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The study explores the innovative use of recycled plastic in brick production in the construction industry in Ukraine. It examines
the production process, including the collection and processing of plastic waste, and the formation of bricks using methods
such as plastic molding and semi-dry pressing. The research emphasizes the importance of pressure distribution in screw presses
for the compaction of clay in construction ceramics production and highlights the significance of vacuuming the molding mass
for improving the quality of molded products. Plastic-brick products are found to offer advantages such as altered strength,
improved insulation properties, and lighter weight. Comparing technological schemes, the semi-dry method of brick production
is noted to have higher metal capacity and lower labor intensity compared to the plastic method. The study aims to enhance the
efficiency and results of thermoplastic molding in the construction industry, contributing to sustainable construction practices
and reducing environmental impact.
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ByniBenbHa ramy3s B YKpaiHi MOCTIHO pO3BUBAETHCS, BAKOPHCTOBYIOUH CyYacHI TEXHOJOTII Ta MaTepialli JUIs IMiABUIIECHHS
cTiiiKOCTI Ta epekTuBHOCTI. OJHE 3 TAKUX HOBOBBE/ICHD Nepe10adae BHKOPUCTAHHS MEPEPOOIICHOTO TUIACTHKY Y BUPOOHHIITBI
LETH, TPOTIOHYIOYHN 0araTooO0ilsgroue pinieHHs i1 O0pOTHOH 3 TNIACTUKOBUMH BiIXOJaMH Ta CHPHUSHHS nepepoOii. Bupoo-
HUYHUH mporiec nependavae 30ip i nmepepoOKy IIACTHKOBUX BiAXOMIB, SKi HOTIM 3MIIIYIOTBCS 3 1HIIMMH KOMIIOHEHTAMH Ta
(hopMyIOThCS B IIETITy 3a IOMOMOT'OI0 TaKMX METOJIB, sIK (JOPMyBaHHs IUIACTUKY Ta HaIMiBCyXxe npecyBaHHs. L{i MeToan MaoTh
SIBHI ITepeBary Ta HEeJOJIKH, 10 BIUIMBAE Ha 3aTaJIbHY SKIiCTh i BIACTHBOCTI Leryid. KpUTHYHUM acrieKToM BUPOOHHYOTO Mpo-
IECY € PO3IO/ILT TUCKY B ITHEKOBHX Ipecax, SKuil Bilirpae KIIOUOBY poJb y IpeCcyBaHHi IIMHU JUTs BUPOOHUIITBA OyAiBEIbHOT
kepamiku. [IpoBeneHo aHai3 Teuil NIMHK Yepe3 Mpec Ha MOJIEN B’ A3KOIUIACTUYHOTO MaTepialy Ta pO3paxoBaHO XapaKTepHC-
THKH IHEKa Ta GOPMYBAIGHHX TiT 7SI BU3HAYCHHS TTapaMeTpiB pexumMy podotu. KpiMm Toro, BakyymyBaHHs (hOpMYBaJIBHOT
MacH BU3HAYCHO K BUPIIMIATBHAN KPOK JUIS IiIBUIIEHHS SKOCTi pOopMOBaHUX BUPoOiB. OTpruMaHi BUPOOH 3 IUTACTUKOBOI I1e-
TJIA IEMOHCTPYIOTH PSIII TIepeBar, BKIIOYA0YH 3MiHEHY MILlHICTh, TOKpAIIeHi 130JAMiiiHI BTaCTHBOCTI Ta MEHIITY Bary, I0 po-
OUTH iX NEPEKOHINBOIO ANBTEPHATUBOIO TPATHULIHHUM LETNITHUM MaTepianaMm. KpiM Toro, NopiBHSHHS TEXHOJOTTYHUX CXEM
TOKa3ye, I10 HAIiBCYXUi crociO BUPOOHMIITBA LIETIH AEMOHCTPYE OUIbITY METAJIOEMHICTh i MEHIIY TPYJOMICTKICTb Ha BiJ-
MiHY BiJl miacTuuHoro. Lle nociipkeHHs: Mae Ha MeTi 3pOOHUTH BHECOK y MOTOYHI 3yCHIUIS OO MiZABUIICHHS e(eKTHBHOCTI
Ta pe3yJIbTaTiB TePMOIUIaCTUYHOTO (hOpMyBaHHs B OyAiBeNbHil ramy3i. Jlocmimkyroun iHHOBalliiHe BUKOPUCTaHHS epepoo-
JICHOTO IUIACTHKY Yy BUPOOHUIITBI LIETJIH Ta HArOJIOIYIOYH Ha BaKIIMBOCTI PO3MOIITY TUCKY Ta BAKyyMYyBaHHsI B Iporieci Gpop-
MyBaHHSI, I1€ JOCJI/KEHHS CIPSIMOBaHE Ha IPOCYBaHHs €KOJIOTIYHUX METO/IiB OYAiBHUIITBA Ta 3MEHIIICHHS BIUIMBY Ha HABKO-
JIMILTHE Cepe/IOBHIIIE.

