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Abstract

It is necessary to prioritize recycling applications to contribute to the marble industry, ecology, and
economy. In the current study, it is seen that the optical fiber and waste marble is used extensively in
concrete instead of aggregate and cement. Several studies have sought to improve the quality of concrete, as
well as its durability and strength, by adding fibers (metallic, polypropylene, carbon, vegetables) or by
replacing the aggregate. The use of optical fiber waste in concrete is still incipient and few studies address
the use of marble aggregate to be used in concrete. In this connection the experimental work was planned to
utilize the black marble waste as coarse aggregate. In order to know the compressive and pull out bond
strengths behaviour of marble aggregate concrete, cube specimens were cast with steel crimpled fibres and
black marble aggregate at various replacements. Fifteen mixtures were taken with different percentages of
black marble stone aggregates (0, 25, 50, 75 and 100%) and different percentages of crimped steel fibres (0,
1 and 2%). The cubes were tested for compressive and bond strengths. The results provided significant
information about the strengths and it is observed that as the percentage of steel fibres increases in the mix
the strengths are increased and also noticed that, with increase in the black stone waste aggregate in the
concrete mixes the strengths were decreased. This research assesses the behaviour of the mixture composed
of: Portland cement + fine aggregate (sand from crushed marble waste) + coarse aggregate (gneiss) + optical
fiber waste and water. The compressive strength, the tensile strength and the modulus of elasticity of
concrete and the durability of optical fiber waste in alkaline composite were tested through microstructural
evaluation. The results present an increase of about 20% in the mechanical properties and a reduction in the
rigidity of the mixture, making the material more ductile. The superficial protection of the fibers made them
more resistant to the alkaline attack of the cement. The knowledge acquired would allow the creation of
sustainable concrete reinforced with optical fiber in a much more efficient way.

Keywords: optical fiber, black marble, reinforced concrete, polymer optical fiber (POF)

INTRODUCTION:

Currently, most industrial processes are sources of waste, causing major environmental degradation and
compromising sustainable development (Cox et al., 2014; Almada et al., 2020). The current challenge
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concerns the rational use of waste arising from that system (Aliabdo, EImoaty & Auda, 2014; Ashish, 2018,
Almada et. al., 2020). In such context, building industry, due to its large volume of resources consumed-
either renewable or not-is one of the main technological sectors recommended for carrying out this
absorption of solid waste (Munir, Kazmi & Wu, 2017; Vardhan et al., 2015).

The technical and scientific areas have experienced a boom with regard to studies that seek to find
alternatives regarding the total replacement of the natural fine aggregate in order to face the growing
shortage of supply and the resulting increase in its price, as well as the reuse of other waste from different
sectors (Kou & Agrela, 2011; Medina, Rojas & Frias, 2013; Arel, 2016; Preira-Mercado et al., 2016). In
such context, studies developed in the early 2000’s have evidenced the reuse of crushed marble waste as a
fine aggregate for the manufacture of concrete and mortar (Barbosa, Santos & Coura, 2018; Ashih, 2018).
The consumption of ornamental marble stones (metamorphic rocks composed of calcite and dolomite) by
the building industry raises a concern about the environmental impacts caused by the waste generated in the
extraction and processing steps. It is estimated that 20—30% of the raw material is turned into waste
(Buyuksagis, Uygunoglu & Tatar, 2017). The largest amount of waste was obtained in the phases of
extraction and primary processing (cutting the plates) and secondary processing (cutting the final pieces for
ornamentation), and such waste can be used as aggregates (Ashish, 2019).

