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Abstract 

     Three groups of concrete containing waste glass of various particles sizes were prepared, Group A 

(19- 4.75) mm, Group B (4.75- 0.15) mm, and Group C (< 75) µm. The waste glass was used to 

replace coarse aggregate in one group and fine aggregate in two groups in proportions of (10%, 20%, 

30%, and 40%) by weight.   All the mixtures were proportioned with a constant water to cement ratio 

(w/c) of 0.4 by weight, In this research the specimens were investigated to specify the effects of the 

particles sizes of waste glass and the content of waste glass on compressive strength, flexural strength, 

and water absorption at (7 and 14) days of immersion, compared with ordinary specimen. The 

experimental results showed that the compressive strength and flexural strength increased with the 

increase of waste glass content up to 30%, and the maximum values were with particles sizes (< 75) 

µm, at (14) days. While the water absorption was decreased with increased of waste glass content and 

decreasing the particles sizes, and the minimum values were with particles sizes (< 75) µm, at ( 14) 

days. Therefore, the addition of waste glass was improved the mechanical properties of concrete.     

Keywords: Concrete, Waste Glass, Compressive Strength, Flexural Strength, and Absorption. 

 

 

 واص الميكانيكية للخرسانةجاج على الخ  خلفات الز  بيبي لم  جم الح  تاثير الح  
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  الخلاصة

  A (19-4.75 mm)مجموعة  حجام حبيبية مختلفة وهيرسانة تحتوي على نفايات الزجاج بأتم تحضير ثلاث مجاميع من الخ     

في  ن الركام الناعم )الرمل(نفايات الزجاج بدلاً متم أستخدام ، حيث  C  (< 75 µm)ومجموعة  B (4.75- 0.15 mm)  ومجموعة

( مع ثبات and 40% ,%30 ,%20 ,%10ب )ـوبالنس (A)في مجموعة ى( ــــصــن )الحــــوالركام الخش   (C)و (B) مجموعة 

ً ( 0.4( ولجميع العينات وهي ) w/cسمنت )نسبة الماء الى ال الحبيبي لنفايات الزجاج دراسة تاثير الحجم في هذا البحث ، تم وزنيا

عمر نفايات الزجاج على بعض الخواص الميكانيكية للخرسانة مثل مقاومة الأنضغاطية ومقاومة الأنثناء وأمتصاصية الماء ل ومحتوى
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لى النسبة ( يوم. بينت النتائج العملية زيادة كل من مقاومة الأنضغاط ومقاومة الأنثناء بزيادة محتوى نفايات الزجاج ا  14وأ 7) أنضاج

الأمتصاصية أنخفضت ، بينما  µm( 75( يوم عندما كان الحجم الحبيبي لنفايات الزجاج أقل من )14% وكانت أعلى قيم عند )30

( يوم عندما كان الحجم الحبيبي 14اقل قيم للأمتصاصية عند )كانت ، ولهاالحجم الحبيبي  نعومةللماء بزيادة محتوى نفايات الزجاج و

 ضافة نفايات الزجاج أدى الى تحسن الخواص الميكانيكية للخرسانة.ا لذا فان . µm( 75ج أقل من )لنفايات الزجا

.الخرسانة، نفايات الزجاج، مقاومة الأنضغاطية، مقاومة الأنثناء ، الأمتصاصية الكلمات المفتاحية:

Introduction 

        Glass recycling is the process of 

turning waste glass into usable products. A 

glass is defined as an inorganic product of 

fusion which has been cooled to a rigid 

condition without crystallization. 

Traditional methods of waste glass 

recycling need to melt the waste glass to 

reproduce new glass containers; this 

technique has greatly reduced the energy 

needed in the furnace, the application of 

glass in architectural concrete still needs 

improvement [1]. The collected waste glass 

is usually colour mixed and with the 

presence of dirt which are barriers for its 

reuse for glass manufacturing. 

