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ARTICLE

Influence of waste glass aggregates on the rheological properties of self- 
consolidated concrete
Ayan Saha , Md. Habibur Rahman Sobuz , Md. Ikramul Hoque and Rashid Mujahid

Department of Building Engineering and Construction Management, Khulna University of Engineering and Technology, Khulna, 
Bangladesh

ABSTRACT
Implementation of self-consolidating concrete (SCC) leads to the evaluation of more attractive, 
quality-controlled concrete with improved workability in the construction sector. The aim of 
the paper involves the determination of the rheological properties of SCC using waste glass 
aggregate, which affects the concrete’s rheological behaviour. In this research, the conven-
tional coarse aggregate was substituted by the waste glass aggregate (WGA), at 10%, 20% and 
30%, respectively. The consequence of adding waste glass in fresh concrete was inspected by 
several tests such as density, slump flow, J-ring, L-box and V-funnel test. These properties were 
then compared to the corresponding properties of normal-weight concrete. Test results specify 
that the WGA amplified the slump value of SCC thus indicates the improved workability. The 
decreasing density of the SCC leads it to the lightweight concrete. Subsequently, the SCC 
concrete shows relatively reduction in the passing ability with the addition of waste glass due 
to the angular shape of the glass bits. Hence, the study concludes that all of the rheological 
properties of self-compacting glass concrete (SCGC) made of WGA showed an impressing 
enhancement in the result, in comparison with the conventional SCC.
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1. Introduction
Self-Consolidating Concrete (SCC) is characterised as 
concrete that can stream under its very own weight. 
Designing the idea of SCC by Professor Okamura and 
Ouchi (2003) had a big influence on the development 
trade by overwhelming several difficulties related to 
traditional concrete. A large amount of natural 
resources requires to produce concrete. The coarse 
aggregates generally used for concrete products such 
as granite, brick khoa, stone chips, limestone are quar-
ried from the earth, as well as the fine aggregate such 
as sand are mainly dug from the rivers and the mate-
rial required for cement production is also mined 
from the earth. The disposing solid waste at the land-
fills every year in which waste glass, is a potential 
candidate and the ability of the earth to be filled is 
predictable to be exhausted within a very short period 
(6–10 years).

Glass is considered as one of the utmost recog-
nised and oldest artificial materials. Because of 
urbanisation and industrialisation, an outsized 
quantity of waste glass is created each year within 
the world (Liu 2011). The yearly consumption of 
domestic glass product is about 4.2 million tons 
every year, between that sheets for windows cover-
ing 36%; optical fibre merchandise, 6%; and dispo-
sable domestic accessories like bottles, etc., 58% 
used domestically (Park, 2000). Just in the UK 

3.0 million tons of glass surplus is delivered 
each year; of which 71% is glass holders. The gen-
eration of waste glass in six major cities of 
Bangladesh is about 58 kg/day which is about 
0.8% of the entire waste stream in Bangladesh 
every year (Alamgir and Ahsan 2007). Because of 
the staggering expense of cleaning and shading 
arrangement, just a modest extent can be reused 
by traditional markets like compartment fabricate. 
Maximum leftover glass is shipped to lowland as 
residue. Meanwhile, glass is not decomposable, 
landfills do not give associate in nursing environ-
ment-friendly answer. Hereafter, waste glass got to 
be reused or recycled to evade ecological issues that 
could take place, if they will be buried or sent to 
landfills. In theory, glass is fully recyclable material; 
it may be indeterminately castoff with none loss of 
value (Emam and Sherif, 2012).

The growing movement has raised communal and 
environmental concerns, bringing about a developing 
enthusiasm for the reusing of waste glass. There are 
a significant number of uses of reprocessed glass in 
construction around the world in the past few decades. 
The application incorporates utilising glass in blacktop 
concrete (glassphalt), typical concrete, glass fibre con-
crete, refilling, tiles, stonework blocks, pavement 
blocks and other enhancing purposes (Carro- 
López et al. 2015; Ahmad and Umar 2018). By reusing 
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these wastes in the concrete mixture not solely saves 
lowland area however conjointly decreases the claim 
for removal of natural stuff for construction action 
(Rakshvir and Barai 2006). Glass is physically hard 
and brittle in comparison with other natural aggre-
gates; it has a precise sharp edge, a moderately flatter 
surface, greater friability and poorer figure; and it does 
not hold water. Hence, the increasing glass content in 
the concrete mixes reduces the liquidity and the 
strength of the concrete (Taha and Nounu 2008). It 
is likewise little in water retention high in resistance to 
abrasion and shrinkage. A thoughtful anxiety is an 
alkali-silica reaction (ASR) which is a reaction 
between glass particle which is full in silica and the 
alkali in the pore solution of the concrete (Kou and 
Poon 2009). This response can be extremely unfavour-
able to the steadiness of concrete, except if proper 
safety measures are reserved to limit its belongings. 
Such protection activities could be accomplished by 
consolidating a reasonable pozzolanic material, for 
example, ground blast furnace slag or metakaolin, fly 
ash, etc., in the concrete mix at proper amounts (Poon 
and Chan, 2007). By using viscosity modifying admix-
tures (VMA) segregation and bleeding of the SCC can 
be reduced (Benjeddou et al. 2017; Ahmad and Umar 
2017).

