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The safe disposal of an enormous amount of waste glass (WG) in several countries has become a severe
environmental issue. In contrast, concrete production consumes a large amount of natural resources and
contributes to environmental greenhouse gas emissions. It is widely known that many kinds of waste may be
utilized rather than raw materials in the field of construction materials. However, for the wide use of waste in
building construction, it is necessary to ensure that the characteristics of the resulting building materials are
appropriate. Recycled glass waste is one of the most attractive waste materials that can be used to create

sustainable concrete compounds.

waste glass recycling construction materials sustainable concrete

| 1. Introduction

Glass is one of the world’s most diverse substances because of its substantial properties, such as chemical
inertness, optical clarity, low permeability, and high authentic strength LIZIEl The usage of glass items has greatly
increased, leading to enormous quantities of WG. Globally, it is estimated that 209 million tons of glass are
produced annually MIBIE |n the U.S., according to the Environmental Protection Agency (EPA) IR 12 27 million

tons of glass were created in 2018 in municipal solid waste (MSW).

Recycling and reducing waste are key parts of a waste-management system since they contribute to conserving
natural resources, reducing requests for waste landfill space, and reducing pollution of water and air 1911,
According to Meyer 121, by 2030, the EU zero-waste initiative estimates that improvements in resource efficiency
throughout the chain could decrease material input requirements by 17% to 24%, satisfying the demand for raw

materials between 10% to 40%, and could contribute to reducing emissions by 40% L3][24115]

| 2. Properties of Glass
2.1. Chemical Properties of Glass

Glass exists in various colors and types, with various chemical components. Table 1 and Table 2 show the

chemical compositions of different colors and types of typical glass, respectively.
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Color Sio,
White  70.39
Clear 72.42

Flint 70.65

Amber 70.01
Brown 71.19
Green 72.05

Type

Barium glasses

Soda-Lime
Glasses

Lead glasses

Aluminosilicate
glasses

CaoO

6.43

11.50

10.70

10.00

10.38

10.26

Table 1. Chemical components of glass for various colors.

Chemical Compositions

Na,O A|203 MgO Fe,O; K,O SO;

16.66

13.64

13.25

15.35

13.16

14.31

241

1.44

1.75

3.20

2.38

2.81

2.59

0.32

2.45

1.46

1.70

0.90

0.

0.

0.

0.

32

07

45

29

0.23

0.35

0.55

0.82

0.70

0.52

0.19

0.21

0.45

0.06

0.04

0.07

TiO,

0.08

0.035

0.11
0.15

0.11

Cry03

0.002

Others Refs.
0.04 (MnO), g
0.02 (Cl)
[17]

0.04 (MnO) L8

0.04 (MnO) [

Table 2. Chemical components of glass for various types. Adapted from (22211,

Uses

Optical-dense
barium crown

Color TV panel

Containers

Light bulbs

Float sheet

Tempered
ovenware

Color TV funnel

Electronic parts

Neon tubing

Optical dense

flint

Combustion

tubes

Sio,

36

71—

73

73—

74

0.5-

15

54

56

63

32

62

K,0

0.1-

Chemical Compositions

Na,O Al,03; MgO PbOBaOCaO B,0; Others

12—
16

4

0.7—

7

41
2 2
0.1-
5
23
29
22
65
7

9%
= Zn0O
10%
2 SrO
6_
12
13.5—-
15
3 5 y of
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Tvoe Uses Chemical Compositions ects of
yp Si0, K,O Na,O Al,O; MgO PbOBaOCaO B,O3; Others Rep
Resistor 57 16 7 6 10 4
substrates
Fiberglass 64.5 05 245 105
Comaneancnn eview,
Chemical 81 4 5 13
apparatus
Borosilicate Tungsten sealing 74 4 1 15 ICG):
Pharmaceutical 72 1 7 6 11
9. Adidill, ., Ladiu, U., AlLIUTY, ., Alydiiil, 9.1 1., WYdiui, O.IVi.A., Ut riauu Uii, J., iViaiui‘neZ-Gai'Cl'a, R.
Evaluating the influence of fly ash and waste glass on the characteristics of coconut fibers

2.2ePhysicaParidMesHaniciloProgeérties of Glass

6. Martinez-Garcia, R.; Jagadesh, P.; Zaid, O.; Serbanoiu, A.A.: Fraile-Fernandez, F.J.; de Prado-
Thed)_{wyjlcal and mechanical properties of crushed WG are listed in Table 3 and Table 4, respectively.
i,

