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Use of waste glass in concrete: A review
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Abstract. Concrete is widely used construction
material in the present industry. The concrete con-
sists of cement, fine aggregates and coarse aggre-
gates. Concrete is strong in compression and weak
in tension. Also, the cement manufacturing industry
on an average emits 7% of greenhouse gases to
earth’s atmosphere which leads to global warming.
In order to address these environmental affects ex-
tensive research is ongoing into the use of cement
replacements, using many waste materials (like
waste glass, plastics, fly ash, etc.) and industry’s by-
products. Waste glass is a non- biodegradable mate-
rial and disposal of waste glass into the land results
in the soil pollution. So, to avoid these disposable
problems waste glass may be used as partial replace-
ments of coarse and fine aggregates. It’s possible to
add glass in the concrete by replacing either of the
ingredients partially in a number of forms. Glass
may be added in crushed form or in powder form
along with the addition of admixtures/plasticizers or
without addition of any of the alternate materials in
the nominal concrete. Accordingly, a study about
various aspects of usage of glass has been made in
this paper to include it in concrete as an ingredient
so that the best possible usage of glass form may be
finalized and same may be used in the concrete with
a partial replacement.

Keywords: waste materials, glass powder, con-
crete, admixtures, aggregate, cement replacement,
partial replacement.

INTRODUCTION

Concrete is a frequently used construction
material. Looking into its composition, it con-
tains cement, sand, gravel, and water, and
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sometimes admixtures are added to achieve de-
sired effects. Cement, being a binding material
and a crucial element of concrete, makes up 7—
15% portion of it [1]. Aggregate makes up
70%—75% of the total volume of concrete. Ag-
gregates were used as a construction material in
48.3 billion tons worldwide in 2015 [2]. It is ex-
pected that by 2050, more than 70% of the
world's countries and territories will be more
than 60% urban, and the remaining 38% will be
at least 80% urban. Only two continents, Africa
and Asia, will be able to accommodate the
world’s expected population growth. By 2050,
these continents will have attracted nearly 90%
of the world's 2.5 billion new residents. A
growing population is definitely connected to
the proper construction and sustainable infra-
structure [3]. The global concrete production
rate is estimated to be about one ton per person
per year, and that this rate is continuously rising
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[4]. The cement industry contributes 5% of
worldwide CO2 emissions due to its energy-in-
tensive nature [5]. Depending on the type of
fuel used, one ton of cement is estimated to pro-
duce 0.9 to 1 ton of CO2 . The largest environ-
mental challenge of present time, according to
scientists, is simulated climate change which
has lead the path for global warming, which is
the result of continuous and steady rising quan-
tities of greenhouse gases, mainly COz , in the
earth's atmosphere over the past 100 years [6].
In order to reduce cement content, enhance
workability, boost strength and extend the life
of concrete, supplementary cementitious mate-
rials are frequently used in concrete mixes [7].
Waste Glass Powder (WGP) is potentially poz-
zolanic and, with proper preparation, can be
used as a cement paste material. The adequate
replacement level of WGP is 10% for cement in
concrete [1]. Concrete with suitable properties
might be made by replacing 40% of the cement
with WGP. However, concrete with the substi-
tution level of 10-20 percent shows high toler-
ance to chloride ion penetration, thus making it
perfect for structures near the shore [4]. Glass
is a useful member of the garbage family in
many rural and urban areas, and it is made up
of a variety of inorganic raw materials that are
processed into a stable, inert, hard, homoge-
nous, amorphous, and isotropic material [8].
The tremendous amount of WG is a concern for
the world now, with countless amount of tons
of glass trash produced every year around the
world. Because of its non-biodegradable nature,
it takes up a lot of space in landfills and poses
serious environmental risks [9]. Calcium and
silicon are the major constituents of the glass,
and because of its pozzolanic nature in finely
grounded form, it can be utilized as a cement
alternative in concrete [10]. To turn the problem
into a solution and to minimize the adverse ef-
fects of WG, is to utilize them in various fields.
The construction industry is one of the best sites
for the recycling of WG. On one hand, it is eco-
nomical and environmentally friendly, and on
the other hand, it relieves society of a burden.
However, the introduction of WG of different
types and quantities into concrete creates both
drawbacks and solutions. At the beginning, the
drawback was the introduction of a procedure
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to convert WG into useful cullet. Impact and
abrasion crushers are evident in this regard to
carrying out this operation. Glass is more abra-
sive as compared to most natural aggregates,
which results in excessive wear and also high
maintenance costs of the equipment. Moreover,
the shortcoming of most crushers is the creation
of sharp elongated glass cullets, which are at the
same time both unsafe to handle and unfit to use
[11]. Implosion technology was defined in mid-
90s of 20th century, allowing for a revolution-
ary method of producing glass cullet with no
sharp edges. In its apparatus, it includes a grav-
ity chamber, a high-speed rotor that produces a
harmonic resonance, and a feed system [12]. An
attempt has been made in this review to present
the effects of WGP used in concrete as partial
replacement of cement.

