
Introduction

Glass stands out as one of the most adaptable materials globally, owing to its outstanding attributes, including 

optical transparency, chemical stability, substantial inherent durability, and minimal permeability [1]. Despite glass 

being theoretically recyclable in its entirety, there exist limitations when it comes to satisfying the quality standards 

for glass reprocessing. Consequently, the portion of glass that cannot be recycled is typically discarded and placed 

in landfill sites [2]. The non-biodegradable nature of glass renders landfill disposal an undesirable solution for this 

waste, while the cement and concrete industry presents a more eco-friendly approach to managing glass waste. 

Glass waste can be categorized into several distinct types, including: (a) Post-consumer glass: This pertains to glass 
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containers like bottles, jars, and various receptacles 

that have been utilized by consumers and subsequently 

disposed of (b) Industrial glass waste: This category 

encompasses glass waste produced during the manu-

facturing process, encompassing offcuts, trimmings, 

and flawed products (c) Construction and demolition 

waste: This type of glass waste arises during the 

construction or demolition of structures, involving 

items such as glass windows, doors, and partitions (d) 

Electronic waste: Glass waste originating from elec-

tronic devices, including computer monitors, televi-

sions, and mobile phone screens (e) Automotive glass 

waste: This category involves glass waste derived 

from damaged or discarded vehicle windshields and 

windows (f) Medical glass waste: Glass waste resul-

ting from medical equipment, such as test tubes, vials, 

and syringes. (g) Additionally, there is electrical glass 

waste, such as fluorescent lamps [3-10].

Recycling or repurposing waste glass in the con-

struction industry not only alleviates the strain on 

landfills but also plays a pivotal role in conserving 

resources and mitigating carbon emissions. It’s worth 

noting that the production of one ton of cement results 

in the release of approximately 0.8 ton of CO2 [11, 

12]. Cement production, in fact, contributes signifi-

cantly, accounting for approximately 5% of the total 

30 gigatons of CO2 emissions worldwide [13]. 

Consequently, researchers worldwide are continually 

exploring novel materials capable of either entirely or 

partially replacing cement. In this context, glass 

powder emerges as a promising pozzolanic material 

[14, 15]. The reactivity of glass powder is contingent 

upon its particle size and chemical composition, with 

smaller particles exhibiting heightened pozzolanic 

reactivity and mitigating the alkali-silica reaction [14, 

16]. It is notable that the pozzolanic reaction becomes 

more pronounced as particle size diminishes [6, 17].

Over the past decade, there has been significant 

attention on the utilization of supplementary cemen-

titious materials, commonly referred to as pozzolanic 

materials. These materials include fly ash, Ground 

Granulated Blast-furnace Slag (GGBS), metakaolin, 

rice husk ash, glass powder, and silica fume (SF), 

which serve as substitutes for cement [13, 18-21]. This 

approach not only leads to a decrease in associated 

CO2 emissions but also has positive environmental 

effects by reducing the strain on landfills and waste 

generation, in addition to diminishing the consumption 

of finite resources [2, 13, 22, 23]. The pozzolanic reaction, 

central to this process, arises from the interaction 

between amorphous siliceous materials (such as glass 

powder, silica fume, and fly ash) and calcium hydroxide. 

This interaction results in the formation of calcium 

silicate hydrates (C–S–H) as the principal product 

[24]. C-S-H gel is the primary binding material in 

concrete and is responsible for its strength and dur-

ability. Waste glass is a component with a composite 

composition comprising approximately 70% SiO2 and 

exhibits confirmed pozzolanic activity through its 

interaction with cement during hydration [25]. This 

characteristic renders it potentially effective in enhan-

cing the long-term performance of concrete. Conse-

quently, efforts have been made to utilize waste glass 

as a source of siliceous materials in the production of 

Portland cement [26, 27]. However, the incorporation 

of waste glass into cement production does lead to an 

increase in the alkali content within the cement. 

Notably, this elevated alkali content can lead to rapid 

setting due to the formation of compound 2CaSO. 

K2SO4 [26, 27]. The reactivity of glass powder (GP) is 

closely tied to its particle size, with 75 μm generally 

regarded as a threshold for significant pozzolanic 

reactivity [2]. Reducing the particle size of GP further 

can substantially enhance its pozzolanic reactivity. For 

instance, a previous study demonstrated that GP with 

particle sizes ranging between 0 and 25 μm exhibited 

a higher strength activity index and consumed more 

portlandite compared to GP with particle sizes of 
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25-38 μm and 63–75 μm [2]. Moreover, research by 

Shao et al. [28] revealed increased strength at 90 days 

for concrete mixes containing 30% glass powder with 

particle sizes smaller than 38 μm. Similarly, Shi et al. 