.; Qaidi, S.M.A.; Gradinaru, C.M. The Present State of the Use of Waste Wood Aéh as an

Eco-Efficient Construction I\/lﬁ,:{gféaé:_ é@%&‘?‘ﬁ’ro’ﬁ'@r’i‘%@%&?@%dWG5349'

7. EPA. Advancina Sustainable Materials Manaaement: 2018 Tables and Fiaures. Environ. Prot.

Property Refs.
. . 2.4-2.8
[22]
Specific gravity 2.51 (Green), 2.52 (Brown) sia,
Fineness Modulus . 41_2?? - [23][24)
Bulk Density 1360 kg/m? B— S.M.A.
25][26
Shape Index (%) 30.5 it
Flakiness Index 84.3-94.7 [27]
1U- I_IIIU, e Nvey 1 UUILL v Iy VVUIIu, 1L1. VV. |V|Uu|uu\.,|||u|||. (G ARV | |\/\ly\lllllu VI VvvAioLlo HIM\J\J mni uun\n\,‘te
products: Current situationd3RIBIBnd $cOAY CR BERFEES AETHERRY. Wecycl. 2013, 70, 25-31.
1 Property Refs. 1 0f
CBR (California bearing ratio) (%) Approx. 50-75. (28] 14, 66—
38.4 [29)127]
1 e
Los Angeles Value (%) 24.8-27.8 (26]
0/0033)
29
27.7 (29] ‘many,
critical = 38 (Loose recycled glass)
Friction Angle (28]
1 critical = 51-61 (Dense recycled glass)
CUIICIELE. 11 FIUCEEUINYS Ul UIE DUNlUIY T0HIVITUW S DUCIELY, FIEUEIICWUIL, ND, Ldllaud, L3—16

June 2018. Paper ID-MA39_0610035833.
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1|4.3heﬁresha<00m'rete @mpemewy of advanced computational techniques for
estimating the compressive strength of UHPC. J. Asian Concr. Fed. 2022, 8, 51-68.

3.1. Workability _ _ _
15. Parvez, I.; Shen, J.; Khan, M.; Cheng, C. Modeling and solution techniques used for hydro

ThaSeratiQn-reletiding: WairsidA padinlGFSKG are also important factors in increasing workability 39311
1 THETHD. ADRARIRAKTREMICA] RERHIIRTBP CRUSWEIRNIR TSI URPRLINRCCTRPIRER. TiKFarfh
recml@.dEy]\& Z@O!ﬁvfﬁ 87 504q Ao 50% by volume. Constant content of water—cement ratio and various
superplasticizer doses have been used. They stated that slump flow increased by 2%, 5%, 8%, 11%, and 85%,
o tYALsoratidy bt Y B0 el it Rt On AL WSS R T S b SR 16 a it (N ok S22 PR S
Jiarﬁ3 qﬁﬁgUbstitute fine aggregate in ultra-high-performance concrete (UHPC) mixes with recycled liquid crystal
18sar dEREriglassMb levelss ol 2BYParfibiyationvofuroto Fens talssontdiet oh \weterenaens ratiterials/arious
su@min_st@tmc(_S@bd@pgs_hﬁ@@ﬁg@T;Jga_cg_h@;zmover, they stated that flowability increased by 11, 14, 16, and 12

mm, compared to_the control sample, incorporating 25%, 50%, 75%, and 100% WG, respectively. Enhancing the

19. Sobolev, K.; Turker, P.; Soboleva, S.; Iscioglu, G. Utilization of wa sin ECO-Cement:

workability by including WG is a_benefit of utilizing this recycled material . There is potential to utilize
Strength properties and microstructural observations. Waste Manag. 2007, 27, 971-976.

glass to create HPC in which high workability is necessary. In addition, WG can be used to boost workability rather

22 & BapyhPadriass &Engicessingpwaniikopkipfanarans Beasks)AA, USA, 1958.

21. Mohaﬁ rani, A.; Vajna, J.; Cheung, T.H.H.; Kurmus, H.; Arulrajah, A.; Horpibulsuk, S. Practical

3.2. Bulk Density. _ . : : :
recycling appﬁc:%ons of crushed waste glass in construction materials: A review. Constr. Build.

