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ABSTRACT  
 
This paper proposes the incorporation of bottom ashes, which are residues significantly 
generated by means of thermoelectric plants, in the composition of interlocking blocks. 
After the collection of conventional and alternative materials, physical characterization 
tests were performed. By means of granulometric stabilization, an alternative use of 
ashes and conventional aggregate reference traces were used. After the production of 
concrete, this, in the hardened state, was subjected to compressive strength and water 
absorption tests. It is concluded that the results obtained from the experimental program 
encourage the use of bottom ashes on interlocked concrete pavements. 
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INTRODUCTION  
 

The pavement consists of several materials in its granular layers and coating. This way, 
the use of waste can be considered an important research topic, since it involves the 
use of alternative materials that may come from industrial parks. One example is 
thermoelectric plants, which produce ashes as waste. 
 

The thermoelectric power plants Pecem I and Pecem II which are located in the state of 

Ceará (northeast region) produce a volume of 1200 a 1350 tons of ashes.1 Due to this 
considerable production, the space available for the storage of this material is becoming 
smaller and the costs of the storage are very high. This way it is very important to use 
these residues in different civil engineering areas in order to reduce the environmental 
impacts. 
 

It is interesting that the ashes produced in thermoelectric plants can be applied in the 
manufacture of the Interlock Pavement Block (IPB), which can be used in the road 
covering. Since the IPB is usually made of concrete, it is composed of conventional 
materials, so it is possible that the ashes replace any of these components. 

 

There are studies that consider several applications of ashes in the area of transport 
infrastructure. One of them was the study of the application of fresh ashes from Pecém 
to the granular layers of pavements.1 Another study evaluated the heterogeneity of coal 
ash, also from the Pecém Thermoelectric Power Plant (PTPP)concerning the 
application in granular layers of pavements.2 

 
RESEARCH OBJECTIVES 
 
Due to the importance of sustainability in transportation engineering, the objective of 
this work is to evaluate the use of bottom ashes from thermoelectric plants in the 
composition of the concrete used in IPBs. In this case, bottom ashes will replace, by 
mass, 10% of the aggregate gravel 19.0 mm and 10% of the sand. 
 
LITERATURE REVIEW 
 
The interlocking pavement, according to the standard NBR 9781 (2013)3 of the Brazilian 
Association of Technical Standards (ABNT), is of the flexible type, whose structure is 
generally formed by the following layers: the reinforcement of the subgrade (optional), 
the sub-base and the base, constituted by granular material; the settlement layer, which 
also consists of granular material and which has the function of accommodating the 
concrete blocks, and the coating, which consists of the same juxtaposed blocks and the 
grouting material. The coating and the settlement layers are contained laterally, in 
general, by curbs. Figure 1 shows the typical structure of an interlocking pavement. 



 
Figure 1: Profile of the interlocking pavement layers 

 
Nowadays it is interesting to note that, in European countries, the use of interlocking 
pavements is predominant and can be seen mainly in Germany, which is the world's 
largest producer of paver, with more than 200 million square meters per year. In the 
Netherlands, probably the second largest pole in the world, an air pollution-absorbing 
block, called a photocatalytic paver, was invented, which receives a titanium dioxide 
paint to possess this property.4 In addition, studies in India are evaluating the influence 
of bacteria, such as Bacillus pasteurii, on the mechanical properties of concrete used in 
paver blocks. These organisms, in this case, can produce calcium carbonate (CaCO3), 
which improves the durability and strength of the concrete.5 

 
Regarding the ash production, during the coal combustion process, about 40% of the 
waste produced corresponds to the ash fraction, 40% of which corresponds to the 
bottom ash.2 As for the allocation of bottom ashes, because they have a thicker 
granulometry, they fall to the bottom of the furnaces and gasifiers, from where they are 
withdrawn by flow of water. Although they undergo a system to reduce the size of their 
particles, the final destination of this material still remains open pit deposits, attacking 
the local ecosystem.6 