PROBLEM FORMULATION AND
SOLUTION ALGORITHM

Waste glass is a non-biodegradable material
and disposal of waste glass into the land results
in the soil pollution. So to avoid these disposa-
ble problems waste glass is used as partial re-
placements of coarse and fine aggregates. Use
of waste glass in concrete makes the structure
denser, this results in reduction of water absorp-
tion and improves durability of concrete. The
addition of glass powder in concrete shows im-
provement in the compressive strength, flexural
strength and tensile strength. It’s possible to add
glass in the concrete by replacing either of the
ingredients partially in a number of forms.
Glass may be added in crushed form or in pow-
der form along with the addition of admix-
tures/plasticizers or without addition of any of
the alternate materials in the nominal concrete.
Accordingly the present study has been planned
under following sub headings:

e Use of waste glass powder as a replace-
ment in concrete

e Use of waste glass as partial replacement
in concrete

¢ Use of glass powder and aggregates as par-
tial replacement in concrete.

Use of Waste Glass Powder as a Replacement
in Concrete
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Vijay Kumar et al. (2013) [19] examined that
worldwide concrete industry contributes
around 7% of ozone depletion gases to the
earth’s atmosphere. So in this research finely
glass powder was used as partial replacement of
cement for new concrete. Glass powder was
mostly replaced as 10%, 20%, 30%, 40% and
tried for its compressive strength, tensile
strength and flexural quality upto 60 days of
curing age and results obtained were compared
with those of regular cement. From the results
itis discovered that glass powder can be utilized
as substitute material upto molecule size less
than 75 um to avoid salt silica reaction. It was
also concluded that with increase in glass pow-
der content upto 40% it’s compressive strength
increases further increase in glass powder leads
to decrease in its compressive strength. Vasude-
van and Kanapathy Pillay et al. (2013) [18] did
their research on examining the impact of uti-
lizing the waste glass powder in concrete. The
properties of the specimens were determined by
the workability test, density test, and compres-
sive strength test. For each kind of concrete, six
samples of 150mm x 150mm x 150mm cubes
were casted. The each sample were tried at the
ages of 7, 14, and 28 days to find the advance-
ment in the compressive strength of concrete.
The outcomes from the experiment showed that
the solid with glass powder could expand the
workability and compressive strength of the
concrete. Bhagyasri et al. (2016) [21] carried
out a research in which cement was partially re-
placed by 90 um glass powder in concrete. As
glass powder exhibit pozzolana properties so it
was utilized as a partial substitution of cement
in concrete. To study different mechanical prop-
erties for example compressive strength, flex-
ural quality and Modulus of elasticity of con-
crete with part of glass powder in the concrete.
Different specimens were casted using M20
grade concrete resolved with various percent-
ages of glass powder i.e. 0%, 10%, 20%, 30%
and 40%. The specimens were tested at differ-
ent age of 7days and 28 days. The results of the
test conducted in the laboratory showed that the
maximum compressive was observed at 20% of
glass powder in concrete. Additionally quality
of the cement was tested by the UPV test. The
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outcomes show that the solid with utilizing
waste glass powder could enhance the strength
and quality of cement. Jangid and Saoji et al.
(2014) [24] did a research work on replacing the
cement with waste glass powder which act as a
filler material instead of cement which takes
some part in response to the reaction at the time
of hydration. When waste glass was brought to
fine powder it starts exhibiting pozzolanic
properties as it contains SiO2 and accordingly
upto some extent glass powder can be utilized
in concrete and contribute quality improve-
ment. In the test Glass powder was added to the
specimens at different rate from 0 to 40%, at the
interim of 5% and examined for its compres-
sive, tensile and flexural strength upto 60 days
and were contrasted with those of regular ce-
ment. From the results it was concluded that
maximum strength was acquired when 20%
concrete was replaced by waste glass powder.