Kmo4oBi ciioBa: exosiorist; eHeproeekTHBHICTh; 00JaIHAHHS; TUIACTHK; TUIACTUKO-KEPaMidHi BUPOOH; TIPEC; TEPMOILIACTH-
yHe (hOpMyBaHHS; TUCK; IIeTJ1a; SIKICTh

Introduction. socio-economic development of the country, but also
The construction industry in Ukraine is one of the key ~ contributes to the formation of modern infrastructure
sectors of the economy, which determines not only the  and maintains the stability of the national economy.
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Technical progress and the introduction of innovations
in the construction industry play an important role in
ensuring high quality construction and energy effi-
ciency of facilities.

One of the key trends in the construction industry is
the active use of the latest building materials and tech-
nologies. Innovative building materials, such as high-
strength concrete, environmentally friendly insulation
materials and modern composite structures, ensure high
strength and durability of structures.

The construction industry in Ukraine is constantly de-
veloping, using modern technologies and materials to
achieve high quality and durability of construction pro-
jects. One of the key materials that is widely used is
brick, which has the properties necessary for high-qual-
ity construction.

There are several basic methods of making bricks:
plastic molding method (ceramic brick [7]) and semi-
dry pressing method (silicate brick [8]). The plastic
molding method is simpler in the technological process
of making ceramic bricks. The method of producing
bricks in this way is more economical and practical in
our region, due to the use of local materials.

Today, a new innovative technology has emerged
aimed at reducing the consumption of traditional build-
ing materials and the use of recycled plastic, which
helps to reduce the negative impact on the environment
[20].

Review of the research sources and publications.

Ukrainian and foreign researchers were engaged in
research in the preparation of bricks using plastic,
which made it possible to use plastic waste, which usu-
ally becomes a problem for the environment. The use
of plastic in brick production can help reduce the
amount of plastic waste and promote recycling.

Plastic-based brick manufacturing processes that use
less energy compared to traditional brick production
methods have also been described [6].

Studies have also shown that the use of plastic mate-
rials in construction can be an innovative solution that
develops the construction technology industry. This
can open up new possibilities for architectural solutions
and structures, expanding the possibilities for the de-
sign and efficiency of buildings. The use of plastic in
brick production can create a demand for recycled ma-
terials and contribute to the development of efficient re-
cycling systems [17, 18].

Definition of unsolved aspects of the problem

It requires in-depth research on the properties and ca-
pabilities of new thermoplastic materials, namely the
study of their resistance, mechanical characteristics and
recycling capabilities.

There is insufficient theoretical justification for stud-
ies of the properties of plastics and their impact on the
quality and strength of bricks and the types of plastic
that are most suitable for use in bricks and can be com-
bined with other materials.

It is also important to study and take into account pro-
duction safety issues, as well as to determine the appro-

priate standards for thermoplastic molding. Considera-
tion of the impact of thermoplastic molding on other
production processes and the development of integrated
approaches to production.

Problem statement

Research of promising technologies in the field of
thermoplastic molding and their possible impact on
production, analysis of modern brick forming equip-
ment, including its specifications, efficiency and capa-
bilities and the study of technological aspects and pa-
rameters, affecting the quality of thermoplastic mold-
ing, in order to improve efficiency and results.

