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Fresh and Hardened Properties of Self-Compacting Concrete Reinforced
with Recycled Steel Fibers from Mechanical Parts Turning Waste

Sabria Malika Mansour
M’Hamed Bougara University of Boumerdes

Youcef Ghernouti
M’Hamed Bougara University of Boumerdes

Bahia Rabehi
M’Hamed Bougara University of Boumerdes

Abstract: The main reason for using fibers is to control cracking of concrete members due to plastic shrinkage
and drying of concrete and to delay crack propagation. The use of fibers such as steel fibers improves the
flexural strength and ductility of concrete. The main objective of this work is to study the effects of adding
fibers resulting from the turning operation of mechanical parts on the behavior of self-compacting concrete.
Fresh properties such as slump flow, passing ability and segregation rate and hardened properties such as
compressive strength and flexural strength were analyzed. The obtained results have shown that all produced
self-compacting concretes are homogeneous, stable and their mobility in confined environment is ensured.
Furthermore, incorporation of fibers in the self-compacting concretes allowed to increase its flexural strength,
also to have a gain of ductility witch can avoid sudden failure of the specimens. In conclusion, the turning waste
can offer a new source of fiber supply and can replace steel fibers.

Keywords: Self-compacting concrete, Turning waste, Steel fibers, Compressive strength, Flexural strength

Introduction

The objective of making concrete more resistant in flexion and tension still attracts the attention of numerous
research. The approach most mentioned in the literature to overcome this weakness in tensile behavior consists
of the addition of steel fibers in the concrete formulation. The latter play a reinforcing role, which compensates
the fragility of concrete by stitching micro cracking and macro cracking. Thus, the fibers have the capacity to
control the opening of cracks, acting as energy absorbers (Mansour, 2021; Mansour, 2020; Haddadou et
al.2021). The fibers used in the making of concrete are steel fibers. Despite the appreciable improvements
obtained in terms of the mechanical behavior of concrete, the incorporation of fibers into concrete remains
problematic from the point of view of workability and homogeneous distribution of fibers. To remedy these
problems, the association of fibers with self-compacting concrete (SCC) seems promising. The absence of
vibration of these materials avoids a heterogeneous distribution of fibers in the matrix (Haddadou et al., 2021).

In this work, recycled steel fibers obtained from waste of the turning operation carried out on mechanical parts
were used to reinforce self-compacting concrete. It is demonstrated that utilizing recycled steel fibers RSF for
producing High-Performance fiber reinforced concrete has a potential effect in producing some structures with
lower price, higher mechanical performance, and more ecological beneficial impact (Mansour, 2021). Using
RSF in concrete efficiently reduces the brittle behavior of concrete, and improves the durability of concrete by
arresting crack propagation and limiting the crack width of concrete using bridging action (Ahmad et al., 2023;
Alabduljabbar et al., 2019; Ali et al., 2020b; Geng et al., 2021). The main objective of this work is to investigate

- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License,
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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the effects of using recycled steel fibers on the behavior of self-compacting concrete. Three self-compacting
concrete mixtures SCCs introducing 0%, 0.5%, and 1% RSF content in terms of volume were analyzed in the
fresh state to estimate fresh properties such as spreading, L-box passing ability and resistance to segregation.
The hardened phase was related to the evaluation of compressive and flexural strength of the developed SCCs in
7, 14 and 28 days of maturing. In addition, to determine in the hardened state the mechanical properties such as
compressive strength and flexural strength. The self-compacting concretes are control SCC concrete and two
SCC concretes containing 0.5% and 1% of recycled fibers.

Experimental Program
Materials

The SCC concrete mixtures investigated in this study were prepared with Portland cement (PC) CPJ-CEM 11/B
42.5 according with NA 442, EN 197-1 and NF P 15-301/94 standard. Its physical-mechanical properties are
given in Table 1. A 0/3 natural sand from Oued Souf was used. The coarse aggregates are crushed from natural
limestone rock in two granular classes (3/8 and 8/15). The characteristics of aggregates are given in Table 2. As
addition, the limestone fillers rich in CaO were used (Table 1). The particle size analysis of aggregates is shown
in figure 1 and the chemical composition of cement and limestone fillers is presented in Table 3.

Table 1. Physical-mechanical properties of cement and limestone fillers

Properties Cement Limestone fillers
Specific density(g/cm®) 3.01 2.66
Blaine specific area(cm?¥g™) 3170 4020
Compressive strength(MPa) 48 -
Flexural strength(MPa) 7 -
Table 2. Physical properties of aggregates
Aggregates S0-3 G3-8 G8-15
mm Mm Mm
Absolute density 2.67 2.71 2,70
Water content 2.49 0.6 0.1
Sand equivalent 79 - -
Fineness modulus 3.9 - -
Los Angeles coefficient - 27 26
Micro Deval coefficient - 17 16
Water Absorption (%) 2.65 0.97 0.14
Porosity (%) 5.59 1.85 0.40
100 — P
0 /

/
Mixture ){
/

30 0/3 7 / — 8/15

Sieve size (mm)

Figure 1. Particle size analysis of aggregates: percentage passing as function as sieve size

Limestone fillers were obtained by extensive grinding of limestone. It is a product with a high limestone
content, rich in lime with a CaO content greater than 51%. It is shown that the dominant constituent of Portland
cement PC and limestone is CaO.
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Table 3. Chemical compositions of cement, limestone fillers
Oxides S|02 A|203 Fe,05 CaO MgO SO; Na,O+ LOI [Si02+A|203+ z

(%) K20 Fe,0s]

Portland 15.80 4.15 2.31 61.90 2.39 280 0.75 9.59 22.26 96.81
Cement

Limestone 4.83 1.04 0.37 51.73 0.46 0.08 0.22 4117 6.24 99.9

The used steel fibers were obtained from waste of the turning operation of mechanical parts. Their technical
characteristics are illustrated in Figure 2 and given in Table 4.

Table 4. Technical characteristics of the fibers

Characteristics Nature  Length  Width ~ Tensile strength ~ Young's modulus
Value Steel 25mm  2mm 227MPa 55678MPa

As superplasticiser (SP), a third generation super water-reducing superplasticizer based on modified
polycarboxylates was used at a dosage of 1.7% of cement weight. Its specific gravity is 1.06 and solid content is
25%.

Mix Proportions of Self-Compacting Concretes

Based on the Japanese method (Okamura & Ozawa, 1994), the self-compacting concrete SCC was formulated.
Three formulations were elaborated with a water-to binder ratio W/B = 0.38, gravel to sand ratio G/S = 0.9 and
a dosage of superplasticizer of 1.7% of cement weight. The dosage of superplasticizer is defined as the
admixture saturation point. One (01) reference SCCR concrete without fibers and two (02) SCCs containing
0.5% and 1% of steel fibers respectively were elaborated. The proportions of self-compacting concretes are
given in Table 5.