[25] demonstrated that mortars containing 20% fine 

glass powder (specific surface area = 467 m2/kg) 

exhibited higher compressive strength than the control 

mixture at 28 days, as per the ASTM C311 strength 

activity index.

On the other hand, Silica fume (SF), which origi-

nates as a by-product in the silicon and ferrosilicon 

alloy production industries [29], has gained extensive 

recognition in the construction sector owing to its 

capacity to enhance concrete properties. SF is also 

referred to as micro silica, characterized by its high 

silicon content of 75% or more, encompassing non- 

crystalline silica within the 85–95% range [22]. It is a 

remarkably reactive pozzolanic material [30] that 

undergoes a reaction with calcium hydroxide in the 

presence of water, resulting in the formation of 

calcium silicate hydrate (C-S-H) gel. Notably, SF 

possesses an exceptionally high surface area to volume 

ratio, endowing it with a high level of reactivity. Its 

minute particle size, ranging from 0.1 to 1 microns, 

enables it to occupy the interstitial spaces among the 

larger cement particles [31], thereby leading to a 

denser and less permeable concrete matrix. This, in 

turn, results in heightened durability, resistance to 

chemical corrosion, and reduced permeability to water 

and other liquids. Within the literature, numerous 

studies have investigated the impact of SF on the 

mechanical, physical, rheological properties, and 

durability of concrete [32-34]. These investigations 

consistently demonstrate improvements in concrete 

properties with the incorporation of SF.

Nahi et al. [35] utilized glass powder to replace 

different weight percentages of cement (0%, 10%, 

25%, 35%, and 60%). The study highlights a signi-

ficant impact on mortar properties when cement is 

partially replaced by glass powder. Chemical shrink-

age and heat assessment suggest that higher glass 

powder replacement enhances the hydration reaction 

rate. However, it was observed that the compressive 

strength, dynamic Young’s modulus, and shear modu-

lus values decrease as glass powder content increases.

Aliabdo et al. [36] investigated glass powder contents 

ranging from 0.0% to 25.0% by weight of cement. The 

results indicate that glass powder exhibits pozzolanic 

properties with no adverse effects on setting time or 

cement expansion. Notably, a 10% glass powder 

replacement increased compressive strength by appro-

ximately 9.0%. Additionally, up to 15.0% glass 

powder replacement improved the properties of glass 

powder-modified concrete. Elaqra, and Rifat [14] Five 

replacement percentages of glass powder: 0, 10, 20, 

25, and 30%. The cement paste flow increased, 

according to the results. Furthermore, there were 

shorter first and last setting times. The pozzolanic 

reactivity of the glass powder is related to the higher 

compressive strength that the 10% and 20% GP mixes 

displayed over longer ages compared to the control 

mix.

Furthermore, Nasry et al. [37] focused on the impact 

of glass fibers on the thermophysical properties of 

cement mortar. Glass powder percentages ranged from 

10% to 60% by weight of cement. Experimental 

measurements under dry and wet conditions revealed a 

gradual reduction in thermophysical parameters, 

including thermal conductivity (37%), volumetric 

specific heat (18%), and thermal diffusivity (22%), 

with a 60% glass powder addition to cement mortar. 

Furthermore, mortar density decreased by approxi-

mately 11% and 5% under dry and wet states, 

respectively.

Hence, given the significant impact of the com-

position of fluorescent lamps on their pozzolanic 

properties, as well as the unique characteristics of SF, 

this study is designed to explore the combined effects 
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of fluorescent lamps waste and SF powders in partially 

substituting ordinary Portland cement (OPC). This 

approach not only reduces the quantity of OPC used 

but also offers a sustainable solution for waste 

management. Typically, fluorescent lamps waste is 

disposed of in hazardous landfills due to the specific 

and costly treatment required for mercury removal.

Research significance

While there is a wealth of research available on 

concretes and mortars incorporating supplementary 

cementitious materials, studies investigating the 

simultaneous use of multiple materials are relatively 

scarce. The novelty and research contribution of this 

study lie in the evaluation of mortar performance, 

which incorporates both silica fume and glass powder. 

This evaluation encompasses various properties, 

including compressive strength, direct tensile strength, 

and flexural strength, alongside microstructural tests 

such as XRD and SEM analysis. Given the absence of 

published findings pertaining to these properties in 

cement mortar containing silica fume and glass 

powder as pozzolanic materials, there exists a critical 

need to address these research gaps. The primary 

objective of this research is to partially replace cement 

with silica fume and glass powders. To validate the 

feasibility of such substitution, a comprehensive 

examination of mechanical properties and micro-

structural tests has been undertaken.