Rheological properties such as slump flow, air con-
tent and fresh density of fresh concrete usually 
decrease when the crushed waste glass is utilised in 
concrete mixes as coarse aggregate (Al-Kerttani 2018). 
On the other hand, slump flow value gradually 
increases with the addition of the glass cullet, powder 
content in concrete mixes as fine particles (Sharifi, 
Afshoon and Firoozjaie 2015; Clean Washington 
Center 1996; Ahmad and Umar 2017). However, 
applied applications of waste glass in concrete for 
structural uses square measure are restricted. Various 
investigations were directed to utilise waste glass pow-
der as fine aggregate for concrete and pulled in much 
research premiums. Barely any investigations have 
concentrated on the employments of waste glasses as 
aggregate for concrete or as binder substitutions 
(Clean Washington Center 1996). Therefore, glass 
can be utilised as a cement substitution in Portland 
cement concrete (Sharifi, Afshoon and Firoozjaie 
2015; Ahmad and Umar 2017; Afshoon and Sharifi, 
2014).

1.2. Research Significance

The uses of waste glass as coarse aggregate are narrow 
to only normal-weight concrete, there are very few 
attempts to incorporate it in SCC. Thus, waste glass 
is chosen as regenerating building material in the form 
of secondary coarse aggregate in SCC concrete during 
this research work. The objective of this experimental 
study is to design an SCGC mix by replacing natural 

coarse aggregate with WGA in numerous proportions 
and to investigate the consequence of the WGA on the 
rheological properties of SCC. This research work can 
be significant in improving self-consolidated concrete 
and leads to an opportunity for further research.

2. Experimental Details

2.1. Materials

To conduct the research Ordinary Portland cement 
(OPC) of type II complying with the BDS EN 197- 
1:2003(2003) and ASTM C595-18 (2018) available in 
the local market was used. Table 1 represents the 
chemical composition of the cement used in this 
research. Fly ash (Class ‘F’ FA) was used in this work 
obtained from the ‘Nowapara port’ in Jessore district, 
Bangladesh. The chemical configurations of the fly ash 
are specified in Table 1. The coarse aggregate used for 
this experimental programme was obtained from local 
suppliers. Natural stone was crushed into a maximum 
of 20 mm of particle size to use in this experiment. The 
waste glass was incorporated as a secondary coarse 
aggregate attained from the various construction site 
and glass shops, where the unused or broken glasses 
are disposed to the landfill. The main source of these 
glasses is the various local and nation glass manufac-
turer company (according to the salesman and the 
contractor) as these glass sheets are used for various 
purpose, e.g. interior and exterior decoration of build-
ings. These solid glass sheets are occasionally brake 
due to transportation, poor handling and careless 
workmanship. The waste glass then collected and 
crushed into a 20 mm of maximum size and used as 
a fractional substitution of natural coarse aggregate. 
Figure 1 displays a sample of waste glass aggregates 
(WGA). Physical observation of WGA indicates 
a sharp edge, smooth and hard surface and angular 
shape.

The river sand obtained from local district Kustia, 
Bangladesh with a particle size of 4.75 mm Maximum 
conforming to the TS 706 EN 12620+ A1 (2009) was 
used as fine aggregate in this study. The physical 
properties of coarse and fine aggregates obtained 
from the various experimental studies are listed in 
Table 2 according to ASTM C127 (2015). The grading 

Table 1. Chemical composition of OPC and fly ash.

Constituents
Weight, % 

(OPC)
Weight, % 
(Fly ash)

Silica (SiO2) 21.513 57.60
Alumina (Al2O3) 5.352 21.90
Ferric oxide (Fe2O3) 3.609 2.70
Calcium oxide (CaO) 62.655 7.80
Magnesium oxide (MgO) 2.021 1.68
Sulphur trioxide (SO3) 2.700 – –
Sulphate oxide (SO2) – – 1.27
Sodium oxide (Na2O) 0.279 – –
Potassium oxide (K2O) 0.464 – –
Loss of ignition (LOI) – – 7.05
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curve of coarse and fine aggregates is illustrated in 
Figure 2. An admixture with high range water reducer 
(HRWR) or superplasticizer (SP) was used for all 
concrete batches to expand the workability of fresh 
concrete. It was collected from Dhaka, Bangladesh. 
Fresh potable water free from organic matter and oil 
was used in mixing the concrete. Potable water con-
forming to the drinking standard was used for mixing 

the concrete batches. The pH value of the water 
was 7.35.

2.2. Mix Proportion and Concrete Mixing

Numerous trial mixes were carried out by altering the 
amount of water-binder ratio and superplasticizer. 
The water-binder ratio was 0.36 and kept constant 
for all concrete mixes in this research work. A total 
number of four concrete mixes were mixed with vary-
ing glass content. All of the concrete mixes were con-
ducted in the department of building engineering and 
construction management structural and material 
engineering laboratory at Khulna University of 
Engineering and Technology, Khulna, Bangladesh. 

Figure 1. Waste glass aggregate (WGA).

Table 2. Physical properties of aggregates.
Characteristics Sand Stone chips WGA

Specific gravity, GS 2.46 2.69 2.44
Fineness modulus 2.93 5.59 4.52
Moisture content, w 19.9% 14.3% –
Void ratio, e 45.52% 35.6% 44.38%
Loose bulk density (kg/m3) 1200 1567.5 1357
Compacted bulk density (kg/m3) 1344.5 1730.6 –

Figure 2. Gradation curve of coarse and fine aggregates used in this study.
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The first mix was prepared with conventional mix 
design which is called control or reference mix and 
identified as M1 where the basic concrete mix propor-
tion was kept 1:2: 2.5:0.48 by the weight of OPC, 
crushed stone, river sand and water. The basic binder 
ratio was kept 1:0.33 by the weight of OPC and fly ash. 
The other three mixes were produced with 10%, 20% 
and 30% substitution of coarse aggregate by waste 
glass aggregate and identified as M2, M3 and M4, 
respectively. The details of all SCC mix proportions 
are shown in Table 3.