Table 5. Mix proportion of reinforced self-compacting concretes (kg.m->)

SCC/Constituent SCCR  SCCO0.5% SCC1%
Cement 430 430 430
Limestone Fillers 43 43 43
Sand 924 924 924
Coarse aggregate G3/8 276 276 276
Coarse aggregate G8/15 559 559 559
Water 175 175 175
Superplasticizer 8 8 8
Fibers - 39 78

Specimen Preparation and Testing

After mixing, the apparent density of fresh SCC concretes was measured according to the standard (NF EN
12350-6, 2012). In addition, workability tests were applied to determine fresh properties, which must be in
accordance with Specification and Guidelines for SCC prepared by (EFNARC, 2005, European Federation of
National Trade Associations). The tests are Abram cone to determine slump flow diameter according to standard
(EN 12350 - 8, 2010), L-box to define the filling rate according to standard (EN 12350 — 10, 2010) as well as
sieve stability to characterize the resistance to segregation according to standard (EN 12350-11, 2010).

3
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After, for each SCC concrete, three cubic specimens 150x150x150 mm and three prismatic specimens 70 x 70 x
280 mm were prepared according to European Standard (EN 12390-2, 2012). After 24 h, specimens were cured
in water at a temperature of 20 + 2°C until testing. After 24 h, specimens were cured in water at a temperature of
20 + 2°C until testing. Finally, destructive tests have been made on cubic specimens to determine compressive
strength in accordance with standard (EN, 2012) and on prism specimens to determine flexural strength in
accordance with standard (EN 12390-5, 2012) at 7d, 14d and 28 days.

Results
Properties of Fresh SCC Concretes
Bulk Density

Bulk density measurement determines the density performance of the composition of fresh self-compacting
concrete and makes it possible to verify the validity of the theoretical formulation. The results are given in Table
6 and illustrated on Figure 3.

Table 6. Workability properties of fresh SCC concretes
SCC/property Slump flow diameter  L-Box Sieve stability Bulk density
(cm) ratio (%) (kg.m?)
SSCR 72 0.86 12.4 2341
SCC0.5% 68 0.83 9.2 2338
SCC1% 65 0.81 7.3 2332

2342
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2338 A
2336 -

2334 ~
2332

Bulk density (Kg/m3)

2330 ~
2328
2326

SCC0.5% SCC1%

SCC concrete
Figure 3. Bulk density of fresh reinforced SCC concretes
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Figure 4. Slump flow diameter of reinforced SCC concretes
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Workability Properties

The fluidity and mobility of SCC in an unconfined environment are characterized by measuring the slump flow
diameter (Abrams cone) generally fixed in the range 550 cm to 80 cm. Moreover, the mobility of the SCC in
confined environment is characterized by the passing rate (H1/H2) (L-Box) which must be greater than 0.8. The
sieve stability test allows to assess the risk of segregation must be less than 15% of the global weight. Table 6
shows all results of workability tests on fresh concretes. Results of the tests are illustrated in Figure 4, 5 and
Figure 6.
0,87
0,86
0,85
0,84 -
0,83
0,82
0,81 -
0,8 -
0,79 -

0,78 . T 1
SCCR SCC0.5% SCC1%

L-Box ratio

SCC concrete
Figure 5. L-Box ratio/ passing ability of SCC Concretes

. aah .
e = M
1 1 1 1

Sieve stability (%)

SCCR SCC0.5% SCC1%

SCC concrete
Figure 6. Sieve stability /Segregation rate of SCC concretes

Mechanical Properties of Hardened SCC Concretes

Compressive Strength

S e id -l T e

Figure 7. Test on hardened SCCs: (a) - Compression test, (b)- Flexural test
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Compressive strength of SCC concretes with and without fibers were determined at 7, 14 and 28 days. The
compression tests were carried out with 3000 KN hydraulic compressive testing machine on 150 x 150 x 150
mm? cubes. (Figure 7). Results are illustrated in Figure 8 and 9.
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Figure 8. Compressive strength evolution of reinforced SCC concretes as function as age
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Figure 9. Compressive strength of reinforced SCC concretes as function as fibers dosage

The flexural strength was measured on 70 x70x280 mm?® prismatic specimens at 7, 14 and 28 days old applying
a three-point bending test, (Figure 7). Test results are reported in Figure 10 and 11.
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Figure 10. Flexural strength evolution of reinforced SCC concretes as function as age
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Figure 11. Flexural strength of reinforced SCC concretes as function as fibers dosage

A relationship between compressive strength and its flexural strength at 7, 14 and 28 days was obtained with a
correlation coefficient R? of 0.9073 for all specimens (Figure 12). The analyses show an excellent linear
relationship expressed by equation (1):

fr= 4.7726 x f, + 9.0307 @)

50

45 =

» y 4&727:2%),(9; 79:;0307 1, =
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15
10
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0 2 4 6 8
Flexural strength (MPa)

Figure 12. Relationship between flexural and compressive and flexural strength of SCC

Discussion

Properties of Fresh SCC Concretes

Bulk Density

Measurement of fresh bulk density determines the volume yield of the composition of fresh self-compacting
concrete and makes it possible to verify the validity of the theoretical formulation. The results illustrated in
Figure 3 showed that the bulk density values of the fiber-reinforced SCCs were practically the same compared

to that of the control SCC without fibers. This is due to the weight of the fibers, which is considered low
compared to the weight of the aggregates.

Workability Properties
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To classify a concrete as self-compacting, the requirements for filling and passing ability as well as segregation
resistance must follow the limitations specified by EFNARC. Indeed, the obtained results correspond to the
criteria of the recommendations of EFNARC. The fresh properties are in the range of 65-72 cm for the slump
flow, 0.81- 0.86 for the L-box ratio and 7.3% - 12.4% for the sieve stability. All concrete mixtures are
considered as Self- compacting concretes (SCC).

The results of Figure 4 show that all SCC concretes have slump flow values located within the SCC range
(60cm- 80cm). The coarse aggregates and fibers were distributed uniformly and no concentration of the latter
could appear in the center of concretes. They were homogeneous. Nevertheless, a reduction of the slump flow
values of fibered SCCs compared to the control concrete was marked. In addition, increasing the fiber dosage
from 0.5% to 1% reduced spreading and therefore reduced flow capacity. This is due to the presence of fibers,
which slightly slowed down the movement of SCC during its spreading due to its thickening. The reduction of
slump flow is 5.6% for SCCO, 5% and 10% for SCC1%.

The SCC Mixes can be classified as SF1 slump flow class concrete except for SCC containing 1% of fibers,
which is classified as SF2. The SF1 class is suitable for unarmed or weakly armed structures or for lining
tunnels, piles and certain deep foundations. The SF2 class is suitable for ordinary applications such as walls and
columns (Madandoust & Mousavi, 2012).

