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 Waste glass is one of the significant environmental problems worldwide. The recycling of 
waste glass as a source of aggregate for the production of concrete products has attracted 

increasing interest from the construction industry. However, the Utilization of waste glass in 

architectural concrete is still limited. The effects of Waste glass particle on fresh and hardened 
properties of architectural self-compacting glass concrete (ASCGC) were investigated. The 

waste glass was used at volume with replacement ratios of 0%,10%, 20%, 30%, 40% and 50%. 

lime stone and superplasticizer were added and blended by means of a simple SCC mixing 
design method. In this experimental work a total of 6 architectural self-compacting concrete 

(ASCC) mixes with 0.42 of water cement ratio were investigated to specify the effects of 

waste glass on fresh and hardened properties through slump-flow,T50, J-ring, L-box,V-
funnel,compressive and flexural strength, water absorption and ultrasonic pulse velocity tests. 

The test results revealed that increased in the waste glass content improved the performance of 

workability and water absorption. On the other hand, the compressive strength, flexural 
strength and ultrasonic pulse velocity of ASCGC mixtures were decreased with the increase in 

the glass content. 
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INTRODUCTION 

 

Waste glass is a major component of the solid waste stream in many countries. It can be found in many 

forms, including container glass, flat glass such as windows, bulb glass and cathode ray tube glass.[1] Waste 

reduction and recycling are very important elements in a waste management framework because they help to 

conserve natural resources and reduce demand for valuable landfill space.[2] Since 1963, the first study had 

been carried out on the use of glass chips to produce architectural exposed aggregate for concrete.[3] In the past 

10 years, the use of glass as concrete aggregates has again attracted much research interests due to high disposal 

costs for waste glasses and environmental regulations.[4,5] Shayan and Xu (2004) found that 30% glass powder 

could be incorporated as aggregate or cement replacement in concrete without any longterm detrimental 

effects.[6] Topcu and Canbaz (2004) found that compressive, flexural, and indirect tensile strengths had the 

tendency to decrease in proportion to the increase in content of waste glass as coarse aggregate in concrete 

mixtures.[7,8] Metwally (2007) also reported that the use of finely milled waste glass in concrete mixes had a 

bad effect on workability, but considerably improved the mechanical properties of concrete at later ages.[9] A 

major concern regarding the use of glass in concrete is the chemical reaction that takes place between the silica-

rich glass particles and the alkali in the pore solution of concrete, i.e., alkali-silica reaction (ASR). This reaction 

can be very detrimental to the stability of concrete, unless appropriate precautions are taken to minimize its 

effects. Such preventative actions could be achieved by incorporating a suitable pozzolanic material such as fly 

ash, ground blast furnace slag or metakaolin in the concrete mix at appropriate proportions.[6,10] Idir et al. 

(2011) indicated that the pozzolanic activity has a tendency to enhance with finer GPs. Equivalent or superior 

compressive strength was attained when using up to 40% of mixed colour GP with a particle size less than 40 

mm when compared with control specimens.[11] Ling et al. (2011) were investigated The feasibility of using 

100% recycled glass (RG) as a fine aggregate replacement in architectural white cement mortar. The test results 

revealed that increased in the recycled glass (RG) content improved the performance of workability and drying 

shrinkage. However, there was a gradual reduction in flexural and compressive strengths as the content of RG 

increased.[12] Tan and Du (2013) were investigated the fresh and mechanical properties of mortar with single 
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and mixed-colored glass sand as fine aggregates. Furthermore, the durability of glass sand mortar, with respect 

to chloride permeability, ASR and sulfate attack was also examined. result was reported that durability was 

enhanced, especially in terms of the resistance to chloride ion penetration.[13] Self-compacting concrete (SCC) 

is considered as a concrete which can be placed and compacted under its self-weight with little or no vibration 

effort, and which is at the same time, cohesive enough to be handled without segregation or bleeding.[14] SCC 

was first developed to improve durability stability of concrete structures in Japan in 1988.[15] The preliminary 

studies about workability of SCC were carried out by Ozawa and Okamura (1989) and Okamura (1993) in 