Use of Waste Glass as Partial Replacement in
Concrete

Malik et al. (2013) [13] addressed the issues
of ecological and financial challenges faced by
the cement industry by utilizing waste glass as
partial substitution of fine aggregates in con-
crete. Various samples were prepared with dif-
ferent concentration of glass as 10%, 20%, 30%
and 40% by weight in the M-25 grade concrete.
The samples were tested for compressibility
strength, splitting tensile strength and density at
28 days of curing age. The outcomes from the
result were compared with the normal concrete.
The specimens with the glass showed better re-
sults in terms of compressive strength upto 30%
replacement of fine aggregates by weight for
particle size of 0.1-1.18 mm. The specimens
with glass content also proved to be more eco-
nomical and environment friendly. Ramana and
Samdani et al. (2013) [14] studied the effects of
replacing fine aggregates of sand with waste
glass in the extents of 0%, 5%, 10%, 15%, 20%,
25% and 30%. Different mechanical properties
like compressive strength, split tensile strength
and flexural strength were surveyed in this pa-
per. The results obtained from the laboratory
tests were noted and compared with the conven-
tional concrete. It was observed from the results
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that upto 15% replacement of fine aggregates
by crushed glass there was increase in the me-
chanical properties and decreases as fine aggre-
gates replacement by crushed glass reaches
upto 30%. Dabiri et al. (2018) [28] carried out
this study to find the impacts on the compres-
sive strength and moreover the effects on the
weight of the concrete by substituting the con-
crete aggregates with waste glass particle. To
accomplish the objective 27 cubic specimens
were made; out of which 6 specimens were
made of normal concrete, while in the rest of
the specimens glass particles were mixed in dif-
ferent proportions. Micro-silica was added to
the cubes containing glass to suppress the Al-
kali Silica reaction (ASR). From the test results
it was demonstrated that replacing aggregates
with glass particles over 30% leads to increase
in the compressive strength. The weight of the
concrete remains nearly same for majority of
the samples. From the outcomes it could be
concluded that the ideal proportion for replac-
ing aggregates with glass particle is 50%. Gani-
ron Jr. et al. (2014) [25] conducted this experi-
mental study in order to find the alternative for
replacing coarse aggregates in the concrete
mixture. In this study crushed glass bottles were
utilized at the place of coarse aggregates and its
impact on the physical and mechanical proper-
ties of the mixture were noted. The experi-
mental outcomes showed that optimum replace-
ment of coarse aggregates with recycled glass
bottles is upto 10% weight of coarse aggregates
and a mixture design of 5% weight addition to
the concrete mix provide the desirable results
for compressive strengths. Through the experi-
ment it was proved that coarse aggregates can
be effectively replaced by the recycled glass
bottles. Turgut and Yahlizde (2009) [17] con-
ducted their experimental study by replacing
the Fine Aggregates (FA) of concrete mixture
by various levels of Fine glass (FG) and Coarse
Glass (CG) and researching the physical and
mechanical properties of the cubes. The results
from the FG and CG replacement were com-
pared to each other. The values of various prop-
erties like compressive strength, flexural
strength, splitting tensile strength and abrasion
resistance of the samples were observed and
noted at 20% FG replacement. Their values
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were 69%, 90%, 47% and 15% more in com-
parison to the normal concrete sample. From
the results it was also concluded that at 20% re-
placement level by weight of FG suppresses the
alkali-silica reaction (ASR) in the concrete. Ka-
vyateja et al. (2016) [26] did their study on ex-
amining the replacement of fine particles by the
squashed glass. The control mixing proportion
of 1:1.5:3 grouped by volume with water bond
proportion of 0.5. The samples were prepared
with substitution rate varied from 0% to 40% at
a interval of 10%. To analyze the compressive
characteristics of concrete samples of sizes
150mm x 150mm x 150mm were casted and ex-
amined at 3 days, 7 days, 28 days, S6days and
90 days. From the experimental results it was
found that the compressive strength increases
up to 20% substitution level and at 30%, 40%
substitution level it goes on decreasing. From
split tensile strength test it was also concluded
that Split tensile strength goes on decreasing
with increasing glass content. Elaiyarasu et al.
(2015) [27] did a research work on investigat-
ing the effects on strength of concrete when re-
cycles glass bottles were used as an alternative
coarse aggregate. From the test results it was
proved that glass replaced aggregates shows
better results in strength and more economical
than conventional concrete.