Comparatively, mechanically crushing of 

large quantities of waste glass into cullet 

and reuse as aggregate substitutes in 

concrete is a much more economical way 

for waste glass recycling. In addition, the 

cleanliness requirements of waste glass 

cullet to be used in concrete are also 

relatively lower compared with the 

traditional recycling method. There are 

many studies about using waste glass in 

concrete: M. Mageswari and B.Vidivelli 

investigated the possibility of using SGP 

(Sheet glass powder) as a replacement in 

fine aggregate for a new concrete. Natural 

sand was partially replaced (10%, 20%, 

30%, 40% and 50%) with SGP -Sheet glass 

powder- The test results indicate that it is 

possible to manufacture concrete containing 

Sheet glass powder (SGP) with 

characteristics similar to those of natural 

sand aggregate concrete provided that the 

percentage of SGP as fine aggregate is 

limited to 10-20%, respectively [2], Edson 

Jansen, et al. show that the use of flat glass 

powder in place of sand in 5%, 10% and 

20% percentages, at w/c (water/cement) 

ratios of 0.50, 0.55 and 0.58 is feasible for 

the production of an environmentally 

appropriate and structurally applicable 

concrete [3]. Vikas Srivastava, et al. 

indicated that Waste glass can effectively 

be used as coarse aggregate replacement 

(up to 50%) without substantial change in 

strength [4]. Zhitong Yao, et al. their work 

presents a comprehensive overview of 

literature reporting on the reuse of cathode 

ray tube CRT glass to prepare glass-

ceramics; cement mortar, paste, and 

concrete. CRT glass possesses reasonable 

intrinsic strength, low water absorption and 

rich in silica, which makes the glass 

suitable for use as sand or pozzolan in 

construction materials [5]. Saman Rahat, et 

al. demonstrate that waste glass was used to 

replace fine and coarse aggregate in 

proportions of 0%, 5%, 10%, 15% and 

20%.The experimental results showed that 

the workability improved with the increase 

of waste glass content. In addition, the 

results prove that glass as aggregates have 

enhanced the mechanical properties and 

water absorption [6]. D Rajitha, et al. they 

utilized of waste glass as fine total and 
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coarse totals substitution in concrete. The 

examination showed that 5% Waste glass 

can viably be utilized as fine aggregate and 

coarse aggregate substitution without 

generous change in quality [7]. 

Abdelmaseeh and Gailan were used 

windows waste glass as a partial 

replacement of coarse aggregates with 0, 

20, 25, and 30 percentages of replacement 

by weight. The best effect on the 

mechanical properties was observed at 25% 

WG percentage, and the increases in 

compressive, splitting tensile and flexural 

strengths at 28-day age were 30%, 38% and 

31 %, respectively [8]. Mohajerani, et al. 

from the literature review conducted, they 

concluded that crushed waste glass CWG 

has potential use as an aggregate in 

construction materials, such as in concrete 

and asphalt mixtures [9]. In this work, we 

will study the effects of waste glass as a 

fine aggregate and coarse aggregate partial 

replacement materials at different particles 

sizes in concrete on the mechanical 

properties of concrete. 

Experimental Part 

          In this research waste glass was assembled 

of repeatedly  washed with water and dried at 

800 C for 24hr. then crushing, grinding and 

sieving into three different particles sizes 

groups, namely: Group A (19- 4.75) mm, Group 

B (4.75- 0.15) mm, and Group C (< 75) µm, as 

shown in figure (1).  

To study the effect of particle size of waste glass 

on mechanical properties of concrete we used 

Portland cement with the specific gravity of 2.6 

gm/cm3, the crushed stone with nominal 

maximum size of (5-19 mm) was used as the 

coarse aggregate, and the sand was used as the 

fine aggregate in the concrete mixtures, with 

particle size less than (4.75 mm) [10]. The 

control mix of the concrete was designed with a 

mix ratio of (1:2:4) of (cement: sand: coarse 

aggregate) by weight with (0.4) of water-cement 

(w/c) ratio according to ACI 211.1 with 

compressive strength 30-35 MPa, the chemical 

composition of waste glass, sand and cement by 

using Spectro analytical instruments model 

XEPOS fluorescent x-ray (XRF) is presented in 

table (1). 

 

Figure (1) Process of waste glass 

preparation. 
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Table (1) Chemical Composition of Waste 

Glass, Sand and Cement by using (XRF). 

 
Waste glass was used to replace fine aggregate 

(sand) and coarse aggregate in proportions of 

(10%, 20%, 30% or 40%) by weight, beside one 

mix without waste glass as reference. Table (2) 

shows the concrete mix compositions for the 

samples. 

Table (2) The mix designs concrete samples.  

              

Specimens were prepared with the geometry of 

(100×100×100) mm for compressive strength 

test (ELE-international-2000 KN) and 

(20×20×70) mm for flexural strength test (Tinus 

Olsen model H50KT). Figure (2) shows the 

specimens after removing from curing cabinet 

before testing. 