Materials, mixing and experimental works

Materials

In this study, the binders employed included cement, 

sand, silica fume, and waste fluorescent lamps powder. 

The cement utilized is ordinary Portland cement 

(ASTM Type I), and its quality assessment adhered to 

ASTM C 150 standards. The chemical and physical 

properties of the cement are presented in Table 1. For 

the fine aggregate, ASTM C 33 specifications were 

followed. Table 2 provides the physical properties of 

the fine aggregates used in this investigation. Silica 

fume (SF) was employed as a replacement for cement 

by weight. The SF utilized in this research originated 

from “CONMIX LTD” and complied with ASTM C 

1240 standards. Table 3 outlines the characteristics of 

Table 1. Chemical and physical properties of cement

Chemical characteristics 

Oxides Composition
Content 

(%)

Specification Limits 

ASTM C150

CaO 63.8 -

SiO2 20.3 -

Al2O3 5.10 -

Fe2O3 2.70 -

MgO 2.10 <6%

SO3 2.30 <3%

L.O.I. 3.29 <3%

Insoluble residue 1.20 ≤0.75%

Lime Saturation
Factor, L.S.F.

0.96 0.66-1.02

Physical properties

Test Results ASTM C 150 limits 

Initial setting time 

(minutes)

125

298

Not less than 45 min.

Not more than 375 min.

Fineness (Blaine m2/kg) 475 Min. 280 m2/kg

Compressive strength of 

50 mm cubic

mortar specimen (MPa)

3 days

7 days

23

28
Min. 12 MPa

Min. 19 MPa

Table 2. Grading of fine aggregate

Sieve Size 

(mm)

Passing 

(%)

Passing (%) Limits,

According to ASTM C 33

4.75 96 90-100

2.36 89 85-100

1.18 86 75-100

0.60 72 60-79

0.30 23 12-40

0.15 4 0-10
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the silica fume. As for the glass powder (GP), it was 

sourced from spent fluorescent lamps via a local 

recycler. The pertinent characteristics of the GP used 

in this study can be found in Table 4. To enhance the 

mixtures, a High-Performance Superplasticizer (HPS), 

specifically Sika ViscoCrete -5930, was incorporated, 

in accordance with ASTM C 494 requirements. Tech-

nical data for the HPS from the manufacturer are 

provided in Table 5.

Mixing, casting, curing and testing

The mix proportions were set at 1 part cement to 2.5 

parts sand, with a water-to-cement ratio (w/c) of 0.52. 

SF was incorporated at varying percentages of 5%, 

10%, and 15% by weight of the cement, while GP was 

used in the same proportions of 5%, 10%, and 15% by 

weight of the cement. High-performance superpla-

sticizer (HPS) was added at a rate of 0.3% by weight of 

the cement. Table 6 outlines the specific mix pro-

portions for each mix, with SG0 representing the 

control mix. The mixing procedure involved blending 

the mortar components (cement and sand) and 

subsequently adding the SF and GP in accordance with 

the specified percentages for each mix. Finally, water 

and HPS were introduced to the mixture. Fresh density 

measurements were conducted using containers of 

known weight and volume, following the guidelines 

outlined in ASTM C-138. Cube moulds measuring 

50×50×50 mm were employed for the compressive 

strength test, following ASTM C 109 standards. 

Briquet specimens were cast to assess direct tensile 

strength, in accordance with ASTM C 190. For the 

flexural strength test, prisms moulds of dimensions 

40×40×160 mm were used, following ASTM C 348 

protocols. The flowability of the mortar was evaluated 

using ASTM C 1437 specifications. Dry density was 

determined according to the guidelines of ASTM C 642.

After a 24-hour curing period, each specimen was 

removed and placed in water with a controlled 

temperature of 23 ºC ± 2 ºC, following ASTM C-192 

procedures. Next, the XRD measurements were 

conducted by the Ecole Polytechnique of Mons in 

Table 3. Characteristics of SF

Property Value

State Sub-micron powder

Colour
Grey to medium grey 

powder

Specific Gravity 2.10 to 2.40

Bulk Density 500 to 700 kg/m3

Chemical Requirements

Silicon Dioxide (SiO2)

Moisture Content (H2O)

Loss on Ignition (LOI)