Basic material and results

The production of plastic-ceramic products includes
several key stages. The first stage is to collect and pro-
cess the recycled plastic. Plastic waste is used, such as
plastic bottles, bags, containers, and others. This plastic
is placed in special containers and can be cleaned and
shredded. The shredded plastic is mixed with other
components such as sand, cement, water, and additional
additives that improve strength and insulation proper-
ties. The resulting mixture is fed into special molds,
which give the brick product the required shape and
size. Products can be compressed or pressed to obtain
the required density [16]. The formed bricks are sub-
jected to a drying and hardening process, which can
take place at room temperature or at elevated tempera-
tures in special drying chambers or ovens [10]. Fin-
ished bricks are packed in bundles or on pallets for easy
transportation and delivery to construction sites.

When assessing the plastic-ceramic mass's ability to
form, first of all, the quantitative relationships between
the solid, liquid and gaseous phases of the mixture are
considered. The liquid phase (water) is an essential
component of the ceramic mass for all practically used
molding methods. Water, on the one hand, tightens clay
particles, on the other hand, causes significant mobility
of clay particles, providing them with the ability to slide
relative to each other. The required amount of the liquid
component for the formation process in one way or an-
other depends on many different factors: the method of
formation, the mineral composition of the clay compo-
nent, its amount in the plastic-ceramic mass, the content
of the air component, etc. One of the main requirements
for the formed semi-finished plastic and ceramic prod-
uct is a sufficient and constant degree of its compaction,
which is characterized by an indicator of relative den-
sity or porosity, which largely determines the behavior
of the semi-finished product in drying and especially in
firing.

To assess the quality of the semi-finished product, not
only the density values are important, but also its uni-
formity in different parts of the body of the formed
product. Insufficient even density of the semi-finished
product leads to unequal shrinkage during sintering, ac-
companied by deformation and even cracking [5].

This indicator is decisive for transportation, pro-
cessing, installation of the semi-finished product in dry-
ers and furnaces without damage and violation of its in-
tegrity.

62 Academic journal. Industrial Machine Building, Civil Engineering. — 2 (61)' 2023



The main requirements proposed for the semi-fin-
ished product after its formation also include the ab-
sence of structural defects — internal cracks, sinks and
the absence of significant internal stresses, which in the
process of subsequent technological operations can
cause the formation of various defects and destruction
of the finished product.

Based on these technical and economic requirements
for the semi-finished product, as well as taking into ac-
count the physical and mechanical properties of the
feedstock, it is possible to choose one or another
method of forming the semi-finished product. In the
production of building ceramics, the following methods
are most common: plastic molding from masses with a
moisture content of 14...20%, pressing from powdered
masses with a moisture content of 5... 7% and casting
of semi-finished products in gypsum molds from
foundry masses with a moisture content of 30... 33%.

There are several ways in which plastic-ceramic mass
is processed and products are formed. Based on the
properties of the initial raw materials and the type of
products that are manufactured, there are plastic and
semi-dry methods.

Semi-dry pressing is based on pressing individual
bricks from raw materials in the form of powder with a
moisture content of 7...12% by sealing in closed molds.
The low moisture content of the raw material with this
method makes it possible to combine drying with firing
in some complexes.

The advantages of semi-dry pressing are the ability to
deploy the production of sufficiently high-quality
bricks using clay raw materials of low conditions. The
energy consumption for drying the loose clay before
molding is much less than for the gentle drying of the
wet raw material of plastic molding.

The main disadvantage, organically inherent in the
method of semi-dry molding, is associated with the
granular structure of raw materials and bricks, which
loses in the homogeneity of plastic molded bricks.
Quality indicators of semi-dry molded bricks (strength,
frost resistance, durability), meeting the requirements
of the standards, still have a significantly lower maxi-
mum limit. An inherent defect in semi-dry pressing of
ceramic products is delamination cracks, which are lo-
cated perpendicular to the pressing force. The main rea-
sons for the appearance of such cracks are the growth
of pressed air, segregation of the press powder when it
is poured into the mold and elastic deformations of clay
particles.

Plastic molding is characterized by the extrusion of
solid timber and cutting it with strings into individual
bricks. To implement this method, the raw material is
prepared for formation in the form of a plastic charge
with a moisture content of 17...25%, capable of defect-
free extrusion, which is performed, as a rule, on screw
presses. Depending on the pressure required for extru-
sion, a distinction is made between the so-called soft
(pressure up to 1.6 MPa), semi-rigid (pressure 1.6...2.5
MPa) and rigid (pressure 2.5...4.0 MPa) extrusion. The
power of the press motors also increases approximately
in proportion to the pressure. Such presses are called

belt presses, because they cut a beam (strip), which is
then cut into products of the required size.

