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Abstract:  The aim of this study is to investigate the feasibility of utilising unwashed waste glass fines (U-
WGF) as a sand replacement at 10 wt. % in 40 MPa concrete. The effect of contaminants on fresh, 
mechanical and durability properties of concrete were thoroughly examined. Three concrete batches (with 
washed, unwashed, and without waste glass fines (WGF) were cast in laboratory and trialled in an outdoor 
footpath of a renovated metro station in Melbourne. A series of tests were conducted on cast specimens in 
the laboratory, as well as on-site cast samples and drilled core samples obtained from the site after 28 days. 
The contaminants content was found to be well below the limit given by the standard and hence usable in 
concrete mix design when U-WGF is used as 10 wt. % sand substitutions. The test results showed that 
WGF can be used as a sand replacement without washing at 10 wt. %, which has successfully updated the 
VicRoads Standard section 703. 
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1. Introduction 
Concrete has become one of the most widely used construction materials in modern industry. Its substantial 
demand has posed a series of challenges to concrete industry. One of the challenges is the increasing 
scarcity of natural aggregate currently used in concrete, especially sand [1]. Therefore, it is significant to 
seek for alternative material to partially or even fully replace the natural aggregate in concrete. The recycling 
of waste glass, known as post-consumer glass, has always been an issue all over the world. Huge quantity 
of waste glass has been stockpiled in landfills, which leads to a waste of land resource [2]. Utilization of 
waste materials in construction can be considered as one of the most attractive options due to large quantity 
and widespread sites of construction. In order to tackle with the issue of the shortage of natural sand and 
the stockpiles of waste glass, extensive research has been conducted on using waste glass as a sand 
replacement.

However, it can be noted from the literature that the experimental results of using waste glass as sand 
replacement are always contradictory [3-5]. The main reason is because waste glass particles used in each 
study have different properties. The properties of glass aggregate play an important role in the performance 
of concrete or mortar, including glass colour, glass size and level of contamination [1, 6, 7]. The properties 
of waste glass depend on how the local recycling companies process the waste glass. It is possible for 
researchers around the world to get different results based on the quality of the received waste glass. 
Therefore, locally sourced waste glass should be used when dealing with the problem of waste glass 
stockpiling in Victoria. Besides, almost all the studies washed the collected glass before used in their 
experiments. Washing can take away most of the harmful contaminants in glass that should be avoided in 
concrete. However, it is not always economical for full scale production in industry. No research has been 
done in terms of the contaminant in the waste glass and whether it has negative effects on the performance 
of concrete. 

This case study is to investigate the feasibility of using unwashed waste glass fines (U-WGF) as a natural 
sand replacement at 10 wt.% in 40 MPa concrete. A set of fresh, mechanical and durability tests were 
conducted to assess the performance of concrete in both laboratory and site condition. Only critical tests 
were discussed in this paper including workability, compressive strength and apparent (AVPV). The test 
results were used to update the VicRoads Standard to allow the use of U-WGF in 40 MPa concrete design. 
This project is of great importance to accelerate the adoption of U-WGF in the construction industry, which 
can significantly alleviate waste glass stockpiling and natural sand shortage.



2. Material and Methods

2.1 Materials
Ordinary Portland cement (OPC) was used in this research. Fly ash (FA) was used as the supplementary 
cementitious materials (SCM). The fine aggregate used in this study were natrual sand (NS) and 
manufactured sand (MS). The waste glass fines (WGF) were collected from a local recycling company (, 
which are post-consumer beverage bottles with mixed colour and with certain amount of contaminant from 
its appearance. The waste glass fines (WGF) were washed by tap water to remove the contaminant, dried 
at 80°C for 24 hours, and then stored under the room temperature. The WGF without and with washing 
were referred as U-WGF (unwashed waste glass fines) and W-WGF (washed waste glass fines). The 
particle size distributions (PSD) of U-WGF, W-WGF, NS and MS are shown in Figure 1. The coarse 
aggregate was the gravel of two sizes, 14 mm (graded size) and 20mm (single size). Both fine aggregate 
and coarse aggregate were provided by an Australian local concrete supplier. The high-range water reducer 
(HRWR) was used with the density approximately 1.05 g/cm^3.
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Figure 1. Particle size distribution of fine and coarse aggregates.

