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INTRODUCTION 

Roller compacted concrete (RCC) pave-
ment: type of concrete that is less expensive and 
more favorable to the environment as compared 
with traditional concrete, since the RCC mix 
has 12% cementitious materials as contrasted 
with 15% in conventional concrete (Abbas, 
2022). A roller compacted concrete is made of 
cement, aggregates, and water; this mixture is 
produced using the same processes as asphalt 
paving as it is compacted by a heavy vibrating 
steel drums and rollers with rubber tires (ACI 
327-R, 2015). RCC is usually placed in lifts of 
150–200 mm with a 100 mm – minimum, and 
250 mm – maximum (ACI PRC-309.5, 2022). 
Due to the thermal disintegration of calcium 
carbonate during the production of cement clin-
ker and the combustion of fossil fuels utilized to 
heat the cement production process, about (1.25) 
tons of CO2 emissions occur for every ton of 

cement (Bakhoum et al., 2023). Additionally, the 
consumption of energy in the cement industry 
contributes significantly to environmental prob-
lems. Production of cement is one of the energy-
intensive industrial processes over all sectors 
(Babor et al., 2019). Green concrete described as 
"a form of eco-friendly concrete" that was pro-
duced utilizing waste materials from different 
industries as partial substitute of cement weight, 
and demands lesser energy for production, low-
ering the amount of cement in the mix result-
ed a reduction in pollutants. Also, the concrete 
became less expensive and more durable, and 
it emits less carbon dioxide (Al-Mansour et al, 
2019, Sivakrishna et al, 2020, Suhendro, 2014). 
Several studies are continued on using waste- 
materials such as furnace slag, pulverized fly 
ash, and waste glass powder as a substitute for 
cement (Abbas et al., 2017). Waste material with 
a high-fineness mechanical property improves 
durability (Abbas et al., 2022). Therefore, waste 

Investigation of the Ability of Producing Eco-Friendly Roller 
Compacted Concrete Using Waste Material

Abdullah T. Tarrad1, Zena K. Abbas1*

1 Department of Civil Engineering, University of Baghdad, Baghdad, Iraq
* Corresponding author’s e-mail: dr.zena.k.abbas.@coeng.uobaghdad.edu.iq

ABSTRACT
The major objective of the experimental lab investigation was to produce eco-friendly sustainable roller compacted 
concrete (RCC) by reducing cement content once using demolition waste material. The best method of disposing of 
waste demolition without needing for a sanitary landfill was by accumulating, crushing and then blending to a high 
fineness powder, followed by using it in materials such as clay bricks, marble tiles, and glass windows. Six RCC 
mixtures with partial cement weight replacements of 5%, and 10% were made in addition to the reference mixture. 
To investigate the strength (compressive, flexural and tensile splitting strength), porosity, water absorption, and den-
sity were all tested after the production of mixtures. The results of the study indicate that the RCC containing 10% 
of clay bricks powder enhances the strength of RCC up to 14.78%, 17.96%, and 12.87% for compressive, tensile, 
flexural, respectively, at 28-days of curing compared to the reference mixture, followed by the mixture containing 
10% of marble tiles powder with percentage increase up to 7.12%, 14.44%, and 7.02%. While the glass windows 
with 5% can be adopted, the results close to reference mixture with slight improvement equal to 0.68%, 2.11%, and 
3.22%, and slight reduction when using 10% replacement of cement weight, were obtained.

Keywords: roller compacted concrete, clay bricks powder, marble tiles powder, glass windows powder.

Journal of Ecological Engineering
Received: 2023.07.22
Accepted: 2023.08.05
Published: 2023.08.24

Journal of Ecological Engineering 2023, 24(10), 277–289
https://doi.org/10.12911/22998993/170708
ISSN 2299–8993, License CC-BY 4.0