Pagwﬁtﬁﬁegg%zh&ﬁﬁpeﬁ%fﬁfgaggregates on the bulk density, which are summarized in Figure 1, revealed that

2hemagieriy g studies Bhaved thaldecarperinn sieRspreperiie MirerEcesrraifARngivaEls greseagngan be

ascfibefstoCtm lesicie reily, gfO(S Sampaes tpjmatural aggregate (2411421431241 55 well as the lower specific
ravity [221[43][45][46][47]
2%. Lam, C.S.; Poon, C.S.; Chan, D. Enhancing the performance of pre-cast concrete blocks by

inclFRERAIEHNGVAFIR HaTHxeSRIDF HEHRHAy. GRTLAHOREE, GRMBARRIRE 1t EE-R%Bciated with

Zshareedgss. bishRr alass, NAGAG, aBRect P, T, agalarsionerijt ebpiHeligheiagrigates ohrwécles and
cerpppiBRIES B GR A mxet torcrete blocks. Constr. Build. Mater. 2013, 38, 638—643.

26n AR hand, IRBIHIS, Fokvaatig OidheswaRility gl cangErieomAane Wik, Sinshad diash density
gregggrtﬂgﬁtfe?eréngée%ﬂe %{Rﬁoé%sﬁ‘tﬁteﬁzﬁn UHPC mixes with recycling CRT glass at levels of 25% to

2B 08eRyaclE Thevsired thatBiediesd Npag iRy ERTIceNamieyfawatbs areashhy 9%412.5%, 3.5%,

andpeffoiraainesating 2RPat0%, 7816 apd21008a 8 WG, respectively. The authors attributed the reason to the

fact that the density of CRT glass (2916 kg/m3) was larger than that of fine ag%re ate (2574 kg/m3) [53I[54][55](56](57],
27. Disfani, M.M.; Arulrajah, A.; Bo, M.W.; Hankour, R. Recycled crushed glass in road work

applications. Waste Manag. 2011, 31, 2341-2351.

28. Ooi, P.S.K.; Li, M.M.W.; Sagario, M.L.Q.; Song, Y. Shear Strength Characteristics of Recycled
Glass. Transp. Res. Rec. 2008, 2059, 52—-62.

29. Ali, M.M.Y.; Arulrajah, A. Potential Use of Recycled Crushed Concrete-Recycled Crushed Glass
Blends in Pavement Subbase Applications; GeoCongress: Los Angeles, CA, USA, 2012; pp.
3662—-3671.
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30. Lipg, T.-C.; Poon, C.-S.; Kou, S.-C. Feasibility of using recycled glass in architectural cement
mortars. Cem. Concr. Compos. 2011, 33, 848-854. X

@ Taha and Nounu (2008)

3. Lreg, T.-C.; Poon, C.-S. Effects of particle size qf»_t_r_e_aied{ERT'ﬁjﬁhel glass on properties of

cement mortar. Mater. Struct._29_143,»46;'2‘5'—‘3—4_._ A ;;';‘;;'l’""‘“‘““"""

" — W
32. Aﬁ‘,“?EfE.‘; Al-Tersawy, S.H. Recycled glass as a partial replacement for fine aggreeabesis 6 zna)
commsﬁiag:_eongreie. Constr. Build. Matgy. 2012, 35, 785-791.
~pee e

2400 e - e A -~ Cota, Melo et al. (2015)
3BELiu, Te-Wei, H.; Zou, D.; Zheu, A; Jian, H. Utilization of waste cathode ra'y"t'u%e funnel glass for
-Ii’ultra-high peﬁa‘rr‘ﬁam_ceeenerete: 3. Clean—Prod. 2020, 249, 119333. ~#— Rashid, Hameed et al.
£ aggdee———— e (2018)

3438Khan, M.; Ali, M. Earthquake-Resistant Brick Masonry ﬁBﬁ"s‘ihg—for%ngeloping Ceunthie axAR1EraS)
Aggureaeh.-Available' onfine: https://www,r;zseg._org.nz/db/2017/P2.43_ﬁfbﬁﬂaccessed on 30 July

2022)_ .- % Song, Zou et al. (2019)

35. Kfjgn, M.; Cao, M.; Hussain, A.; Chu, S.H. Effect of silica-fume content on pgrformaneeem.MOE

whisker and basalt fiber at matrix interface in cement-based composites. Constr. Build. Mater.
-l Gholampour,

290%3., 300, 124046. Ozbakkaloglu et al. (2021)

1] 10 20 | 30 40 50 60 i 70 80 90 100
36. Zhang, N.; Yan, C.; Li, L.; Khan, M. Assessment of fiber factor for the fracture toughness of
Substitution level {3)

polyethylene fiber reinforced geopolymer. Constr. Build. Mater. 2022, 319, 126130.