After removed from the curing cabinet, the 

specimens were dried for 24 hours and then 

dipped with water for 7 days or 14 days 

according to ASTM C31/C31M. The 

compressive strengths and flexural strengths of 

various concrete mixtures were determined at 7 

or 14 days. Figure (3) shows the specimens after 

testing. 

 

Figure (2) The specimens before testing: (A) 

concrete cubes (100x100x100) mm for 

compressive strength, and (B) concrete prisms 

(20x20x70) mm for flexural strength 

 

Figure (3) The specimens after testing: (A) 

concrete cubes (100x100x100) mm for 

compressive strength, and (B) concrete prisms 

(20x20x70) mm for flexural strength. 
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The water absorption of concrete cubes 

(100x100x100) mm was calculated through Eq. 

(1).  

         𝑊𝑎(%) = (
𝑊2−𝑊1

𝑊1
)𝑋100  … (1) 

Where: Wa is the water absorption, W1 is the 

weight before dipped, and W2 is the weight after 

dipped [11]. 

Results and Discussion 

        The compressive strength and the water 

absorption of the concrete cubes specimens 

(100x100x100) mm after (7 or 14) days are 

summarized in Table (3). Each presented value 

is the average of three measurements. The 

particle size of waste glass was in variation of 

three groups, Group A (19- 4.75) mm, Group B 

(4.75- 0.15) mm, and Group C (< 75) µm, and 

the content of waste glass replaced fine 

aggregate (sand) and coarse aggregate was in 

proportions of (10%, 20%, 30% or 40%). 

Table (3) Results of compressive strength and 

water absorption for cubic specimens of size 

(100x100x100) mm, after (7 or 14) days 

 

Compressive strength is typically the most 

important mechanical property of concrete, 

because it correlates strongly with other 

properties such as tensile strength and many 

durability properties. Figures (4) and (5) 

illustrate the effect of the particle size of waste 

glass and the content of waste glass into the 

concrete mix after (7 or 14) days on the 

compressive strength and water absorption of 

concrete. Fig. (4)  indicates increasing in 

compressive strength with decreasing the 

particles size and increasing in the content of 

waste glass up to 30% after ( 7 or 14) days. This 

result agreed with the results of Bhandari, et al. 

which demonstrate that the Fine aggregates were 

replaced by waste glass aggregate as 10%, 20% 

and 30% by weight, where fine glass aggregate 

of size 600μm – 1.18mm, and coarse glass 

aggregate of size 1.18mm – 4.75mm, they 

concluded that the particle size less than 1.18 

mm get higher strength than that of particle size 

ranges from 4.75 mm to 1.18 mm [12]. Also, 

Shayan and Xu found that 30% glass powder 

could be incorporated as aggregate or cement 

replacement in concrete without any long term 

detrimental effects glass is unstable in the 

alkaline environment of concrete and could 

cause deleterious alkali-silica reaction problems. 

This property has been used to advantage by 

grinding it into a fine glass powder (GLP) for 

incorporation into concrete as a pozzolonic 

material [10], the increasing in the content of 

waste glass lead to appear an internal chemical 

reaction between the alkaline components in the 

cement and active silica-based mineral 

constituents of some aggregates. The reaction 

results in the formation of a gel that absorbs 

water, expand, and therefore exerts internal 

pressure which sometimes can be far in excess 

of what concrete can sustain, thereby causing the 

formation of micro-cracks [13, 14]. The 

maximum compressive strength was (1.63 

N/mm2) of sample CC30 at (14 days) when the 

waste glass content was 30%, and the particles 

size C (< 75) µm. It can be observed from figure 

(4) that compressive strength for waste glass 

concrete like normal concrete increases with 
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curing age comparing with sample AC0 which 

contents zero percentage of waste glass. 

Figure (4) Variation in compressive strength vs. 

waste glass content and particles sizes of cubic 

specimens (100x100x100) mm after (7 or 14) 

days. 

Figure (5) shows decreasing in water absorption 

with increasing of waste glass content and 

decreasing particles sizes, this result agrees with  

the study of M. Iqbal Malik et al. that  fine 

aggregates were replaced by waste glass powder 

as 10%, 20%, 30% and 40% by weight, the 

results concluded the permissibility of using 

waste glass powder as partial replacement of 

fine aggregates up to 30% by weight for particle 

size of range 0-1.18mm, and with increase in 

waste glass content, percentage water absorption 

decreases [15]. 