278

Journal of Ecological Engineering 2023, 24(10), 277–289

materials are crushed, milled down to micro-
sized particles, and blended before being used as 
partial- replacement of cement content to real-
ize the creation of environmentally friendly con-
crete using RCC. The pozzolanic activity may 
be of great value, due to the possibility that an 
increase of strength can be achieved (Ahmad et 
al., 2022, Abbas, 2022, Shannag, 2000, Shannag 
and Yeginobali, 1995). Therefore, this might po-
tentially be used as powders formed from clay 
bricks, marble tiles, and glass windows, which 
exhibit significant pozzolanic reactivity (Zhao 
et al, 2020, Hussain and Aljalawi, 2022, Naceri 
and Hamina, 2009). Moreover, it is necessary 
to take into consideration several features that 
might affect the pozzolanic reaction of the waste 
powder, in addition to the chemical composition 
of the powders, such as the grain size, the pres-
ence of additional additives, the particle shape, 
and other factors (Tagnit-Hamou, 1995).

The following three parts were the main ad-
vantages of the research:
 • Lowering the expenses of disposal of waste 

materials, which are expected to rise because 
of increased levies on landfills.

 • Saving thousands of raw resources that will 
protect the environment.

 • Improving usable existing landfills and help-
ing in the preservation of the landscape.

MATERIALS PROPERTIES 
AND MIXTURE DESIGN

The RCC mix consisted of the following:
 • Ordinary Portland cement (type I): the chemi-

cal and physical characteristics of cement are 
illustrated in Table 1.

 • Aggregate: crushed coarse aggregate had been 
utilized with a nominal maximum size of (19 

Table 1. Ordinary Portland cement properties

Specification
Chemical composition / Oxide (%) Vicat′s setting time 

(min)
Strength 
(MPa)

CaO SiO2 Al2O3 Fe2O3 SO3 MgO L.O.I I.R. Initial Final 3- days 7-days

Results-OPC 60.2 20.2 4.10 2.95 2.16 2. 1 2.90 0.58 17.4 34.9 23.0 27.0

ASTMC150 (ASTM) - - - - ≤ 
3.0 ≤ 6.0 ≤ 3.0 ≤ 

1.50 ≥ 45.0 ≤ 600 ≥ 12.0 ≥ 19.0

Table 2. Different properties of natural sand aggregate

Specification SO3 
(%)

Specific 
gravity Absorption (%)

Sieve size (mm)

10 4.75 2.36 1.18 0.6 0.3 0.15

Cumulative
passing (%) 0.33 2.56 1.52 100 96 89 74 53 27 7

ASTMC33 - - - 100 95–
100

80–
100 50–85 25–60 5–30 0–10

Table 3. Different properties of coarse crushed aggregate of 4.75–19 mm

Specification SO3 (%) Specific gravity Absorption (%)
Sieve size (mm)

25 19.5 9.5 4.75

Passing (%) 0.06 2.62 0.42 100 97 48 7

ASTMC 33 - - - 100 90–100 20–55 0–10

Table 4. Characteristics of waste powder

Specification
Chemical composition (%) Physical properties (%)

SiO2% + Al2O3% + 
Fe2O3% SO3 L.O.I. Retained wet sieved 

(45 μm) 
Strength- activity 

index 

Clay brick (B) 81.02 0.10 0.62 0 82.8

Marble tiles (M) 70.00 0.90 8.80 2 78.5

Glass windows (G) 75.8 0.34 3.80 30 76.2

ASTM C618 Class N ≥ 70 ≤  4% ≤ 10% ≤ 34% ≥ 75% at 28 days
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Figure 1. Combined aggregate gradation

Figure 2. Preparing process of demolition waste powder



280

Journal of Ecological Engineering 2023, 24(10), 277–289

mm), and for fine aggregate, natural sand had 
been employed (lower than 4.75 mm). The 
ASTM C33 (ASTM C33/C33M-16, 2016) 
grading standards were adopted to compare 
the fine and coarse aggregate grading. The 
characteristics of fine and coarse aggregate are 
shown in Tables 2 and 3, respectively. 

For combined aggregate used in RCC, the ACI 
327 suggests grading limitations, in this research, 
these limits were applied to determine the grading 
of combined aggregate as shown in Figure 1:
 • Limestone filler (LF): fine material that passed 

through sieve number 200
 • Finally, waste demolished materials: (clay 

bricks, marble tiles, and glass windows) were 
collected from different building sites for use 
in RCC samples as cement weight replacement 
by 5, and 10% after preparing the procedure 
showed in Figure 2, and conforming the re-
quirements according to ASTM C618 (ASTM 
C618-17a, 2017), illustrated in Table 4.