Use of Glass Powder and Aggregates as Partial
Replacement in Concrete

Tang et al. (2016) [15] carried out their re-
search with aim to use recycled concrete aggre-
gates (RCA) in Self Compacting Concrete
(SCC) which possibly decrease both the natural
effect and economical cost of concrete. The
work introduced in this paper examines the
quality, strength and break properties of SCC’s
containing RCA content from 0% to 100% at an
interim of 25%. The test results showed that at
RCA use levels of 25% t050% have very little
or no negative effect on the strength, workabil-
ity, and breakage properties. Except for slight
decrease in the young’s modulus. With further
increase in RCA content beyond 50% its frac-
ture energy decreases. Yahia et al. (2017) [20]
conducted an experimental study on the use of
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fly ash and waste glass powders as a partial re-
placement in the concrete to test the enhance-
ment in the workability and strength of the con-
crete. In this experiment material from Jaresh
city was utilized. Based on the laboratory tests
they concluded that by adding 10% fly ash or
waste glass results in a significant increase in
the compressive strength and workability of the
concrete and addition of fly ash or waste glass
content by more than 20% leads to decrease in
the compressive strength of concrete. Kou and
Poon, (2008) [29] did their research on studying
the impacts of using recycled glass (RG) cullet
on the properties of self-compacting concrete
(SCC). RG was utilized as replacement for the
sand in the extents of 10%, 20%, and 30% and
adding 10mm granite powder (5%, 10% and
15%) in casting of the SCC concrete mixes.
From the experimental results it was concluded
that the properties like slump flow, blocking ra-
tio, air content of the RG-SCC mixes increases
with increasing Recycled glass content upto
certain limit after passing the limit properties
like compressive strength, tensile splitting
strength and static modulus of elasticity starts
decreasing. The outcomes demonstrated that it
is possible to use SCC with Recycled Glass cul-
let. Tariq et al. (2016) [16] investigated the ef-
fects of alteration of the superplasticizer (SP) in
Self-compacting concrete (SCC) mixture con-
taining waste glass powder of varying sizes as
concrete substitutes. To examine the variation
three glass measure ranges (10pm, 20um and
40um) were analyzed. The experimental results
indicated that the finer glass is affected more by
the SP dosage in contrast to the coarser glass.
With increasing SP dosage compressive
strength also increases up to certain level fur-
ther increase in SP dosage leads to strength loss
due to microstructural damage. 10pum glass sub-
stituted at a 30% substitution rate gave the most
comparable results to Class F Fly ash concrete.
Lavanya and Karuppasamy, (2016) [23] used
the glass powder and granite powder in the con-
crete. The strength of the concrete was analyzed
and compared with the normal concrete after
curing period of 7, 14 and 28 days. The M20,
M30, and M40 grade concrete was utilized for
this experimental purpose. Through the experi-
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mental results it was concluded that glass pow-
der and granite powder can be utilized as an al-
ternate material in the concrete reducing the ce-
ment consumption and cost of construction as
compared to conventional concrete. The maxi-
mum compressive strength was obtained at re-
placement level of 20% for Glass powder and
25% of Granite powder in all grades of con-
crete. Batayneh et al. (2006) [22] carried out the
research on substituting the recycled waste ma-
terials in the ordinary Portland cement concrete
(OPC). The waste Materials reused in this ex-
amination comprises of glass, plastics, and de-
molished concrete. Ground plastics and Glass
were utilized to substitute the 20% of fine ag-
gregates in concrete mixture while demolished
concrete was utilized to substitute 20% of
coarse particles of the concrete. To assess these
substitutions and their impacts on OPC mixture
various tests were conducted. These tests in-
cluded workability, unit weight, and compres-
sive strength, flexural and indirect tensile
strength. The fundamental discoveries of this
research uncovered that the three kinds of waste
materials can be reused effectively as substi-
tutes for sand and coarse aggregates in concrete
mixture.

