
bar

o Peak value memory and reset key

o Code protected calibration / linearizasion

o Serial interface RS 232 to recall the peak
value

o Indication storage

Options:
© Set compression plates with pandulum

ade for bending equipment,
Dimensions 40 x 40 mm

© Extended bending table
Bending roller distance 30 ... 250 mm or
Bending roller distance 30 .. 500 mm

@ Buildng material test software
PROTEUS

© Drive station AS C2ON-PC

o Transfer-Software WinTrans

o Higher test chamber

o Extended piston stroke

o Elekironic displacement measuring and

control equipment

Deflection measuring equipment

Built in printer

Available with following test loads:
o for compression fest: 10, 20 and 30 kN

N

FORM+TEST Seidner & Co. GmbH
2Zwiefalter Str. 20 + D-B8499 Riedlingen
Post box 1154 « D-88491 Riedlingen 3
phone: +49 (0) 7371 93020
fax: +49 (0) 7371 9302.99
www formiest do
Info@formtest de
?
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Compression Testing
Machine

MEGA 110-200 DM1-S

.acuncyaecomlngto
DIN EN ISO 7500-1, class 1

« for compressive strength tests

on material samples especially
acc. to EN 196, EN 1015, EN

13813, EN 13892-3 with options
also acc. EN 12504-1 and EN
993-5

€-20 with servo valve in closed

loop system with permanent
nominal-actual value comparison

Technical Data - Test Frame

© test load max. 200 kN

® working pressure max.: 182 55 bar

® piston stroke: 50 mm

© upper pressure plate; 40 mm

© lower pressure plate: 40 mm

® hardness of pressure plates:
58-62 HRC > 600 HV

© test area height: 50 mm

© inner width of test frame: 226 mm

© measuring range: 2.00 ... 200 kN

o display area: 0 ... 200 kN

o force measurement via electronic load ced
which (s insensitive to shear force

© voitage: 3x 400 Volt, 50 Hz, 1.5 kW

® wesght approx.: 275 kg
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Technical Data - Digital Controller
© 5-digit LCD-screen display

o rasolution 60.000 digits

© automatic zero balance

® programmable strength calcufation of 30
different test specimens with the core-
sponding test speeds

o display of the strangth in N/mm? or Mpa
o display adustable in kN, N, kg, kp, to or
bar

o peak value memory with reset button

o code-protected calibration resp. lineanza-
tion

o interface USB for output of peak value
* measwred data storage

Options:
« farger (higher) lest area

o larger pressure plates
dimensions 110 x 110 x 30 mm
dimensions @ 210 x 40 mm
dimensions 210 x 210 x 40 mm

@ compression device DV 600 AZ
@ bending device BY 10 OM
@ compression device DV 600

@ measuning equipment for modulus of
elasticity

@ test sofware PROTEUS™'
o transfer software

o electronc piston stroke measuring and
control equipment

Available with following test loads:
© 100 kN, 200 kN, 300 kN

OF10
0]
FORM+TEST Seidner & Co. GmbH

2Zwiefalter Str. 20 » D-88499 Riedingen
phone: +49 (0) 7371 9302-20 « fax; 99
www.formtest de
sales @lormtest de
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Superplastiserende
tilsetningsstoff

BESKRIVELSE

Dynamon SX-N er et svaert effektivt superplastiserende
tilsetningsstoff basert p4 modffiserte akrylpolymerer.
Produktet tilherer Dynamon-systemet basert pa den
Mapei-utviklede DPP-teknologien (DPP = Designed
Pearformance Polymers), der tilsetningsstofienes
egenskaper skreddersys til ulike betongformal.
Dynamon-systemet er utviklet pd basis av Mapeis
egen sammenstiling og produksjon av monomerer.

BRUKSOMRADER

Dynamon SX-N er &t tiinssrmet allround-produkt som er
anvendelig i all betong for & oke stopeligheten og/eller
redusere tilsatt vannmengde.

Noen spesielle bruksomrader er:

* Vanntett betong med krav til hoy eller sveert hoy
fasthet og med strenge krav til bestandighet i
aggressive miljoer.

* Betong med saerfige krav til hoy stopelighet;
i konsistensklasser S4 og S5 etter NS-EN 206.

* Salvkomprimerende betong mad enske om lengre
&pentid. Om nedvendig kan SKEB stabiliseres med en
viskositetsoker - Viscofluid eller Viscostar

* Til produksjon av frostbestandig betong - da i
kombinasjon med luftinnforende tilsetningsstoffer
- Mapeair. Valg av type iuftinnforende stoff gjoras ut

fra egenskapene til de andre delmaterialer som er
tilgyangehige.