Most studies in the literature address the waste resulting from marbles when evaluating the use of marble
jms.ccsenet.org Journal of Management and Sustainability Vol. 11, No. 1; 2021 50 aggregates as a
substitute for fine aggregate, having been observed that there was a lower water demand in mortars
containing up to 50% of those wastes. This can be explained by the marble powder thixotropic, which
caused the mortar to flow with less energy when compared to the reference mixture. The increase in the
incorporation content tends to increase the demand for water, reducing workability (Ashish, 2018). It was
observed that the use of marble powder in the proportion of 10 to 15% in concrete increases the tensile and
compressive strength by about 15 to 20%, due to the reduction of the water/cement ratio (Singh, Srivastava,
& Bhunia, 2018). Moreover, lower wi/c ratios promote lower porosity, which can be achieved with the use
of plasticizer or super plasticizer admixtures (Sardinha, Brito & Rodrigues, 2016). This is corroborated by
the observation of the microstructure, which shows that the concretes with marble waste in the mixtures
were denser, with a lower formation of crystals (calcium hydroxide and ettringite), reduced ITZ thickness
and lower presence of large pores (Alyamag & Ince, 2009). Other studies have sought to improve the quality
of concrete, as well its durability and strength, by adding fibers such as metallic fibers (Yap et al., 2015;
Yap et al., 2015), polypropylene (Lanzoni, Nobili & Tarantino, 2012), carbon (Viana et al., 2020) and
vegetables (coconut, sisal, among others).

The fibers contribute to a greater toughness to tensile strength and to a reduction of the porosity and of the
shrinkage cracks of concrete. Glass recycling is an environmental issue due to its high volume, the excessive
cost of recycling it and its insolubility in the environment (Sales et al., 2017). There are many studies on the
use of glass waste, such as: in cement mortars applied as pozzolan (Chen et al., 2002) and aggregate applied
in concrete (Shayan & Xu, 2006). In most research related to the addition of glass to concrete, the glass
contains fine particles with a diameter of about 150 3m (different percentages of glass that increase in use as
a replacement powder of cement and aggregates) (Ling, Poon & Kou, 2012). The results of the application
of glass powders in different percentages (lower than 20%) indicated a slight increase in the compressive
strength (Lee et al., 2011) and the tensile strength of the concrete. Research (Sales et al., 2017; Alvarenga et
al., 2019) on the incorporation of glass waste as a fine aggregate in mortar or as a substitute for cement
concluded that the presence of glass tends to reduce the heat conduction in these composites, improving
thermal insulation properties.

The use of optical fiber waste in concrete is still incipient (Ge et al., 2015). The addition of that waste
(Barbosa et al., 2013) results in a product with some qualities, specifically technical (quality proven by
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mechanical tests), environmental (high consumption of fiber residues from optical fiber waste) and
economic (due to the possibility of reducing the size of the concrete pieces as opposed to the increase in
tensile strength, consequently reducing the cost of the material). Also, from their implementation up to the
end of their lifespan, optical fibers generate waste, as they are extremely thin and fragile.

The handling of such fibers is delicate and, once broken; their waste cannot be fully reused for the same
purpose, which promotes studies to reuse them in other industrial sectors. Besides that, the fiberglass is
damaged by the degradation that can occur due to the alkalinity of Portland cement (Reis et al., 2009).
Therefore, this study aimed to analyse the durability of optical fiber waste (composed of dielectric,
crystalline and homogeneous materials forming concentric capillaries) in an alkaline environment. Analyses
of the mechanical properties of concrete were carried out, in which the incorporation of recycled aggregates
and optical fiber waste and the behavior of the microstructure of glass fibers were evaluated after 5 years of
exposure to alkaline compounds in concrete.

Optical fibers (OF) are made of two basic coaxial layers, i.e., the core, which is a transmission medium in
which light moves, and the surrounding jacket. Most often, the core is made of quartz glass or a plastic with
similar parameters, while the coat is made of a polymer with a refractive index less than the core factor. The
entire fiber is surrounded by an outer protective jacket. Several polymers such as polymethylmethacrylate
(PMMA), polycarbonates (PC), polystyrene (PS), cyclic olefin copolymer, and amorphous fluoropolymer
are used for the preparation of mechanically improved of. These types of fibers are called polymer optical
fibers (POFs). Generally, the OFs are used in active and passive forms in diverse branches of science and
engineering. The use of the OFs in biomedical technology can be categorized into three types: monitoring of
physical parameters, imaging, and surgical operation. They are especially used in medical research,
particularly endoscopic research. Such devices are also used as guide wires and in ultrasound, X-ray, and
magnetic resonance imaging machines.