37. Khan, M.: Rehman, A.; Ali, M. Efficiency of silica-fume content in plain and i '
Figure 1. Bulk density of concrete with various_gontent of WG. Adapted from references Bﬁ%%@%@ﬁ%@
concrete for concrete road. Constr. Build. Mater. 2020, 244, 118382.

?ancﬁﬁ\éﬁiaéﬁlew§ éPﬁeaé fine aggregate replacement in cementitious materials

based on Portland cement. Constr. Build. Mater. 2014, 72, 340-357.

ﬁ%mr%&%ﬁ&@'}&%h Bras, A.; Asteris, P.G.; Kurda, R.; Muhammed, Z.; Hassan, A.M.T.;

Qaidi, S.M.A.; Sihag, P. Metamodel techniques to_estimate the compressive strength of UHPFRC
Incorporating glass waste into concrete reduces compressive strength. The researchers ascribéd this behavior to

. using various mix proportions and a high range of curing temperatures. Constr. Build. Mater.
() the sharp edges and smooth particle surfaces, leading to a poorer bond between cement mortar and glass

2022, 349, 128737.
particles ‘at the interfacial transition zone (1TZz) [22[241[25][321[45[46][64][65][66I67]. (jj) increased water content of the

49aNraggheahktt; Aikdayrle M.Me Qedtti,aHilv. Af, Rakas, Bosbb. weayeBIBEA dvie ¢lipmieat prexgettiasedf by
expaodifigendls cements; iasantilass prucenipraggressivie mediivailateBaloday Proc. 2022, 58,
1582-1587.

In order to better understand the impact of glass waste on the Igr(/)a\perties of the waste-glass concrete [69)[7QJ[71][72]

41. Al-Tayeb, M.M.; Aisheh, Y.L A_; Qﬂdl, S.M.A.; Tayeh, : Exé)erlmental and simulation study on
Omoding; Cunningham and Lane-Serff investigated the concrete microstructure via SEM by replacing between

the impact resistance of concrete to replace hlqh amounts of fine aggregate with plastic waste.
12.5-100% of the coarse aggregate with 9reen waste glass with a size of 10-20 mim. The authors stated (i) that

the%aigeasmtlggk %gr?nstetéiig/rl]ab‘aerti/v%g%%hé Waes(t)elgééé and the cement matrix. This is because of a reduction in
dontapstendiioustween Biopakieglatcandidteeaiini padrixedaslour ivasigh emumlenhalass aassagiss,
cordBdueanyenisiiplgarmerksCotnstio & uddhdviaies. RN8e2 2vabls3gikde.and cement paste; and (i) as the
A A AR B ARG SR O ST S 1A s e S R SRS EER MR Concrete.
J. Mater. Civ. Eng. 2009, 21, 709-721.
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d4owayeh sBnk. Eiidiets lefvmnatite] timbenaadigkss peaar msopariicl repdagemehits ifaraemanprinarily
realzied BacpuSensthe8diBce, 88wrd and strength of the waste glass particles compared to natural sand Z4I75]

[Z8] and th lani tion of waste gl te [ZZZ8I79] : -
45. ?Qn, Ifﬁozﬁouaqlfr 3e'07 Was gal%%gsaa}gggaﬁg ih mortar: Part I-Fresh, mechanical and durability

2 2R TonSAE-SaRgH 2013 95 10917

46. Ismail, Z.Z.; Al-Hashmi, E.A. Recycling of waste glass as a partial replacement for fine aggregate

Pa:ﬂ;]%%g§qu_tw6{gt@am§rflé(&§5mg§%?%gg the gplitting tensile strength of waste-glass concrete, which are

summarized in Table 7, revealed that incorporating glass waste into concrete reduces tensile strength. Similarly, as
4h- BAPRRsT M TR UERRE 91a0S SRASIRIS IRINfRLseudth SBothRasaILIBI MRt B e B bonwken
26§—Z7t1. .
cement pasfe and glass particles at the ITZ.