A free fall type-mixing machine with a fixed drum 
was used to mix all the concrete batches. The mixer 
has a capacity of 100 litres and it consists of three 
rotating blades. To obtain satisfactory SCC mixes the 
amount of superplasticizer and the method of mixing 
is very important. Based on the time of adding the SP 
there are two methods; direct and delayed. For the 
latter one, all the dry ingredients without superplasti-
cizer are mixed properly with a percentage of total 
mixing water. After several minutes the superplastici-
zer is poured into the concrete mix with the remaining 
amount of water. The optimum time of adding the 
superplasticizer was found 1–2 min after water 
(Vanjare and Mahure 2012). This delayed method 
produced a greater flowability and better consistent 
mixture. In this research work, all the dry ingredients 

were discharged into the mixture first and then mixed 
them well until uniformly mixed. Then, 70% of the 
total calculated water was poured into the dry mix and 
mixed them thoroughly for 2 minutes. Then, the rest 
30% of water was mixed with the superplasticizer and 
added it to the mix. The concrete mixing continued 
until the visibly of flow observed in the mix. The 
overall mixing was performed according to ASTM 
C192-18 (2018). Figure 3 represents an illustration of 
concrete mixing.

2.3. Testing Methods

The rheological properties of SCGC such as workabil-
ity and passing ability were determined by using the 
slump flow test and J-ring test. The V-funnel and 
L-box tests were directed to obtain the viscosity and 
blocking ratio of the different percentage replacement 
of waste glass aggregate, respectively. Fresh concrete 
density was also measured.

2.3.1. Density Test
Fresh concrete density test was conducted conforming 
to BS EN 12350-Part 6 (2010) in this research work. It 
measures the weight of the fresh concrete in unit 
volume. An empty tare was measured which volume 
is known and another measurement was taken after 
filling the tare with concrete without compaction. The 
density is the ratio of the fresh concrete weight to the 
tare volume.

2.3.2. Slump Flow Test and Slump Flow Time T50

The slump flow test was performed in this experi-
ment conforming to BS EN (12350-8) 2010b. The 
test aims at investigating the flowability of SCC. 
Two parameters were measured in this test: one is 
flow spread for unrestricted filling ability and flow 
time T50 for flow rate within a definite distance. 

Table 3. Mix proportion of all SCC mixes.

Mix W/B

Water 
(kg/ 
m3)

Cement 
(kg/m3)

FA 
(kg/ 
m3)

CA 
(kg/ 
m3)

Sand 
(kg/ 
m3)

WGA 
(%)

WGA 
(kg/ 
m3)

SP 
(%)

M1 0.36 190 400 130 800 864 0 0 1.5
M2 0.36 190 400 130 720 864 10 80 1.5
M3 0.36 190 400 130 640 864 20 160 1.5
M4 0.36 190 400 130 560 864 30 240 1.5

W/B = Water to binder ratio, SP = Superplasticizer percentage of cement 
content, CA = Coarse aggregate, FA = Fly ash, WGA = Waste glass 
aggregate.

Figure 3. Mixing of self-consolidating glass concrete.
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A standard abrams cone was used and placed nar-
row side down for the test and the cone was filled 
with concrete without compaction. After lifting the 
abrams cone the concrete is permitted to flow with-
out restrictions and the slum flow is calculated by 
taking the average of two perpendicular diameters 
of the flow. The flow time was measured by the 
time required to reach the slump to the 500 mm 
diameter line. The measurement of the slump flow 
of the SCGC mix is illustrated in Figure 4 (a).

2.3.3. J-ring Test and Blocking Index BJ

The J-ring test was conducted conforming to BS EN 
12,350-Part 8 (2010b) in this experimental work. The 
J-ring test investigates mutually the flowability and 
passing ability of SCC. Two parameters can be 
known with the J-ring test: flow spread and blocking 
index BJ that measures the effect of blocking of the 
concrete when passing through the steel reinforce-
ment. The testing procedure was the same as slump 
flow tests and the flow spread and flow time were 
compared with the previous test to observe the passing 
ability of the SCGC. The J-ring test and measurement 
of the SCGC mix are illustrated in Figure 4 (b).

2.3.4. L-box Test
The L-box test was performed conforming to BS EN 
(12350-10) (2010) in this study. This test focus on 
investigating the blocking ratio of SCC. After pouring 
the concrete in the vertical column of L-box the gate 
was lifted and the concrete was allowed to pass 
through the rebars. Two heights (average of three 
measurements) H1 and H2 were taken at the concrete 

surface of the vertical and horizontal sections of the 
L-box, respectively. The ratio of H2 to H1 is usually in 
the range of 0.8 to 1.0. The time was recorded to 
reach the concrete flow up to 200mm and 400 mm 
marked at the horizontal section known as T20 

and T40 respectively was also measured. An illustra-
tion of the L-box test done in this study is shown 
in Figure 4 (c).

2.3.5. V-funnel Test
V-funnel test was conducted conforming to BS EN 
(12350-9) (2010) in this investigation. This test aims 
at investigating the viscosity of SCC. The V-funnel 
flow time indicates the period of passing a fixed 
volume of SCC through a narrow opening which indi-
cates that if there is any blocking, segregation or not. 
After pouring the concrete in the v-funnel the gate of 
the narrow opening was removed and the time 
between opening the gate and the first visible light 
looking straight down through the V-funnel was 
noted. The flow of the SCGC mix through V-funnel 
is illustrated in Figure 4 (d).

3. Results and Discussion

Rheological properties can be simply called as the 
fresh properties of the concrete mix. Five rheological 
properties are tested in this research work, which are 
density, workability, passing ability, viscosity and 
flowability. The result of these tests is interpreted 
and discussed here. Table 4 displays the results of the 
rheological properties of different SCC mixes.

