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Abstract
In this study, the use of ceramic and coal waste powders as partial replacement of cement in roller compacted concrete 
pavement mixture was investigated. The mixtures were produced with the ceramic waste powder contents at 5% and 10% 
of total cementitious material (by weight). In addition, mixtures containing ceramic and coal waste powders were prepared 
simultaneously. Five different concrete mixes were prepared, and the unit weight, VeBe time, compressive, splitting tensile, 
and flexural strengths of mixture were measured for all the specimens. All tests were performed after 7, 28, and 90 days of 
curing. The results indicated that the use of the ceramic and coal waste powders as a partial replacement of cement decreased 
the unit weight and VeBe time. According to the results, the application of ceramic and coal waste powders reduced the 
splitting tensile, compressive and flexural strengths than control specimens. The lowest loss in strengths was found in speci-
mens containing 5% ceramic waste powder, that after 28-day curing, it was observed that the average compressive, splitting 
tensile and flexural strengths decreased by 4%, 5%, and 2%, respectively. In addition, the 28-day compressive strength of 
the mixture containing 5% ceramic waste powder was higher than the minimum value proposed by the guide. Furthermore, 
the loss of strength in specimens containing only ceramic waste powder was lower than the specimens containing ceramic 
and coal waste powders. It could be concluded that using ceramic and coal waste powders in roller compacted concrete 
pavement not only is it effective in reducing the cost and preventing waste from entering the environment but also it can be 
considered as a step toward sustainability.
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Introduction

The decline in natural resources for concrete production 
has prompted researchers to adopt different methods for 
the replacement and preservation of these construction 
materials. Moreover, the environmental pollution caused 
by industrial development will in the future make it inevi-
table to use recycled and waste materials. The applica-
tion of waste material as a substitute for cement in con-
crete not only minimizes the negative impact of cement 
manufacturing like the reduction of the carbon dioxide 
 (CO2) emissions, reduces the cost of concrete produc-
tion, prevents entering wastes into the nature and curtails 
the environmental impact of dumping, but also it can 
be considered as a step toward sustainability. Actually, 
the cement production process leads to the consumption 
of a lot of energy and is estimated to be responsible for 
about 7% of total  CO2 production in the world (Aprianti 
et al. 2015). In addition, the clinker production process 
has a high cost (Hesami et al. 2016). So as a sustainable 
solution, supplementary cementitious materials can be 
used as a partial replacement of cement. Transportation, 
industry, and building are the top three categories in total 
energy consumption (Ma et al. 2017). Also, the poten-
tial of achieving carbon mitigation and energy efficiency 
in the building sector is greater than in the industry and 
transportation sectors, respectively (Ma et al. 2018). Pub-
lic building energy consumption includes approximately 
40% of the energy consumption in China’s building sector 
(Ma and Cai 2018).

Ceramic is one of the most frequently used construction 
materials widely produced around the world. The amount 
of ceramic and tile production in Iran is about 400 million 
square meters per year, ranking the country as the world’s 
fifth largest tile and ceramic producer (Heidari et al. 2015). 
Ceramic waste generates between 3% and 7% of the daily 
plant production (Heidari and Tavakoli 2013). Figure 1 
shows the ceramic waste stored in the Semnan Plant in Iran. 
Moreover, a great deal of ceramic waste is generated from 
the demolition and reconstruction of buildings. Also, coal 
extraction and processing generate significant amounts of 
waste. The coal waste storage has been estimated to be 577 
million tons, of which more than two million tons has cur-
rently been deposited around coal-washing plants (Hesami 
et al. 2016).

Thus, due to the large volume of ceramic and coal waste, 
the use of this waste in roller compacted concrete pavement 
(RCCP) as a cementitious material is an appropriate solu-
tion for the recycling of these waste. Also, it leads to reduc-
tion in landfills and is very favorable for the environment. 
Moreover, using waste materials such as cement reduces the 
amount of cement for constructing RCCP; thus, it leads to 
decline in producing amount of  CO2 emissions.