Min. 85%

Max. 3%

Max. 6%

Physical Requirements

Specific Surface Area

Pozzolanic Activity Index, 7 days

Over size particles retained on 

45-micron sieve

Min. 15 m2/g

Max. 105% of control

Max. 10%

Table 4. Characteristics of GP

Property Value

Colour Transparency 

Basis 295 m2/kg

Appearance 2.2

Table 5. Technical Data of HPS*

Technical Data

Basis Aqueous solution of modified Polycarboxylate

Appearance Turbid liquid

Density 1.095 kg/It. (ASTM C494)

* Sika ViscoCrete -5930

Table 6. Mix proportions

Mix No.
Mix

proportion

SF

(%)

GP

(%)

HPS

(%)

SG0 

1:2.5

0 0

0.3

SG1 5 5

SG2 5 10

SG3 5 15

SG4 10 5

SG5 15 5
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Belgium, according to ASTM D5357. The data were 

collected using a diffractometer in 2θ configuration 

employing CuKa radiation (35 KV, k = 1.54 A_) with 

a fixed divergence slit size of 0.5° and rotating sample 

stage. The samples were scanned between 6 and 60° 

with X’celerators detector. The total time for scanning 

was 20 min. Later, the SEM examination has been 

carried out to examine the surface of cement mortar 

specimens, using SEM micrographs from 1 mm to 500 µm.

Results and Discussion

Flowability

The flowability, as measured according to ASTM C 

1437, was notably influenced by the presence of SF 

and GP as replacements for cement, as indicated in 

Table 7. The flow of the mortar ranged from 163% for 

mix SG0 to 88% for mix SG5. Figure 1 illustrates the 

flow of the mortar, revealing a significant impact when 

SF was used as a replacement in cement mortar. It is 

evident that the flow decreased with an increase in SF 

content. Notably, the utilization of 15% SF resulted in 

a 46% reduction in flow when compared to the SG0 

(Control mix). This can be attributed to the finer 

particles of SF and their specific surface area in 

comparison to cement particles, which leads to better 

filling in the cement matrix, effectively filling the 

voids. Consequently, the strength of the mortars 

improved, while the flow of mortars decreased [38, 

39]. Additionally, the flowability was significantly 

influenced by the GP content, with an observable 

reduction in flow as GP content increased. This can be 

attributed to the high surface area of GP [40]. It is 

worth noting that GP had a comparatively lesser effect 

on flowability when compared to SF [41].

Density

The fresh density and dry density values of the 

mortar were found to be less significantly affected by 

the presence of SF and GP content. This is evident in 

Figure 2, which illustrates the variations between the 

different mixes. The maximum variation observed was 

1.52% for mix SG5 when compared to mix SG1, 

which contained 15% SF and 5% GP. In addition, the 

minimum variation observed was approximately 0.2% 

for mix SG4. Furthermore, it is noteworthy that the 

fresh density closely resembled the dry density in these 

mixes. This phenomenon can be attributed to the role 

of SF and GP as fillers, which enhance the pore 

structure of the mortar [42].

Compressive Strength

The outcomes for compressive strength, measured 

at various curing ages of 7, 28, and 90 days, have been 

meticulously documented in Table 7. These results 

vividly underscore the substantial impact that the 

inclusion of SF and GP has on the compressive 

Table 7. Tests results

Mix 

no.

Flow 

(%)

Fresh density

 (kg/m3)

Dry density

 (kg/m3)

Compressive Strength 

 (MPa)

Direct tensile strength 

 (MPa)

Flexural Strength 

 (MPa)

7 days 28 days 90 days 7 days 28 days 90 days 7 days 28 days 90 days

SG0 163 2178 2124 18.1 26.2 36 1.2 1.75 2.00 4.0 5.70 6.90

SG1 111 2153 2080 22.5 32.6 39 1.4 2.08 2.30 4.3 6.17 6.22

SG2 124 2161 2098 20.3 29.4 35 1.4 2.10 2.50 4.1 5.90 6.05

SG3 138 2160 2100 18.8 27.2 32 1.3 1.90 2.15 3.9 5.60 5.90

SG4 102 2158 2078 21.0 30.5 33 1.4 2.02 2.32 4.1 6.00 6.20

SG5 88 2187 2130 22.8 33.0 36 1.5 2.15 2.40 4.5 6.50 7.00
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strength of the cement mortar. One of the most striking 

findings is the remarkable performance of mix SG1, 

which stands out as an exceptional case. At 28 days of 

age, mix SG1 exhibited the highest compressive 

strength among all the tested mortar formulations. 

Notably, this mix demonstrated an impressive increase 

of approximately 24% in compressive strength when 

compared to the reference mix SG0. This surge in 

early-age compressive strength can be attributed to the 

synergistic effects of SF and GP, which promote the 

formation of stronger bonds within the mortar matrix. 