Figure 4. Fresh concrete tests (a) Slump cone test (b) J-ring test (c) L-box test (d) V-funnel test.
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3.1. Effect of WGA on Fresh Density of SCC

The fresh density of all SCC concrete mixes was deter-
mined in the laboratory. It can be observed from 
Figure 5 that the densities of fresh SCC with the 
replacement of WGA in natural aggregate were 
reduced by 6.97%, 14.68% and 17.93% from the con-
trol mix. The loose bulk density of WGA was 13.43% 
lighter than stone (Table 2). So, as the WGA replaced 
stone by 10%, 20% and 30% the total aggregate den-
sities decreased 1.34%, 2.7% and 4.03%, respectively, 

in SCC mixes. Figure 6 expresses an explicit linear 
relation between aggregate density and concrete sam-
ple density reduction which indicates a very good 
prediction with 0.98 R2 value.

Although the density decreased significant 
amount with the addition of WGA; however, it 
still satisfied the structural lightweight concrete 
requirement as defined in ASTM C 330 (2017) 
where the density ranges between 1120 and 
1920 kg/m3. This phenomenon can be justified by 

Table 4. Results of fresh properties of all SCC mixes.

Mix

Slump flow 
(EFNARC guidelines 

550–750 mm)

J-ring slump 
flow 

(mm)

T50 
(EFNARC guidelines 

≥2 sec)
Blocking 
index, BJ

L-box ratio, BL H2/ 
H1 

(EFNARC guidelines 
0.8–1.0)

V-funnel time, TV 

(EFNARC guidelines 
6–12 sec) Remarks

M1 635 630 2.5 6.25 0.96 4.15 Low viscosity, Result 
satisfied

M2 640 575 2.1 7.5 0.92 4.43 Low viscosity, Result 
satisfied

M3 650 545 1.9 8.75 0.88 5.96 Result satisfied
M4 670 535 1.9 12.5 0.85 6.56 Result satisfied

Figure 5. Fresh density and changes of density with different types of SCGC mix.

Figure 6. Relation between aggregates density and the SCGC samples density.
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the lower specific gravity, bulk density and higher 
void ratio (Table 2) of WGA compared to that of 
stone chips as the higher replacement level pro-
duces a lower density of concrete. Due to 
increased void in the concrete mixes, the fresh 
density of concrete with WGA substitution 
becomes lighter. Especially at a higher level of 
replacement of irregularly shaped WGA results in 
less homogeneity and cement grains does not fill 
the voids between well-graded coarse aggregate 
and WGA. The similar lightweight behaviour of 
concrete was measured by Abouhussien, Hassan 
and Ismail (2015) in their experimental investiga-
tion. This behaviour may be also attributed due to 
the different chemical composition of fly ash, the 
particle size of sand and fly ash used in different 
regions, air-entraining and domination of aggre-
gate interlocking providing maximum resistance 
that may considerably affect its density. In other 
words, the density of fresh concrete also relies on 
several interacting factors such as water content, 
aggregate type and grading. So, the outcomes spe-
cify that with the increasing of waste glass percen-
tage the SCC is moving towards lightweight 
concrete.

3.2. Effect of WGA on Workability of SCC

The slump flow increased with the rise in the glass 
percentage. SCC with 0% of waste glass has shown 
a slump flow of 635 mm and increased gradually 
with the waste glass amount. Mix 4 with a 30% repla-
cement of waste glass aggregate has the highest slump 
flow of 670 mm. Addition of 1% of waste glass aggre-
gate increased the slump by around 10 mm. The 
greater slump flow with high glass percentage might 
remain because of the concrete granular skeleton has 

greater compactness and glass has a little water 
absorption capacity and smooth surface. The J-ring 
slump flow values show the opposite phenomenon of 
the values of the slump flow test. The J-ring values 
decreased with the increased amount of glass aggre-
gate. This could be because of the increasing glass 
percentage and their angular shape which are blocked 
by the J-ring. The maximum slump flow value was 
observed in the control mix 630 mm which is almost 
the same as the value of the slump flow test (635 mm). 
Mix 4 with a 30% replacement of waste glass aggregate 
has the lowest slump flow of 535 mm. Figure 7 repre-
sents the changing rate of slump flow values with 
respect to glass replacement. Normal slump flow 
values increased by 0.8%, 2.36% and 5.51% from the 
control mix M1 and J-ring slump flow values 
decreased by 8.73%, 13.49% and 15.1% from the con-
trol mix M1 by the addition of WGA. The graph 
shown in Figure 8 represents the relationships 
among the usual slump value and the J-ring slump 
value from which a polynomial regression model had 
developed, that gives the Eq. (1); 

y ¼ 0:16x2 � 205:96xþ 68; 538 (1) 

From which J-ring slump value for any normal slump 
flow can be calculated and vice versa, actually, it 
represents the relation between the workability and 
passing ability of the SCGC. The R2 values of the 
fitting results were 0.96, which indicates a very good 
prediction (around 96%) of the concrete rheological 
behaviour from the equation.

3.3. Effect of WGA on Viscosity of SCC

V-funnel test estimates the essential time for concrete 
to pass through a narrow slit to determine the viscosity 
of the concrete cementing paste and resistance against 
material segregation. V-funnel time amplified as the 

Figure 7. Effect of WGA percentage on slump flow value of SCGC mixes.
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glass aggregate increased in the mix. The V-funnel 
time for control SCC mix was obtained 4.15 sec and 
it increased with the addition of glass percentage. The 
increment in V-funnel times for 10%, 20% and 30% of 
glass aggregates was 0.28, 1.81 and 2.41 sec, respec-
tively. The maximum V-funnel time was obtained 
6.56 sec for Mix 3. So, the results indicate that the 
concrete mixes that contain more glass aggregates are 
more viscous. This outcome can be described by the 
lower unit weight of glass than stone chips which 
increased the falling time of the concrete through the 
V-funnel, in addition, the angular shape of the glass 
bits also gets struck by the narrow opening of the 
V-funnel which increased the flow time hence 
increased viscosity. From the above observations, it is 
found that the viscosity of concrete mixes M1 and M2 
are below the standard limit prescribed by EFNARC 
(2005) hence low viscosity. Mix M3 and M4 have 

shown satisfying viscosity. The increasing V-funnel 
flow times TV with the EFNARC (2005) standard 
limit of different SCGC mixes are illustrated in 
Figure 9.

