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Abstract:

Introduction/purpose: The valorization of waste in civil engineering is an
essential practice due to its environmental and economic benefits. In many
countries, various waste materials are incorporated into construction,
particularly in cement and concrete, in the form of powders, fibers, or
aggregates. This study focuses on reusing glass waste, a material that
poses a significant environmental challenge. The primary objective is to
evaluate the feasibility of partially replacing sand with glass waste in
concrete production and analyzing its impact on the material's properties.

Method: Different types of glass waste are added to concrete as a partial
replacement for sand, using varying percentages. The resulting concrete
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samples undergo testing and are compared to conventional (control)
concrete to assess their physical and mechanical properties.

Results: The analysis indicates that incorporating recycled glass into
concrete is feasible, although the material’s properties vary depending on
the type and amount of glass used. In some cases, certain characteristics
of the concrete improve, while in others, challenges related to strength and
durability may arise.

Conclusion: Using glass waste in concrete is a sustainable alternative that
helps reduce waste and conserve natural resources. Despite some
limitations, this technique represents a promising solution for the
construction sector, promoting sustainable development and a circular
economy.

Key words: valorization, glass powder, concrete, substitution,
mechanical properties.

Introduction

Concrete is the most widely used construction material worldwide due
to its availability, relatively low cost, and ease of use. It is employed in a
wide range of applications, from residential buildings to infrastructure
projects such as bridges and roads. Its standard composition generally
includes cement, sand, gravel, and water, although numerous variations
exist depending on specific requirements for mechanical strength,
durability, and workability.

In the context of sustainable development and responsible resource
management, the construction industry faces several environmental
challenges. Cement production is particularly energy-intensive and
significantly contributes to CO2 emissions. Furthermore, the massive
extraction of sand and gravel causes severe ecological disturbances,
including habitat destruction, air and water pollution, and increased
greenhouse gas emissions.

Recycling waste materials presents a promising solution to mitigate
the environmental impact of the construction sector. Among recyclable
materials, waste glass is an underutilized resource despite its abundance
and potential in various applications, including concrete production.
Recycled glass can be ground into fine powder and used as a partial sand
replacement in concrete mixtures, thereby reducing landfill waste and
conserving natural resources.

This study aims to evaluate the impact of incorporated glass powder
on the mechanical properties of concrete. To achieve this, we used the
Dreux-Gorisse mix design method to formulate a control concrete and six
modified concrete mixes containing different proportions of glass powder




(5%, 10%, 15%, 20%, 25%, and 30%) as a partial replacement for sand.
The main focus is to assess how this substitution affects the mechanical
behavior of concrete, particularly in terms of its strength and durability over
time.

The incorporation of recycled glass in concrete has been extensively
studied due to its unique properties, including its silica-rich composition
and potential pozzolanic reactivity when finely ground. A review of
previous research helps to contextualize this study within the scientific
framework and identify current advancements and limitations in this field.
Glass can be classified into various categories based on its application
and chemical composition, including container glass, lamp glass, and
cathode ray tube (CRT) glass (Topcu et al, 2004). Specialized glass types,
such as borosilicate glass, are known for their chemical resistance and
high softening points, making them suitable for cookware and laboratory
equipment (Samtur, 1974). However, impurities and contaminants in
mixed-color glass waste can affect the properties of recycled glass and,
consequently, the performance of glass-containing concrete (Isa, 2008).
The cement industry is one of the most energy-intensive industries, with
energy costs representing up to 40% of variable production expenses and
even 50-60% in some countries (Jani, 2014). The valorization of glass
waste in construction materials, including concrete, presents a promising
approach to reducing these costs while enhancing sustainability. A
comprehensive review of glass recycling methods in building materials,
including concrete, has been provided in (Lu et al, 2019). Several studies
have investigated the performance of concrete containing recycled glass
in various forms. An in-depth analysis of the use of recycled glass powder
in concrete has been presented in (Mallum et al, 2022), highlighting its
influence on mechanical strength and durability. Other studies have
examined the advantages and limitations of glass powder as a
supplementary cementitious material (Federico et al, 2009) or as a fine
aggregate substitute (Ismail et al, 2009; Harrison et al, 2020). Research
indicates that glass powder, due to its fine particle size and silica content,
can exhibit a pozzolanic reaction, improving the long-term strength of
concrete. The shortage of natural sand and the environmental
consequences of its extraction have led to the search for sustainable
alternatives. The use of crushed glass powder as a partial sand substitute
in concrete is a viable solution that reduces natural aggregate
consumption while repurposing industrial waste. Studies have
demonstrated that glass powder effectively fills voids between larger
aggregates, enhancing the compactness and mechanical performance of