However, as we extend our analysis to the 90-day 

mark, a noteworthy trend emerges. Figure 3 graphi-

cally illustrates that there is a regression in com-

pressive strength with the increasing presence of SF 

and GP. This phenomenon can be attributed to the high 

Figure 1. Effect of SF and GP on flow of the cement mortar.

Figure 2. Effect of SF and GP on fresh and dry density of the cement mortar.
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pozzolanic material content, wherein SF contributes to 

the formation of additional calcium silicate hydrate 

through a reaction with the calcium hydroxide 

generated during cement hydration [43, 44].

Direct Tensile Strength

The average direct tensile strength without the 

addition of SF and GP (SG0) is 1.75 MPa at 28 days 

and 2 MPa at 90 days, as indicated in Figure 4. These 

values provide a baseline for understanding how the 

introduction of SF and GP affects the tensile strength 

of the cement mortar. As SF and GP were pro-

gressively added to the mortar mixes, a clear trend 

emerged. The tensile strength consistently improved 

Figure 3. Effect of SF and GP on compressive strength of the cement mortar.

Figure 4. Effect of SF and GP on direct tensile strength of the cement mortar.
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with increasing percentages of these materials. This 

means that as more SF and GP were incorporated into 

the mix, the resulting mortar exhibited greater tensile 

strength. Notably, at the 90-day mark, mix SG2 

exhibited an impressive 25% increase in direct tensile 

strength compared to the reference mix SG0. This 

significant improvement is noteworthy as it demon-

strates the positive impact of SF and GP on the 

long-term tensile strength of the cement mortar [45]. 

In addition, the percentage of increasing in direct 

tensile strength for mix SG5 is 20% more than mix SG 

0. This confirms the positive role of SF and GP in 

development the tensile strength of mortar. Sub-

stantially, the direct tensile strength is noticeably 

improved as a result of using the SF an GP in cement 

mortar, especially the mix SG2 and SG5 which 

showed the ability in improving the cement-base 

materials mechanical properties.

Flexural Strength

The results of the flexural strength assessments at 7, 

28, and 90 days are shown in Figure 5. In the control 

mixtures (referred to as SG0), where neither SF nor GP 

were added, the flexural strength values were 4 MPa, 

5.7 MPa, and 6.9 MPa at the respective time intervals. 

The introduction of SF and GP had a noticeable impact 

on flexural strength. Notably, the mix designated as 

SG1, which contained 5% SF and 5% GP, yielded the 

highest flexural strength results when compared to the 

other mixtures. This increase amounted to a significant 

7% improvement in flexural strength when comparing 

SG1 with the control mix (SG0). Conversely, mix SG3 

exhibited a regression in flexural strength, experi-

encing a decrease of approximately 2.6% compared to 

the control mix.

X-Ray Diffraction (XRD)

The XRD measurements performed in this study are 

of great significance because they offer detailed 

insights into the structural and compositional changes 

that take place within the mortar matrix when GP and 

SF are added. GP and SF interact with other ingre-

Figure 5. Effect of SF and GP on direct tensile strength of the cement mortar.
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dients in mortar mixtures, forming new compounds 

through intricate chemical reactions, as illustrated in 

Figure 6. The ensuing cement mortar’s chemical and 

mechanical characteristics are significantly influenced 

by these recently formed compounds. Figure 6 also 

demonstrates the absence of a diffraction peak in the (2

θ) range of 0 to 60 º, indicating the amorphous nature 

of the glass powder. Due to the presence of GP and SF 

in the concrete matrix, XRD measurements become 

essential for revealing the complex chemical trans-

formations occurring within the matrix. These 

measurements serve as a crucial tool in this research, 

allowing for the identification and quantification of 

various crystalline phases. Such insights are invalu-

able for understanding the mechanisms contributing to 

the enhancement of the strength and durability of 

cementitious materials. This becomes particularly 

crucial when considering the long-term role that 

di-calcium silicates play in the solidification pro-

cess. The information derived from these measure-

ments is critical for advancing our understanding of 

sustainable building materials and optimizing concrete 

mix designs.