Moreover, for all SCC concretes, L-Bx ratio (the filling rate) was greater than 0.8 (Figure 5). This avoided the
risk of blocking of concretes between the reinforcement and therefore their mobility in a confined environment
was ensured. Indeed, results showed that All SCCs mixtures can be classified as PL2 (passing ability > 0.80
with 3 rebars) regarding the NF EN 206-9 consistency classification (Badogiannis et al., 2005). These SCCs
mixes are suitable for placing into formwork with more closely spaced and denser reinforcement (Liu, 2009).
The greatest value of filling capacity recorded was at the level of the control SCC composition. This decreased
slightly with the incorporation of fiber. As the fiber dosage increased from 0.5% to 1%, the filling capacity
decreased. This means that the fibers have slightly weakened the flow through more or less dense reinforcement.
This reduction is not significant because the fibers used are very short and fine. The reduction of L-Box is 3.5%
for SCCO0,5% and 6% for SCC1%. The results are consistent with what can be expected from self-compacting
concrete. However, the most important in this test is that the tested concrete flows through the reinforcement
correctly, which is directly related to workability.

The sieve stability test made it possible to calculate a segregation rate and to deduce whether the tested concrete
has satisfactory stability or not. The results (Figure 6) of the sieve stability tests used to measure the ability of
self-compacting concrete to resist static segregation show acceptable rates values for all compositions according
to the EFNARC recommendations. Indeed, the segregation rates obtained are all less than 15% indicating
satisfactory stability for all SCCs according to the acceptability criteria of a formulation of an SCC. None of the
SCCs developed presented a risk of static segregation. According to the NF EN 206-9 standard (Afnor & EN,
206-9, 2010), all fiber SCCs mixtures under investigation can be categorized as sieve segregation class 2 (SR2)
since all values of the segregation rate are less than 15% of the sample weight. In addition, the rate of fibered
SCCs containing fibers did not exceed that of the control SCC. An improvement in stability was marked with
the incorporation of fibers. It clearly appears that the high rate value recorded was at the level of the
composition of the control SCC. The latter decreased with the incorporation of fiber. The lower the segregation
rate, the greater the resistance to segregation, the more stable the SCC. When the fiber dosage increased, the
resistance to segregation increased. Fiber SCCs are homogeneous and more stable than reference SCC. The
good adhesion between cement paste and fibers explains this advantageous behavior. Compared to the
segregation rate of the control SCC, the reduction is 26% for SCC0.5% and 41% for SCC1%.

In conclusion, results of the tests on the SCCs in the fresh state showed that since the slump flow of the tested
concretes are greater than 60 cm, their passing rate in the L-box is greater than 80%, the segregation rate is less

than 15 %, are stable, homogeneous and present no risk of segregation according to EFNARC criteria. It seems
that 0.5% of fibers is the optimum rate for good fresh properties of SCC.

Properties of Hardened SCC Concretes

Compressive Strength

Figure 8 shows the evolution of compressive strength of SCCs with age. It is clearly shown that the compressive
strength of all SCCs increased with age from 7d, 14d to 28d. Compared to the 7-day strength, the increase is 6%
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at 14 days and 12% at 28 days for control SCC. It is 9% at 14 days and 15% at 28 days for SCC0.5%. It is 8% at
14 days and 14% at 28 days for SCC1%. Figure 9 shows that the compressive strengths of the fibered SCCs
(SSC0.5% and SCC1%) exceed that of the control SCCR at all maturities. Indeed, compared to SCCR control, a
slight increase of compressive strength was obtained. It is of the order of 3% and 9% at 7 days, 5% and 11% at
14 days and 28 days for SSC0.5% and SCC1% concretes respectively. The best formulation of fibered SCC
concrete is that containing 1% of fibers from mechanical parts turning waste.

Flexural Strength

The results of the bending tests carried out on the different SCCs at 7, 14 and 28 days are ullustrated in Figure
10 and 11. It is clearly shown in Figure 10 that the strengths of all SCCs increased according to the age.
Compared to the 7-day strength, the increase is 0.8% at 14 days and 16% at 28 days for control SCC. It is 4% at
14 days and 25% at 28 days for SCC0.5%. It is 3% at 14 days and 29% at 28 days for SCC1%. Moreover,
Figure 11 shows the effect of fibers on the flexural strength. Indeed, the flexural strengths of the SCCs
containing the fibers exceed those of the control SCCR without fibers at all ages. In addition, as the fiber dosage
increases, the strength increases. SCC1% fibered with 1% presents a strength greater than that of SCC0.5%
fibered with 0.5% as well as that the control SCCR. Compared to the SCCR strength, a gain of around 5% and
10% at 7 days, 8% and 12% at 14 days, 13% and 22% at 28 days was obtained for SCC0.5% and SCC1%
respectively. The higher gain is that of SCC containing 1% filming waste fibers. This increase in flexural
strength is attributed to the good adhesion between the fibers and the cement matrix as well as the strength of
the used fibers. A relationship between compressive and flexural strength was obtained with a correlation
coefficient R? for all specimens of 0.9073 (Figure 7). Analyses show a good linear relationship expressed by
equation (1):

f.= 4.7726xf:% + 9.0307 1)

Breaking Mode
Case of Control SCCR Concrete

According to Figure 12, the failure of the control SCC concrete is considered fragile, when the strength limit is
reached, we observed a sudden rupture of the specimen which breaks and divides into two parts, this is
explained by the low strength of SCCR alone to the tensile forces developed in the tense zone of the flexed
element.

~
S

Figurel2. Fraile failure at mid-spa of the coﬁ

trol SCCR specimen

Case of Fiberized SCC

The mode of failure observed on the fiber-reinforced concrete specimens is different to that of the control SCC
(Figure 13). There are appearance of micro cracks and a major crack in the body of the SCC without it dividing
into two parts. This is the ductile failure mode due to the presence of fibers, whose role is to sew the micro
cracks and stop the rapid development of the opening of the master crack. Finally, we can say that the fibers
work to increase the flexural strength and their presence is a barrier, which counteracts and resists external
pressures.
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Figure 13. Ifragile failure at mid-span of fiberized SCC specimen

Conclusion

According to the results obtained in this work on using recycled steel fibers obtained from waste of the turning
operation in SCCs self-compacting concretes, the following conclusions could be drawn:

The Japanese method made it possible to provide a better SCC concrete composition whose properties in the
fresh and hardened state are satisfactory.

From a workability point of view, results of the tests on all concretes with and without fibers showed that the
fresh properties are in the range of 65-72 cm for the slump flow, 0.81- 0.86 greater than 80% for the passing
ability in L-box and 7.3% - 12.4% less than 15 % for the segregation rate from sieve stability. All concrete
mixtures were considered as Self- compacting concretes (SCCs). These concretes are stable, homogeneous
and present no risk of segregation according to EFNARC criteria. It seems that 0.5% of fibers is the
optimum rate for good fresh properties of SCC.

The incorporation of fibers into the SCC made it possible to increase its compressive strength by a maximum
of 14% at 28 days and its flexural strength by 22% with 1% fibers. The latter made it possible to gain
plasticity, delay cracking, reduce the width of the cracks and avoid sudden rupture of the specimens.