concrete.
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While numerous studies have explored the incorporation of glass
powder in concrete, several questions remain open, particularly regarding
optimal dosage and its effects on mechanical performance. The unique
contribution of this study includes:

- Rigorous application of the Dreux-Gorisse method to develop an
optimized concrete mix with varying proportions of glass powder,
ensuring precise formulation;

- Systematic experimental comparison between a control concrete
and six modified mixes containing 5% to 30% glass powder as a
sand replacement;

- Comprehensive mechanical evaluation, focusing on the evolution
of tensile and compressive strength over time; and

- Identification of the optimal glass powder dosage that improves
concrete performance while maintaining an economically and
environmentally viable formulation.

This research enhances the understanding of how recycled glass
affects concrete properties, providing valuable insights for sustainable
construction practices.

This study aligns with sustainable development objectives by
reducing the environmental impact of concrete production while improving
its performance. Using glass powder as a sand substitute not only recycles
an abundant waste material but also optimizes concrete formulation in
terms of compactness and strength. The experimental findings will
contribute to advancing knowledge on recycled glass in construction
materials and guide future research on optimizing concrete mixtures for
sustainability.

Materials and methods

Concrete is a building material made from a mixture of cement, gravel,
sand, water, and various additives that alter its properties. The
components must be appropriate to produce concrete that satisfies the
necessary specifications.

The aggregates subject to this study are located in the Sidi Bel Abbes
region in Algeria, and their source is as follows:

Cement

CEM II/A-L 42.5N cement is a Portland limestone cement, composed
mainly of clinker (80 to 94%) and pure limestone (6 to 20%), with the
addition of gypsum (0 to 5%) as a setting regulator.

The cement used in producing different types of concrete complies




with standards NF P15-301(Yaragal et al, 2017) and NF EN196-1. It is
Portland cement of class CEM Il 42.5N, produced at the ZAHANA cement
plant. Its strength at 28 days is (242.5 MPa).

Sand

The sand utilized in our study is quarry sand sourced from Hasnaoui
Sidi Ali Ben Youb. Its cleanliness was evaluated through the sand
equivalent test and the sand grain size analysis is presented in Figure 1.
According to the results of the sand equivalent test, our sand is clean sand.
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Figure 1 — Grain size analysis curve of the used sand

The aggregates utilized in this study are sourced from the Hasnaoui
Sidi Ali Ben Youb quarry situated in the Sidi Bel Abbes province of Algeria.
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Figure 2 — Grain size analysis curve of the aggregates
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These aggregates are available in two size ranges: 3/8 and 8/15
(Figure 2). The concrete is prepared using a mixer with a capacity of 500
liters.

Water

Water plays a crucial role in concrete, as it directly contributes to the
chemical reaction with cement (Federico et al, 2009). The quantity of water
used should be enough to ensure both the hydration process and the
workability of concrete. Potable water is typically used for this purpose.

Glass powder

The glass powder used in our concrete is a finely ground material
obtained from recycled glass. The LOS ANGELES machine used for our
tests grinds this glass into powder with a diameter of (D < 0/3) (Figure 3).

b

‘ Figu e 3"— Glass powder (0/3) sample

Methodology

To guarantee clarity and precision in our study, we decided to use a
reference concrete (RC) as a standard for comparison in our tests. We use
the Dreux-Gorisse method to optimize the filling of voids for denser and
more resistant concrete and to control workability and durability. Our
concrete was designed using the Dreux-Gorisse method, based on a 1 m?
formulation, providing a continuous granular skeleton with a target strength
of 40 MPa and a slump of 12 cm. We adopted different compositions of
concrete without and with the addition of glass powder at different
percentages in all that follows (Table 1).