RCCP is known as one of the concrete pavement tech-
niques offering advantages over conventional concrete pave-
ment, including faster execution and lower cost of prepara-
tion, great load-carrying capacity (e.g., industrial floors), 
minimal need for maintenance and overhaul, lower water and 
cement consumption, and ease of implementation owing to 
utilization of asphalt spreading machines. RCCP is a zero 
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slump mixture composed of cement, aggregates, and water. 
It is spread by conventional asphalt paving machines, com-
pressed, and then compacted by rollers (ACI 2011).

An overview of previous studies reveals that the mechani-
cal behavior of RCCP mix containing ceramic and coal 
waste powders as partial replacement of Portland cement 
has not been conducted yet. Thus, the main objective of this 
paper is to investigate the effects of ceramic waste pow-
der (CEP) and coal waste powder (COP) on the mechanical 
properties of RCCP mixture. In this regard, five different 
mix designs were considered including roller compacted 
concrete (RCC) mixture containing CEP and COP materi-
als. The tests conducted on the mixture included compres-
sive strength, splitting tensile strength, and flexural strength. 
Moreover, the unit weight, workability, and vibrating com-
paction time (VeBe) were measured after the replacement of 
waste materials in the mixtures. The behavior of the mixture 
was compared with each other and the effect of each mixture 
was examined.

The specific objectives of this study were to:

• The suitability of replacing cement with CEP and COP 
to produce RCC.

• Investigating the compressive, splitting tensile and flex-
ural strengths of RCCP by replacing CEP and COP.

• Evaluating the unit weight, workability and VeBe time 
variations in RCCP mixes.

• Determining the best percentage of using waste material 
with regard to RCCP guide’s criteria.

Literature review

In recent years, some studies have been conducted for the 
use of ceramic and coal waste in concrete individually. 
Kannan et al. (2017) investigated the use of CEP as par-
tial replacement with 10–40% of cement by mass. Mechan-
ics, durability, and microstructure of concrete were meas-
ured and test results indicated that CEP could increase the 
strength and durability of concrete. It was also found that 
cement hydration did not change after a partial replacement 
of CEP with cement. Moreover, CEP reduced the water/
cement ratio; thus, the performance of concrete improved. 
Another study conducted by Jaroslav et al. (2014), tested 
CEP as a partial cement replacement in blended binders. 
In total, 8%, 16%, 24%, 32%, and 40% of mass of cement 
in concrete mixtures were replaced by this waste. Mechani-
cal and thermal properties were measured and test results 
indicated that the mechanical properties of applying 8% and 
16% ceramic powder were sufficient for blended binders. 
In terms of thermal performance, ceramic powder reduced 
heat transport. Another study focusing on the application of 
ceramic waste in concrete with five different mixtures were 
performed and mechanical, physical and thermal properties 
of concrete were evaluated. The results revealed that ceramic 
powder increased open porosity and led to a slight drop in 
compressive strength. Furthermore, thermal conductivity 
measurement indicated that addition of ceramic powder 
decreased the ability of heat transfer in concrete (Eva et al. 
2014). There was a research about replacing cement with 

Fig. 1  Ceramic waste located at Semnan Plant
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10–40% of ceramic waste powder in the concrete mixtures. 
The aim was to evaluate water absorption, and compressive 
strength of concrete with different percentage of ceramic 
waste. After comparing test results, it was suggested that 
adding ceramic powder up to 20% did not significantly affect 
the compressive strength of concrete and could reduce water 
absorption capacity (Heidari and Tavakoli 2013). Another 
study investigated the effect of ceramic waste powder on 
permeability of concrete performance, 12 different concrete 
mixtures were designed which contained ceramic waste and 
fly ash. The results showed that the mixture of concrete with 
ceramic powder achieved higher permeability resistance 
than the control specimens (Cheng et al. 2016). Pacheco-
Torgal and Jalali (2011) conducted a study to evaluate the 
impact of using ceramic wastes up to 20% as cement and 
granite as an aggregate in the concrete. Mechanical prop-
erties, water performance, permeability, chloride diffusion 
and also accelerated aging tests were performed. Test results 
concluded that the compressive strength of concrete speci-
mens slightly reduced after a partial replacement of cement 
with ceramic waste powder. Nevertheless, the results of con-
crete durability test indicated that such waste increased the 
concrete durability.