CONCLUSIONS

From the study of work presented in the var-
ious papers, it was observed that waste glass,
glass powder and glass powder with aggregates
can be successfully utilized in the partial re-
placements of fine and coarse aggregates in the
concrete. Out of the three replacements in the
ingredients of the concrete, glass powder was
found to be most suitable for the structural ap-
plications. The results demonstrated that utili-
zation of glass powder might increase the com-
pressive strength, flexural strength, workability
and tensile strength of the concrete. The maxi-
mum compressive strength may be obtained at
20% replacements of fine aggregates with glass
powder. Moreover, the concrete containing
glass powder will also prove to be economical
and environment friendly as compared to con-
ventional concrete. So, a detailed study will be
undertaken in the nominal concrete with the
glass powder as partial replacement.

37



Construction, Architecture

REFERENCES

1. F. A. Olutoge and C. Strength. (2016). Effect
of Waste Glass Powder (WGP) on the Mechani-
cal Properties of Concrete,” Am. J. Eng. Res.,
vol. 38, no. 511, pp. 2320-847, [Online]. Avail-
able: www.ajer.org.

2. R. Gowtham, S. Manikanda Prabhu, M.
Gowtham, and R. Ramasubramani. (2021).
“A Review On Utilization Of Waste Glass In
Construction Field,” IOP Conf. Ser. Mater. Sci.
Eng., vol. 1130, no. 1, p. 012010, 2021, doi:
10.1088/1757- 899x/1130/1/012010.

3. United Nations. (2014). World Urbanization
Prospects: The 2014 Revision, United Nations
Department of Economic and Social Af-
fairs/Population Division., New York, NY, USA,
2014.

4. J. Cassar and J. Camilleri. (2012). Utilization
of imploded glass in structural concrete, Constr.
Build. Mater., vol. 29, pp. 299— 307, doi:
10.1016/j.conbuildmat.2011.10.005.

5. A. M. Matos and J. Sousa-Coutinho. (2012).
Durability of mortar using waste glass powder as
cement replacement,” Constr. Build. Mater., vol.
36, pp. 205-215.
doi: 10.1016/j.conbuildmat.2012.04.027.

6. P. K. Mehta. (2002). Greening of the Concrete
Industry for Sustainable Development, Concr.
Int., vol. 24, no. 7, pp. 23-28.