Tokyo University.[16,17] SCC also provides benefits beyond those of conventional concrete in all three aspects 

of sustainable development: economic, social and environmental. One way to enhance the sustainability of SCC 

is to partially replace the mineral aggregates in SCC with industrial waste materials such as rice husk ash, 

marble dust, recycled aggregates, silica dust, scrap rubber, glass aggregates, and fly ash to produce sustainable 

concrete.[18] Kou and Poon (2009) were investigated The effects of recycled glass (RG) cullet on fresh and 

hardened properties of self-compacting concrete (SCC). The fresh and hardened properties results showed that 

the slump flow and blocking ratio of concrete mixes increased and compressive strength, tensile splitting 

strength and static modulus of elasticity were decreased with the increase of recycled glass cullet contents.[4] A 

similar increasing trend of slump flow for the case of LCD-glass was also reported by Wang and Huang 

(2010).[19] Emam Ali and Al-Tersawy (2012) Evaluated the effect of using recycled glass waste, as a partial 

replacement of fine aggregate, on the fresh and hardened properties of Self-Compacting Concrete (SCC). The 

experimental results showed that the slump flow increased with the increase of recycled glass content. On the 

other hand, the compressive strength, splitting tensile strength,flexural strength and static modulus of elasticity 

of recycled glass (SCC) mixtures were decreased with the increase in the recycled glass content.[20] A similar 

decreasing trend of mechanical properties for the case of self-compacting concrete Containing glass as a partial 

replacement for both the cement and fine aggregate was also reported by Liu (2011).[21] Patricija Kara (2014) 

used waste glass powder to make self compacting concrete. They concluded that the compressive strength of the 

modified self compacting concrete were not reduced significantly.[22] Rahat Dahmardeh et al. (2014) were 

investigated the fresh and hardened properties of Self-Compacting Glass Concrete. The experimental results 

showed that The water absorption, Ultrasonic Pulse Velocity and flexural strength decreased as the proportion 

of glass substitution was increased. In addition, the compressive strength of mixtures were increased with the 

increase in the waste glass content.[23] 

In this work, a comprehensive experimental study was carried out to investigate the feasibility of using up 

to 50% waste glass as coarse aggregate replacement for the production of architectural self compacting concrete. 

The fresh and hardened properties such as slump–flow time and diameter, V-funnel flow time,L-box, J-ring, 

compressive strength, flexural strength, ultrasonic pulse velocity and water absorption of ASCGC mixtures have 

been compared to control ASCC mixtures without waste glass content. 

 

MATERIAL AND METHODS 
 

2-1- Materials: 

2-1-1- Cement & Lime stone: 

The white portland cement was used in this study and supplied by Benvid cement Co. Limestone powder 

with the specific gravity of 2.6 gr/cm3 was used to make the concrete for which the chemical properties of 

cement and lime stone are presented in Table 1. 

 
Table 1: Physical and chemical properties of cement and lime stone. 

Chemical analyses (%) Type II cement Limestone 

Calcium oxide (CaO) 63.04 - 

Silicon dioxide (SiO2) 21.38 0.81 

Aluminium oxide (Al2O3) 5.37 0.23 

Ferric oxide (Fe2O3) 3.84 0.08 

Magnesium oxide (MgO) 1.69 0.88 

Sodium oxide (Na2O) 0.6 0.14 

Potassium (K2O) 0.43 - 

Sulfur trioxide (SO3) 2.48 0.26 

Loss on ignition 1.41 - 

Physical properties   

Specific gravity 3.11 2.62 

Blaine fineness (cm2/g) 3159 - 

 

2-1-2- Aggregate: 

In this study, the crushed stone with a maximum nominal size of 19 mm was used as the coarse aggregate, 

and a local natural sand was used as the fine aggregate in the concrete mixtures. The aggregate used was from 

the kambouzia zone and conformed to ASTM specifications for concrete material. The coarse and fine 
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aggregates each had a specific gravity of 2.7 and 2.6 respectively. Gradation curve of fine and coarse aggregates 

with ASTM C33.[24] standard limits are shown in   Fig. 1. 

 

 
Fig. 1: Gradation curve of coarse and fine aggregates. 

 

2-1-3-Admixture: 

In this study, a superplasticizer (SP) of modified carboxylic ether (SUPERVISCOSE1, Namikaran Co.) 

with 1.08±0.02 kg/l  specific gravity (at 5-35 ºC) were used. 