In this paper, we present the characteristics of the materials and the
formulation of the concretes to be studied. We conducted several




experimental tests on these concretes (Table 2). The crushing of the cubic
specimens (15*15*15 cm?) is presented in Figure 4.

Figure 4 — Concrete made in 15x15x15 cm?® cubic test specimens

Table 1 — Concrete conventions with and without glass powder

Concrete type Composition

BT Control concrete with 0% glass powder
BVO01 Concrete with 5% glass powder

BV02 Concrete with 10% glass powder
BV03 Concrete with 15% glass powder

BV04 Concrete with 20% glass powder
BV05 Concrete with 25% glass powder
BV06 Concrete with 30% glass powder

Table 2 — Formulation and composition of concrete based on glass powder

Gravel Gravel Glass
Types (C;g’}‘rﬁg‘)‘ (S;gr}?ns) (Kg/m®) | (Kg/m®) \(Ilfr;%; powder

3/8 8/15 (Kg/m?)
BT 350 445.00 356 534 175 0
BVO01 350 422.75 356 534 175 22.25
BV02 350 400.00 356 534 175 45.00
BV03 350 378.25 356 534 175 66.75
BV04 350 356.00 356 534 175 89.00
BVO05 350 333.75 356 534 175 111.25
BV06 350 311.50 356 534 175 133.50

Merdaci, Valorization of glass waste into glass powder in the manufacture of concrete, pp.114-1155



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2025, Vol. 73, Issue 3

Results and discussions

This section presents the outcomes of the experimental tests
conducted on these concrete samples, specifically focusing on
compressive and tensile strength assessments.

As stated in (Ismail et al, 2009), the average compressive strengths
of various concrete mixtures were measured at intervals of 7, 14, and 28
days using a compression machine.

Figure 5 — Crushing of a cubic specimen of witness concrete

Based on the compression tests conducted in the RAH laboratory, the
results are as follows:

I (7 Days)
[ (14 Days)
I (28 Days)

Compressive Strength (APa)

TrpezefConcrete

Figure 6 — Results of the compressive strength test




Figure 6 presents the results of the compression tests conducted on
the standard concrete (BT) and the concrete containing varying volumetric
fractions of glass powder at 5%, 10%, 15%, 20%, 25%, and 30%. The
compressive strength was assessed at 7, 14, and 28 day intervals, based
on the percentage of glass powder relative to the conventional concrete
mix. The compressive strength of the cubic specimens measuring 15 cm
x 15 cm x 15 cm, incorporating 5% glass powder, showed a 42.52%
increase compared to the standard concrete after 28 days. In contrast, the
specimens containing 10% glass powder exhibited a 44.95% increase in
compressive strength. However, for the specimens with 15%, 20%, 25%,
and 30% glass powder, there was a decline in their compressive strength,
with reductions of approximately 35.88%, 17.62%, and 2.07%, ultimately
reaching 0%. The findings indicate that incorporating just 10% glass
powder (BV02) enhances the concrete strength to 72.88 MPa. This
suggests a strong bond between sand and a binder, reflecting the effective
integration of glass powder within the matrix. However, increasing the
glass powder content to 15%, 20%, 25%, and 30% results in a decline in
concrete strength. This decrease is attributed to inadequate
implementation and management, resulting in the creation of voids that
contribute to the lower strength relative to the standard concrete.
Substituting 10% of sand with glass powder is considered a viable option.
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Figure 7 — Tensile strength of the concrete used
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Spilt tensile strength was tested in the compressive testing machine.
Cylinder specimens of 300mm*150mm were used. The split tensile
strength of the cylinder is calculated using:

L = 30cm, length of the cylinder, and

D = 15cm, diameter of the cylinder.

As illustrated in Figure 7, the inclusion of glass powder can
significantly improve the tensile strength of concrete. The data indicates
that concrete mixed with glass powder exhibits a tensile strength increase
ranging from 5% to 30% compared to that of conventional concrete across
all ages. Specifically, at 28 days, the tensile strength of concrete
containing glass powder shows increments of 35.47% and 37.49% for 5%
and 10% glass powder content, respectively. In contrast, for the 15%, 20%,
25%, and 30% glass powder mix, the tensile strength increases by
29.93%, 14.70%, 39.83%, and remains unchanged at 0%.