The main goal of the powder pressing process is to
obtain the maximum pressing density. This indicator
has the main impact on the completeness of the physi-
cochemical processes in the mass during firing of prod-
ucts, as well as on the quality of the final product. It is
for this reason that in the production of plastic-ceramic
tiles, the insufficient density of the semi-finished prod-
uct causes increased shrinkage, and therefore an in-
crease in firing defects — cracks, warping, etc.

Uneven pressing also has a negative value. The main
reasons for this may be the loss of pressure on the pas-
sage of friction against the walls of the mold, the dis-
similar ratio between the depth of the layering and the
thickness of the semi-finished product in different parts
of the product, in addition, there may also be filling in-
dividual sections of the mold with powder of different
granular composition and moisture content. A positive
effect on the quality of pressing is made by stepped or
repeated pressing, in which the die presses on the pow-
der with the stages of unloading, namely, after a certain
period of pressure, the die rises slightly and the pressing
is released from the pressing pressure. This technique
allows you to remove air from the presses as much as
possible, causes less uneven density with a significantly
lower maximum pressure than with one-stage pressing.

Presses that are used for plastic molding in relation to
the design of the pressing device are divided into piston
and screw presses [4].

The reciprocating press is simple in design and con-
tains forming organs such as a press head with cavity
formers, a mouthpiece and a cyclic operating piston
blower. The cycle of operation of the piston blower
consists of the working stroke for compaction of clay
and extrusion of the beam and the return stroke to the
original position after the next portion of
clay [10]. The hydraulic piston drive allows to obtain
significant pressure sufficient for rigid brick formation,
and also ensures high piston speed in its reverse stroke
and pre-sealing stroke, when the resistance force of the
piston movement is negligible. Pauses in extrusion re-
duce productivity but significantly facilitate the cutting
of fixed timber. It is advisable to use a reciprocating
press in parallel with a powerful screw press as part of
complexes for the production of facing bricks for the
formation of relatively small batches of shaped bricks
and other products of a wide range of shapes and sizes.
In this version, the powerful screw press is used as ef-
ficiently as possible, without wasting time on frequent
changeovers.

Screw presses use the principle of working with a
screw shaft or screw squeeze, which moves plastic-ce-
ramic raw materials and compresses them into a mold
to obtain the desired shape and size of the product.

The blade of screw presses can be one-, two- and
three-pass (Figure 1). Single-pass squeeze blades pro-
vide high press productivity and lower specific energy
consumption for pressing. A press with a two-stroke
squeeze blade has a much better pressing quality than a
press with a single-pass blade, however, all other things
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being equal, the performance is less and the specific en-
ergy consumption is greater. Three-pass blades with
and without overlap are rarely used due to a sharp de-
crease in the productivity of the press.

A
2

Figure 1 — Designs of pressing screw shaft blades

N

Belt screw presses are designed for the production of
plastic-ceramic products with a moisture content of
14...25%. Also, according to technological characteris-
tics, they are divided into presses with vacuuming and
presses without vacuuming of plastic-clay mass. By de-
sign — for presses with discontinuous screw blades and
for presses with cylindrical, stepped or conical bodies
[3].

The speed of axial movement of the mass in the press
cylinder is uneven: it is almost zero in the screw hub
and maximum at the inner surface of the housing. As a
result, in the mass moved in the press body, delamina-
tions occur parallel to the axis of the press. With the
further advancement of the mass in the press head, its
individual sections also move at different speeds due to
frictional forces along the outer perimeter of the mass
beam, as well as the rotational motion, which continues
partially, the mass and filling with it of the space previ-
ously occupied by the hub of the screw. As a result of
such a complex movement of the mass, which depends
on a large number of factors and is basically not suita-
ble for theoretical calculation, the bar at the exit from
the mouthpiece does not have a homogeneous structure,
but is a sequential layering of empty cones of mass
nested within each other.

To reduce and eliminate these shortcomings of plastic
molding in screw presses of continuous action, it is nec-
essary to observe the following technological parame-
ters and measures: careful preparation of the plastic
mass for the pressing operation; decrease in retention
(in %) of the dusty part of the fireclay component of the
mass; lengthening of the press head by inserting an in-
termediate ring 100...200 mm long between the body
and the press head, reducing the gap between the screw
blades and the press body to 2...4 mm; installation of
peeling knives in the intermediate ring or head of the
press; reducing the speed of the screw shaft to 20... 30
rpm; some increase in the moisture content of the mass.