 

2-1-4-Waste glass: 

The waste glass was collected from different areas of Iran-Zahedan, that their includes flat glass and glass 

bottles. The sieve analysis of the waste glass is given in Table 2. Fig. 2 shows the type of the waste glass used in 

this study. 

  
Table 2: Gradation of waste glass aggregate 

Sieve size (mm) 
Accumulated passing 

coarse aggregate (%) 

19 100 

12.5 95 

9.5 55 

4.75 5 

2.36 0 

 

 
 

Fig. 2: waste glass used in this study. 

 

2-2-Mixtures: 

Six ASCGC mixtures have been tested. Those were one mixture without waste glass as reference (ASCC) 

and five mixtures containing glass as coarse aggregate with 10%, 20%, 30%, 40% and 50% volume of waste 

glass dosage, respectively. The ASCC mixture component comprised white portland cement, lime stone, coarse 

and fine aggregate, water and superplasticizer with 0.42 of water-cement ratio. Table 3 shows the concrete mix 

compositions for the samples.  
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Table 3: The mix designs concrete samples used in this study. 

Name 
Substation 

(%) 

(kg/m3) 

Cement 
Lime 

stone 
Gravel Sand Glass  Water SP 

ASCC 0 450 150 730 890 0 189 9 

ASCGC10 10 450 150 658 890 73 189 9 

ASCGC20 20 450 150 584 890 146 189 9 

ASCGC30 30 450 150 511 890 219 189 9 

ASCGC40 40 450 150 438 890 292 189 9 

ASCGC50 50 450 150 365 890 365 189 9 

 

2-3-Test methods: 

The measured workability parameter of fresh SCC is flow-ability, passing-ability, self-leveling and filling 

ability. Those are measured by slump flow,T50, J-Ring, L-box and V-funnel test by European specification 

EFNARC.[25] The prescribed limits of the tests as per the EFNARC specifications are as shown in Table 4. The 

compressive strengths and ultrasonic pulse velocity of various concrete mixtures were determined on 100-mm 

cubes at 28 and 56 days in accordance with ASTM C39 and ASTM C597, respectively.[26,27] Eighteen 

Concrete beams with dimension of 150×150×750-mm were used to evaluate the flexural strength at 28 days in 

accordance with ASTM C78.[28] For determine the flexural strength using the equation PL/bd
2
. Thirty six 

Concrete cylinders with dimension of 75×100-mm were used to investigate the water absorption at 28 and 56 

days in accordance with BS 1881-122.[29] The water absorption o f each mix was calculated through Eq (1). 

 

WA(%) = ( (W2-W1)/W1 )×100                                                                                                                             (1) 

 

In these assessments, curing condition and experimental and the sample production parameters were the 

same. Test results of fresh and hardened properties of SCC are presented and discussed subsequently. 

 
Table 4: EFNARC acceptance criteria for SCC. 

EFNARC guidelines Parameters 

380-600 Powder content (kg/m3) 

150-210 Watr content(kg/m3) 

48-55 Fine aggregate in total aggregate (%) 

≤20 Size of coarse aggregate (mm) 

550-650 SF1 

Slump flow (SF) class(mm) 660-750 SF2 

760-850 SF3 

≤8 VF1 
Viscosity class (V-funnel )time(sec) 

9-25 VF2 

≥0.8with2rebars PA1 
Passing ability classe (L-box) 

≥0.8with3rebars PA2 

 

RESULTS AND DISCUSSIONS 

 

3-1- Fresh concrete properties: 

The fresh properties of the 6 concrete mixes include slump flow, T50, V-funnel, J-ring and L-Box tests are 

summarized in Table 5, it can be seen that glass dosage influenced the workability of fresh SCC. 

 
Table 5: Result of fresh properties. 