MIXTURE PROPORTIONING

This research was conducted on six differ-
ent RCC mixtures containing waste material 
and reference mixture (R). The materials used to 
produce the RCC mixes in this study are natural 
sand, crushed stone, cement, and various waste 
powder materials (clay bricks, marble tiles, and 
glass windows) with 5% (B5, M5, G5), and 10% 
(B10, M10, G10) replacement by weight of ce-
ment, respectively. Adopting the ACI 327 process 
design, the cement was chosen as a percentage 

by weight of all dry components, with percent-
age of 13% with gradation tests to determine the 
amount of coarse crushed stone, natural sand, 
and filler equal to 50, 44, and 6%, respectively. 
To reach the proper water content and density 
for RCC, the ASTM D1557 (ASTM D1557-12, 
2012) standard was used. Depending on various 
water contents specified by ACI 327 and ACI 211 
(ACI 211-3R, 2002 (09)), the optimum moisture 
content (OMC) relative to maximum dry density 
(max γ dry kg/m³) for each type of waste powder 
were calculated using the modified -proctor test 
(method C) conforming to ASTM D1557. A five 
point modified Proctor curve is developed using 
moisture contents ranging from 4.5% to 8.5% 
with 1% increases. For each Proctor point, 5.64 
kg of combined aggregates 2.64 kg of fine aggre-
gate plus 3 kg of coarse aggregate and filler of 
0.36 kg are mixed with the calculated cement and 
water contents. 

CASTING METHODOLOGY ADOPTING 
THE ASTM C1435 RCC MIXTURE

Adopting the ACI 327 recommenda-
tions to use the ASTM C1435 (ASTM C1435/
C1435M-14, 2014) by using vibrating hammer 
technique in preparation of cylinder which can 
be tested in compressive and splitting strength 
without doubtful results, as recommended with 
many researchers interested in studying if there 
are significant differences between lab test meth-
od and field construction (Rahmani et al., 2020; 
Shafigh et al., 2020). The vibrating hammer (VH) 

Figure 3. Compacting steps using vibrating hammer –ASTM C1435 for RCC mixture



281

Journal of Ecological Engineering 2023, 24(10), 277–289

Table 5. Specifications of the manufactured vibrating hammer for cylinder and beam molds

Criteria Information ASTM C1435

Vibrating 
hammer

Vibrating compaction 
hammer mass (without 
tamping plate and shaft)

9 kg 8.5 to 13.5 kg

Power input 1500 W Minimum power 
input of 900 W

Impacts/min 2200 2000 ± 200 
impacts/min

Steel plate 
attached to a 
steel shaft

Tamping cylinder plate 
diameter 149 mm 146 ± 3 mm

Tamping cylinder plate and 
shaft assembly mass 3 kg 3 ± 1 kg

Tamping beam plate 
dimensions (98*398) mm -

Tamping beam plate and 
shaft assembly mass 6.8 kg -

information are presented in Table 5, tack to con-
sideration the manufacturing the rectangular plate 
adopting the same weight distribution and thick-
ness of cylinder plate (LaHucik et al., 2017; Ad-
amu et al., 2017; Madhkhan et al., 2012), and the 
procedure steps are presented in Figure 3.

EXPERIMENTAL WORK-LAB TESTS

The used RCC mix was molded in the follow-
ing shapes:
 • Cylinder size of (150×300 mm) for compres-

sive strength test and splitting tensile strength 

Figure 4. (a) Specimen in compressive-test machine (b) Specimen after failure due to compressive stress (c) Specimen 
in splitting test machine (d) Specimen after failed due to tensile stress (e) Specimen in flexural testing machine  
(f) Specimen after failure due to flexural stress (g) Cutting the specimens, and (h) Drying the specimens for 1 day
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test. Cured by immersion in a water tank with 
a (23 ± 2 °C) temperature setting from the time 
of molding until the moment of test adopting 
the ASTM C192 (ASTM C192/C192M-16, 
2016) and tested following to the ASTM C39 
(ASTM C39/C39M-15a, 2015) and ASTM 
C496 (ASTM C496/C496M-11, 2011), 
respectively. 