* Til golvstep for & oppné en smidig betong med
bedret stopelighet. Store doseringer og lave
temperaturer kan retardere betongen noe.

EGENSKAPER
Dynamon SX-N er an vanniosning av aktive

akrylpolymerer som effektivt dispergerer (loser opp)
sementkiaser.

Denne effekten kan prinsipielt utnyttes pa tre mater:

1. For & redusers mengden tilsatt vann, men samtidig
behoide betongens stopelighet. Lavers v/c-forhold gir
heyere fasthet, tetthet og bestandighet i betongen.

2. For & forbedre stopeligheten sammenlignet med
betonger med samme we-forhold. Fastheten forblir
dermed den samme, men muliggjor forenklet
utstoping.

3. For & redusere bade vann og sementmengde uten &
forandre betongens mekaniske styrke. Gjennom
denne meatoden kan en blant annet redusers
kostnadene (mindre sement), redusere betongens
svinnpotensial (mindre vann) og redusere faren for
temperaturgradienter pd grunn av lavere
hydratasjonsvarme.

Spesielt er denne siste effekten viktig ved betonger
med storre semeantmengder.
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CEMENT - MORTAR

EO92N KIT

MIXMATIC “HIGH PERFORMANCE TOUCH SCREEN™

AUTOMATIC PROGRAMMABLE COMPUTERIZED MORTAR MIXER

STANDARDS EN 196-1. EN 196-3:2005, EN 413-2 EN 459-LEN 480 / NFPI5-314/ENISO 673 / DIN | 1645, DIN 11647
ASTM C305 / AASHTOTIE2

-Very sturdy and durable construction for intensve laboratory use

- Planetary transmession for slent and low mantenance operaton

- Automatic sand dispenser having dimensions and geometry to
grant the comect sand inserton, without residua and disaggrega-
tion between fine and coarse portions

- Dispenser for addtves (see accessory mod £092-05)

- Dispenser for automatic water additon (see accessory mod
E092-0¢)

-Transparent CE-conform protection of the modng area, to alow
the modure lookng durng the test

- Digtaly controlled rotation speed

- Complete with stanless stee! poiished beater and momng bow!

- Easy and fast bow insertion and removal

- Saflety system of bowi presence and correct postion to avoid
dangerous working, with double sensor of removed bow! with
load/unioad sequential discrimination.

- Emergency stop button

matery 1eaing equpment

Frmiware

- Different automatic programmable maang cycles conforming to
the am Standards

- The operator can akso program up to 30 automatic personaized
moang cycles, easy to set through Touch Screen

- Yynchronised acoustic signals with cycle steps

- Blectronic control unit with touch screen colour display that nuns
tke a standard PC based on Windows operatng system for the
management and anayss of the dafa, test results, graphs. The
touch-screen con interface aliows an easy set up of the param-
eters and immediate exacution of the test Direct connection to
Intranet {cornection to a LAN network) and Intemet to establish
a remote communicabon and receve an mmediate diagnostic
analyss of the potental problem from Matest technicians, or for
updates of the software
Hardware technica detals see pag 24
Unimited memory storage with: 2 US2 ports, | SD card slot
RS232/485 serial port.

- Rotational motor feeded through inverter to grant the max. pre-
cson of the rotationa! speed adustable by the operator on the
dsplay.

- Possbilty of manua ming cycle

- Possbilty to select dferent languages

Selection of the Stondond

- Detaled ndicaton of all the tmes (elapsed from the test start.
residuz’ to end test elapsed from and test and bow! removal), state
of cyde development with anaogue bar; speed, actie phass (sand
water), test state (correct execution or test nterrupton with lost
results), type of current test

Power supply 230V 50760 Hz Iph

Dmensors: 530 x 620 xh 780 mm

Weight :85 kg

117




E092N KIT MIXMATIC _flows.

ACCESSORIES :

E092-05

DISPENSER (supplementary)
with hopper to ease the manual
introduction of additves etc nto
the bowl. also duning the moang

phase

E092-06
DISPENSER (supplementary) with hopper for the automate mtro-
duction (managed by the software) of water into the bowd also
duning the moang phase

SPARE PARTE:
E092-10 BOWL stankess meel 475 fre capacty

E095-04 BEATER polshed, stanlecs stee

CEMENT - MORTAR

E097-01N Referance sand, sze 008=2 mm to

EN 196-1 Standard
Bag of 1350 g Pack of 16 bags for total of 21 b kg

section E
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Appendix E - Mix proportion sheets (Excel sheet)

See excel files in the attachment

Appendix F — Mechanical properties results (Excel sheet)

See excel files in the attachment
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