Conclusions

This research presents findings on the mechanical properties of glass
powder in relation to the compressive and tensile strength of concrete,
including a comparison with conventional concrete. The key conclusions
are as follows:

e The compressive strength of concrete increases with the inclusion
of 5% and 10% glass powder (samples BV01 and BV02) compared
to standard concrete.

e Concrete mixtures containing 15%, 20%, 25%, and 30% glass
powder demonstrate lower compressive strength than the 10%
glass powder concrete (BV02).

e The incorporation of glass powder positively influences the strength
of concrete, indicating that glass powder concrete fulfills construction
requirements and serves as a viable option for the industry.

e While resistant glass powder is valued for enhancing the strength
and ductility of concrete, excessive amounts may lead to
segregation issues and an overall decrease in concrete strength.

e High concentrations of glass powder can also pose workability
challenges due to their increased surface area. However, the
performance of glass powder in locally produced concrete shows
marked improvements in overall strength and toughness compared
to traditional concrete.

e Glass powder is used in various fields, such as coatings
manufacturing, construction materials, abrasives, ceramics, etc.




e Glass powder is an environmentally friendly material. Its
manufacturing and infinite recyclability make it a sustainable choice
for the environment.

e The glass powder is an innovative material. New technologies
enable the development of glass powders with increasingly higher
performance properties.

This research expands knowledge on alternative materials in
concrete, promoting innovation for more eco-friendly, durable, and high-
performance concrete.
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Resumen:

Introduccién/objetivo: La valorizacion de residuos en la ingenieria civil es
una practica esencial debido a sus beneficios ambientales y econdémicos.
En muchos paises, diversos materiales de desecho se incorporan a la
construccion, especialmente en cemento y hormigén, en forma de polvos,
fibras o agregados. Este estudio se centra en la reutilizacion de residuos
de vidrio, un material que representa un importante reto ambiental. EI
objetivo principal es evaluar la viabilidad de sustituir parcialmente la arena
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por residuos de vidrio en la produccién de hormigon y analizar su impacto
en las propiedades del material.

Métodos: Se afiaden al hormigon diferentes tipos de residuos de vidrio
como sustituto parcial de la arena, en porcentajes variables. Las muestras
de hormigon resultantes se someten a pruebas y se comparan con el
hormigén convencional (de control) para evaluar sus propiedades fisicas y
mecanicas.

Resultados: El analisis indica que la incorporacion de vidrio reciclado al
hormigén es viable, aunque las propiedades del material varian segtn el
tipo y la cantidad de vidrio utilizado. En algunos casos, ciertas
caracteristicas del hormigbn mejoran, mientras que en otros pueden surgir
desafios relacionados con la resistencia y la durabilidad.

Conclusién: El uso de residuos de vidrio en el hormigén es una alternativa
sostenible que ayuda a reducir los residuos y a conservar los recursos
naturales. A pesar de algunas limitaciones, esta técnica representa una
solucion prometedora para el sector de la construccion, promoviendo el
desarrollo sostenible y la economia circular.

Palabras claves:. valorizacién, polvo de vidrio, hormigon, sustitucion,
propiedades mecanicas.

MepepaboTka CTEKNOOTXOA0B B CTEKMSAHHLIA MOPOLLOK U ero
ncnonb3oBaHWe B NponsBoacTBe 6eToHa

CrnumeliH Mepaauun@, koppecnoHaeHT, Hypcad Vikned®, Ada Xagx Mycrada®

a3 YHuBepcuteT Cuan-benb-Abbec, kadheapa rpaxaaHcKoro CTpouTenscTea u
obLiecTBeHHbIX paboT, nabopatopusi KOHCTPYKLMIA 1 COBPEMEHHbIX
mMaTepu1anoB B rpaXaaHCKOM CTpouTenbCTBe 1 obLiecTBeHHbIX paboTax,
Cunan-benb-Ab6ec, Amkupckan HapogHast lemokpaTtuyeckas Pecny6nvka

6 Yunsepcutet Cuan-benb-A66ec, kadeapa rpakaaHcKoro CTpouTensLCcTea u
obLecTBeHHbIX paboT, nabopaTopus rpaxaaHCKoro CTpoUTenbLCTBa U
OXpaHbl okpyXxatowen cpeabl, Cuan-benb-Abbec, Amknpckaa HapoaHas
HemokpaTuyeckas Pecnybnuka