Prior to the output of the timber formation and de-
pending on the design, the presses are divided into ver-
tical and horizontal. They are used in the production of
special fine ceramics, building bricks, strip tiles, hollow
ceramic blocks, socketless and drainage sewer pipes.

The screw aggregate press contains a press, a vacuum
chamber and a mixer. Mixing the clay should take place
without sucking in air. In this way, a screw and a work-
ing body are added to the paddle mixer to give re-
sistance to the movement of the clay and its crushing
by a grate or knives and cones [2]. While the pressure

of the clay in the screw-sealed ring may be sufficient to
maintain a high level of vacuum, it should not be ex-
cessive to reduce wear and energy intensity.

The press, which contains the forming organs, the
screw blower (mouthpiece with cavity formers) and the
press head, performs the main forming process.

The pressing process demonstrates the change in
pressure in different areas of the auger, as shown in the
Fig. 2. The highest pressure observed in the area of the
mixer screw end blade is 0.4-0.5MPa. This is signifi-
cantly less than the pressure of the main screw. Load-
ing, pre-compaction, pressure build-up, and forming
are all parts of the main screw. In the first section, the
screw is filled with cut clay. During transportation, it
constantly sucks out air, starting from the moment it
falls. There's no pressure at this point, and it shouldn't
be. In this region, the screw capacity must exceed the
maximum possible with power fluctuations [1].
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Figure 2 — Pressure distribution in the screw
press

In the next part, preliminary compaction begins, and
when the clay has already filled the entire turn-to-turn
channel of the screw, air is squeezed out of the pores
into the vacuum chamber. Reducing the channel area
with auger taper and auger pitch helps to speed up com-
paction.

The increase in pressure is carried out by a screw in
the following area. The presence of knives helps to stop
the clay from turning along with the screw, in the gaps
of the auger blades in this area. The pressure in the clay
in the zones of action of the knives is balanced at a level
sufficient to overcome the resistance of the forming or-
gans. This means that when the supply fluctuates, these
areas also help prevent overpressure inside the screw.
Clay flows unevenly through the interturn channel of
the auger. It flows faster in the periphery than in the
hub. The cross-section that passes through the end
blade at the inlet to the press head has the highest pres-
sure. The level of this pressure is determined by the

64 Academic journal. Industrial Machine Building, Civil Engineering. — 2 (61)' 2023



pressure losses that occur during the passage of clay
through the channels of the organs that are being
formed.

a0’
/s ‘

447 fﬂ.‘U'/S

e
378 rag’s

I
235 m‘d/s

252 rad/s ? A
L

189 rad/s
\

4 126 rad’s

— A\
0 g2 g4 06 08 10 12 14 164z
Figure 3 — Characteristics (performance as a
function of pressure) of the screw and molding
bodies at variable frequency

The new methods for measuring the pressure and ca-
pacity of the screw press are similar to those for aero-
dynamic and hydraulic systems. This method focuses
on the interaction of the supercharger and the forming
organs together, which means that their characteristics
is O=f{(q), i.e., the dependence of performance Q on
pressure g. Figure 3 shows the characteristics of the
screw at variable angular velocity (1.26 to 4.41 s™'), as
well as the characteristics of the forming organs (curve
A). The operating mode parameters, O, and g,, are
identified as the points of intersection of the curves.

Models of Shvedov-Bingam visco-plastic material
are used to describe the flow of clay through auger
channels and forming organs:

(M

T=T,+U au
=1, Rl
d

where 7 and 79 — effective and maximum stress shear;
4 — material viscosity;

du . .
—— =y —velocity gradient.
dy

This model demonstrates a class of materials in which
the stress is proportional to the velocity gradient, as in
a classical Newtonian fluid, but the flow begins only
after the maximum shear stress is reached zp. In the
clays used to make building ceramics using the plastic
molding method, there is a feature known as the viscos-
ity anomaly. Its essence lies in the fact that shear stress,
or effective viscosity x4, = f(y), decreases signifi-

cantly as the velocity gradient increases, rather than re-
maining constant [1]. The rheological curve, which is a
mathematical description of dependence, has the form:

)

where y — the flow index, which depends in logarith-
mic coordinates on the angle of inclination of the rheo-
logical curve to the abscissa axis;

/ue =IUO '()/)ﬂ//

Mo — consistency index is an indicator that determines
the effective viscosity at a unit velocity gradient,
H-s/m?2.