Woaste marble:

The leading factor influencing the quality of cement-based composites and their appropriate adherence is
ordinary Portland cement. The manufacturing of ordinary Portland cement requires a meaningful
consumption of energy and the production of enormous greenhouse gas emissions, including carbon
monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOx), black carbon (BC), and sulfur dioxide
(SO2), therefore contributing to environmental pollution. Global cement production (4.18 billion tones in
2014) is the third biggest source of carbon dioxide emissions. The average value of CO2 intensity emissions
from all worldwide cement production is 222 kg of CO2/t of cement. From an economic point of view, it
can be seen to be reasonable to replace a part of ordinary Portland cement with waste mineral dust. In
addition, this treatment is an environmentally friendly solution. Due to an excessive amount of very fine
particles in dust, the voids in cement-based materials could be thoroughly filled. The particle size and
chemical composition of this by-product allow this material to be treated as an attractive additive in cement-
based material technology. Marble has been widely used as a building material in the civil engineering
industry. During the mining process and in the polishing of marble stone, marble dust is perceived as a
waste material.

These by-products are present in the environment and contribute to pollution. The utilization of marble dust
reduces the cost of cement-based material production and also decreases the costs of removing it from the
environment. The possibility of using waste materials such as marble dust as a partial substitution in the
production of mortar and concrete has often been investigated by researchers. Its mechanical properties are
the main aspect of the analysis. Consequently, it has been proved that the utilization of waste marble dust
(WMD) in cement mortar improves its mechanical and physical properties when subjected to the water-
curing condition. The author’s previous study showed that the water-curing condition, when compared to
the air-curing condition, was profitable for the acceleration of the hydration rate of cement-based materials
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blended with WMD dust. However, on real construction sites, cement-based materials are mainly prepared
and stored in air conditions (in nature). Based on the performed literature review, there is no study related to
the properties of air-cured mortar containing WMD. To fill this knowledge gap, this research studies the
effect of the partial replacement of ordinary Portland cement with WMD on the macro and micro properties
of mortars stored at an air temperature equal to 22 + 2 »C and a relative humidity of 20 + 1% by determining
the compressive strength and apparent density. In addition, scanning electron microscopy (SEM) analysis
was also performed to determine the porosity and Si/Ca ratios of ACM after 28 days of being cured.

Hardened Concrete:

After curing at 7 and 28 days in fresh water, the specimens were made dried and then tested to evaluate
strength characteristics.

Compressive strength:

Compressive strength of concrete is evaluated by the concrete at 7 and 28 days cube strength. Compressive
strength of concrete for various proportions of waste marble powder is shown in table-1 and represented in
Graph-1 & 2.

Split tensile strength:

The split tensile strength of concrete for cylinders, all mixes at 28 days of curing is presented in table-2 and
shown in Graph-2. Three cylinders were casted for various percentage replacements of cement by WMP and
they are tested by placing them horizontal in CTM. The split tensile strength test set up is shown in fig-2.
The following equation is used to evaluate the split tensile strength of cylinder.

Flexural strength of concrete:

The flexural strength of concrete for prisms, all mixes at 28 days of curing is presented in table-2 and shown
in graph-4. Three prisms were cast for various percentage replacements of cement by Waste Marble Powder
and tested in UTM of 40T capacity by applying two point loads. These point loads acted at equidistance
from centre of prism. Prism was placed in the Universal Testing Machine and load is applied at rate of
140kg/cm/min.

Table 1. Compressive Strength of M20, M30, and M40 Grads of concrete specimens at 7, 28 days of
curing

% of | Compressive strength| Compressive strength Compressive

. strength for M,
Waste for M de(MP For M rade(MP
Smo | yoath | forMxgrade(MPa) | - For My grade(MPa)l o, (vipa)

powder | sgavs | 28days | 7days | 28days | 7days | 28 days

1 0 16.36 2493 23.18 38.36 20,85 45.51
2 5 22.86 . 34.52 23.61 | 38.32 37.43 . 57.01
3 10 23.18 38.56 26.44 40.23 344 47.89
4 15 2455 37.4 23.33 43.16 31.06 47131
5 20 1431 214 23.28 30.48 28.2 30.01
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Table 2: Split Tensile Strength of concrete specimens at 28 days of curing
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Table 3: Flexural Strength of concrete specimens at 28 days of curing