3.4. Influence of WGA on Flow Time

As the slump flow value increased the time essential 
for the flow will decrease. So, the time vital for the 
slump to reach the 500 mm ‘T50’ will decrease as well 
as the glass aggregate increased. Slump flow time T50 

was found to be maximum for the control mix M1 
(2.5 sec). This flow time was decreased slightly when 
the glass aggregate was added to SCC. For mix M3 and 
M4 with 20% and 30% of glass replacement the mini-
mum flow time value is obtained 1.9 sec. Flow time 
decreasing phenomenon can be justified by the non- 
water absorbent properties and smooth and flat 

Figure 8. Slump flow vs J-ring slump flow of SCGC mixes.

Figure 9. V-funnel flow time ‘TV’ of different SCGC mixes with standard value.
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surface of the glass aggregate which allows that to flow 
smoothly and rapidly. The decreasing values of the T50 

with the slump flow value for different concrete mixes 
are shown in Figure 10. The V-funnel flow time and 
T50 flow time both values are the representation of the 
time taken by the concrete to free flow and related to 
each other. The V-funnel values increase as the slump 
flow values increase. Figure 11 illustrates the iteration 
of T50 and TV of the concrete mixtures. The T50 flow 
time and TV show a retro relation which could be 
because of the angular shape and flat surface of the 
glass aggregate. The T50 vs. TV graph gives the Eq. (2); 

y ¼ 14:08x2 � 65:48xþ 79:84 (2) 

from which ‘TV’ for any T50 can be calculated and 
vice versa. The R2 values of the fitting results were 
0.96, which indicates the equation represents a very 

good polynomial relation between the flowability 
and viscosity of the SCGC which can predict 
around 96% of the concrete rheological behaviour. 
Moreover, in this research work, some other flow 
times were measured such as T20 and T40 flow 
times in the L-box test. The results are represented 
in Figure 12. It was detected that the increasing 
percentage of glass replacement resulted in greater 
T20 and T40 flow time. So, it can be said that the 
addition of WGA in the SSC mixes to improve the 
viscosity of concrete mixtures.

3.5. Effect of WGA on Passing Ability

For determining the passing ability of SCGC two tests 
were conducted, i.e. J-ring test and L-box test. As 
expected, the L-box blocking ratios H2/H1 was 

Figure 10. Slump flow and ‘T50ʹ time for different types of SCGC mix.

Figure 11. Slump flow time ‘T50ʹ vs. V-funnel flow time ‘Tv’ for SCGC mixes.
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maximum for control SCC mix (0.96) and the mini-
mum for mix M4 (0.82). For mix M1, M2 and M3 the 
L-box ratios were diminished by 0.04, 0.04 and 0.05 
correspondingly. This result indicates that with the 
growing amount of glass aggregates the passing ability 
decreases. While all the SCGC mixtures achieved accep-
table passing ability properties and no considerable 
blocking was observed because the ratio was within 
the standard 0.8–1.0. The decreasing blocking ratio 
with the EFNARC (2005) standard value of different 
SCC mixes is illustrated in Figure 13. In the J-ring test, 
the maximum slump flow value was observed in the 
control mix 630 mm which is almost the same as the 
value of the slump flow test (635 mm). So, it can be said 
that there is no such blocking in the control mix. The 
calculated blocking index for control mix was 6.25. The 
blocking indexes increased with the increasing glass 
proportion. For mix M1, M2 and M3 the blocking 
indexes were 7.5, 8.75 and 12.5, respectively. This result 

indicates that by the growing percentage of glass the 
passing ability decreases. Figure 14 represents the J-ring 
flow and blocking index for different SCC mixtures. 
The outcomes specify that the SCGC mixes prepared 
with the WCA in this work attained acceptable passing 
ability and sustained satisfactory resistance to segrega-
tion. The J-ring blocking index ‘BJ’ and L-box blocking 
ratio both are dependent on each other. Figure 15 
represents the relation between the blocking index and 
blocking ratio of concrete mixtures which gives the Eq. 
(3). A strong linear correlation with R2 of 0.87 was 
achieved which indicates a fairly good prediction 
(around 87%) of the concrete rheological behaviour 
from the equation. 

y ¼ � 52:73xþ 56:34 (3) 

These two parameters show a retro relation because 
their values indicate opposite phenomenon, e.g. 
increasing blocking index and decreasing blocking 

Figure 12. L-box flow time ‘T20ʹ and ‘T40ʹ of SCGC mixes at varying glass percentage.

Figure 13. L-box blocking ratio of SCGC mixes with standard value.
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ratio both indicate the lower passing ability. Actually, 
it represents the relation between both passing ability.