Good linear relationship was obtained between the compressive strength and flexural strength with a
correlation coefficient R? of 0.9073 for all specimens.

Concerning breaking mode, the failure of the control SCC concrete is considered fragile, when the strength
limit is reached, we observed a sudden rupture of the specimen, which breaks and divides into two parts. The
mode of failure observed on the fiber-reinforced concrete specimens is different to that of the control SCC.
There are appearance of micro cracks and a major crack in the body of the SCC without it dividing into two
parts. This is the ductile failure mode due to the presence of fibers, whose role is to sew the micro cracks and
stop the rapid development of the opening of the master crack.

The possibility of using recycled steel fibers obtained from waste of the turning operation in self-compacting
concretes SCCs allow to contribute in a fairly humble way to the valorization of the latter at low cost, to the
national economy and can also mitigate environmental problems. In conclusion, the turning waste offers a
new source of fiber supply and can replace steel fibers.
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Abstract: Electrocoagulation is emerging as a sustainable solution for water treatment, despite higher energy
consumption compared to traditional biological methods. Its advantages include shorter treatment times and the
absence of chemical additives. Particularly suitable for arid regions facing water scarcity, this method promotes
water conservation and reuse. Our research highlights an innovative prototype featuring an electrical generator
designed to optimize the coagulation process and enhance overall treatment efficiency. Through comprehensive
experimental testing, we demonstrate the reliability and effectiveness of this system for treating industrial
wastewater, paving the way for broader adoption in industries committed to sustainability and responsible water
resource management.

Keywords: Electrocoagulation, Water treatment, Prototype design, Chemical-free treatment, Industrial water
reuse

Introduction

Electrocoagulation is a water treatment method that uses electrical currents to generate ions from metal
electrodes, such as aluminum or iron, which neutralize and remove contaminants like heavy metals, oils, and
suspended particles. It is recognized for its cost efficiency, environmental benefits, and adaptability, making it
suitable for industrial wastewater, sewage, and drinking water treatment (Mollah, 2001; Vasudevan, 2014;
Kobya, 2003).

Recent advancements have demonstrated its effectiveness against emerging pollutants like microplastics and
pharmaceuticals, while innovations in electrode materials aim to enhance contaminant removal and reduce
energy consumption (Rajala et al., 2020). Studies also highlight the potential of low-voltage systems to maintain
efficiency while lowering energy use, a critical factor for sustainable, large-scale applications (Karimifard &
Moghaddam, 2018; Xie et al., 2021). Additionally, adaptive power supply systems have proven beneficial in
industrial applications, such as textile wastewater treatment (Chen, 2004; Kobya et al., 2018).

Efficient power systems allow immediate reuse of treated water, conserving resources and supporting
operational efficiency. These systems also reduce energy costs while meeting water quality standards, making
them valuable in industrial settings (Karimifard & Moghaddam, 2018; Xie, Zhang, & Ji, 2021). This paper
examines the power supply system in electrocoagulation plants, detailing the system's design, implementation,
and experimental results to optimize energy use and treatment efficiency.
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Overview of the Electrocoagulation Plant

This section provides an overview of the critical components and operational principles of an electrocoagulation
plant, a wastewater treatment technology that removes contaminants by applying electrical currents to metal
electrodes, typically aluminum or iron. The electrocoagulation system's key components include the reaction
chamber, where the treatment process takes place. The chamber's design—specifically its dimensions and
hydraulic retention time—plays a pivotal role in treatment efficiency, as optimized flow patterns promote
effective interactions between pollutants and charged ions (Xie et al., 2021). Furthermore, the selection and
arrangement of electrode materials are vital, as they directly influence ion release and pollutant removal
efficiency. Proper spacing and sufficient electrode surface area are essential to enhancing electrochemical
reactions while minimizing energy consumption (Karimifard & Moghaddam, 2018).

Figure 1. Water treatment using electrocoagulation process.

Generator Location in the Process, Chambers™ Design

Figure 1 illustrates the key chambers and functions of the electrocoagulation plant in our prototype. The central
reaction chamber treats unsuitable water through electrocoagulation, where a stack of 14 iron electrodes (7
anodes and 7 cathodes), each measuring 18 cm x 30 cm with a 2 mm thickness, is powered by a high-current
supply. These electrodes, arranged with a 2 cm spacing in a single-phase parallel configuration, ensure uniform
current distribution, reduced resistance, and energy-efficient operation.

Following the reaction chamber, a sludge removal chamber uses a conveyor belt with scrapers to collect floating
sludge, directing it to a hopper for further treatment and preventing interference with sedimentation. The final
sedimentation chamber separates clean water from heavier solids, which settle at the bottom and are directed to
a basin with specialized filters. Filtered water is either pumped back for reuse or further disinfected via
ozonation or chlorination before distribution or safe discharge into the environment. The prototype's design
optimizes pollutant removal while minimizing energy consumption and ensuring water quality for reuse or
environmental release.

Design of Power Supply for Electrocoagulation Water Treatment

The power supply is a critical component of the electrocoagulation (EC) system, requiring customization to
meet the specific operational requirements of the electrocoagulation process. Below, we outline the key
considerations and design features essential for creating an efficient power supply for electrocoagulation water
treatment.

Voltage and Current Requirements

The electrocoagulation process relies on a specific voltage and current to create the electric field between
electrodes. An adjustable voltage supply, typically ranging from 10 to 100 volts, is essential to optimize
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coagulation based on water quality and contaminants. Additionally, a constant current mode ensures operational
stability and prevents electrode overheating, enhancing system efficiency and durability.

Power Supply Type

Electrocoagulation systems typically use DC power supplies, with some advanced designs employing pulsed
power to enhance floc formation and reduce electrode fouling (Khan, 2016). An efficient control system is
crucial for optimizing power supply parameters. Modern setups often feature microcontroller integration for
real-time monitoring and adjustments of voltage, current, and temperature. User-friendly interfaces further
enable operators to manage settings, monitor performance, and receive alerts for potential issues.

Safety Features

Safety is a critical consideration in the design of power supplies for electrocoagulation systems. To ensure
reliability and protection, several key features should be incorporated. First, overcurrent protection is essential;
the inclusion of circuit breakers or fuses can safeguard the system against excessive current, thereby preventing
potential damage. Second, effective temperature monitoring is vital; thermal sensors can automatically shut
down the power supply when critical temperature thresholds are exceeded, thus averting overheating incidents.
Furthermore, galvanic isolation plays a crucial role in protecting human operators by preventing direct electrical
connections. This can be achieved through the use of isolation devices such as transformers and optoisolators,
which enhance safety by shielding equipment from voltage spikes and ensuring stable control signals. Typically,
switching power supplies are employed to convert alternating current (AC) into direct current (DC) efficiently,
thereby contributing to a reliable and secure operational environment for electrocoagulation systems.