7. A. D. Neuwald. (2004). Supplementary ce-
mentitious materials- part 1: pozzolanic SCMs,
MC Magezine, pp. 8-17.

8. L. M. Federico and S. E. Chidiac. (2009).
Waste glass as a supplementary cementitious
material in concrete - Critical review of treat-
ment methods, Cem. Concr. Compos., vol. 31,
no. 8, pp. 606-610. doi: 10.1016/j.cemcon-
comp.2009.02.001.

9. Y. Jani and W. Hogland. (2014). Waste glass in
the production of cement and concrete - A re-
view, J. Environ. Chem. Eng., vol. 2, no. 3, pp.
1767-1775. doi: 10.1016/j.jece.2014.03.016.

10. C. Shi and K. Zheng. (2007). A review on the
use of waste glasses in the production of cement
and concrete, Resour. Conserv. Recycl., vol. 52,
no. 2, pp. 234-247. doi: 10.1016/j.rescon-
rec.2007.01.013.

11. http://www.p2pays.org/ref/13/12062.pdf.

12. http://www.remade.org.uk/me-
dia/12928/small%20scale%20recy-
cling%20technol-
0gy%20%28sept%202205%29.pdf.

38

13. Malik MI, Bashir M, Ahmad S, Taruq T,
Chowdhary U. (2013). Study Of Concrete In-
volving Use of Waste Glass as Partial Replace-
ment of Fine Aggregates. International Organi-
zation of Scientific Research Journal of Engi-
neering. 3:08-13.

14. Ramana KV, Samdani SS. (2013). Study on
Influence of Crushed Waste Glass on Properties
of Concrete. International Journal of Science and
Research. 4:1034-39.

15. Tang WC, Ryan PC, Cui PC, Liao W. (2016).
Properties of Self-Compacting Concrete with
Recycled Coarse Aggregates. Advances in Mate-
rial Science and Engineering. 1-11.

16. Tariq SA, Scott AN, Mackechnie JR. (2016).
Controlling Fresh Properties of Self-Compacting
Concrete Containig Waste Glass Powder and Its
Influence On Strength and Permeability. Sus-
tainable Construction Materials and Technolo-
gies, 10.

17. Turgut P, Yahlizade ES. (2009). Research into
Concrete Blocks with Waste Glass. International
Journal of Civil and Environmental Engineering.
3(3):186-92

18. Vasudevan G, Pillay SGK. (2013). Perfor-
mance of Using Waste Glass Powder in Concrete
as Replacement of Concrete. American Journal
of Engineering Research.

19.Vijayakumar G, Vishaliny H, Govindarajulu
D. (2013). Studies on Glass Powder as Partial
Replacement of Cement in Concrete production.
International Journal of Emerging Technology
and Advanced Engineering. 3:153-57.

20. Yahia YIO, Alsharie H, Suliman MO, Ma-
soud T. (2017). Effects of Wood Ash and Waste
Glass Powder on properties of concrete in Terms
of Workability and Compressive Strength in
Jaresh City. Open Journal of Civil Engineering.
7:423-31

21. Bhagyasri T, Prabhavathi U, Vidya N. (2016).
Role of Glass Powder in Mechanical Strength of
Concrete. International Journal of Advances in
Mechanical and Civil Engineering. 3:74-78.

22. Batayneh M, Marie I, Asi I. (2017). Use of Se-
lected waste materials in Concrete mixes. Waste
Management. 27:1870-76.

23. Lavanya G, Karrupasamy R. (2016). Experi-
mental Study on Concrete Using Glass Powder
and Granite Powder. International Journal of Ad-
vanced Engineering Research and Technology.
4:97-101.

24. Jangid JB, Saoji AC. (2014). Experimental In-
vestigation of Waste Glass Powder as the partial
replacements of Cement in Concrete Production.

Transfer of Innovative Technologies
Vol.6, No.1 (2023), 33-39


http://www.ajer.org/
http://www.p2pays.org/ref/13/12062.pdf.