V-Funnel 

(s) 

J-RING L-BOX slump flow 

mix no. D 

(mm) 
( h2-h1 ) 

T40cm 

(s) 

T20cm 

(s) 
h2/h1 

T50cm 

(s) 

D 

(mm) 

7.3 680 8 3.32 1.9 0.85 3.3 680 ASCC 

8 685 7.75 3.1 1.7 0.87 2.8 690 ASCGC10 

8.5 700 7.6 2.9 1.5 0.91 2.6 705 ASCGC20 

9.6 720 8.25 3.28 1.8 0.9 2.2 720 ASCGC30 

10.2 730 8.75 4.9 2.3 0.93 1.8 740 ASCGC40 

11 740 9.5 5.7 4.1 0.91 1.3 755 ASCGC50 

 

3-1-1-Slump flow and T50: 

 Result shows that spread diameter (Slump flow) and lost of flow time t50 of SCC are higher on mixtures 

containing glass than control mix. In ASCGC mixes, Slump flow was over 680 mm (control mix)  and with 

increasing glass replacement, the slump flow showed a distinct tendency to increase, Because the glass has a 

low water absorption and smooth surface.  
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3-1-2-J-ring and L-box: 

The passing ability ratio from the 2 bar L-box and J-ring tests is also shown in Table 5. SCC mixtures with 

lower viscous has a passing ability ratio (blocking ratio, height of the concrete at the end of the horizontal 

section, H2/remaining height in the vertical section, H1) of more than 0.8 .[25] The flow ratios varied from 0.85 

to 0.93, the results indicates that the ASCGC mixes prepared in this study achieved adequate passing ability and 

maintained sufficient resistance to segregation around congested reinforcement areas.  

 

3-1-3-V-funnel: 

V-funnel test measures the time required for concrete to flow down through a funnel so as to evaluate 

cementing paste viscosity in concrete and resistance to material segregation. The V-funnel test results are shown 

in Table 5. As expected, ASCGC mixes has a low viscosity compared to control mix. The passing time varied 

from 8 to 11, that still meet the standard time. The passing time increased with increasing glass content and this 

agree with Wang, who stated that because the recycled glass SCC mixes unit weight is less than that of SCC 

after replacing part of the sand with waste glass, thus decreasing the unit weight. Hence, the compacting effect 

cannot be attained by its dead weight .[19] 

 

3-2-Hardened concrete properties: 

3-2-1- Compressive strength: 

The compressive strengths of the waste glass concrete mixes at 28 and 56 days are presented in Table 6. 

Each presented value is the average of three measurements. The results revealed that the compressive strength of 

all the specimens increased when the curing age was extended. Fig. 3 illustrates the reduction ratios in 

compressive strength. According to the test results, the Lowest 28-day compressive strength value of 37 MPa  

was obtained from the concrete mix made of 50% waste glass, which represents an decrease in the compressive 

strength of up to 19.7% as compared to the control mix. The low compressive strength of the ASCGC could be 

attributed to the decrease in the adhesive strength between the surface of the waste glass aggregates and the 

cement paste. Fig. 4 shows a direct relationship between the compressive strength and increasing glass 

aggregate content.  

 
Table 6: Hardened properties of waste glass ASCC mixes. 

Water absorption (%) 
Ultrasonic pulse velocity 

(m/s) 

Flexural 

strength(MPa) 

Compressive 

strength(MPa) mix no. 

56-day 28-day 56-day 28-day 28-day 56-day 28-day 

2.76 2.9 4578 4566 6.5 49.2 46.1 ASCC 

2.49 2.64 4536 4511 6.3 48.5 45.3 ASCGC10 

2.31 2.53 4448 4429 5.9 46.3 44 ASCGC20 

2.1 2.39 4423 4412 5.29 44.1 42.7 ASCGC30 

2.28 2.42 4409 4386 5.11 41.5 39.5 ASCGC40 

2.44 2.57 4354 4335 4.6 40.2 37 ASCGC50 

 

 
 

Fig. 3: Reduction ratios in compressive strength of ASCGC mixes. 
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Fig. 4: Compressive strength of ASCC mixes containing waste glass at 28 and 56 days curing. 

 

3-2-2- Flexural strength: 

The flexural strengths of the ASCGC mixes at 28 days are presented in Table 6. Fig. 5 shows a direct 

relationship between the flexural strength and content of Waste glass. Each presented value is the average of 

three measurements. According to the test results, the 28-day flexural strength values were observed to decrease 

by 3.08%, 9.23% , 18.62%, 21.38%, and 29.23% for replacement ratios of 10%, 20%, 30%, 40%, and 50%, 

respectively. This may be due to the weak bonding between the cement paste and the glass aggregate and 

difference in tensile load carrying capacity between the recycled glasses and natural aggregate The experimental 

test setup for flexural strength test is shown in Fig. 6. 