Rectifier Eilte High frequency Galvanic Ractifier Chatout OutBut B
merter Isclaticn filter
wollage Lo
ilﬂ IU‘IAC —— ] '.:- ':.II-I..-I_“-_}':.-J '.-':'I:

i =0

Contraller

Manual contro

and measurements

Figure 2. Main stages of the generator used in the electrocoagulation process

Figure 2 provides a detailed overview of the key stages involved in the power supply system discussed in this
paper. At the initial stage, a rectifier is installed to convert the incoming alternating current (AC) into direct
current (DC). Following the rectification process, a filter is employed to smooth out the DC output, significantly
reducing voltage fluctuations and enhancing electromagnetic compatibility. This smoothing effect is crucial for
maintaining stable operation in sensitive electronic systems and minimizing electromagnetic interference.

The next critical stage involves an inverter, which takes the smoothed DC output and converts it into high-
frequency AC voltage. This conversion is achieved through pulse-width modulation (PWM), a technique that
enables precise control over the output voltage level. The PWM signal is generated by a feedback controller,
which plays a pivotal role in monitoring system performance. This controller continuously collects data on the
output voltage and the current flowing to the electrodes, comparing these measurements to the desired values.
By doing so, the controller regulates the power output, ensuring compliance with the optimal electrocoagulation
requirements that have been established through prior studies. Once the high-frequency AC voltage is generated,
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it is transformed to a lower voltage level using a galvanic transformer. This step is vital not only for ensuring the
output is suitable for further processing but also for enhancing safety. The transformer provides isolation on the
output side, protecting users from electrical hazards while working with the system. Subsequently, the output
rectifier converts the transformed AC voltage back into DC. This rectified output is then passed through an
output filter, which further smooth and stabilizes the voltage and current. The filtered DC is then delivered to
the electrodes that are submerged in the water to be treated. This final stage is crucial, as it allows for the
effective electrocoagulation process to take place, utilizing the regulated DC current and voltage to achieve the
desired treatment outcomes. Through these meticulously designed stages, the power supply system ensures
reliable and efficient operation tailored to the specific requirements of electrocoagulation. (Smith, 2023).

In the following section, we will present the prototype developed as part of this study. This section will include
a detailed description of the prototype's design and key features, highlighting its capabilities to meet the
requirements of the electrocoagulation process. Additionally, we will discuss the results obtained from testing
the prototype, including performance metrics, efficiency analyses, and any challenges encountered during the
testing phase. This comprehensive examination will provide insights into how effectively the prototype meets
the intended objectives and will lay the groundwork for further exploration and potential improvements in future
work.

Prototype and Test Results

Implementation of the DC Generator

The switching power supply has been designed as a full bridge, following the schematic illustrated below. This
design choice is based on the specific requirements outlined in our specifications.

ﬁ T jgxm

)

Figure 3. Switched-mode power supply (SMPS) specifically adapted for real-time electrocoagulation in water
treatment applications used in the present prototype design.

Electrodes +

EMI filter
Single phase full

bridge rectifier
filter

4 Kq jE“%

9

Figure 3 shows the schematic of a switched-mode power supply (SMPS) specifically adapted for real-time
electrocoagulation in large scale water treatment applications. The schematic begins with an EMI filter,
designed to reduce electromagnetic interference, ensuring compliance with EMC standards critical in online
systems. Next, a single-phase full-bridge rectifier converts the incoming AC to pulsating DC using four diodes
configured in a bridge arrangement.

Following the rectifier, a DC filter smooths this pulsating DC through a capacitor, resulting in a stable DC
voltage. This stable DC is then input to a high-frequency inverter, where it is rapidly switched using MOSFETS,
producing a high-frequency AC waveform. This high-frequency switching enables the use of a more compact
high-frequency transformer, which provides both galvanic isolation for user protection and the ability to adjust
the voltage up or down as required for the electrocoagulation process.

On the secondary side of the transformer, a half-bridge rectifier converts the high-frequency AC back into DC
using two fast diodes. Finally, a DC output filter, comprising capacitors and inductors, smooths the rectified
signal to ensure a stable DC output for the electrocoagulation electrodes. Each stage in Figure 3 is essential for
achieving efficient AC-to-DC conversion, delivering clean, stable power required for real-time
electrocoagulation water treatment. The design of the power supply for electrocoagulation water treatment is
critical to the effectiveness and efficiency of the process. As water treatment needs evolve, continued
advancements in power supply technology will play a significant role in optimizing electrocoagulation
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processes for sustainable water management. The following specifications are required for sizing the generator
operating in continuous conduction mode (CCM):

- Input Voltage Range: Vemin = 180 V,Vemax = 265V,

- Nominal Output Voltage Range: Vsmin = 6.2,Vemax = 26V.

- Output Current Adjustment Range: Ismin = 0A,Ismax = 200 A;
- Switching Frequency: f = 50 KHz.

Figure 3 shows the experimental setup of the power supply, installed to test the prototype under real operating
conditions. This setup allows us to monitor input voltage stability, output regulation, and efficiency at different
load levels, verifying the power supply’s performance and readiness for full-scale application. In this paper, the
current power supply operates in open-loop control for the electrocoagulation treatment; only the desired current
can be regulated in closed-loop control.

Test and Result

Experimental Procedure and Performance Evaluation of the Electrocoagulation System

e Y,
i
e T ™A

» Figure 4. Final prototype inclding the generator
Figure 4 shows the final prototype used in the experimental tests. Testing and verifying the performance of the
electrocoagulation system is essential to assess the efficiency and reliability of the integrated generator. This
section describes the tests conducted to validate the system’s functionality. Three specific tests were performed:

Electrocoagulation Test of Methylene Blue

The first test focused on the electrocoagulation of methylene blue using varying current values. Methylene blue
was chosen as a model substance to assess the process’s effectiveness, with the goal of determining the optimal
current value for efficient coagulation. Key parameters such as methylene blue decolorization, coagulation time,
and flocculation efficiency were evaluated to identify the most effective current setting in this specific context.
Three trials were conducted under different conditions to assess the process's performance. The results for each
trial are presented in the following figures 5.

The electrocoagulation wastewater treatment experiment, focusing on the removal of methyl blue dye,
demonstrated promising results at a fixed water flow rate of 2 L/min from the inlet to the outlet. Across the
tested samples at varying current levels of 5A, 10A, and 15A, an improvement in dye removal efficiency was
observed with increasing current. The most significant enhancement occurred when increasing the current from
5A to 10A, indicating effective coagulation and flocculation processes at this level. However, the transition
from 10A to 15A yielded only marginal improvements in dye removal efficiency, suggesting a potential point of
diminishing returns at higher currents.
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While the overall treatment performance continued to improve, raising the current to 15A resulted in a
noticeable increase in water temperature. This thermal effect may impact the stability of the treatment process
and the potential degradation of organic compounds. Additionally, the electrolysis process intensified with
higher current, as evidenced by the increased formation of bubbles. This enhanced gas evolution can contribute
to better mixing and stirring of the wastewater, potentially improving the coagulation process.