48. Yildizel, S.A.; Tayeh, B.A.; Calis, G. Experimental and modelling study of mixture design
oplrRISAicH BN HisEcrulisor fagt HtireRth Y IIARFIRIRLSNBH 6F TagGHRSHhEPEX G Eme

\/artirec Nacinn Tarhniniiee 1 Matar Rac Terhnnl 2020 O 2002_210A

Type Split ten.
4 _ Type of WG _Sub. WG Size wic or Addlt._ or str. of ratures.
= Composite Sl e S?Jo Ratio% (mm) wib Admix. Control SO
) (MPa)
5 e porelty
[80] UHPC WG  FA ’ <06 019  fiber& 11.7 02T ST :
100 and 7%, erties,
HRWRA .
(wt.%) respectively. 71.
c Waste 15 & 30 Changed by .
(81] glass WG FA (vol.%) <4.75 0.5 - 4.5 +4%, and 1%,
concrete it respectively.
Increased by
Waste 5,15 &
» 19, . 0 0
B glass WG FA 20 015~ 055 . 2.5 4%, 12% and -y ;
4.75 24%,
concrete (vol.%) .
respectively.
10, 20, Decreased by
— 0, 0, 0, -
S 2 S5CC WG  FA 30’:(?'& 0'0575 04  SF&SP 6.8 gﬁ}olzﬁ ;g(;‘)” )ehavior
(vol.%) respectively. Y Proc.
5 10 Decreased by
» 14U, . %. 89 0
£y Cement o . iggap 015 e ) a0 0%, 8%, 15%, @
concrete (vol.%) 9.5 and 23%,
' respectively.
: Waste 10, 20, ;fcrgssi%gy
S & glass WG FA 30,&40 <475  0.45 - 25 ;'nd ;,2fy o 2022.
concrete (Wt.%) -0
E respectively.
c (84] LCDGC LCD F.A 20, 40, <4.75 0.38, - 2.38 Decreased by
60, & 80 0.44, 1%, 7%, 8%, and
(vol.%)
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: f TYPe \yG sub. WG Size wi it or st of jmework
Type o WG Sub. WG Size wic or Addit. or str.o
AR Composite ol S?‘{) Ratio% Control R
' (MPa)
9%, respectively,
B for w/c of 0.44. 2d
20, 40, Decreased by
Waste
60, 80, & 6%, 6%, 13%,
g & glass CRT FA 00 4.48 150"/0 ar‘]’d 19(50 cement.
concrete (vol.%) respectively.
€ 25, 50., Decreased by ;s and
Waste
[85] 75, & 22%, 39%, 39%,
C(f’r:i:te We FA T 00 3.6 and 449%,
(Wt.%) respectively.

62. Cota, F.P.; Melo, C.C.D.; Panzera, T.H.; Araujo, A.G.; Borges, P.H.R.; Scarpa, F. Mechanical

whBFEPEIISE RNGMSR AR CORGEES ISSUHIR WASIF HIRES AREISPRISSHF I SUSS B%Guid
cryg[glj‘(%s&gy;@ﬁ?% cathode ray tube; WG is waste glass; SP is superplasticizer; HRWRA is a high-range water-
63 dseing)avgntZou iilicadume TefAgisJly Beh. Fffe dre dfagsegaie dAORT ¢flakse faoragrjreyatassigelamid by
volypatevit isrerlachalicyeihd damping properties of concrete. Constr. Build. Mater. 2019, 202, 332—

340.

4.3. Flexural Strength
64. Topcu, |.B.; Canbaz, M. Properties of concrete containing waste glass. Cem. Concr. Res. 2004,

The3tex2al-s#éAgth of waste-glass concrete shows comparable tendencies to its compressive strength and tensile
65 WANGYPRL " DR 5 AR AT - Do LISEY I NS RI ARG @@éﬁ%ﬁ%‘e@%’?%‘SnHPeVi’S"v%ftr?ther
e LB IP H S AR "SR Sy e BNV G /s included '

64.4.iModulu e of ElasticitypM®E)f architectural mortar prepared with recycled glass with

different particle sizes. Mater. Des. 2011, 32, 2675-2684.
The modulus of elasticity of concrete (MOE) depends on the normal and lightweight aggregates elasticity modulus,

CdesrhidhtNhblriC UM thelr 4t Panbd i MRENARIALRY ORSIRR AN FRPALOE ALRIRVASAdCRIBRIGINS Blo

co&@%ﬂ%@ggéﬂ%‘erﬁg&]ﬁﬂ@t& g}gg%wi[@[@gctive and waste inert powders. Eng. Sci. Technol. Int. J.
2017, 20, 536-541.

qa.gplwtgﬁgioﬁg.; de la Cruz, R.V. Potential for Using Waste Glass in Portland Cement
Concrete. J. Mater. Civ. Eng. 1998, 10, 210-219.
o T bili te-glass-containi te_mixt fi t less, than f
65. Khan M- Al M. fprovement i Concrate behavior with fly Ssh, SHica-fUIS Ahd cocontt fibrea.