 

Figure (5) Variation of water absorption 

with waste glass content and particles sizes 

of cubic specimens (100x100x100) mm 

after (7 or 14) days. 

The results of Flexural Strength with waste glass 

content and particles sizes of prisms specimens 

(20x20x70) mm after (7 or 14) days are 

summarized in Table (4). The specimen (CF30) 

which contents 30% waste glass and particle 

size Group C (< 75) µm, have Flexural strength 

(3.41 N/mm2) after 7 days of immersion and 

(3.85 N/mm2) after 14 days of immersion, as 

shown in figures (6) and (7). The values of 

Flexural strength were measured by using test 

(Tinus Olsen model H50KT). 

Table (4) Results of Flexural Strength of waste 

glass content and particles sizes of prisms 

specimens of size (20x20x70) mm, after (7 or 

14) days. 
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Figure (6) Flexural strength of the sample 

CF30=3.41 MPa after (7 days) water immersion 

by using test (Tinus Olsen model H50KT). 

Figure (7) Flexural strength of the sample 

CF30=3.85 MPa after (14 days) water 

immersion by using test (Tinus Olsen model 

H50KT). 

Fig.(8) illustrates increasing in Flexural Strength 

with decreasing in the particles size and 

increasing in the content of waste glass up to 

30% after 7 or 14 days where the maximum 

value of Flexural Strength was (3.85N/mm2 ) of 

the sample (CF30) after (14 days) when the 

waste glass content is 30% and the particle size 

Group C (< 75) µm.  

 

Figure (8) Variation in Flexural Strength vs. 

waste glass content and particles sizes of prisms 

specimens (20x20x70) mm after (7 or 14) days. 

It can be observed from figure (8) that Flexural 

Strength of waste glass concrete like normal 

concrete increases with curing age comparing 

with sample AF0. The results of Compressive 

Strength and Flexural Strength of waste glass 

concrete of all specimens after 30% glass were 

decreasing due to the damaging expansion in the 

concrete caused by ASR (Alkali Silica Reaction) 

between high-alkali pore water in cement paste 

and reactive silica in the waste glasses. The 

chemical reaction between the alkali in Portland 

cement and the silica in aggregates forms silica 

gel that not only caused crack upon expansion, 

but also weakened the concrete and shortens its 

life, Mavroulidou et al. show that fine glass 

cullet aggregate in concrete was used together 

with binders partially replacing ordinary 

Portland cement (OPC) so that alkali-silica 

reaction problems are overcome, and they was 

concluded that fine glass cullet can be used as a 

substitute to fine concrete aggregate without 

apparent problems for resulting concrete [16]. 

ChangLi et al. show that fine lightweight 
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aggregate (FLWAs) may be a possible solution 

for ASR mitigation. The study investigated how 

commonly used FLWAs, expanded slate, shale, 

and clay can mitigate and reduce ASR in 

concrete using the accelerated mortar bar test 

(AMBT), concrete prism test (CPT), pore 

solution analysis and scanning electron 

microscope (SEM) analysis [17]. However, we 

use waste glass in concrete and within a limited 

range as a partial substitute so as not to appear 

strong effects of the reaction of alkali-silica and 

give negative results of concrete properties, and 

to be a partial solution for the disposal of waste 

glass in an environmentally friendly method. 

 

Conclusions 

        1- At the rate of 30% waste glass 

replacement of sand and coarse aggregate meets 

maximum values of compressive and flexural 

strengths as compared to that of control sample 

and other percentage of replacement of sand 

and coarse aggregate. The increasing of waste 

glass caused an internal chemical reaction 

between the alkaline components in the cement 

and active silica--based mineral constituents of 

some aggregates. The reaction results in the 

formation of a gel that absorbs water expand, 

and therefore exerts internal pressure which 

sometimes can be far in excess of what concrete 

can sustain, thereby causing the formation of 

micro-cracks. 

        2-With increase in waste glass content, 

percentage water absorption decreased. 

3-With decrease in the particle size of waste 

glass, percentage water absorption decreased. 

4-From results, it is concluded that particle size 

less than 75 µm (group C) get higher strength 

than that of particle size of group A (19- 4.75) 

mm, and group B (4.75- 0.15) mm, 

5-Use of waste glass in concrete will eradicate 

the disposal problem of waste glass. 
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