A complex equation that describes the properties of a
screw takes into account the leakage of clay through the
gaps between the screw and the cylinder jacket and
through the turn-to-turn channel:

O =G0y =0 = O

where Q.. — supercharger performance;

Oy — direct flow, which occurs due to the pushing

ability of the main front surfaces of the screw;

;¢ — the backflow that occurs when the forward flow

1S restrained;

Qeum — outflow through the gaps.

The characteristics of the forming organs (curve A in
Figure 3) are calculated as ¢=f(0), moreover, the total
pressure ¢s is equal to the sum of the pressure losses in
the press head g¢.,, and mouthpieces Guu:
q3= o1t quy- Each loss is calculated using the formula:

€)

D0 (@) = 1 2 4)

Kc’
where K. — A coefficient that describes the shape of a
flow channel and is calculated using formulas for cy-
lindrical, conical, slit, and wedge-shaped channels.
Effective viscosity u. for each channel, find by a chart
M, = f(y) after calculating the velocity gradient for

each channel.

It should be noted that the rheological characteristics
of different clays differ significantly from each other.
In addition, experiments with the calculation of rheo-
logical curves on piston rtheometers are quite complex
and require special equipment [13]. For this reason,
simplified methods for calculating screw presses are
used in design practice.

Vacuuming molding is one of the best ways to im-
prove the quality of molded products. As you know, the
presence of air in the mass reduces the strength and
molding properties of the ceramic mass due to the
breaking of bonds between individual grains of clay
minerals and water molecules. The presence of air in
the ceramic mass also reduces the process of disaggre-
gation of clay particles, reduces the molding ability of
the mass, and leads to uneven compaction during mold-
ing, which leads to the formation of microcracks in the
formed product. Stable vacuum, which depends on uni-
form press feed, as well as the power and reliability of
the vacuum pumps, is important for effective vacuum-
ing.

Unlike ordinary bricks, the characteristics of plastic-
brick products differ and have a number of advantages.
Plastic-brick products may have altered strength com-
pared to traditional bricks depending on the type of
plastic and the ratio of components in the mixture.

Plastic-brick products have better insulation proper-
ties, especially if they contain polystyrene foam, which
helps to improve the energy efficiency of buildings and
reduce heating and air conditioning costs.
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Also, plastic-brick products are lighter compared to
traditional bricks, which makes it easier to transport
and process on the construction site.

The semi-finished product, which is pressed on vac-
uum presses, is not fully formed and undergoes press-
ing again on a pre-pressing press to give the semi-fin-
ished product the correct shape, as well as the necessary
strength. At the same time, there are ancillary costs,
which is inappropriate nowadays.

Comparing the technological schemes for the produc-
tion of bricks by plastic and semi-dry methods of mass
preparation, it should be noted that with almost the
same indicators of energy consumption, the indicators
of metal consumption of semi-dry pressing plants are
about three times higher, and the labor intensity of mak-
ing one thousand bricks is 30% lower compared to the
semi-dry method.

Conclusions

The construction industry in Ukraine is adopting in-
novative technologies such as using recycled plastic to
make bricks, tackling plastic waste, and promoting re-
cycling. The production process involves collecting

and recycling plastic waste, mixing it with other com-
ponents, and shaping bricks using methods such as
plastic molding and semi-dry pressing. To improve the
quality of bricks, various equipment is used, for exam-
ple, reciprocating and screw presses. The study aims to
improve the efficiency and results of thermoplastic
casting in the construction industry. In addition, the
study highlights the importance of pressure distribution
in screw presses to compact clay in the production of
building ceramics. Vacuuming of the molding mass is
emphasized as crucial for improving the quality of
molded products. Plastic brick products have ad-
vantages such as altered strength, better insulation
properties, and lighter weight. Comparing technologi-
cal schemes, the semi-dry method of brick production
has a higher metal consumption and less labor intensity
compared to the plastic one. Overall, the study high-
lights the potential of recycled plastic bricks in promot-
ing sustainable construction practices and reducing en-
vironmental impact.
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