In summary, the electrocoagulation method shows effective potential for treating wastewater containing methyl
blue dye, particularly at lower currents and under a fixed flow rate of 2 L/min. However, careful consideration
must be given to operational parameters, as increasing current may lead to thermal concerns and diminishing
returns in treatment efficiency beyond a certain point. Future studies should focus on optimizing current settings
and flow rates to balance treatment effectiveness with operational efficiency and safety.

(a) (b) (c)
Figure 5. Electrocoagulation Treatment of Methylene Blue Solution at Varying Current Levels with a Fixed
Flow Rate of 2 L/min
Note: a) Post treatment with supplying current I=5A b) Post treatment with supplying current 1I=10A c) Post
treatment with supplying current I=15A

Conclusion

This paper explores the development and testing of a generator prototype aimed at supporting large-scale
electrocoagulation for sustainable water treatment. The study highlights how electrical innovations can provide
the power needed to enhance contaminant removal efficiency, showing promise for scaling electrocoagulation
systems. The results emphasize the importance of design improvements in achieving both scalability and
effectiveness in water treatment technologies. The findings suggest that electrical advancements can overcome
limitations of traditional electrocoagulation, particularly for larger or more complex wastewater treatments.
However, further research is needed to optimize the prototype under varying wastewater compositions and
operational conditions for broader real-world applications.

In conclusion, this study demonstrates that scalable electrical innovations can play a critical role in advancing
sustainable water treatment technologies, offering a strong foundation for future developments in improving
global water quality and wastewater management.
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Abstract: An increase in the properties of various metals and alloys can be achieved by refining their
microstructure using intensive plastic deformation and/or various heat treatment modes. Currently, a few studies
have been conducted to identify the effect of radial shear rolling on the evolution of the microstructure and
changes in the mechanical properties of bars made of various ferrous and non-ferrous metals and alloys. This
paper is devoted to the study of the influence of various modes of pre-heat treatment of 5SKHV2S steel on the
evolution of its microstructure during subsequent radial-shear rolling using computer modeling in the DEFORM
software package. The conducted studies have shown that under the selected modes of pre-heat treatment,
although the initial grain size increased, the subsequent radial-shear rolling allowed the sludge to obtain a
gradient fine-grained structure in 5SKHV2S steel.

Keywords: Computer modeling, Pre-heat treatment, Radial shear rolling, Microstructure, Grain size

Introduction

It has long been proven that the development and application in practice of new methods for controlling the
structural and phase state of traditional structural metal materials, even without changing their chemical
composition, can improve their mechanical and functional properties. One of the main ways to increase the level
of properties of various metals and alloys by refining their microstructure is severe plastic deformation,
implemented during various methods of metal forming (Naizabekov et al., 2005; Puspasari et al., 2024;
Volokitin et al., 2021; Grabovetskaya et al., 2022; Sidelnikov et al., 2024; Lezhnev et al., 2017), and heat
treatment (both preliminary and final). Combining these two technologies into a single technological scheme
should make it possible to intensify the process of grain refinement of the structure (Naizabekov et al., 2024).
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The technology of radial shear rolling has been successfully applied for more than 25 years. Many scientific
papers have proved that this method of deformation is one of the main methods of gradient modification of long
products made of ferrous and non-ferrous metals and alloys. Only a small part of the papers (Gamin et al., 2020;
Mishin et al., 2020; Akopyan et al., 2022; Patrin et al., 2020) is devoted to the study of the effect of radial-shear
rolling on the evolution of the microstructure and changes in the properties of various ferrous and non-ferrous
metals and alloys. However, there are not so many works devoted to the direct study of the effect of radial-shear
rolling on changes in the structure and properties of tool alloy steels. The aim of this work is computer modeling
and study of the influence of various modes of pre-heat treatment of SKHV2S steel on the evolution of its
microstructure during subsequent radial-shear rolling.

Method

To perform computer modeling of the processes of pre-heat treatment (PHT) and subsequent radial-shear rolling
(RSR) of samples made of 5SKHV2S steel, it was decided to use the cellular automata mechanism [13] version
2.0, implemented in the Deform v. 13 system. This mechanism allows not only modeling grain size changes, but
also predicting its shape during deformation or heat treatment. Since after preliminary heat treatment steel
5KHV2S will be subjected to several passes at the radial shear rolling mill RSP 10-30 of Karaganda Industrial
University, a rod of circular cross-section with a diameter of 30 mm and a length of 150 mm was set as the
initial blank. For 5KHV2S steel, the following PHT modes were selected:

- heating up to 880°C, exposure time for 35 minutes, cooling with a furnace (annealing Ne 1);
- heating up to 880°C, exposure time 35 minutes, air cooling (annealing Ne 2).

To create a model of microstructure evolution during pre-heat treatment, only static recrystallization should be
used. The key parameters of the cellular automata algorithm are input of model constants, whose values depend
on the nature of the material. For most steels, the suitable values of the Cellular Automata 2.0 model constants
are considered in (Azarbarmas, 2020; Kugler et al., 2004). Table 1 shows the values of these constants.

Table 1. Constants of the Cellular Automata 2.0 model

Material G, N/™ b, m v, 3/™  8Dgp, M™/S  Qp, Al n Quet,
kJ/mol kJ/mol
Steel 421x10-1°  2,56x10-10° 0,625  7,5,5x10-1° 110 2,0,0<10® 7,66 275

Results and Discussion

The essence of calculating the evolution of the microstructure by this method is reduced to using a ready-made,
calculated model. At the selected points, calculation windows with a certain resolution are set, in which both the
grain size and shape change is observed. Considering that the initial grain size was set to 55.0 microns, it was
decided to choose a square window with a face size of 200 microns, so that it would be possible to track the full
sizes of several grains before and after the PHT.

Grain Size - CA Model
@ Avg:50.40, Stdev:2.61, Min:47.37, Max:54.97

25.0

>
@

Percent (%)
]
o

6.2

0.0
47.37 49.27 51.17 53.07 54.97

Figure 1. Initial structure

After two different PHT tests, the following results were obtained (Figure 2).
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Figure 2. Structure of 5SKHV2S steel after various technical tests:
a - after annealing Ne 1 b - after annealing Ne 2

After annealing Ne 1, the initial grain size of 5.0 microns increased to about 92 microns, while after annealing Ne
2, the initial grain size increased to about 80 microns. Based on the results obtained, it can be concluded that the
most effective mode of PHT of the two selected ones is annealing Ne 2, which is heating to 880°C, holding for
35 minutes and then cooling in air.

When modeling the process of radial-shear rolling at the RSR 10-30 mill and studying the evolution of the
structure, as already noted above, a billet with a diameter of 3.0 mm and a length of 150 mm was adopted. The
deformation cycle consisted of 6 passes with a compression of 3 mm in each pass. The structure was studied
after 3 passes, when the diameter of the resulting bar was 2.1 mm, and after all 6 passes, i.e., when the bar
diameter was 12 mm. The structure obtained earlier after annealing Ne 2 was chosen as the initial state of the
billet, since this mode allowed us to obtain a finer-grained initial structure. The roll rotation speed of 100 rpm
was chosen as the speed characteristic. As a temperature characteristic, the heating temperature of the billet
before rolling was chosen to be 1000°C.