 
Some studies were carried out, in which fly ash was tested in the concrete composition 
used in structural or interlocking blocks. In Brazil the CP V – High Initial Resistance 
(ARI) cement and ashes from PTPP were used, which resulted in seven traces, one of 
which is a reference trace and six others with ash.7 In this case, the ashes replaced, by 
volume, the cement in contents varied between 7.5% and 15%. With respect to the 
Simple Compressive Strength (SCS) test, it was found that, after 28 days of curing, 
there was a gain of SCS for the concretes with ash, whereas the concrete of the 
reference trace obtained a lower rate of increase. It is also possible to verify that, at 63 
days of curing, all traces produced with ash surpassed the reference concrete. The 
explanation for this difference was attributed to the fact that the ashes used in this 
research have considerable amounts of amorphous material, and may contain silica, 
which reacts with the calcium hydroxide, from the hydration of the concrete at later 
stages, forming components with cement properties. 



With regard to the international scope, it was tested, for example, the insertion of bottom 
ash from a thermoelectric plant in the concrete used in interlocked pavement blocks.8 In 
the case, five traces were tested, one of which was a reference and four alternatives, 
and the ash replaced, by mass, the river sand (small aggregate) in the contents of 25%, 
50%, 75%, and 100%. With regard to the SCS test at 28 days, it was observed that the 
alternative concretes presented lower values, compared to the reference trace, but the 
result of the 25% content allowed the blocks to be approved in the specifications, which 
values this partial replacement. The reason for the decrease in SCS value may be 
related to the fact that bottom ash is a coarser granular material with respect to river 
sand, which can cause a weaker linkage of the residue with the concrete components. 
 
MATERIALS 
 
For the production of concrete, the following materials were selected: bottom coal ash, 
gravel 19.0 mm and 12.5 mm, CP V – ARI cement, water, natural sand, which 
originates from the washing of brittle, and artificial sand, which is the result of the 
process of crushing large aggregates. In relation to aggregates, it is important to state 
that these materials are of the phonolite type, which is the result of the cooling of 
magma expelled, in lava form, by volcanoes. The ashes were collected in the PTPP. 
The aggregates and cement were obtained in the market located in the Metropolitan 
Region of Fortaleza. 
 

PROCEDURE 
 
First Methodological Step 
 
Tables 1 and 2 show, respectively, the characterization tests performed on the ashes 
and on conventional materials. The standards are from the National Department of 
Transportation Infrastructure (DNIT) and ABNT. 
 

Table 1: Tests carried out in the ashes with their current standards 

Tests Current standards 

Particle size analysis DNER – ME 051 (1994)9 

Plasticity limit DNER – ME 082 (1994)10 

Real density DNER – ME 093 (1994)11 

Liquidity limit DNER – ME 122 (1994)12 

Leached extract ABNT NBR 10005 (2004)13 

Solubilized extract ABNT NBR 10006 (2004)14 

 
Table 2: Tests carried out in the aggregate with their current standards 

Tests Current standards 

Specific mass for large aggregate ABNT NBR NM 53 (2009)15 

Specific mass for small aggregate ABNT NBR NM 52 (2003)16 

Unit mass ABNT NBR NM 45 (2006)17 

Granulometric composition ABNT NBR NM 248 (2003)18 

 



Second Methodological Step 
 
In this second step, mixtures of materials for the production of concrete were carried 
out, using, for example, the reference trait (first trace → 1º) in mass, so that the concrete 
reaches a resistance of at least 35 MPa at 28 days of cure according to the standard 
ABNT NBR 9781 (2013).3 It is important to highlight that this trait is used by a company 
specialized in the production of concrete IPBs. 
 
In the composition of alternative traces, the bottom ash was separated into two parts, 
the thick ash (passing through the 19.0 mm sieve and retained in the 2.0 mm sieve) 
replacing, by mass, 10% gravel 19.0 mm (second trace → 2º), while the light ash 
(through the 2.0 mm sieve) replaced, by mass, 10% sand (third trace → 3º). Table 3 
illustrates, for each trace used, the consumptions per unit volume of each of the 
concrete component materials. 
 