 • Prism size of (100×100×400 mm) for flexural 
strength test, cured by immersion in a water 
tank with a 23± 2 °C temperature setting 
from the time of molding until the moment 
of test adopting the ASTM C192 and tested 
following to the ASTM C78 (ASTM C78/
C78M-16, 2016). 

The process was utilized to calculate the 
density, porosity, and absorption of RCC speci-
mens illustrated in ASTM C642 (ASTM C642-
13, 2013). After cutting a part from cylinder and 
prism specimens into individual parts, the test 
was conducted on parts of prisms and cylinders 
with a volume of greater than 300 cm³ for each 
piece. The specimens that had been curing at 28 
days were used for the test. Figure 4 illustrates the 
experimental lab tests processes.

RESULTS AND DISCUSSION 

Modified compaction (proctor) test results

Table 6 and Figure 5 present the results of 
Proctor compaction test in order to find the op-
timum moisture content relative to the maximum 
dry density for reference mix and other sustain-
able RCC mixtures. The maximum dry density 
for different mixes with an insignificant variance, 
since the low percentage replacement of cement 

weight, and for the close particle size distribution 
were compatible with reasonable difference of 
OMC for sustainable RCC mixtures. 

For other mixtures, compared to reference 
mixture, it was taken into consideration that the 
brick powder mixture showed higher OMC than 
reference mix for their high fineness and particle 
texture and shape (Abbas and Abd, 2021; Taha 
and Nounu, 2009; Liu et al., 2017). In turn, mar-
ble and glass powder mixture showed less OMC 
than reference mixture, also for their coarser par-
ticles size and texture shape (Du and Tan, 2014; 
Abbas and Abbood, 2021), and the decrease in 
OMC increased along with percentage replace-
ment of cement weight from 5% to 10%.

Strength lab tests results for all 
different RCC specimens 

The compressive, splitting tensile, and flex-
ural strength properties were presented and 
discussed at 28 days and 90 days for reference 
mix (R), and for all other RCC mixes contain-
ing partial replacement of cement by weight 
5% and 10%.

Table 6. Optimum moisture relative to maximum- dry 
densities for all RCC mixtures

Mix ID OMC (%) Max- γ dry (kg/m³)

R 6.3 2337

B5 6.35 2341

B10 6.4 2346

M5 6.25 2324

M10 6.22 2318

G5 6 2312

G10 5.8 2300

Figure 5. Moisture density curve for the different mixture
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Compressive strength 

Figure 6 displays the results of compressive 
strength tests of RCC samples after 28 days and 
90 days of curing, it can be observed that RCC 
mixtures with various recycled powders (B5, B10, 
M5, M10, and G5) achieve compressive strengths 
higher than the minimum limit required in ACI 327 
equal to (28 MPa); thus, these results approved the 
ability to produce a sustainable RCC using waste 
demolished powder with 10% safely and without 
risk of compressive strength deterioration. The 
RCC mixture containing the clay bricks powder 
with 5% and 10% with mix ID (B5 and B10) 
showed the highest compressive strength results 
equal to 31.92 MPa and 33.86 MPa, respectively 
at 28 days of curing, with a percentage of 8.2% and 
14.7% respectively. The second improvement of 
compressive strength mixture for RCC containing 
marble tiles powder of mixture ID (M5 and M10) 

mix equal to 30.8 MPa and 31.6 MPa, respective-
ly with percentage increase equal to 4.41% and 
7.12%, respectively compared to reference RCC 
mix. Followed by the RCC mixture manufactured 
using 5% glass windows powder (G5) mix as a 
partial replacement - cement by weight which 
shows a slight increase in the compressive strength 
29.7 MPa at 28 days of curing, as compared with 
the reference RCC mixture by 0.68%. In turn, the 
RCC mixture manufactured using 10% glass win-
dows powder (G10) mix as a partial replacement 
of cement by weight shows an obvious decrease 
in the compressive strength 28.2 MPa at 28 days 
of curing, as compared with the reference RCC 
mixture by -4.41%, considering that the mixture 
is still within ACI code requirements. Chemically, 
the rise in compressive strength might have attrib-
uted to the pozzolanic activity of the waste highly 
fine powders used, which continued to consume 