It was decided to consider the microstructure in the longitudinal direction, since this approach gives a complete
picture of the change in grain shape over the entire cross-section of the billet during radial shear rolling. To
study the structure, two points were considered: in the axial zone and in the surface zone (at 3 mm from the
surface). This is since experiments have repeatedly proved the presence of a gradient distribution of grain size
and a significant difference in their shape along the diameter of the billet after the RSR. Figures 3-4 show the
results of modeling the microstructure of 5SKHV2S steel after 3 and 6 passes of RSR.

After annealing Ne 2 and three RSR passes, the average grain size was approximately 40 microns in the
transverse direction and 57 microns in the longitudinal direction. In this case, in the transverse direction, the
grain shape is close to equiaxial, and in the longitudinal direction, the grains are stretched in the rolling
direction.

After annealing Ne 2 and six RSR passes, the average grain size was approximately 10 microns in the transverse

direction and 35 microns in the longitudinal direction. In the transverse direction, the grains retain an equiaxial
shape, and in the longitudinal direction, the grains are strongly elongated in the rolling direction.
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Figure 3. Structure of 5SKHV2S steel after 3 RSR cycles
a—surface; b — center
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Figure 4. Structure of 5SKHV2S steel after 6 RSR cycles
a —surface; b — center

Conclusion

The computer simulation of thermomechanical processing, including pre-heat treatment and subsequent radial
shear rolling, of 5KHV2S steel showed that although PHT leads to the initial grain growth, the subsequent
deformation of billets made of this steel in a radial shear rolling mill allows them to obtain a gradient fine-
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grained structure. The role of pre-heat treatment of 5SKHV2C steel in practice - is in our case not to refine the
initial grain size of the structure, but to remove internal stresses, and eliminate other defects in the steel, which
during further pressure processing, in particular, during radial shear rolling, will allow deforming the initial
billets with large compressions (50% or more) without destroying them and get metal products in the form of
bars with a given level of properties.
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Abstract: Recently, optical wireless communication has emerged as a promising alternative to radio
frequency communication across various domains such as atmospheric, deep space, and underwater
transmissions. Specifically, the technology of satellite-to-underwater communication holds immense potential
for applications in commercial, naval, scientific, and engineering sectors owing to its attributes including high
data rates, robust security, extensive reach, and cost-effectiveness. This study delves into the performance
assessment of an oceanic monitoring system aimed at bridging the gap between underwater and terrestrial
environments. To ensure continuous real-time monitoring and widespread coverage, the communication
infrastructure is augmented by a satellite link. The evaluation focuses on a direct detection Optical Code
Division Multiple Access (OCDMA) system operating within an underwater wireless optical channel (UWOC).
Various performance metrics are scrutinized through analytical analyses, with simulations conducted by
manipulating key parameters such as range, transmitted power, user count, and inclination angle. The
investigation also accounts for different modulation techniques tailored to distinct water types classified
according to the Jerlov classification system. The obtained results reveal a substantial correlation between Bit
Error Rate (BER) performance and both the water type and the receiver's positioning.

Keywords: Optical Code Division Multiple Access (OCDMA), Visible Light Communication (VLC), Under
Water Optical Wireless Communication (UWOC), 5g networks.

Introduction

Oceanic Light Detection and Ranging (O-LiDAR) represents a significant remote sensing apparatus utilized for
the assessment of near-coastal water depth and the exploration of optical attributes within aquatic environments
(Kandouci , 2022). The proliferation of LIDAR commercialization has spurred heightened global inquiry into
the theoretical underpinnings governing the transmission properties of LiDAR in underwater settings.

Currently, ground-to-space and ground-toaircraft communications rely on microwave technology. Eventually,
aircraft-to-aircraft links will be OWC. Inter-aircraft optical wireless communication systems can transmit data at
speeds of several Gbps over long distances of many kilometers. A satellite-to-ground communication system
has been developed utilizing OWC technology (Kumari, 2024). Even though OWC technology has many merits,
it also has several disadvantages, including scintillation loss (being sensitive to temperature variations caused by
the Earth’s heat rise), geometric loss, the attenuation of beam-spreading power, absorption loss (photons
absorbed by water molecules or CO2), atmospheric attenuation, and scattering loss (Kumari, 2024). In addition,
the ground-underwater communication system can support the development of services like deep-sea mining,
high-definition video transmission, and offshore exploration through underwater wireless optical
communication (UWOC). It is, therefore, possible to generate high-speed as well as long-distance OWC
transmission by using satellite—ground—-underwater integrated systems (Kannan, 2024). Currently, ground-to-
- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License,
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space and ground-toaircraft communications rely on microwave technology. Eventually, aircraft-to-aircraft links
will be OWC. Inter-aircraft optical wireless communication systems can transmit data at speeds of several Gbps
over long distances of many kilometers. A satellite-to-ground communication system has been developed
utilizing OWC technology (Mitra, 2006). Even though OWC technology has many merits, it also has several
disadvantages, including scintillation loss (being sensitive to temperature variations caused by the Earth’s heat
rise), geometric loss, the attenuation of beam-spreading power, absorption loss (photons absorbed by water
molecules or CO,), atmospheric attenuation, and scattering loss (Kandouci, 2022) In addition, the ground—
underwater communication system can support the development of services like deep-sea mining, high-
definition video transmission, and offshore exploration through underwater wireless optical communication
(UWOC). It is, therefore, possible to generate high-speed as well as long-distance OWC transmission by using
satellite—ground—-underwater integrated systems (Mitra, 2006).

Method

Jerlov Water Types

In optical oceanography, Jerlov categorized waters into oceanic and coastal types based on their chlorophyll
concentration. The latter directly affects the water's particles sizes and consequently the scattering and
absorption effects on any light beam propagation underwater (Kandouci , 2022). Another important parameter to

take into consideration is the attenuation co-
efficient c(A) ( see table 1) . In UWOC it depends on the operating transmission wavelength. It’s also defined as
the sum of absorption and scattering coefficient respectively

represented by a(A) and b(A):

c(A) =a(h) +b(Lh) Q)
Table. 1. Ideal transmission wavelength for different water types
Jerlov water type a(m?) b(m™) c(m?)
Clear water 0.053 0.003 0.056
Clear ocean 0.069 0.08 0.15
Coastal ocean 0.088 0.216 0.305
Turbid harbor 0.295 1.875 2.17

In order to overcome those drawbacks, we propose to translate the benefits of Optical Code Division Multiple
Acces (OCDMA, more traditionally implemented in optical fibers systems) in UWOC systems by using two
dimensional wavelength hopping / time spreading (WH/TS) codes to generate and detect the O-Lidar impulsions
(Kandouci , 2022)

OCDMA Codes

The choice of optical codes and their parameters involves trade-offs. Increasing the code length or number of
wavelengths can improve interference management and support for more users, but this may also increase
system complexity and hardware requirements. In this paper, two dimensional time spreading / wavelength
hopping optical code division multiple access codes (2D - WH/TS OCDMA) are chosen for their correlation
properties necessary to generate the desired Lidar pulses. Wavelength-hopping/ Time-spreading codes are
generated either by using mathematical approach or by the extension of existing one dimensional codes.