® YHuBepcuTeT B PenusaHe, kadeapa rpaxaaHCcKoro CTponTenbcTea u
o6LecTBeHHbIX paboT, nabopaTopusi MIHHOBALMOHHLIX MaTepUanos 1
BO306HOBSIEMbIX MCTOYHUKOB 3Heprun, PenunsaH, Amxumpckas HapogHas
HemokpaTtnyeckas Pecnybnuvka

PYBPUKA T'PHTW: 81.09.00 MaTteprnanoBeaeHue
BWO CTATbW: kpaTtkoe 3asBneHne
Pestome:

BeedeHue/uernb: Banopusauus omxodos 8 2paxkdaHCcKoMm
cmpoumesnibcmeae 518/151emcsi 8aXKHOU rpakmukol U3-3a 9KOSI02UYECKUX
U 9KOHOMUYECKUX rpeumyujecms. Bo MHOsux cmpaHax pasfiuyHblie
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0mxo0b! UCMOb3YHMCSl 8 CMPOUMesbcmee, 0CObeHHO 8 uemeHme u
bemoHe, 8 gude MOPOWKO8, B0JIOKOH UMuU 3arosiHumenedl. [aHHoe
uccriedogaHue rnocesieHo 8MopuUYHOMY UCIMOIb308aHUI CMEKISIHHbIX
omxodo8 — Mamepuarna, npedcmassisitouje20 Cepbe3Hy0 yepo3y Ors
oKpyxaroueli cpedbl. OCHOBHas Uyeslb CmambU 3aK/1t04aemcsi 8 OUeHKe
803MOXHOCMU Yacmu4HOU 3aMeHbl rnecka CMeK/IsTHHbIMU omxodamu
npu npou3sodcmee bemoHa U aHaslu3e e20 6/UsHUS Ha ceolicmea
Mamepuarna.

Memodebi: B xode uccnedosaHusi pa3nuyHble 8UObl CMEKI00mMxodos
bb1r1u dobasreHbl 8 6emOH 8 Kadyecmee Yyacmu4Hol 3aMeHbI Mecka 8
Pa3sHbIX MPOUEHMHbIX COOMHOWEeHUsIX. 3ameM Mofy4YeHHbIe 06pa3subl
bemoHa 6binu ucrnbimaHbl U CpasHeHbl C 0ObIYHLIM (KOHMPOIbHbIM)
6emoHoM Orisi OUEHKU UX ¢hU3UYECKUX U MexaHU4ecKux ceolicme.

Pesynbmamsi: AHanu3 rnokasas, 4ymo dobaesneHue rnepepabomaHHO20
cmekrna e cocmas 6emoHa 803MoxHO. OOHaKo ceolicmea rnosy4eHHO20
Mamepuarna pasnudaromcsi 8 3agUcCUMOcCmuU om murna u Konuyecmea
ucrnosnb3yemMo20 cmekna. B Hekomopbix cllydasix xapakmepucmuku
bemonHa ynydwaromcs, 8 mo epeMsi Kak 8 Opyaux crydasx moa2ym
803HUKHYMb MPO6IEMbI C IPOYHOCMbIO U 00/1208€4HOCMbIO.

BbigoObi:  [lobasneHue cmekrnoomxodoe 8 bemoHe sersemcs
3Kos102UYHOU anbmepHamueol, Komopasi MoMo2aem CcoKpamumb
Konuyecmeo omxo008 U CoxXpaHume MpupooHbie pecypcbl. Hecmompsi
Ha HeKkomopble ozpaHu4eHus, amom memod npedcmasrnsem cobol
MHo2o0belwarouiee  peweHue 8  cmpoumersibHOU — ompacru,
criocobcmeyrowiee  ycmouyueoMy — pa3gumuio U 39KOHOMUKE
3aMKHYymoao yukra.

Knoyesnble crosa: earsiopusayus, CMEKIAHHbIU MOPOWIOK, 6emo-,
3ameuleHue, MexaHu4deckue ceoticmea.