  

 
Fig. 5: Flexural strength of ASCGC mixes. 

 

 
 

Fig. 6: The flexural strength test setup. 
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3-2-3-Ultrasonic pulse velocity: 

The ultrasonic pulse velocities of the ASCGC mixes at 28 and 56 days are presented in Table 6. The results 

of ultrasonic pulse velocity evaluation of waste glass tested after 28 days and 56 days are shown in Fig. 7. There 

was a difference in ultrasonic pulse velocity between the control and the glass replaced concrete with the 50% 

replacement exhibiting the lowest ultrasonic pulse velocity. At 28 days the results for ultrasonic pulse velocity 

ranged from 4566 m/s for the control mix to 4335 m/s for the 50% glass replacement. These concrete specimens 

were qualified as good concrete.[30] For total mixes containing glass aggregate at 56 days, the pulse velocities 

were higher than 4350 m/s, which qualified these as good concrete. The ultrasonic pulse velocity value can be 

used to assess strength of concrete for a given aggregate and a given moisture condition of the upper quality of 

natural aggregate  compare to glass particles could be responsible for this result.[21] 

 

 
Fig. 7 ultrasonic pulse velocity of ASCGC mixes. 

 

3-2-4-Water absorption: 

The water absorption of the ASCGC mixes at 28 and 56 days are presented in Table 6. The water 

absorption is calculated as the increase in mass resulting from immersion expressed as a percentage of the mass 

of the dry specimen and the test results are shown in Fig.8. Reduction of water absorption and porosity can 

greatly enhance the long-term performance and service life of concrete in aggressive service environments .[1] 

Results of water absorption test shows that addition of waste glass significantly reduced the water absorption 

percentage, compared with the control mix. It was observed that the water absorption of the concretes varied 

from 2.9% to 2.39% at 28 days and from 2.76% to 2.1% at 56 days depending on the glass contents. The 

presence of glass particles which do not absorb water could be responsible for this result. 

 

 
Fig. 8: Water absorption of ASCGC mixes. 
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Fig. 9: Architectural self-compacting glass concrete (ASCGC) with different colour of glass. 

 

Conclusions: 

The waste glass was investigated as a partial replacement for the coarse aggregate in architectural self-

compacting concrete. This experimental study focuses on the effects of waste glass on the fresh and hardened 

properties of ASCC. Based on the test results obtained in this investigation, the following observations and 

conclusions are drawn: 

The slump flow, blocking ratios and passing time in V-funnel of the ASCGC mixes increased and T50 

decreased with increase in waste glass content. In ASCGC mixes, Slump flow was over 680 mm (control mix), 

because the glass has a low water absorption and smooth surface. The blocking ratios in ASCGC mixes varied 

from 0.85 to 0.93. 

The compressive strength, flexural strength and ultrasonic pulse velocity of the ASCGC mixes decreased 

with an increase in glass content. This is mainly attributed to the decrease in the adhesive strength between the 

surface of the waste glass aggregates and the cement paste. The compressive strength and flexural strength in 

ASCGC mixes varied from 46.1 to 37 MPa and 6.5 to 4.6 MPa, respectively. The percentage of glass that gives 

the minimum values of compressive strength and flexural strength is 50%. 

Results of water absorption test show that glass has a great influence on the reduction of water absorption 

into ASCC. The optimum percentage of waste glass that gives the minimum values of water absorption is 30%. 

Waste glass reduction and recycling of the constituents are very important parameters in the waste 

management programs because they help to conserve natural resources and reduce demands for valuable landfill 

space. 

Finally, a number of ASCGCs using different colures and particle sizes of waste glass aggregates were 

produced at the laboratory. Some of these samples are shown in Fig. 9. Overall results have proved that it is 

feasible to Utilization in decorative places and produce aesthetically-pleasing architectural self-compacting 

concrete by using 50% waste glass as the coarse aggregate. 
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