Modarres et al. (2016) examined the possibility of using 
coal waste and limestone powder as cement in RCCP. Some 
properties of concrete were investigated with some tests 
including pozzolanic reactivity determination, compressive 
strength test, toughness test, toxicity characteristic leaching 
procedure (TCLP) test, setting times and microstructural 
analysis. Compressive test results revealed that simultane-
ous inclusion of limestone powder and coal waste enhanced 
compressive strength and toughness of RCCP. Another study 
was carried out on how the mechanical properties of RCCP 
mixtures are affected by coal waste, coal waste ash, and 
limestone powder. Three different percentages (5%, 10%, 
and 20%) of cement were replaced with coal waste and com-
pressive strength, splitting tensile strength, flexural strength, 
and modulus of elasticity of RCCP mixtures were tested. 
The results showed that coal waste and coal ash increased 
the water/cementitious materials ratios. Moreover, it was 
found that the RCCP mixtures containing 5% of coal waste 
and coal ash performed equivalent to control specimens. 
However, the strength and elastic modulus of specimens at 
all test ages decreased at the greater replacement of waste 
up to 20% (Hesami et al. 2016).

Some studies have investigated the use of waste mate-
rials from other industries as Pozzolan in RCCP. A study 
was conducted to examine the characteristics of RCCP mix 
after a partial replacement of cement with a kind of natural 
Pozzolan called Trass. Mechanical and durability tests were 
performed and the experiment results showed that Trass 
could not improve the tensile and compressive strengths of 
RCCP. Moreover, Trass improved the permeability of RCCP 

(Ghahari et al. 2017). Vahedifard et al. (2010) evaluated the 
impact of silica fume and pumice on workability, compres-
sive strength, and frost resistance of non-air-entrained low-
cement content RCCP mixtures. 8 different RCCP mixtures 
were designed and the results indicated that a 10% increase 
in silica fume enhanced both the compressive strength and 
frost resistance. However, the workability of the fresh mix-
tures reduced significantly. In addition, the pumice made 
specimens more workable, while it decreased both the com-
pressive strength and frost resistance of RCCP. Krishna Rao 
et al. (2016) examined how a partial replacement of cement 
with Ground Granulated Blast Furnace Slag (GGBS) affects 
the mechanical properties and abrasion resistance of RCC 
mixtures. Seven different mixtures including 10–60% of 
GGBS were designed and test results indicated that the com-
pressive, flexural, and tensile strengths of RCC specimen 
reduced for the 3-day curing as the GGBS replacement ratio 
increased. However, at the ages of 7 and 28 days, compres-
sive, flexural, and tensile strengths increased significantly 
over the control specimens up to 50% GGBS replacement.

Junakova et al. (2015) investigated the effect of using 
reservoir sediment as aggregate and cement in concrete. 
After the substitution of reservoir sediment with a par-
tial amount of cement and aggregate in the concrete mix-
ture, the compressive and flexural strengths, freeze–thaw 
resistance were determined. Test results showed that using 
sediment as a cement replacement, 40:60 sediment/cement 
weight ratio, decreased compressive strength by 35% and for 
using sediment as aggregate the compressive strength was 
almost similar to control specimens. Also, after 50 cycles 
of freeze–thaw testing showed that the concrete specimens 
containing sediment meet the standard requirements for 
frost-resistant concrete class  XF2.

Materials

This study included coarse crushed limestone aggregate and 
sandstone. The gradation curve of the natural aggregate used 
in this study was chosen according to ACI 211.3R (1997), 
as illustrated in Fig. 2. Based on ACI 325.10R (2011), the 
maximum nominal size of coarse aggregate was 19 mm, 
while fine aggregate was less than 4.75 mm (passing the 
No. 4 sieve).