Microstructural examination (Scanning electron 

microscope (SEM))

Figure 7 depicts the scanning electron microscope 

(SEM) micrographs taken from a couple of unique sets 

of specimens: the optimal mixture, which is signified 

by SG2 entailing a composition that consists of 5%SF 

and 10%GP, and the SG0-denoted control mixture, 

which contains 0 % SF and 0% GP. These images 

indicate the numerous differences in the micro-

structural features between SG2 (the optimised 

mixture) and SG0 (the control mixture). The presence 

of pores on the surface can be viewed in SG0, where 

SF and GP are absent. This is indicative of a less 

homogeneous/ compact cement matrix. These voids 

could potentially diminish the cement mortar’s 

mechanical properties and enhance permeability. On 

the other hand, SEM images of SG2, which entail the 

incorporation of both 10%GP and 5%SF, showcase a 

prominently unique surface morphology. As the 

concentration of SF rises, a noticeable decline takes 

place in the quantity of voids. This, in turn, suggests 

better compaction within the cement matrix, thus 

leading to a denser structure.

(a) (b)

Figure 6. X-ray diffraction (XRD) analysis of the (a) glass powder (GP) and (b) silica fume (SF).
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This trend of enhanced structural homogeneity and 

reduced void content is consistent with the increasing 

concentration of SF. As SF is introduced into the mix, 

it acts as a fine filler material, occupying interstitial 

spaces within the cement matrix and promoting a more 

tightly packed structure. This compactness enhances 

the overall mechanical properties and durability of the 

cement mortar. These findings underscore the impor-

tance of carefully optimizing the SF content in cemen-

titious mixtures to achieve desirable mechanical and 

durability characteristics in construction applications.

(a)

(b)

Figure 7. SEM images cement mortar (a) the control mix SG0 (0% SF and 0% GP) and (b) the SEM of the SG2 (5% SF and 

10% GP content). In samples devoid of SF and GP, voids are clearly visible. Conversely, samples with 10% GP and 5% SF 

show signs of pozzolanic presence.
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Conclusion

This research investigates the influence of pozzo-

lanic materials on cement mortar properties. Experi-

mental findings led to the following conclusions:

1. Both silica fume (SF) and glass powder (GP) 

content affected the fresh properties of cement 

mortar, with increased pozzolanic content leading 

to decreasedflowability. SF exhibited a more sig-

nificant impact on flowability compared to GP.

2. The compressive strength of cement mortar exhi-

bited improvement with increasing SF and GP 

dosage. The optimal content for achieving the 

highest compressive strength was found to be 5% 

for both SF and GP.

3. The direct tensile strength displayed notable devel-

opment at an early age, with the mix containing 5% 

SF and 10% GP recording the highest values 

compared to other mixtures.

4. Flexural strength of the cement mortar showed 

slight improvement when compared to other 

mixtures. The mixture containing 15% SF and 5% 

GP recorded the highest readings.

5. The microstructure results exhibited that as SF 

content increases, the reduction in voids and the 

improved homogeneity of the cement matrix are 

indicative of enhanced material quality and 

performance.

References

[1] J.-X. Lu, B.-J. Zhan, Z.-H. Duan, and C.S. Poon, 
Using glass powder to improve the durability of 

architectural mortar prepared with glass aggre-

gates. Materials & Design. 135 (2017), pp. 102-111.

[2] Y. Jiang, T.-C. Ling, K.H. Mo, and C. Shi, A 

critical review of waste glass powder–Multiple 

roles of utilization in cement-based materials and 

construction products. Journal of environmental 
management. 242 (2019), pp. 440-449.

[3] S.D. Salahaddin, J.H. Hadio, and G. Wardeh, The 

behavior of UHPC containing recycled glass 

waste in place of cementitious materials: A com-

prehensive review. Case Studies in Construction 
Materials. 17 (2022), e01494.

[4] A.J. Hamad, R.J.A. Sldozian, and Z.A. Mikhaleva, 
Effect of ceramic waste powder as partial fine 

aggregate replacement on properties of fiber‐rein-

forced aerated concrete. Engineering Reports. 
2(3) (2020), e12134.

[5] S.I. Pirani and H.A. Arafat. Solid waste manage-

ment in the hospitality industry: A review. Journal 
of Environmental Management. 146 (2014), pp. 
320-336.

[6] V. Chauhan, T. Kärki, and J. Varis, Review of 

natural fiber-reinforced engineering plastic com-

posites, their applications in the transportation 

sector and processing techniques. Journal of Ther-
moplastic Composite Materials. 35(8) (2022), pp. 
1169-1209.

[7] W. Nadir, I.K. Harith, and A.Y. Ali. Optimization 

of ultra-high-performance concrete properties 

cured with ponding water. International Journal of 
Sustainable Building Technology and Urban Deve-
lopment. 13(4) (2022), pp. 454-471.

[8] A.J. Hamad, Lightweight concrete reinforced with 

polypropylene fibers. International Journal of Ad-
vances in Applied Sciences. 4(2) (2015), pp. 45-49.

