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Abstract. Within the scope of this study, a simulation study was carried
out in order to prove the usability of waste in seismic metamaterial studies.
In the study, a square array field application was preferred, and a 3-layer
cylindrical pile design was used. In addition, direct contact of waste with
soil and direct air is prevented. Within the scope of the study,
polypropylene, which is frequently contained in medical products, concrete
as a containment layer, and lime materials to prevent leakage of hazardous
waste were used as materials. In addition, a design has been made within
the soil structure as the ground structure. As a result of the study, it was
determined that transmission losses occur in low frequency regions such as
3-10 Hz values due to obtaining partial band gaps. In addition, when
looking at the propagation of the vibration waves in the field plane
depending on the time, it is seen that the waves are significantly reduced,
and the results are promising.

1 Introduction

Earthquakes are one of the most dangerous natural disasters that have caused many losses
of life and property from past to present. Millions of earthquakes occur every year.
However, it is known that more than half of the natural disasters experienced are
earthquakes [1-3]. Earthquake waves can be described as energy flows that cause rapid
agitation on the surface and cause permanent damage to structure by generally spreading in
all directions [4]. Seismic metamaterial designs have recently gained significant momentum
to reduce the effects of unavoidable earthquakes [5]. Metamaterials are known as materials
with superior physical properties, specially designed for engineering applications compared
to normal materials, due to their structure [6-8]. First of all, in order to provide seismic
insulation, columns, foundations etc. within the structure. The durability of the structure is
of great importance in the elements. However, studies show that this can be achieved by
using seismic metamaterials regardless of the structure to be protected [9]. Considering the
studies carried out to provide seismic isolation, it is seen that optimization studies have
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been carried out on the physical properties of the materials generally used in designs, the
field sequences of the seismic metamaterials and the geometric shapes of the produced
metamaterials [10-11]. In this context, when a general evaluation is made, it can be said
that numerous designs can be made in seismic metamaterial designs. It is also clear that it is
an area of application that needs to be developed effectively. When looking at the materials
generally used in seismic metamaterial designs, it is seen that materials such as concrete,
steel and rubber, which are widely used in civil engineering, are preferred [12-14].

On the other hand, this situation brings along quite high costs, considering that large
pile designs should be made in order to obtain effective results in low frequency bands.
Therefore, there is a need for seismic metamaterials that can work efficiently in low-
frequency bands economically [15]. This situation supports that waste structures should be
used in metamaterial designs as materials. Considering the pandemic conditions that have
occurred in recent years in the light of these precursors, a high amount of medical waste has
occurred due to Covid-19 [16]. Especially within the scope of this process, the use of masks
and the rapid consumption of disposable products such as virus detection kits have
triggered the increase in medical waste [17-18]. It is also known that the masks used are
produced from various plastic-based polymers and various inorganic materials [19].

In this case, the idea of using waste materials in the contents of metamaterial structures
arises. The main idea of this study is to ensure that the waste groups, which usually cause
high carbon emissions when they are released to nature or disposed of, can be eliminated by
using seismic metamaterials and that seismic vibrations can be reduced with the help of
these wastes.

Within the scope of the study, buried pile designs where waste can be safely stored were
made. In addition, a lime layer has been added to the design to provide extra protection.
Within the scope of the study, the progress of the seismic waves over the created area with
time was monitored instantly, depending on the transmission losses obtained in the
frequency domain. Studies have been carried out in the frequency range of 3-10 Hz.

2 Material and method

Within the scope of this simulation study, a seismic metamaterial design by using waste
has been tried to be realized. Within the scope of this study, physical properties of the
plastic derivative polypropylene material as a representation of waste will be included in
the simulation studies. The modulus of elasticity, density and poisson ratios of
polypropylene and other materials used in the study are shown in Table 1.

Table 1. Materials used in the study and their physical properties [20-24].

Sample Density | Elasticity module | Poisson ratio
Soil 1800 20e6 0.3
Concreate 2500 30e6 0.25
Limestone 1200 25e9 0.19
Polypropylene 905.32 4e9 0.41

Simulation studies were carried out between 3-10 Hz frequency values. In addition, the
impact force of 1 N created within the scope of the study is applied to the structure by
creating a 1-second distribution parameter. Time precision was created with a precision of
0.01 seconds. Depending on the frequency and time, the progress of the wave propagation
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was followed instantly. From the wave source, evaluations were made depending on the
progress of the wave distances.