Portland cement type II from Shahrood city, which its 
features conformed to ASTM C150 (2007a) has been used. 
The chemical, physical, and mechanical properties of Port-
land cement, coal and ceramic waste used in this study are 
shown in Table 1.

The ceramic waste was provided from the production line 
of Ronas Ceramic and Tile Plant located in Semnan, Iran. 
Moreover, coal waste from Eastern Alborz Mine in Semnan 
province was applied in this study. These waste materials 
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were powdered and used in a mortar as a partial cement 
replacement material to ascertain their applicability in con-
crete. Ceramic and coal wastes were grounded with a ball 
mill with metal balls to obtain ceramic and coal waste pow-
ders. The particle size of the waste materials was less than 
0.075 mm (passing through the No.200 sieve). The physical 
properties and related tests to original aggregate and waste 
materials are given in Table 2. In addition, the ceramic and 
coal waste powders at different sizes are depicted in Fig. 3.

Experimental study

Four concrete mixes were used to prepare the concrete speci-
mens as well as the control mix design (see, Table 3). Then, 
the effect of ceramic and coal waste powders as a partial 
replacement for cement on the mechanical properties of 
RCCP was examined. The considered amount of Portland 
cement type II was about 15% of the dry mass of aggregate 
for specimen preparation, while the water content for the all 
mixtures was calculated to be 163 kg/m3. The mixtures were 
produced with the waste powder contents at 5% and 10% 
of the total cementitious material. Ceramic at 5% and 10% 
weight percentages replaced cement in mixtures containing 
CEP (e.g., 5%CEP and 10%CEP). In addition, mixtures con-
taining ceramic and coal waste powders were prepared (e.g., 
2.5%CEP-2.5%COP and 5%CEP-5%COP). Table 3 presents 
the mix designs used for the preparation of specimens.

The appropriate mix design was obtained from ACI 
325.10R and ACI 211.3R through optimal plasticity 
method. The compressive and tensile specimens in cylin-
drical molds with 200 mm in height and 100 mm in diam-
eter were subjected to surcharge pressure of 50 g/cm2 by 
a vibrating table in three approximately equal layers. The 
flexural specimens in rectangular molds with dimensions 
of 100*100*350 mm and surcharge pressure of 25 g/cm2 
in three approximately equal layers were compacted by a 
vibrating table. The vibration time required for the speci-
mens was obtained by VeBe test in accordance with ASTM 
C1170 (2008). According to ACI 325.10R, the modified 
VeBe time for RCCP ranged from 30 to 55 s. After pouring 

Fig. 2  Recommended aggregate grading limits for RCCP

Table 1  Chemical, physical, and mechanical properties of Portland 
cement type II, coal waste and ceramic waste

Chemical composition (%) Portland 
cement 
type II

Coal waste Ceramic waste

SiO2 21.11 18.76 71.19
Al2O3 4.42 7.40 15.6
Fe2O3 3.96 1.47 3.20
MgO 1.51 0.39 1.28
SO3 2.61 – 0.10
TiO2 0.36 0.84 0.60
Na2O 0.38 0.06 1.36
CaO 63.36 0.17 3.54
P2O5 0.60 0.15 0.27
K2O 0.51 1.56 1.98
LOI 1.18 69.2 0.88
Physical characteristics
 Specific gravity(g/cm3) 3.15 2.7 2.64
 Specific surface  (m2/kg) 331 765 544
 Soundness (%) 0.05 – –
 Initial setting time (min) 140 – –
 Final setting time (min) 210 – –

Compressive strength (MPa)
 3-d 27.5 – –
 7-d 37.2 – –
 28-d 46.9 – –

Table 2  Physical properties of 
original aggregates and waste 
materials

Properties Standard Sandstone Coal waste Ceramic waste Limestone gravel

3/8 1/2 3/4

Specific gravity (kg/m3) ASTM C127 (CA)
ASTM C128 (FA)