The cross-correlation function in the context of 2D wavelength-hopping time-spreading (WH/TS) OCDMA
codes is a key measure of how much interference is present between different users’ codes. It indicates the
degree of overlap between the codes of different users and is critical for evaluating the multiple-access
interference (MAI) in an OCDMA system.

Autocorrelation of a WH/TS code x(t) is defined in equation 2:

L
Zx,x = 51:1(2717;1 xm,nxm,(n+1) mod LT) (2)

With:
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N is the number of codes;

R is the number of rows;

Ly is the number of columns;

Our codes satisfiesZy x = W.

The cross correlation between two W/T codes x(t) and y(t) is defined as follows in equation 3

L
Zyy = 51:1(ZnT:1xm.nxm,(n+1)modLT) 3)

In our case

7. = {1 fOT' (ZCi,k'Ci+1,k)
xy — 1

The cross-correlation functions directly impacts the system's bit error rate (BER) and capacity. Lower cross-
correlation values reduce the chance of code collision, allowing more users to share the same channel without
excessive interference, which improves system scalability and reliability , thus allowing the sending of the
impulsions for monitoring without any overlap.

Results and Discussion
The consists of a demultiplexer (composed of a reconfigurable selection filter) to separate the components of the
three wavelengths, A4,, 15,49 ), of the spectral signature. Each component is then sent to an optical delay line

and finally recombined by a multiplexer. A delay time Tp was introduced between the different wavelengths of
each user’s code. It can be calculated as in equation (4).

T
Tp =p X ?b 4)
Where p is the position of the slot ;T,is the bit time and s is the number of slots

This impulsions coding is illustrated in figure 1.
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Figure 1. LiDAR impulsion’s

At the receiver , each wavelength is firstly detected then delayed through delay lines. The time delay at the
reception (Tg) is calculated as follow in equation (5).

Tp=(s—1-p)x=2 5)

27



International Conference on Technology, Engineering and Science (IConTES), November 14-17, 2024, Antalya/Turkey

The transmission and reception delays will be the same for all codes, but in a different order and with different
wavelengths to be transmitted. According to previous calculations, the three pulses should all have been
received at the same instant. However, there is a slight offset due to dispersion effects. Figure 2shows the
delayed wavelengths, which are then recombined at the decoder level (Mux).
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Figure 2. Impulsion’s detection

The component library in the OptiSystem software uses the "BER Analyzer" block to compare the received
signal with the transmitted data and then displays the expected values for various parameters (decision
threshold, decision instant) and evaluation criteria (Q-factor, bit error rate (BER), eye diagram opening) to
assess system performance (Figure 3).

Analysis

Max. @ Factor 15.3067
Min. BER 3.39016e-053
Eye Height 0.02659003
Threshold 0.0229518
Decision Inst. 0.572163

Figure 3. Performance analysis

Figure 4 shows an eye diagram as a function of bit time. The two main characteristics of this graph are the
vertical opening of the eye (which indicates the system's noise immunity) and the decision time.
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Conclusion

The application of O-LiDAR technology in environmental monitoring has demonstrated significant potential in
enhancing the accuracy and efficiency of data collection. Its ability to provide high-resolution, three-
dimensional spatial information allows for detailed analysis of various environmental parameters, from
vegetation structure to topographical changes. The results of our study underscore the value of O-LiDAR in
supporting sustainable environmental management practices, offering a powerful tool for researchers and
policymakers to better understand and mitigate the impacts of environmental changes
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Abstract: The main objective of this experimental study is the development of eco-materials based on
recycled material by recovery of dam sediment, and the incorporation of lightweight aggregates in order to
improve the physical, mechanical and thermal properties of the stabilized earth blocks (SEB) used in
construction. The development of stabilized earth blocks is carried out using different amounts of stabilizers
(cement, lime) and different dosages of lightweight aggregates in substitution of dam sediment (10, 20, 40 and
50%). An experimental campaign was directed to test the physical, mechanical and thermal characteristics of the
blocks produced. The obtained results show that the blocks made from 50% lightweight aggregates and 10%
stabilizer (cement) have the best performances. Adding lightweight aggregates to the block composition
improves shrinkage. Using a higher percentage of lightweight aggregates and combined to a fixed quantity of
binder leads to better stability of the earth blocks by reducing weight loss and increasing durability.

Keywords: Earth block, Recycled sediment, Strength, Thermal conductivity, Lightweight aggregates

Introduction

Stabilized earth blocks (SET) are considere an interesting option for durable, comfortable and economical
construction. Although criticized for its sensitivity to water and lack of durability, this material has many
advantages when used appropriately, such as low energy consumption during its production, its aesthetic
qualities and its thermal inertia. The use of stabilizers such as cement or lime and other materials such as fibers
in stabilizing the earth in general is a fairly well known field thanks to significant research work, which has
made it possible to understand the mechanisms of reactions between the earth and these stabilizers, and their
effects on the properties of the earth.The compaction and/or incorporation of granulates or fibers can affect the
mechanical and/or thermal performances due to their physico-mechanical effects in the earthen matrix.
However, this approach does not necessarily guarantee the earthen material to resist in contact with liquid water
(Bruno et al., 2017). Furthermore, the recycling and recovery of waste and by-products in the field of
construction can also contribute to solving the ecological and environmental problems linked to the rejection of
these materials, which offers interesting perspectives for sustainable and economical construction.

Masuka et al. (2018) used coal fly ash, lime, and wood aggregates for the production of earth blocks. The
authors reported comparable or even higher dry compressive strength than cement stabilized blocks, but
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deplored the necessity of little (4%) cement content for better-wet strength. Hakimi et al. (1998) studies the
thermo-physical properties of the earth, stabilized with cement contents ranging from 0 to 10% (0%, 4%, 5%,
5%, 8%, and 10%).The obtained results reveals that the thermal parameters evolved considerably with the water
content for raw earth, (0% cement) and cement. Ouedraogo et al. (2015) carried out an experimental study on
the mechanical and thermophysical characteristics of compressed earth blocks, stabilized using paper (cellulose)
and/or cement. The results indicated a significant improvement in the properties of the earth blocks following
stabilization, and the incorporation of paper into the earth-cement mixture had a less pronounced impact on the
mechanical strengths. However, this addition made it possible to achieve even higher performances than those
observed with raw earth. Gueffaf, et al. (2020) conducted a study to assess the feasibility of recycling dam
sediments for the manufacture of stabilized blocks. For elaborated samples, differen