3.6. Compressive strength

By conducting the compressive strength test on the 
SCGC, it was found that with the increasing amount 
of WGA as a substitution of natural coarse aggregate 
the compressive strength tends of decreasing. At mix 
M1 which is actually the control mix with 0% replace-
ment has shown a compressive strength of 23.75 MPa at 
28 days, while at mix M2, M3 and M4 with a replace-
ment of 10%, 20% and 30% have shown a compressive 
strength of 19 MPa, 17.97 MPa and 17 MPa, respec-
tively. Figure 16 illustrates the compressive strengths of 

various concrete mixes at various curing days with 
standard error. This loss of strength can be attributed 
to the formation of a large number of voids, cement 
grains does not fill the voids between well-graded sand 
and the coarse aggregate (Bisht and Ramana 2018). 
Locally available materials, less homogeneity, micro- 
cracks due to shrinkage in the concrete matrix espe-
cially at higher replacement level of WGA in natural 
aggregate is responsible for the increase in porosity. In 
other words, the incorporation of WGA in the concrete 
matrix especially for higher substitution may lead to an 
increase in the inter-particle spaces thereby negating 
the pore filling effect. Waste glass aggregate is also non- 
water absorbent, as a result, there was a delay of pozzo-
lanic reaction in SCGC and required more setting time 

Figure 14. J-ring flow and blocking index ‘BJ’ for different types of SCGC mix.

Figure 15. J-ring Blocking Index vs L-box Blocking Ratio for SCGC mixes.
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than the control mix. This type of concrete, especially 
around 20 MPa concrete, can use in the low-rise hous-
ing project, irrigation and municipal drainage, beauti-
fication project, footpath and septic tank, etc.

During compressive strength testing, the modes of 
failure of concrete specimens were noted. The cylinder 
debris from the compressive strength test was carefully 
checked and inspected. Most of the cracks were 
observed as cone, shear and columnar crack. 
According to ASTM C39/C39M (2014) total, six differ-
ent types of failure modes for the cylindrical specimens 
can occur. From Figure 17 (a) it is clear that the control 
mix M1 and mix M3 specimen have shown a well- 
formed cone on one end which is a shear crack, vertical 
cracks running through caps, no well-defined cracks on 
another end (type 2). Concrete specimens of mix M2 
and M4 have shown single or multiple clear columnar 
cracks through both ends, no well-defined cones 
(type 3). These two types of failure modes are very 
obvious and common. The other three types (type 4, 5 
and 6) indicate a problem during concreting and speci-
men preparation. The surface condition of the speci-
mens after failure and the aggregate distribution is 
shown in Figure 17 (b) which clearly illustrate the 
gradual increase of WGA in SCC mixes.

4. Conclusions

The goal of this investigation was to evaluate the rheology 
of self-consolidating concrete as a substitution of waste 
glass aggregate in natural aggregate. Following inferences 
can be drawn, according to the study outcomes:

(i) Entire experimental results show that all SCC 
mixtures had acceptable workability, passing 

Figure 16. Compressive strength of different concrete mixes at varying curing age.

Figure 17. (a) Failure modes of the specimens of different SCC 
mixes under compression.(b) Surfaces of the specimens after 
failure.
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ability and flowability and no considerable 
blocking was observed in any case.

(ii) Increasing substitution of natural coarse 
aggregate by WGA reduced the fresh density 
of the concrete mixes. Because the WGA has 
lesser specific gravity and bulk density than 
stone chips.

(iii) The addition of waste glass aggregates has 
a collective outcome on workability properties 
of SCGC. All the SCGC mixtures had shown 
slump flow up to 600 mm. Addition of waste 
glass aggregates reduces the J-ring slump value 
and it indicates the decreases in the passing 
ability of the SCGC. Both slump values satisfy 
EFNARC (2005).

(iv) With swelling addition by the glass, the slump 
flow increases and peak (670 mm) when the 
WGA replacement amount is 30%. The main 
cause behind this is the WGA is hydrophobic, 
resulting in no water absorption and to 
increase the slump flow.

(v) The J-ring blocking index (BJ) increases with 
the replacement of WGA which indicates 
more concrete was blocked with the increase-
ment of glass aggregates that due to the sharp 
edge of the glass bits.

(vi) The V-funnel time of waste glass SCGC mixes 
upturns with the addition of WGA. The mixes 
without replacement and 10% replacement had 
shown relatively low viscosity.

(vii) The V-funnel and L-box test show that with an 
increasing percentage of WGA, the time to fall 
(TV) and pierce into steel bars (T20, T40) also 
increases.

(viii) The L-box flow ratio decreases with the growth 
of glass percentage. The ratios were diverse 
from 0.96 to 0.83 which indicates the decreases 
of passing ability but no considerable blockage 
according to EFNARC (2005).

(ix) So, according to rheological behaviour the 
optimal percentage of the WGA, which states 
the maximum values of slump flow is taken as 
30% replacement and which is a lightweight 
concrete. The mix with 30% replacement has 
the lowest passing ability but there is no con-
siderable blocking and satisfied viscosity 
according to EFNARC (2005).

(x) The compressive strength decreases with the 
addition of waste glass and a maximum 20% 
replacement is recommended for structural 
use purposes.

Acknowledgments

This research was conducted at the structural and material 
engineering laboratory of Khulna University of 
Engineering and Technology, Khulna, Bangladesh. The 

authors would like to show gratitude to the operators, 
labors and other associates for supporting during fabrica-
tion and machine operations.

Disclosure statement

No potential conflict of interest was reported by the authors.

Notes on contributors

Ayan Saha is a Lecturer in the Department of Building 
Engineering and Construction Management (BECM) at 
Khulna University of Engineering and Technology 
(KUET), Khulna-9203, Bangladesh. Mr. Ayan has achieved 
his BSc in BECM from KUET, one of the renowned engineer 
university in Bangladesh. Mr. Ayan is an active researcher in 
the material and structural engineering area. He is currently 
working on low-cost concrete production by using locally 
available waste materials following the material properties 
and concrete sustainability;