2600 2700 2640 2686 2660 2642

Sand equivalent (%) ASTM D2419 77 – – – – –
Fineness modulus ASTM C33 2.9 – – – – –
Water absorption (%) ASTM C127 (CA)

ASTM C128 (FA)
2.2 0.7 0.33 0.55

Los Angeles (%) ASTM C131 – – – 23 21 21
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the mixture into the mold and completing the compaction, 
the specimens were placed inside a cover to maintain its 
moisture. After 24 h, it was demolded and immersed in 
water bath to cure for 7, 28, and 90 days. In this study, 
three identical specimens for each replacement percent-
age were made which led to 135 concrete specimens in 
total for compressive, splitting tensile and flexural strength 
tests.

Compressive strength test

The test was carried out according to ASTM C39 (2011) 
standard, in which the loading rate should range from 
0.15 to 0.35 MPa/s. In this study, the test loading rate was 
0.3 MPa/s. The compressive strength was calculated by 
dividing the maximum load attained during the test by the 
cross-sectional area of the specimen. Based on RCCP guide, 
the minimum 28-day compressive strength for RCCP, as the 
main structural layer, is 27.6 MPa.

Splitting tensile strength test

This test was conducted according to ASTM C496 (1996), 
where a loading rate from 0.7 to 1.4 MPa/min should be 
applied on the specimens. In this study, the loading rate was 
1 MPa/min. After determining the maximum load exerted 
on the specimen, the splitting tensile strength was calculated 
by Eq. (1).

where T is tensile strength (MPa), P is maximum load (N), L 
is the specimen’s length (mm), and d is the specimen’s diam-
eter (mm).

Flexural strength test

This test was conducted based on ASTM C78 (2007b). 
In accordance with this standard, the loading rate should 
be within the range of 0.8–1.21 MPa/min. In this study, 

(1)T =

2P

�Ld

Fig. 3  Coal waste powder (Container A) and ceramic waste powder (Container B)

Table 3  Mix designs used for preparation of specimens

Mix Constituents (kg/m3)

Cement Sandstone Ceramic waste Coal waste Natural gravel
3/8

Natural gravel
1/2

Natural gravel
3/4

RC 298 772 – – 657 234 337
5%CEP 283.1 772 14.9 – 657 234 337
2.5%CEP-2.5%COP 283.1 772 7.45 7.45 657 234 337
10%CEP 268.2 772 29.8 – 657 234 337
5%CEP-5%COP 268.2 772 14.9 14.9 657 234 337
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1 MPa/min loading speed was applied to the specimens. 
After determining the maximum load applied, the flexural 
strength (modulus of rupture) was obtained by Eq. (2).

where R is the modulus of rupture (MPa), P is the maxi-
mum load applied by the test machine (N), L is the span 
length (mm), and b and d are the specimen’s width and 
height, (mm), respectively. This equation can be adopted 
under one condition: failure should occur at the surface ten-
sion between three points along the span, i.e., failure occurs 
within the same range for the all specimens. In this study, the 
compressive strength, tensile strength, and flexural strength 
tests were conducted by the Universal testing machine.

Results and discussion

Variations of density and vibrating compaction time 
of RCCP mixture

In this study, the density and vibrating compaction time of 
specimens were obtained by VeBe test according to ASTM 
C1170. The unit weight of control and test specimens are 
given in Online Resource 1. The results indicated that the 
density of concrete decreased after the replacement of 
ceramic and coal waste powders. The maximum loss of 
unit weight was related to the replacement of 10% ceramic 
waste which was approximately 4% as shown in Fig. 4. 
The reason behind the reduction of concrete density was 
the lower unit weight of ceramic and coal waste compared 
to cement. The variation in density of the concrete was not 
significant after replacement with waste since there was a 
little difference between the unit weights of cement and 
waste materials.