Figure 6. Compressive strength of various RCC mixtures at 28 days and 90 days

Figure 7. Variation percent for RCC mixtures containing different powder as compared 
with reference mix at (A) 28 days, and (B) 90 days – compressive strength
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Ca(OH)2 and produce (C-S-H: gel) and as a con-
sequence, compressive strength will be increased 
as a result of this interaction. In addition to the 
particle filling ability effect (Norhasri, 2017), this 
phenomenon also explains the decrease of (G10) 
mix with crosser particle and shape compered to 
cement. The compressive strength of the various 
RCC mixtures with 5% partial replacement of dif-
ferent types of recycled powder by cement weight 
(B5, M5 and G5) at 90 days of cure continued to 
grow 35.61 MPa, 33.8 MPa, and 32.67 MPa re-
spectively, and the same state for the RCC mix-
tures with 10% partial replacement of different 
types of recycled powder by cement weight (B10, 
M10, and G10) which records 36.8 MPa, 34.8 
MPa, and 31.02 MPa, respectively. The cause may 
be attributed to the increased maturity of concrete 
with age in addition to the contribution of com-
bined effects of cement hydration and pozzolanic 
activity (Dunstan, 2011, Shaikh and Supit, 2015, 
Shi, 2001). Figure 7 shows the variation percent 

for RCC mixtures containing different powders as 
compared with reference mix.

Splitting-tensile strength results

Figure 8 show the results of splitting tensile 
strength tests of RCC samples after 28 days and 
90 days of curing. It can be observed that RCC 
mixtures with various recycled powders (B5, B10, 
M5, M10, and G5) had splitting tensile strength 
that was increased as compared to the reference 
RCC mixture by 15.85, 17.96, 9.86, 14.44, and 
2.22%, respectively for 28 days, and 16.04, 20.14, 
9.9, 14.68, and 1.71%, respectively, at 90 days of 
curing. This increase in splitting tensile strength 
could be attributed to the powders which represent 
supplementary materials like silica and free lime 
and giving stiffer structure after reaction (Sukma-
na et al., 2019, Modarres et al., 2018, Supit, and 
Shaikh, 2015). On the other hand, the RCC mix-
tures with 10% glass powder (G10) had splitting 
tensile strength that was decreased as compared to 

Figure 8. Splitting tensile strength of different RCC mixtures at 28 days and 90 days

Figure 9. Variation percent for RCC mixtures containing different powder as compared 
with reference Mix at (a) 28 days, and (b) 90 days – splitting tensile strength
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the reference RCC mixture by -2.82%, and -2.05% 
at 28 days and 90 days, respectively, due to the 
particle filling effect. Figure 9 shows the varia-
tion percent for RCC mixtures containing different 
powders, as compared with the reference mixture.

Flexural strength results

Figure 10 shows the results of flexural strength 
tests of RCC samples after 28 and 90 days. It 
can be observed that all RCC mixtures with vari-
ous recycled powders (B5, B10, M5, M10, and 
G5) had flexural strengths that were increased as 
compared to the reference RCC mixture by 8.48, 
12.87, 4.68, 7.02, and 3.22%, respectively, for 28 
days. The flexural strength of various RCC mix-
tures kept increasing after 90 days of curing and 
recorded the increasing percentage 15.66, 23.63, 
9.34, 13.46, and 3.85%, respectively, when com-
pared with the reference mix at 90 day of curing. 
The presence of pozzolanic activity of these pow-
ders may be responsible for the increase in flexural 

strength, which react with the Ca(OH)2 produced 
from cement hydration, this reaction produces 
more (C-S-H: gel), which will fill the pores in the 
RCC mixture and dense the cement structure, and 
improve the mechanical properties of the hardened 
RCC, moreover to the effect of the filling pores of 
powders (Arroudj et al., 2017, Ramezanianpour et 
al., 2010). On other hand, the RCC mixtures with 
10% glass powder (G10) had flexural strength that 
were a decreased as compared to the reference 
RCC mixture by -1.75%, and -6.04% at 28 days 
and 90 days, respectively, due to the particle fill-
ing effects. Figure 11 shows the variation percent 
for RCC mixtures containing different powder as 
compared with reference Mix.