Dr. Md. Habibur Rahman Sobuz is a Assistant Professor of 
Structural Engineering in the Department of Building 
Engineering and Construction Management (BECM) at 
Khulna University of Engineering and Technology 
(KUET), Khulna-9203, Bangladesh. He has noteworthy 
industrial experience in consultancy and contracting in the 
design and construction of multi-story reinforced concrete 
and composite steel structures in Bangladesh. This was 
followed by ten years of research experience in higher stu-
dies then lecturing at KUET, Bangladesh. Dr. Habibur has a 
BSc in Civil Engineering from KUET, one of the renowned 
engineer university in Bangladesh, an MSc in Structural 
Engineering from University Malaysia Sarawak, Malaysia 
and he has achieved a Ph.D. in Structural Engineering 
from The University of Adelaide, one of the leading research 
group eight university in Australia. Dr. Habibur is a leading 
researcher in the field of structural and material engineer-
ing. His research expertise on the flexural, strength and 
ductility behavior of RC Members, strengthening and retro-
fitting of RC members, the time-dependent performance of 
RC structures, new generation ultra-high performance fiber 
reinforced concrete (UHPFRC), concrete sustainability and 
durability, low-cost lightweight aggregate concrete by using 
waste materials following the material properties and struc-
tural performance of RC members;

Md. Ikramul Hoque is a Assistant Professor in the 
Department of Building Engineering and Construction 
Management (BECM) at Khulna University of Engineering 
and Technology (KUET), Khulna-9203, Bangladesh. He has 
vast industrial experience in consultancy and contracting in 
the design and construction of multi-story reinforced con-
crete structures in Bangladesh. Mr. Ikramul has obtained his 
BSc in Civil Engineering from KUET, one of the renowned 
engineer universities in Bangladesh, an MSc in Geotechnical 
Engineering from KUET, Khulna-9203, Bangladesh. Mr. 
Ikramul is an active researcher in the field of material and 
geotechnical engineering. He is working on ground 
improvement techniques and concrete production by 
using locally available waste materials;

Rashid Mujahid is a undergraduate student in the 
Department of Building Engineering and Construction 
Management (BECM) at Khulna University of Engineering 
and Technology (KUET), Khulna-9203, Bangladesh.

AUSTRALIAN JOURNAL OF CIVIL ENGINEERING 13



ORCID

Ayan Saha http://orcid.org/0000-0002-7845-1827
Md. Habibur Rahman Sobuz http://orcid.org/0000-0002- 
6279-5406

References

Abouhussien, A, A. Hassan, and M. K. Ismail. 2015. 
“Properties of Semi-lightweight Self-Consolidating 
Concrete Containing Lightweight Slag Aggregate.” 
Construction and Building Materials 75: 6373. 
doi:10.1016/j.conbuildmat.2014.10.028.

Afshoon, I., and Y. Sharifi. 2014. “Ground Copper Slag as 
a Supplementary Cementing Material and Its Influence 
on the Fresh Properties of Self-consolidating Concrete.” 
The IES Journal Part A: Civil & Structural Engineering 7 
(4): 229–242. doi:10.1080/19373260.2014.945622.

Ahmad, S., and A. Umar. 2017. “Characterization of 
Self-Compacting Concrete.” Procedia Engineering 173: 
814–821. doi:10.1016/j.proeng.2016.12.108.

Ahmad, S., and A. Umar. 2018. “Rheological and 
Mechanical Properties of Self-compacting Concrete with 
Glass and Polyvinyl Alcohol Fibres.” Journal of Building 
Engineering 17: 65–74. doi:10.1016/j.jobe.2018.02.002.

Ahmad, S., A. Umar, and A. Masood. 2017. “Properties of 
Normal Concrete, Self-compacting Concrete and Glass 
Fibre-reinforced Self-compacting Concrete: An 
Experimental Study.” Procedia Engineering 173: 
807–813. doi:10.1016/j.proeng.2016.12.106.

Alamgir, M., and A. Ahsan. 2007. “Municipal Solid Waste 
and Recovery Potential: Bangladesh Perspective.” Iranian 
Journal Environmental Health Science Engineering 4: 
67–76.

Al-Kerttani, O. M. G. 2018. “Fresh and Shrinkage Properties 
of Self-compacted Concrete When Using Recycled Glass 
as Aggregate.” Structural Concrete 19 (4): 1245–1254. 
doi:10.1002/suco.201700069.

Ali, E. Ali, E. E., and Al-Tersawy, S. H. 2012. “Recycled glass 
as a partial replacement for fine aggregate in self-com-
pacting concrete.” Construction and Building Materials 
35: 785–791. doi:10.1016/j.conbuildmat.2012.04.117.

ASTM C127. 2015. Standard Test Method for Relative 
Density (Specific Gravity) and Absorption of Coarse 
Aggregate. West Conshohocken, PA, USA: ASTM 
International.

ASTM C192/C192M. 2018. Standard Practice for Making 
and Curing Concrete Test Specimens in the Laboratory. 
West Conshohocken, PA, USA: ASTM International.

ASTM C330/C330M. 2017. Standard Specification for 
Lightweight Aggregates for Structural Concrete. West 
Conshohocken, PA, USA: ASTM International.

ASTM C39/C39M. 2014. Standard Test Method for 
Compressive Strength of Cylindrical Concrete Specimens. 
West Conshohocken, PA, USA: ASTM International.

ASTM C595/C595M. 2018. Standard Specification for Blended 
Hydraulic Cements. West Conshohocken, PA, USA: ASTM 
International.

BDS EN 197-1 Cement Part-1. 2003. Composition, 
Specifications and Conformity Criteria for Common 
Cements. BSTI, Dhaka, Bangladesh: Bangladesh 
Standards and Testing Institution.

Benjeddou, O., C. Soussi, M. Jedidi, and M. Benali. 2017. 
“Experimental and Theoretical Study of the Effect of the 
Particle Size of Limestone Fillers on the Rheology of 

Self-compacting Concrete.” Journal of Building Engineering 
10: 32–41. doi:10.1016/j.jobe.2017.02.003.