[9] F. Alatshan, A.M. Altlomate, F. Mashiri, and W. 
Alamin. Effect of date palm fibers on the mecha-

nical properties of concrete. International Journal 
of Sustainable Building Technology and Urban 
Development. 8(2) (2017), pp. 68-80.

[10] R.J. Sldozian, A.J. Hamad, Z.H. Al-Saffar, A.V. 
Burakova, and T.A. Grigorevich. Cement mortar 

reinforced by date palm fibers and inclusion 

metakaolin. International Journal of Sustainable 
Building Technology and Urban Development. 
14(3) (2023), pp. 348-360.

[11] Y. Meng, T.-C. Ling, K.H. Mo, and W. Tian, 
Enhancement of high temperature performance of 

cement blocks via CO2 curing. Science of the Total 
Environment. 671 (2019), pp. 827-837.

[12] V.P. Kumar and D.R. Prasad, Influence of supple-

mentary cementitious materials on strength and 

durability characteristics of concrete. Advances 
in concrete construction. 7(2) (2019), 75.

[13] H. Lee, A. Hanif, M. Usman, J. Sim, and H. Oh, 



H. Abed et al. ∙ 55

Performance evaluation of concrete incorporating 

glass powder and glass sludge wastes as supple-

mentary cementing material. Journal of Cleaner 
Production. 170 (2018), pp. 683-693.

[14] H. Elaqra and R. Rustom, Effect of using glass 
powder as cement replacement on rheological 
and mechanical properties of cement paste. Con-
struction and Building Materials. 179 (2018), pp. 
326-335.

[15] Y. Jani and W. Hogland, Waste glass in the pro-

duction of cement and concrete–A review. Journal 
of Environmental Chemical Engineering. 2(3) (2014), 
pp. 1767-1775.

[16] L.A. Pereira-de-Oliveira, J.P. Castro-Gomes, and 
P.M. Santos, The potential pozzolanic activity of 

glass and red-clay ceramic waste as cement mor-

tars components. Construction and Building Materials. 
31 (2012), pp. 197-203.

[17] R. Idir, M. Cyr, and A. Tagnit-Hamou, Pozzolanic 

properties of fine and coarse color-mixed glass 

cullet. Cement and Concrete Composites. 33(1) 
(2011), pp. 19-29.

[18] D.K. Ashish and S.K. Verma, Determination of 

optimum mixture design method for self-compacting 

concrete: Validation of method with experimental 

results. Construction and Building Materials. 217 
(2019), pp. 664-678.

[19] D.K. Ashish, Concrete made with waste marble 

powder and supplementary cementitious material 

for sustainable development. Journal of cleaner 
production. 211 (2019), pp. 716-729.

[20] D.K. Ashish and S.K. Verma, Cementing efficiency 

of flash and rotary-calcined metakaolin in concrete. 

Journal of Materials in Civil Engineering. 31(12) 
(2019), 04019307.

[21] A. Mehta and D.K. Ashish, Silica fume and waste 

glass in cement concrete production: A review. 

Journal of Building Engineering. 29 (2020), 100888.

[22] A. Hanif, Y. Kim, K. Lee, C. Park, and J. Sim, 
Influence of cement and aggregate type on steam- 

cured concrete–an experimental study. Magazine 
of Concrete Research. 69(13) (2017), pp. 694-702.

[23] A. Pitarch, L. Reig, A. Gallardo, L. Soriano, M. 
Borrachero, and S. Rochina, Reutilisation of haza-

rdous spent fluorescent lamps glass waste as 

supplementary cementitious material. Construction 
and Building Materials. 292 (2021), 123424.

[24] H. Maraghechi, M. Maraghechi, F. Rajabipour, 

and C.G. Pantano, Pozzolanic reactivity of recycled 

glass powder at elevated temperatures: Reaction 

stoichiometry, reaction products and effect of alkali 

activation. Cement and Concrete Composites. 53 
(2014), pp. 105-114.

[25] A. Khmiri, M. Chaabouni, and B. Samet, Chemical 

behaviour of ground waste glass when used as 

partial cement replacement in mortars. Construction 
and Building Materials. 44 (2013), pp. 74-80.

[26] C. Shi, Y. Wu, C. Riefler, and H. Wang, Charac-

teristics and pozzolanic reactivity of glass powders. 

Cement and Concrete Research. 35(5) (2005), pp. 
987-993.

[27] Z. Xie and Y. Xi, Use of recycled glass as a raw 

material in the manufacture of Portland cement. 