A design was made as shown in Figure 1-a and the positioning of 3-layered circular
cross-section cylindrical structures in the soil was realized. The diameter of the circular
section filled with the innermost polypropylene was determined as 20 cm, the diameter of
the circular section defined as the lime structure immediately surrounding it was
determined as 30 cm, and the diameter of the circular equation defined as the outer casing
layer was determined as 40 cm. Since hazardous wastes are used here, a layer of lime has
been added to the simulation studies. In addition, in order to prevent the contact of the
waste structure with air starting from the ground surface, a 20 cm thick square concrete
attachment was used to connect the circular structures to each other from the upper part and
the contact of the waste structures with air was prevented. The top view of the circular
column structures formed in the form of a square arrangement under the concrete square
plate is as shown in Figure 1-b. However, looking at the characteristics of a single cell in
this square sequence, the unit cell structure in Figure 1-c is obtained. In line with the data
obtained here, the direction of the waves is moving as shown in Figure 1-d.

] |
G

LU
e 0 0 0
e o 0 0
e o 0 0

= N [ ld .

) r N

Fig. 1. Within the scope of the study, a) geometric design, b) applied square lattice sequence, ¢) unit
cell structure and d) direction of waves on the unit cell formed.

The wave source was placed at point A at a certain distance from the design realized as
shown in Figure 2. With an equal distance to this source, point B from points B and C was
placed on the empty earth ground parallel to the source, and point C was placed behind the
realized design. Here, the results are evaluated depending on the wave movements at the B
and C points.
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Fig. 2. Measurement points determined in simulation studies and location of wave source.
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Looking at the band structure diagram shown in Figure 3, unfortunately, a complete
band gap could not be obtained. However, it is seen that partial band gaps are obtained in
the frequency regions of 25 Hz and higher.
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Fig. 3. Band structure obtained in simulation studies.

In addition, a striking element is that these band gaps are distributed in almost every
direction. Based on this, it can be said that although it is not possible to dampen seismic
effects in a full frequency range, there may be some damping in various frequency waves.

3 Results and discussions

In this section, based on the data obtained in the material and method section, the efficiency
of the designed structure will be discussed by looking at the transmission losses and the
progress of the waves in the time and frequency domain.

Considering the transmission losses shown in Figure 4, it is seen that in general,
transmission losses occur at certain frequency points between 3Hz and 10Hz frequency
value. Significant transmission losses occurring at local frequency values such as 3.5 Hz,
5.8 Hz, 8.3 Hz, 8.8 Hz, 9.3 Hz and 9.5 Hz are among the important outputs. Although there
is no continuity in transmission losses in general, the restriction of transmission at point
frequency values creates an opinion that the proposed structure can reduce seismic effects.
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Fig. 4. Transmission losses between the proposed seismic metamaterials and the empty field.



E3S Web of Conferences 404, 03003 (2023) https://doi.org/10.1051/e3sconf/202340403003
EEPES 2023

However, the fact that the largest decibel losses occurred at 5.8 Hz is that wave
propagation does not behave linearly with frequency. The region where transmission losses
occur with more frequent intervals are between 8-10 Hz values. In this case, it creates the
opinion that the proposed structure can function functionally in a narrow band such as 8-10
Hz, except for point values.

Looking at the results obtained in Figure 5, instantaneous emission amounts occurring
at the frequency values specified in some time periods are given. Here, it is seen that the
surface waves can pass behind the proposed structure in a very small amount, and seismic
waves can be restricted to a significant extent in all the frequency values that occur in the
transmission losses in general.
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Fig. 5. Characteristic behaviour of wave propagation obtained as a result of simulation studies.
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In general, as the frequency values increase, it is seen that the wave propagation
increases more, however, the proposed structure, especially since the formation of the
second order, cannot pass the waves. In general, it is seen that wave propagation increases
significantly as time increases for all frequency values. However, remarkably, the fact that
the wave motions in the proposed structure have been interrupted to a great extent
regardless of the time parameter reveals that the proposed structure can be successful at
these frequency values.

In addition, it is observed that as the frequency values increase, the wave propagation
decreases. In this case, the results obtained especially at 9.5 Hz and 9.3 Hz values are able
to absorb seismic effects at a good level. Finally, although wave propagation at 5.8 Hz was
seen to be high, good seismic damping was achieved as indicated in transmission losses.

The similar characteristics of all results are generally seen as confirming each other in
terms of simulation results. In addition, the fact that the wave propagation spreads linearly
at each frequency value depending on the time proves that the proposed structure works
reliably.

4 Conclusion

In general, the reusability of hazardous waste in metamaterial applications seems
appropriate within the scope of the study. In addition, it can be a great advantage
economically if waste is used as a replacement of conventional material.

In particular, millions of tons of waste are unrecoverable and trigger vital environmental
problems. Instead of increasing carbon emissions by disposing of waste structures, it has
been proven that these waste structures can be safely used in seismic metamaterials to
reduce seismic effects.

Within the scope of the study, it has been shown that approximately 1.8 m3 of waste
can be safely stored in an area of 90 m2. As a result, it is promising that both the mitigation
of earthquake effects and the efficient implementation of waste recovery policies have been
proven.
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