aétﬁréatlrlag%ri?géﬁgt%rﬁa'é%q%,nggg’ref.ﬁll\l_efggheless, despite the poorer workability, some studies found that

the mixtures were still workable.
70. Khan, M.; Ali, M. Optimization of concrete stiffeners for confined brick masonry structures. J.
 Boddsthdigs RORGIBPhROVBBEe introduction of WG, the density of concrete decreased due to the decreased

71. ea?g:tx/ﬁ?%ﬁ%en(ilfﬁ.g?f\fg%ﬁ{/évﬁgtsesgclﬁsr%ﬁﬂ?srgg?éeﬁybrid fiber reinforced cementitious composites

under single degree of freedom hydraulic shaking table. Struct. Concr. 2021, 22, 535-549.
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73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Xie, ©dikaooMheGittamude; thave Dedthsemédhamn prosesientsghhtnmg des ypeffectan adeldncratgtisscalas
byttorick $bher Stre mfior cptbementikaie cgim flesitalane red mitmafuisssifettstiehfailure behavior.
Compos. Part B Eng. 2021, 224, 109219.

The findings revealed that the compressive strength, splitting tensile strength, and flexural strength of concrete
mo_dln%, I% Cunningham LF\%P.; Lane-Ser § .Effect of usin Flecgcled wast L%Ia§s coarse
eteriorated by integratmg WG. Nevertheless, the findings concerning”the élastic modulus of concrete were

aggregates on the hydrodynamic gbrasion resistance of concrete. Constr. Build. Mater. 2021, 268
i(gr?,:’lc?%g ':Ish?s decrease waél essentizﬂ ecause of the sharp edges andI smooth surface of Me waste glass that
caused the poorer bond between cement mortar and waste glass particles at the ITZ.

Najm, H.M.; Ahmad, S. The Use of Waste Ceramic Optimal Concrete for A Cleaner and

SusiampiBesEpVROHIAE HE- I TR AGIRIP 6 MRHHEIE Af Piopes tRRO UCRR Y nviRsli R g R & S307090r

doegmay frave a substantial influence on the strength. Although the results are indecisive, WG has the

possibility to be an acceptable substitute for fine or coarse concrete aggregates in concrete. _
Qaidi, S. Behaviour of Concrete Made of Recycled Waste PET and Confined with CFRP Fabirics;

}&J&H}fﬂw%t%fg@iégQ&P%%léréf@%igtg?elmay improve certain mechanical characteristics of concrete, reduce

CoaRIEtS dgaa |aalr a4 §FRPes Rt rRetied Jrl s RRIB IféirE BeNTIrRgERIAR®sh Properties; University of
Duhok: Duhok, Iraqg, 2022.

Shao, Y.; Lefort, T.; Moras, S.; Rodriguez, D. Studies on concrete containing ground waste glass.
Cem. Concr. Res. 2000, 30, 91-100.

Qaidi, S.M.A. Ultra-High-Performance Fiber-Reinforced Concrete: Hydration and Microstructure;
University of Duhok: Duhok, Iraq, 2022.

Qaidi, S.M.A. PET-Concrete; University of Duhok: Duhok, Iraq, 2021.

Jiao, Y.; Zhang, Y.; Guo, M.; Zhang, L.; Ning, H.; Liu, S. Mechanical and fracture properties of
ultra-high-performance concrete (UHPC) containing waste glass sand as partial replacement
material. J. Clean. Prod. 2020, 277, 123501.

Steyn, Z.C.; Babafemi, A.J.; Fataar, H.; Combrinck, R. Concrete containing waste recycled glass,
plastic and rubber as sand replacement. Constr. Build. Mater. 2021, 269, 121242.

Batayneh, M.; Marie, |.; Asi, I. Use of selected waste materials in concrete mixes. Waste Manag.
2007, 27, 1870-1876.

Malik, M.1.; Bashir, M.; Ahmad, S.; Tariq, T.; Chowdhary, U. Study of concrete involving use of
waste glass as partial replacement of fine aggregates. IOSR J. Eng. 2013, 3, 8-13.

Wang, H.-Y. A study of the effects of LCD glass sand on the properties of concrete. Waste Manag.
2009, 29, 335-341.

Olofinnade, O.M.; Ede, A.N.; Ndambuki, J.M.; Ngene, B.U.; Akinwumi, I.l.; Ofuyatan, O. Strength
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