2.2 Mix design and mixing procedure
The mix proportions for control group are given in Table 1. The total cementitious material content was kept 
as 400 kg/m^3. The amount of free water was 160 kg/m^3 and the HRWR dosage was 0.35 % by mass of 
cementitious material for all mix designs. U-WGF and W-WGF was used as a replacement for 10 wt. % of 
the natural sand respectively, referred to U-WGF-10 (10% un-washed glass group) and W-WGF-10 (10% 
washed glass group). The concrete mixing procedure is according to AS 1012.2 [8]. Firstly, all the dry 
ingredients are mixed in the concrete mixer for 30 seconds to have a homogenous dry material. Then, the 
homogeneous dry ingredients are mixed for two minutes, and water and HRWR are added within the first 
minute. After that, the mixture rests for two minutes and then mix for another two minutes.

Table 1. Mix proportion for control group (unit: kg/m3).

Notation OPC FA CS MS 14mm gravel 20mm gravel Water HRWR 

Control 300 100 620 155 560 540 160 1.4

2.3 Test methods



2.3.1 Workability

The slump cone (internal bottom diameter: 200mm, internal top diameter: 100mm, vertical 
height: 300mm) was used to measure the workability of fresh concrete as described by AS 
1012.3.1 [9]. Before the test, the slump cone was moistened for its internal surface and then 
placed on a levelled metal plate on the ground. After the mixing procedure described in 2, the 
fresh concrete was poured to fill the cone by 3 equal layers. For each layer, it was given 25 
times rodding. Afterwards, the slump cone was lifted vertically and slowly, allowing the fresh 
concrete to subside. The slump value was determined by measuring the difference between 
the average height of concrete surface and the height of cone.

2.3.2 Compressive strength

The compression test was carried out according to AS 1012.9 [10] after 7 days and 28 days of 
curing in lime-saturated water. The cylinder samples (diameter: 100 mm, height: 200 mm) were 
tested on a Techno Test machine with a constant displacement rate of 0.1 mm/min. The 
compressive strength of each mixture was taken as the average value of three cylinders. For 
the wet samples on-site, the fresh concrete was cast into 100 mm x 200 mm cylindrical moulds 
and taken back to the laboratory for demolding, curing and testing. One concrete sample was 
tested to obtain the 7-day compressive strength and 2 concrete samples were tested to obtain 
the 28-day compressive strength. For the core samples taken from the site, the method for 
securing and testing cores from hardened concrete for compressive strength is described in 
AS 1012.14 [11]. The cylindrical cores were secured from the demonstration site (hardened 
concrete footpath) by using a core drill at 28 days after concrete casting. Three cores were 
secured for each mixture. The cylindrical cores were trimmed at the end to achieve a 
length/diameter ratio near 2:1. No reinforcement was left after trimming. The cores were then 
wet-conditioned for 3 days before the compression test. The compression test was conducted 
at the concrete age of 34 days according to AS 1012.9 [10]. 

2.3.3 Apparent volume of permeable voids (AVPV)

Apparent volume of permeable voids (AVPV) of hardened concrete were tested according to 
AS 1012.21 [12]. For each mixture, two cylinders (diameter: 100 mm, height: 200 mm) were 
cut into four equal slices after 28 days of curing in saturated-lime water. The concrete slices 
were oven-dried to a constant mass , followed by being immersed into the water until a ᵄ�1
constant surface-saturated dry mass  is reached. After that, the concrete slices were boiled ᵄ�2
for 5.5 ± 0.5 h with the boiled surface-dry saturated mass  measured. Finally, the water ᵄ�3
suspension mass  is measured for each concrete slice. AVPV (%) was calculated as ᵄ�4

. The test result was the average result of eight concrete slices for each (ᵄ�3 ‒ ᵄ�1) (ᵄ�3 ‒ ᵄ�4)
mixture. The test method for obtaining AVPV for the core samples from the site was the same 
except that the test was conducted at the concrete age of 34 days and one core sample was 
cut into two slices. Therefore, the test result was the average results of four concrete slices for 
each mixture.