Table 3: Consumption by m³ of the materials in the composition of the concrete traces 

Trace 
Cement 
(kg/m³) 

Natural 
sand 

(kg/m³) 

 
Artificial 

sand 
(kg/m³) 

Gravel 
12.5 
mm 

(kg/m³) 

Gravel
19.0 
mm 

(kg/m³) 

Thick 
ash 

(kg/m³) 

Light 
ash 

(kg/m³) 

Water 
(kg/m³) 

1º 279.95 652.43 652.43 551.34 126.10 0 0 238.49 

2º 279.95 652.43 652.43 551.34 113.49 12.61 0 238.49 

3º 277.16 581.33 581.33 545.84 124.84 0 129.18 261.56 

 
It is important to note that the concrete to be worked is of the dry type, therefore, it 
needs larger amounts of water to become workable enough. Under the conditions of the 
laboratory, the water consumption of 238.49 kg / m³ can be justified, because, in the 
Abrams curve, which relates the SCS to the water/cement ratio, unlike plastic concrete, 
the dry type increases its resistance with the addition of water to a certain extent (Figure 
2).4 This happens, because the wetter mixture has a greater ease in being compacted, 
which causes less voids inside the concrete due to a better accommodation of particles. 
 

 
Figure 2: Abrams curve for dry concrete 



For tests on hardened concrete, cylindrical molds of 10 cm in diameter by 20 cm in 
height and paver blocks of dimensions 10 cm ÷ 20 cm ÷ 6 cm (width ÷ length ÷ 
thickness) shall be used. So, Table 4 shows the tests performed on the hardened 
concrete. 
 

Table 4: Tests performed on hardened concrete with its currents standards 

Tests Current standards 

Compressive strenght for cylindrical Test Body (TB) ABNT NBR 5739 (2007)19 

Compressive strenght for block 
ABNT NBR 9781 (2013)3 

Water absorption 

 
In the manufacture of cylindrical TB, the procedure of the standard ABNT NBR 5738 
(2015)20 was followed, and the mechanical process was used in the densification of the 
concrete, requiring one layer with the use of the vibrating apparatus. In the preparation 
of the pavers, it was decided to adapt the concrete densification process following the 
standard ABNT NBR 13276 (2016).21 In this case, a table of consistency index is used 
for the application of thirty strokes in three layers each, taking about thirty seconds for 
each layer. 
 
It should be noted that for the SCS test, the curing periods are 3, 7 and 28 days. For 
each period and trace, three cylindrical TBs and two pavers were tested. In the water 
absorption test, the samples were removed after 28 days of submersion and, for each 
trace, three cylindrical TBs were tested. Although the cylindrical specimens have a 
different shape from the blocks, both are made of the same type of material. So, it was 
decided to replicate the methodology of the water absorption test for the cylindrical TB. 
 
It is important to note that the values of standard deviation, referring to the results for 
each trace, will be placed. This will be done in order to compare the results in a more 
precise way, so that it is analyzed whether the substitution of aggregates by bottom 
ashes has a significant influence on the results of the tests. 
 
RESULTS AND ANALYSIS 
 
Results and analysis of the characterization tests of bottom ash and aggregates 
 
Tables 5 and 6 present the results of the environmental tests performed on the ashes 
used. 
 

Table 5: Results of the leached extract 

 Fluoride 
F- 

(mg/L) 

Chloride 
Cl- 

(mg/L) 

Nitrate 
NO3

- 

(mg/L) 

Sulfate 
SO4

2- 

(mg/L) 

Sample 287.68 21.73 1.90 62.76 

Limit 150.00 – – – 

 
 



Table 6: Results of the solubilized extract 

 Fluoride 
F- 

(mg/L) 

Chloride 
Cl- 

(mg/L) 

Nitrite 
NO2

- 

(mg/L) 

Bromide 
Br- 

(mg/L) 

Nitrate 
NO3

- 

(mg/L) 

Phosphate 
PO4

3- 

(mg/L) 

Sulfate 
SO4

2- 

(mg/L) 

Sample 1.74 8.04 0.58 1.59 1.06 2.76 426.63 

Limit 1.50 250.00 – – 10.00 – 250.00 

 
According to Table 5, with respect to the leached extract test, it can be seen that, of the 
four detectable compounds, only one has a limit value present in the standard, and in 
this case, the bottom ash used has a concentration of the fluoride anion above the 
permitted, which is sufficient to classify the waste as Class I (hazardous) according to 
the standard ABNT NBR 10005 (2004).13 This result shows the need for care regarding 
the final disposal of these ashes and their use even though the use of the waste is not 
unviable from the environmental point of view, some considerations need to be made. 
 