(2)R =

PL

bd2

Workability and VeBe were calculated for the specimens. 
The results showed that cement replacement with ceramic 
and coal waste powders increased the concrete workability. 
This could be associated with the lower water absorption of 
waste materials in comparison to cement; thus, it led to an 
increase in free water inside the RCCP mixture. Moreover, 
VeBe time decreased at the greater workability. Therefore, 
the VeBe times for the mixtures were shorter than the control 
specimens. The greatest reduction in VeBe time was found 
in 5%CEP-5%COP specimens, while it decreased from 36 to 
26 s for the control specimens (about 28%). Figure 5 shows 
the relationship between the levels of ceramic and coal waste 
powders along with VeBe time.

Compressive strength

The test results showed that the average 28-day compressive 
strength of 5%CEP and control specimen was higher than 
the minimum allowable value. As the percentage of ceramic 
and coal waste powders increased, there was a greater loss 
of strength. The loss of strength in the specimens containing 
only CEP was lower than the specimens including ceramic 
and coal simultaneously. The highest and lowest 90-day cur-
ing compressive strengths were 33.62 MPa and 28.14 MPa 
for 5%CEP and 5%CEP-5%COP specimens, respectively. 
The average value of compressive strength for 5%CEP 
decreased by approximately 2% and 4% compared to the 
control specimens for the 90-day and 28-day curing peri-
ods, respectively. Figure 6 provides the average compressive 
strengths of specimens after the 7-day, 28-day, and 90-day 
curing periods.

Splitting tensile strength

The application of ceramic and coal waste powders as a 
partial replacement of cement reduced the splitting tensile 

Fig. 4  Average density of specimens for different waste percentages
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strength, whereas the variations range for splitting tensile 
strength was less than compressive strength. In fact, the 
average splitting tensile strength fell within the range of 
2–3 MPa for all 7-day and 28-day specimens and 3–4 MPa 
for 90-day specimens. The Highest reduction in splitting 
tensile strength was in 5%CEP-5%COP specimens, while 
the lowest loss in splitting tensile strength was observed in 
5%CEP specimens after 90-day curing. The average splitting 
tensile strength of 5%CEP specimens decreased by about 
5% and 2% after 28- and 90-day of curing, respectively. The 
strength difference between the specimens was smaller than 
the control specimens as the curing time increased (i.e., 
90-day curing time). As for other specimens, the splitting 
tensile strength continuously decreased as the amount of 
ceramic and coal waste increased.

By cement replacement with ceramic and coal waste pow-
ders, compressive and splitting tensile strengths decreased. 
It can be due to the lower percentage of cement in the 
specimens containing these waste materials compared to 
the control specimens (Kim et al. 2015). According to the 

results, it can be seen that the loss of strength in specimens 
containing only CEP was lower than specimens containing 
ceramic and coal waste simultaneously. According to the 
XRF test results, it was observed that the total acidic oxides 
of ceramic waste (i.e., silicon dioxide,  SiO2; aluminum 
oxide,  Al2O3; iron oxide,  Fe2O3) was 89.99%, which is 
higher than the 70% allowed for being pozzolanic accord-
ing to the ASTM C618 standard (2015). So, the ceramic 
has higher pozzolan properties than coal. As a result, the 
less reduction of the strengths can be attributed to the poz-
zolanic effect of ceramic waste (i.e., 5%CEP, 10%CEP) on 
mechanical properties of mixture reported in some studies 
(Kim et al. 2015; Modarres and Hosseini 2014). The poz-
zolanic reaction results in the production of a high percent-
age of calcium silicate hydrate, which improves the strength 
(Modarres et al. 2016). Figure 7 shows the average splitting 
tensile strengths of specimens for the 7-day, 28-day, and 
90-day curing periods.