Density, absorption, and porosity results 

Figure 12, Figure 13, and Figure 14 illustrate 
the results of density, absorption, and porosity, 
respectively, for RCC samples after 28 days of 

Figure 10. Flexural strength of different RCC mixtures at 28 days and 90 days

Figure 11. Flexural strength percent increase for RCC mixtures containing different 
powder as compared with reference Mix at (a) 28 days, and (b) 90 days
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curing. It can be observed that when clay brick 
powder were used in RCC mixtures as a partial 
replacement of cement by weight (B5, B10), the 
density had been improved, and the water absorp-
tion and porosity had been decreased as compared 
with the reference mixture. 

Physically, the reason for this could be that 
the effect of the filling pores with high fin pow-
der ne and reduces gaps. Chemically, due to the 
pozzolanic activity of the clay brick powder 
results in the formation of additional hydration 

products (C-S-H: gel), in consequence lead-
ing to pore refinement and porosity reduction, 
forming denser pore structure, as a result this 
will rise the density and decrease the voids in 
the RCC, resulting in lower porosity; and the 
water absorption will decrease (Elavenil and Vi-
jaya, 2013). Also, when the marble tiles pow-
der were used in the RCC mixture as a partial 
replacement of cement by weight (M5, M10), 
the resulting density was slightly decreased 
with the density of the reference mixture. This 

Figure 12. Density for different RCC mixtures at 28 days

Figure 13. Absorption for different RCC mixtures at 28 days

Figure 14. Porosity for different RCC mixtures at 28 days
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could be because of lower density of marble 
tiles powder than cement. On the other hand, 
the absorption and porosity of the marble tiles 
powder mixture decreased slightly when com-
pared with the reference mixture, due to the poz-
zolanic activity of marble tiles powder, which is 
at a slow rate at an early age. Moreover, when 
glass windows powder was used in RCC mixture 
as a partial- replacement of cement by weight 
(G5, G10), the density significantly decreased, 
whereas the absorption and porosity increased, 
as compared with reference mixture. The dec-
rement of density maybe because glass window 
powder has a lower density than cement, also 
because of the higher percentage of voids in the 
RCC made with glass windows powder. Also, it 
was concluded that the porosity negatively af-
fects the RCC, which proves the significance of 
RCC compaction for attaining better mechanical 
properties (Fardin and Santos, 2020).

CONCLUSIONS 

Based on the experimental lab results found 
the following conclusions can be formulated:
1. The increase in strength of the RCC contain-

ing  5% of waste fine-powder materials (clay 
bricks, marble tiles, or glass windows) as a par-
tial substitute of cement weight equal to 8.2, 
4.41, 0.68%, 15.85, 9.86, 2.11%, and 8.48, 4.68, 
3.22% for (compressive-splitting tensile – flex-
ural strengths) respectively at 28 days in com-
parison compered to reference mixture and up to 
9.5, 3.94, 0.46%, 16.04, 9.9, 1.71%, and 15.66, 
9.34, 3.35% for (compressive-splitting tensile – 
flexural strengths) respectively, at 90 days.

2. The 10% replacement of (clay bricks and mar-
ble tiles) powders shows greater development 
in strength than the reference mixture (Abbas 
et al., 2023).

3. The ability to produce sustainable RCC em-
ploying 5% sustainable demolished waste 
material (clay bricks, glass windows, or mar-
ble tiles) led to an improvement in mechanical 
strength. 

4. The ability to produce of sustainable RCC con-
taining 10% replacement of cement weight re-
duced cement use and allows for the disposal 
of larger quantities of materials from demol-
ished buildings (clay bricks and marble tiles), 
safely taking care of hazardous materials when 
using glass window waste.
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