Construction, Architecture

IOSR Journal of Mechanical and Civil Engineer-
ing, 55-60.

25. Ganiron TU. (2014). The Effect of Waste Glass
Bottles as an Alternative Coarse Aggregates in
Concrete Mixture. International Journal of ICT-
aided Architecture and Civil Engineering. 02:1-
10.

BuxopucranHs BixxoaiB ckJia B 0eToHi:
Oraag

Oxcana beponuk, Cepeiii Bucoecokuti

BeToH € mMpoko BUKOPUCTOBYBAHUM Oy[iBelb-
HUM MaTepiaJloM B Cy4acHill MPOMHUCIOBOCTI. beTon
CKJIAIa€THCS 3 IIEMEHTY, APIOHNX 1 KPYITHUX 3aI0B-
HIoBaviB. beTOH MilHUI Ha CTUCK 1 CJIA0KUH Ha Po-
31T, KpiM TOro, leMeHTHa MPOMUCIIOBICTh BUKUIAE
B atMocdepy 3emili B cepeqHboMy 7% MapHUKOBUX
rasiB, IO MPU3BOIUTH A0 II00ATHHOTO MOTEILTiHHS.
1106 ycyHyTH 11i HETaTUBHI HACIIAKY JUISI HABKOJIH-
ITHHOTO CEPENOBUINA, TPOBOIATHCS ITUPOKI JTOCITi-
JDKCHHSI BUKOPUCTAHHS 3aMiHHHKIB IEMEHTY 3 BH-
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KOpPHCTaHHSIM 0arathbOX BigXomiB (HampuKian, Bil-
XOJIiB CKJIa, TUIACTHKY, JIETFOYOi 307U TOIIO0) Ta TIO0-
OI9HMX MPOAYKTIB MMPOMHUCIOBOCTI. Bimxoman ckia €
MaTepiaioM, SIKHid He MiIaeThCsl O10J0TIYHOMY PO-
3KJIaJJaHHIO, 1 YTIUTI3allis BiXOIB CKJIa Ha 3eMJIIO
MPU3BOUTH JI0 3a0pyIHEHHS IPYHTY. Takum 4u-
HOM, II00 YHUKHYTH LUX TpoOieM i3 BiaxomaMu
CKJIa, MO’KHAa BUKOPUCTOBYBATH SIK YaCTKOBY 3aMiHY
rpyOux i npiOHMX 3amoBHIOBadiB. Y OETOH MOXKHA
JOJATH CKJIO, YaCTKOBO 3aMiHUBIIH OyIb-sIKUH 3 1H-
TPEe/ieHTIB y KiTbKOX opmax. CKI0 MOXKHa Joja-
BaTH y NOAPIOHEHOMY BUIIISAAI 200 Y BUTIISAII TIOPO-
Ky pa3oM i3 JOJaBaHHIM IOMIIIOK-TIacTH(iKaTo-
piB abo 0e3 nomaBaHHsI OyIb-SIKUX aJbTePHATUBHUX
MarepiajiB y HOMiHanpHHN OeToH. BimmosimHo, y
1id cTarTi OyJI0 MPOBEIEHO MOCIIKEHHS OO0 Pi-
3HHX aCIICKTIB BUKOPUCTAHHS CKJIa, 1100 BKIIIOYUTH
Horo 10 cki1aay OeTOHY sIK iHrpeieHTa, o0 MOXKHA
OyJIO JTOCSTTH HAaWKPamioro MOXJIMBOTO BUKOPHC-
TaHHS CKJIa Ta BUKOPUCTOBYBATH MOTO B OETOHI 3 Ya-
CTKOBHUMHU 3aMiHaMH.

Kuro4oBi cjioBa: Bixoau, CKISTHAN TTOPOIIOK,
0eTOoH, TOMIIIKH, 3aII0BHIOBAY, 3aMiHa [IEMEHTY, Ja-
CTKOBa 3aMiHa.
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