Fig. 5  Variations of compaction 
time for specimens

Fig. 6  Variations of average compressive strengths for specimens Fig. 7  Comparison of average splitting tensile strengths of specimens
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Flexural strength

The test results showed that ceramic and coal waste pow-
ders reduced flexural strengths. The flexural strengths were 
within the range of 4–5 MPa for 7-day-cured specimens 
and 5–6 MPa for 28-day- and 90-day-cured specimens. In 
this test, the minimum flexural strength loss was in 5%CEP 
specimens, while the maximum flexural strength loss was in 
5%CEP-5%COP specimens after 90 days of curing period. 
The flexural strength loss was around 2% for 5%CEP speci-
mens compared to control specimens after 28 and 90 days 
of curing. This could be associated with the ceramic com-
pounds containing pozzolanic particles. An increase in 
ceramic and coal waste powder resulted in a greater loss of 
flexural strength. The flexural strength losses of specimens 
containing ceramic and coal waste powders was higher than 
that of ceramic-containing specimens. This could be due to 
lower pozzolanic content of coal waste than ceramic waste. 
Figure 8 compares the average flexural strengths of speci-
mens for 7 days, 28 days and 90 days of curing.

Comparison of test results 
along with the percentages of alteration related 
to control mix design

The test results for 28-day curing of control and test speci-
mens (Figs. 5, 6, 7, 8) along with the percentages of altera-
tion related to control mix design are given in Online 
Resource 1. Based on the obtained results, mixture contain-
ing only 5% CEP is allowable for the main structural layer 
of RCCP according to the guide.

Conclusion

According to the results, the ceramic and coal waste powders 
reduced the compressive strength of RCCP. In fact, the loss 
of strength in specimens containing only CEP was lower than 

specimens containing ceramic and coal simultaneously and 
with increasing the percentage of ceramic and coal waste, 
the compressive strength decreased regularly. Therefore, the 
compressive strength of 5%CEP specimens was higher than 
other test specimens and also for 28-day curing, it was more 
than the minimum allowable value in RCCP guide.

The splitting tensile and flexural strengths reduced 
after replacing ceramic and coal waste with cement. How-
ever, the reduction was lower compared to compressive 
strength. Also, the decline in these strengths in specimens 
containing CEP without COP was lower than specimens 
containing both wastes. In addition, with increasing the 
percentage of ceramic and coal waste the splitting tensile 
and flexural strengths decreased slightly. The lowest loss 
in splitting tensile and flexural strengths, as like as com-
pressive strength, was observed in 5%CEP specimens.

The use of ceramic and coal waste powders increased 
the workability of RCCP mixture and this increasing was 
upper for specimens containing both waste simultaneously. 
Consequently, the VeBe time decreased after replacing this 
waste with cement. The result of this reduction in VeBe 
time lead to an increase in the pace of the implementation 
of RCCP pavement. Moreover, the density of test speci-
mens reduced slightly due to the lower unit weight of this 
waste compared to cement.

The suitable percentage replacement of cement con-
cerning the mechanical properties of RCCP was found in 
5%CEP specimens. Thus, they were ideal for the main 
structural layer in all road construction. The other mix 
designs were desirable for low traffic pavements, suburban 
and rural roads, and footpaths.

Overall, replacing ceramic and coal waste with a par-
tial amount of cement in RCCP, is an effective way to 
reduce cement production with low cost. Actually, it is a 
suitable option for sustainable development since it can 
lead to the reduction of some negative impact of produc-
ing cement such as  CO2 emission, resource depletion and 
the high cost of producing process. On the other hand, 
ceramic and coal waste cannot be processed by any recy-
cling system and they are required to be produced in large 
quantities; thus, the use of ceramic and coal waste materi-
als in the RCCP mixture can provide a low-cost recycling 
method and prevent the accumulation of waste at landfills. 
Therefore, mechanical and environmental benefits of these 
cementitious materials can construct an eco-friendly and 
more sustainable RCCP. Also, constructing RCCP with 
these materials is economically justified, and reduces the 
cost of concrete. Finally, with considering design criteria 
and choosing the appropriate amount of replacing, using 
ceramic and coal waste powders as a partial cement of 
RCCP mixture is strongly recommended.

The application of CEP and COP should be investigated 
in different types of concrete pavement (e.g., Jointed Plain Fig. 8  Comparison of average flexural strengths of specimens
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Concrete Pavement and Jointed Reinforced Concrete Pave-
ment). These issues can be explored in future studies.
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