Materials and Structures. 35 (2002), pp. 510-515.

[28] Y. Shao, T. Lefort, S. Moras, and D. Rodriguez, 
Studies on concrete containing ground waste glass. 

Cement and Concrete Research. 30(1) (2000), pp. 
91-100.

[29] H. Eker and A. Bascetin, Influence of silica fume 

on mechanical property of cemented paste backfill. 

Construction and Building Materials. 317 (2022), 
126089.

[30] E. Kapeluszna, Ł. Kotwica, and W. Nocuń-Wczelik, 
Comparison of the effect of ground waste ex-

panded perlite and silica fume on the hydration of 

cements with various tricalcium aluminate content

–Comprehensive analysis. Construction and Building 
Materials. 303 (2021), 124434.

[31] H. Toutanji, N. Delatte, S. Aggoun, R. Duval, and 
A. Danson, Effect of supplementary cementitious 

materials on the compressive strength and dura-

bility of short-term cured concrete. Cement and 
Concrete Research. 34(2) (2004), pp. 311-319.

[32] Ö. Çakır and Ö.Ö. Sofyanlı, Influence of silica 

fume on mechanical and physical properties of 

recycled aggregate concrete. HBRC Journal. 11(2) 
(2015), pp. 157-166.

[33] M. Rostami and K. Behfarnia, The effect of silica 

fume on durability of alkali activated slag concrete. 

Construction and Building Materials. 134 (2017), 
pp. 262-268.

[34] K.-S. Youm, J. Moon, J.-Y. Cho, and J.J. Kim, 
Experimental study on strength and durability of 

lightweight aggregate concrete containing silica 

fume. Construction and Building Materials. 114 
(2016), pp. 517-527.



56 ∙ International Journal of Sustainable Building Technology and Urban Development Vol. 15, No. 1, 2024

[35] S. Nahi, N. Leklou, A. Khelidj, M.N. Oudjit, and 
A. Zenati, Properties of cement pastes and mortars 

containing recycled green glass powder. Con-
struction and Building Materials. 262 (2020), 
120875.

[36] A.A. Aliabdo, M.A. Elmoaty, and A.Y. Aboshama, 
Utilization of waste glass powder in the produc-

tion of cement and concrete. Construction and 
Building Materials. 124 (2016), pp. 866-877.

[37] O. Nasry, A. Samaouali, S. Belarouf, A. Moufakkir, 
H.S. El Idrissi, H. Soulami, Y. El Rhaffari, M. Hraita, 
S.E.D. Fertahi, and A. Hafidi-Alaoui. Thermo-

physical properties of cement mortar containing 

waste glass powder. Crystals. 11(5) (2021), 488.

[38] P.P. Abhilash, D.K. Nayak, B. Sangoju, R. Kumar, 
and V. Kumar, Effect of nano-silica in concrete, a 

review. Construction and Building Materials. 278 
(2021).

[39] R. Garg, R. Garg, B. Chaudhary, and S.M. Arif, 
Strength and microstructural analysis of nano- 

silica based cement composites in presence of 

silica fume. Materials Today: Proceedings. 46 (2021), 
pp. 6753-6756.

[40] Z. Pan, Z. Tao, T. Murphy, and R. Wuhrer, High 

temperature performance of mortars containing 

fine glass powders. Journal of Cleaner Production. 
162 (2017), pp. 16-26.

[41] N. Soliman and A. Tagnit-Hamou, Partial substitution 

of silica fume with fine glass powder in UHPC: 

Filling the micro gap. Construction and Building 
Materials. 139 (2017), pp. 374-383.

[42] S. Zhang, K. Cao, C. Wang, X. Wang, J. Wang, 
and B. Sun, Effect of silica fume and waste marble 

powder on the mechanical and durability proper-

ties of cellular concrete. Construction and Building 
Materials. 241 (2020), 117980.

[43] G.İ. Sezer, Compressive strength and sulfate resis-

tance of limestone and/or silica fume mortars. 

Construction and Building Materials. 26(1) (2012), 
pp. 613-618.

[44] C. Zhang, Z. Hu, H. Zhu, X. Wang, and J. Gao, 
Effects of silane on reaction process and micro-

structure of metakaolin-based geopolymer composites. 

Journal of Building Engineering. 32 (2020), 101695.

[45] A. Pattinaja and A.I. Tjahjani, In Nano Silica and 

Silica Fume for Durability Improvement and It’s 

Impact on High Performance Concrete. 2nd Inter-
national Conference on Green Materials and Environ-
mental Engineering. Atlantis Press: 2015, 2015, 
pp. 115-117.