IJNRD2209154

%% of Waste ml:‘lexu;;lm Flexural strength | Flexural strength
5.n0 Marhle ny mﬂ' of M| for My grade of | for My, grade of
powder c HE‘H e (MPa) concrete (MPa) | concrete (MPa)

1 0 2 4.8 2.96
2 b 184 471 3.03
3 10 34 463 3.20
4 13 3.02 217 471
5 20 3.46 423 425
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Figure 1: Relationship between the compressive and splitting tensile strength of a concrete.

On the basis of the test results, the dependencies and associations between the different concretes with and
without POF properties were proposed. The graph in Figure 1 shows the dependence between the
compressive and splitting tensile strengths for the tested concretes. The fibers delay the appearance of the
micro cracks and bridge the macro cracks. The compressive strength corresponds to the splitting tensile
strength of concrete with or without POF. The polynomial trend was characterized by a good determination
coefficient (R 2 = 0.929) and relatively low errors in the intercept. It is essential to point out that the amount
of fibers had an influence on the data.
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Figure 2: Relationship between the splitting and flexural tensile strengths of a concrete.

The relationship between the flexural tensile and splitting tensile strengths for a concrete is presented in
figure 2. The relationship between the flexural tensile and splitting tensile strengths for a concrete with and
without POF is presented in the form of the polynomial formula y = -100.01+ 36.988x2. The high
determination coefficient equal to 0.997 indicates that the data have been matched by the best R2 value.
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Figure 3: Correlation between the static and dynamic moduli of a concrete

Illustrates the dependence of the static the dynamic moduli of elasticity for all analysed concretes. It was
observed that the static modulus is completely congruous with the dynamic modulus. The liner trends was
characterized by a good determination coefficient (R2= 0.990) and low errors in the intercept.
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Figure 4: Relationship between the water absorption and salt crystallization resistance of a concrete.

An interesting relationship can be observed for the changes in water absorption of a material and mass loss
after the salt crystallization test. The diagram presented in Figure 4 shows the linear dependence between
those two factors, with a slope value equal to 0.517 and y-intercept value close to 0, which confirms a good
linear dependence between those two values, additionally confirmed by a high determination coefficient (R
2=0.973).

Conclusion:

The recycling process of waste should follow an appropriate methodology so that the products developed
may present performances compatible with the technical standards and do not cause environmental risks.
With regard to waste, the object of this research, it is clear that the results are compatible with, and even
higher to, the technical standards, reinforcing the great benefits. The main conclusions drawn regarding the
use of marble waste as an aggregate and optical fiber waste for the production of mixed concrete was that
the concrete with marble waste has good mechanical properties and the addition of optical fiber waste
improved the performance of the concrete. As an indicator of long-term sustainability, it can be used in
concrete to achieve one or several of the following: replacement of non-renewable materials with recycled
materials or waste; reduction in energy requirements in the manufacture of concrete; improvement in the
durability of concrete in a particular environment; reduction in the cost of materials; utilization of local
unconventional raw materials (for example: marble waste and/or optical fiber waste) in low-cost concrete.

To the best of our knowledge, in the literature there are no examples of the use of POFs for dispersed
reinforcement in concrete and reinforced concrete structures. Therefore, this study focused on the evaluation
of the modification of concrete by POFs. The aim of this work was POF recycling through their usage as a
supplementary material for concrete. This reduces the amount of waste stored and increases the tensile
strength of concrete. The quality of the obtained concretes supplemented with plastic optical fibers was
evaluated within the investigation of their physical and mechanical properties, such as their bulk density,
open porosity, flexural tensile strength, compressive strength, splitting tensile strength, static and dynamic
modulus of elasticity, frost and salt resistance, and other properties. Thus, by considering the economic and
ecological aspects of the decrease in waste, its application in the technology of concrete production is a
reasonable choice for reinforcing concrete.
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