3. Results and discussion

3.1 Workability

Figure 2 shows the slump values for the three concrete mixtures made and tested in the laboratory. The 
workability was barely affected when the NS was replaced by W-WGF at 10 wt.% as it has been observed 
previously by Batayneh, et al. [13]. A minor reduction (5 mm) was observed for the concrete with 10% of U-
WGF, which can be attributed to the fact that the U-WGF has higher clay and silt content.
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Figure 2. Slump value for three mixtures tested in the laboratory

Figure 3 presents the on-site delivered slump value and the on-site adjusted slump value. The slump values 
were similar between the control group and W-WGF-10 group, which were 90 mm and 100 mm respectively. 
On the other hand, a reduction in workability for U-WGF-10 group was observed on site which was also 
lower compared to the laboratory samples. This could be attributed to the lack of quality control of the site 
samples. Finally, for the control group, at the request of construction, approximately 4.76 L/m3 of water was 
added to increase the workability to 120 mm. For the U-WGF-10 group, approximately 12.5 L/m3 to reach 
a slump of 85 mm. No water was added for the W-WGF-10 group. It is worthwhile to mention that the W/C 
for control, U-WGF-10 and W-WGF-10 were 0.41, 0.43 and 0.4 after adjusting water on site, while W/C was 
kept as 0.4 in the laboratory.
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Figure 3. Slump value for three mixtures on site (delivered and adjusted)

It can be concluded that the workability can be slightly reduced when 10 wt. % U-WGF is used due to the 
existence of clay and silt, but the effect can be considered as minor. However, more attention shall be paid 
on the effect of incorporating U-WGF in concrete when a higher replacement percentage is adopted. 

3.2 Compressive strength

Figure 4 shows the compressive strength at 7 days and 28 days after casting in the laboratory. Concretes 
with 10 wt. % WGF (U-WGF-10 and W-WGF-10) showed a slightly lower compressive strength, compared 
with the concrete without glass (Control). However, the strength reduction was minor i.e., less than 1 MPa 
(less than 2%). Similar result was also reported by Kou and Poon [14] and Mardani-Aghabaglou, et al. [15]. 
The contaminants were found to be harmless to the compressive strength at 10 wt. % replacement. 

Figure 5 presents the compressive strength at 28 days after concrete casting on the demonstration site for 
on-site wet samples and on-site core samples, respectively. For the on-site wet samples, the strength 



reduction was 6% for U-WGF-10 group and 10% for W-WGF-10, compared with control group. For the on-
site core samples, the strength reduction was 7% for both U-WGF-10 group, and W-WGF-10 group, 
compared with control group. Although the on-site samples showed a higher strength reduction than the 
laboratory samples for concrete with WGF, it double confirmed that the effect of contaminants on the 
compressive strength can be neglected when the WGF replacement is at 10 wt. %. It can be noticed that 
the on-site core samples showed lower compressive strength than the on-site wet samples.
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Figure 4. 7-d and 28-d compressive strength of laboratory samples for three mixtures 
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Figure 5. 28-d compressive strength for On-site samples for three mixtures

3.3 Apparent volume of permeable voids (AVPV)

Figure 6 and Figure 7 show the results of the AVPV for laboratory samples, on-site wet samples and on-
site core samples. The results for all samples were below the limit required in VicRoads standard Section 
610 [16], which is 14% for concrete cylinders by rodding and 15% for concrete cores as shown in. 
Regardless, it can be observed that the AVPV are similar for three mixtures for both lab samples and on-
site samples. Therefore, replacing NS by WGF at 10 wt. % and the contaminants in the U-WGF does not 
influence the AVPV of concrete. 
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Figure 6. AVPV of laboratory samples for three mixtures
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Figure 7. AVPV of on-site wet samples and core samples for three mixtures

4. Conclusion
Based on the laboratory and site results, the effect of WGF replacement and the effect of contaminants at 
10 wt. % on the concrete properties can be considered as minor, except for workability.  Different from 
laboratory results, a clear reduction of slump value was observed on site for the mixture with 10% unwashed 
WGF (U-WGF-10). This could be attributed to the lack of quality control on site. Besides the effects on 
concrete performance, there are no environmental risks of using U-WGF as a sand replacement at 10 wt. 
% in concrete.

The successful outcomes of this study were used to update the VicRoads Standard Section 703, which 
required that waste glass fines shall “thoroughly washed and be free from sugar, clay balls and organic” 
before being used in concrete. Section 703 has been now revised to “unwashed fine glass aggregates up 
to a maximum of 10 % may be used as a replacement of the total mass of fine aggregate for concrete 
grades specified in this section”. The latest version of Section 703 has been published on the VicRoads 
website. (Sec 703 General Concrete Paving 24 August 2021 Edition).
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