Banopwu3sauuja cTakneHor otnaga y CTakneHu npax y npon3sogHu
OeToHa

CnumejH Mepgaun?, aytop 3a npenucky, Hypcad Vkned 6, Ada Xauy
MycTtacpa ®

a2 YHuBepauteT Cuam ben Abec, Kategpa 3a rpafeBnHapCcTBO U jaBHE pajoBe,
JTabopaTopuja 3a KOHCTPYKUMje 1 HanpeHe maTepujane y rpafeBuHapcTBy
1 jaBHuM pagoeuma, Cuam Ben Abec, HapogHa [emokpaTtcka Penybnuka
Arnxup,

6 YHnBepanteT Cuamn Ben Abec, Kateapa 3a rpafjeBMHapCTBO U jaBHe pagose,
JlabopaTopuja 3a rpafieBnHapCTBO U XMBOTHY cpeaunHy, Cuam Ben Abec,
HapopaHa [lemokpaTtcka Penybnvka Amxup,

® YHuBep3auTeT y PenusaHy, Kategpa 3a rpafjeBuHapcTBO 1 jaBHe pagoBse,
NabopaTopwja 3a nHoBaTuBHe MaTepujane n obHOBILVBE
eHepruvje, PenunsaH, HapogHa [lemokpaTcka Penybnuka Amkup




OBNACT: maTepujanu, rpaheBuHapcTBO
KATEFOPWJA (TWIM) YNAHKA: kpaTko caonwtene

Caxemak:

Yeod/yurb: Banopusauyuja omnada y epahesuHapcmsy rnpedcmasrba
CYWMUHCKU 8a)KHy Mpakcy 3602 Kopucmu Kako 3a eKOHOMUJY, makKo U 3a
JKUBOMHY cpeduHy., Paznuyumu omnadHu mamepujanu yrompebrbasajy
ce y MHoa2uM 3emsrbama kao O0odamak 2palje8UHCKUM Mamepujanuma,
Hapoyumo yemeHmy u 6emoHy, y 0bnuKy rpaxa, enakaHa unu azpezama.
Cmoea ce y osom paly pasmampa MOHOBHO Kopuwhere cmakrieHoz
omnada, Mamepujana Koju npedcmaesba 3Ha4yajaH eKOMOWKU U3a308.
OcHosHu yurb jecme Oa ce npoueHU u3800s/bUBOCM GeNlUMUYHE 3aMeHe
recka cmaksiieHUM omnadoM y rpou3sodu bemoHa, kao u Oa ce
aHasu3upa ymuuaj Koju makea 3aMeHa uMma Ha ceojcmea Mamepujana.

Memode: bemoHy cy dodasaHe pasnuyume spcme cmakreHoe ommnada
Kao OenumuyHe 3aMeHe 3a rnecak, y pasnudumumM rpouyeHmuma. Y3opyu
mako dobujeHo2 bemoHa mecmupaHu cy U yropeheHu ca crmaHO0apOHUM
(KoHmMponHUM) 6emoHOM padu OUEHE H-UX0BUX GDUBUYKUX U MEXaHUYKUX
ceojcmasa.

Pesynmamu: AHanusa rnokasyje Oa je u3800/bUBO yepadumu
peyuknupaHo cmakio y 6emoH, uako ceojcmea mako 0obujeHo2
Mamepujania eapupajy 3asucHO 00 epcme U KOonu4duHe KopuwheHoe
cmakna. Y HekuMm criy4dajesuma o0pefeHe kapakmepucmuke bemoHa ce
noborbwasajy, 0ok ce y Opyaum Moey jasumu npobnemu y ee3u ¢
ygpcmohom u mpajHowhy.

Sakrbyuak: Kopuwhere cmakneHoe omnada y bemoHy npedcmaerba
odpXKugy anmepHamuegy KojoM ce cMarbyje omrad u 4ysajy npupooHU
pecypcu. YpKoc HEKUM OepaHu4YerbuMa, 08a mexHuka moxe Oa byde
JjedHo 00 pewera y epaheB8UHCKOM CeKmopy KojuM ce rnpomosulie
00pXKuUBU pa3soj u UupKynapHa eKoHoMuja.

KrbyyHe peyu: sanopu3sayuja, cmakneHu rpax, 6emoH, cyncmumyuyuja,
MexaHu4Ka ceojcmea
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