Bisht, K., and P. V. Ramana. 2018. “Sustainable Production 
of Concrete Containing Discarded Beverage Glass as Fine 
Aggregate.” Construction and Building Materials 177: 
116–124. doi:10.1016/j.conbuildmat.2018.05.119.

BS EN (12350-10). 2010. Testing Fresh Self-compacting 
Concrete. L-box test. London, UK: British Standards 
Institution.

BS EN (12350-8). 2010a. Testing Fresh Concrete Density. 
Density test,London, UK: British Standards Institution.

BS EN (12350-8). 2010b. Testing Fresh Self-compacting 
Concrete. Slump flow test.London, UK: British Standards 
Institution.

BS EN (12350-9). 2010. Testing Fresh Self-compacting 
Concrete. V-funnel test. London, UK: British Standards 
Institution..

Carro-López, D., B. González-Fonteboa, J. de Brito, J., 
Martínez-Abella, F., González-Taboada, I., and Silva, P. 
2015. “Study of the Rheology of Self-compacting 
Concrete with Fine Recycled Concrete Aggregates.” 
Construction and Building Materials 96: 491–501. 
doi:10.1016/j.conbuildmat.2015.08.091.

Clean Washington Center. 1996. “Typical geotechnical 
parameters of glass aggregate.”Best Practices in Glass 
Recycling. Seattle, WA, USA : Clean Washington Center.

EFNARC. 2005. Specification and Guidelines for Self- 
compacting Concrete. Farnham, UK: European Federation 
for Specialist Construction Chemicals and Concrete 
Systems. 

Kou, S., and C. Poon. 2009. “Properties of Self-compacting 
Concrete Prepared with Recycled Glass Aggregate.” 
Cement and Concrete Composites 31 (2): 107–113. 
doi:10.1016/j.cemconcomp.2008.12.002.

Liu, M. 2011. “Incorporating Ground Glass in Self-compacting 
Concrete.” Construction and Building Materials 25 (2): 
919–925. doi:10.1016/j.conbuildmat.2010.06.092.

Park, S. B. 2000. “Development of recycling and treatment 
technologies for construction wastes.” Ministry of 
Construction and Transportation, Seoul, Tech. Rep.

Okamura, H., and M. Ouchi. 2003. “Self-compacting 
Concrete.” Journal of Advanced Concrete Technology 1 
(1): 5–15. doi:10.3151/jact.1.5.

Poon, C-S.., and Chan, D. 2007. “Effects of contaminants on 
the properties of concrete paving blocks prepared with 
recycled concrete aggregates.” Construction and Building 
Materials21(1): doi:doi.10.1016/j.conbuildmat.2005.06.031. 
21 164-175

Rakshvir, M., and S. V. Barai. 2006. “Studies on Recycled 
Aggregates-based Concrete.” Waste Management & 
Research 24 (3): 225–233. doi:10.1177/0734242X06064820.

Sharifi, Y., I. Afshoon, and Z. Firoozjaie. 2015. “Fresh 
Properties of Self-compacting Concrete Containing 
Ground Waste Glass Microparticles as Cementing 
Material.” Journal of Advanced Concrete Technology 13 
(2): 50–66. doi:10.3151/jact.13.50.

Taha, B., and G. Nounu. 2008. “Properties of Concrete 
Contains Mixed Color Waste Recycled Glass as Sand and 
Cement Replacement.” Construction and Building Materials 
22 (5): 713–720. doi:10.1016/j.conbuildmat.2007.01.019.

TS 706 EN 12620+A1. 2009. Aggregates for Concrete. 
Ankara: Turkish Standard Institution.

Vanjare, M. B., and S. H. Mahure. 2012. “Experimental 
Investigation on Self-compacting Concrete Using 
Glass Powder.” International Journal of Engineering 
Application and Research 2 (3): 1488–1492.

14 A. SAHA ET AL.

https://doi.org/10.1016/j.conbuildmat.2014.10.028
https://doi.org/10.1080/19373260.2014.945622
https://doi.org/10.1016/j.proeng.2016.12.108
https://doi.org/10.1016/j.jobe.2018.02.002
https://doi.org/10.1016/j.proeng.2016.12.106
https://doi.org/10.1002/suco.201700069
https://doi.org/10.1016/j.conbuildmat.2012.04.117
https://doi.org/10.1016/j.jobe.2017.02.003
https://doi.org/10.1016/j.conbuildmat.2018.05.119
https://doi.org/10.1016/j.conbuildmat.2015.08.091
https://doi.org/10.1016/j.cemconcomp.2008.12.002
https://doi.org/10.1016/j.conbuildmat.2010.06.092
https://doi.org/10.3151/jact.1.5
https://doi.org/doi.10.1016/j.conbuildmat.2005.06.031
https://doi.org/10.1177/0734242X06064820
https://doi.org/10.3151/jact.13.50
https://doi.org/10.1016/j.conbuildmat.2007.01.019

	Abstract
	1. Introduction
	1.2. Research Significance

	2. Experimental Details
	2.1. Materials
	2.2. Mix Proportion and Concrete Mixing
	2.3. Testing Methods
	2.3.1. Density Test
	2.3.2. Slump Flow Test and Slump Flow Time T<sub>50</sub>
	2.3.3. J-ring Test and Blocking Index B<sub>J</sub>
	2.3.4. L-box Test
	2.3.5. V-funnel Test


	3. Results and Discussion
	3.1. Effect of WGA on Fresh Density of SCC
	3.2. Effect of WGA on Workability of SCC
	3.3. Effect of WGA on Viscosity of SCC
	3.4. Influence of WGA on Flow Time
	3.5. Effect of WGA on Passing Ability
	3.6. Compressive strength

	4. Conclusions
	Acknowledgments
	Disclosure statement
	Notes on contributors
	ORCID
	References