With respect to Table 6, it can be seen that bottom ash has the concentrations of 
fluoride and sulphate anions above the allowed, therefore, without taking into account 
the results of the leached extract, the residue would be classified as Class II A (not 
inert) according to the standard ABNT NBR 10006 (2004).14 It is important to note that it 
is possible that ashes are non-inert residues and do not negate their use in paving.22 

 
It should be noted that contaminant encapsulation technology, also known as a 
stabilization method, has become a good alternative to treat hazardous waste and to 
manage them safely and effectively, improving its toxicological characteristics.2 With 
regard to Portland cement, this material is often used as stabilizer, in which it decreases 
the solubility of the contaminants.23 In addition, compaction can act as a way to 
encapsulate waste. 
 
Physical ash characterization tests are presented in Table 7. 
 

Table 7: Results of the physical characterization tests for bottom ash 

 
Real 

density 
Liquidity limit 

(%) 
Plasticity limit 

(%) 

Hygroscopi
c humidity 

(%) 

Bottom 
ash 

2.35 
Non – Plastic 

(NP) 
NP 0.1 

 
According to Table 7, it is interesting to note that, due to the impossibility of obtaining 
the values of liquidity and plasticity limit, the plasticity index could not be calculated, 
which characterizes the ash as NP material. In addition, due to hygroscopic moisture 
being 0.1%, the ash has a dry mass, practically, identical to that of the mass with 
residual humidity. 
 
The results of the specific mass and unit mass of the natural aggregates used are 
shown in Table 8. 
 



Table 8: Results of the physical characterization tests for natural aggregates 

 Specific mass (g/cm³) Unit mass (kg/m³) 

Gravel 19.0 mm 2.500 1359.333 

Gravel 12.5 mm 2.500 1449.289 

Natural sand 2.691 1413.467 

Artificial sand 2.602 1464.889 

 
According to the information in Table 8, it can be seen that the sands have specific 
masses larger than those presented by the gravels, which indicates that the constituent 
substances of the small aggregates are denser than the larger ones. It can also be 
stated that the gravel 19.0 mm has a smaller unit mass than the gravel 12.5 mm and 
this is explained by the fact that the gravel 12.5 mm, because it has a less thick 
appearance, it has fewer voids between the grains. 
 
It is now important to insert the granulometric compositions of the materials, in which, by 
means of Figure 3, aggregate and ash data are inserted. 
 

 
Figure 3: Granulometry of materials as a function of accumulated retained percentage 
 
Results and analysis of the tests in concrete 
 
The results of the SCS and water absorption tests of the concretes produced for the 
cylindrical TBs are shown in Figures 4 and 5, respectively. The results of the SCS tests 
of the pavers are shown in Figure 6. Regarding the standard deviation values, these are 
set forth in Table 9. 



 
Figure 4: Media compressive strenght for cylindrical TBs 

 

 
Figure 5: Water absorption for cylindrical TBs 

 

 
Figure 6: Media compressive strenght for paver blocks 



Table 9: Standard deviation values corresponding to each test for each concrete trace 

Trace 

Compressive strenght for 
cylindrical TBs 

Compressive strenght for 
paver blocks 

Water 
absorption 

3 days 7 days 28 days 3 days 7 days 28 days 28 days 

Standard deviation (MPa) Standard deviation (MPa) 
Standard 

deviation (%) 

1º 1.74 0.67 0.83 1.11 0.84 0.19 0.37 

2º 0.83 0.56 1.40 1.73 1.22 1.16 0.55 

3º 0.56 0.45 1.03 3.64 0.87 0.88 0.17 

  
Analyzing Figures 4 and 6, it is noted that all values are below 35 MPa, which is the 
minimum required by the standard ABNT NBR 9781 (2013).3 However, it is possible to 
verify that the concrete dosed with the alternative traces exceeds the resistance of the 
reference trace in some curing periods. For example, in the SCS test for cylindrical TBs, 
in the 28-day curing period, the result of the alternative trace with a 10% substitution of 
gravel 19 mm per ash (25.14 MPa) was higher than the reference trace (22.43 MPa). 
From the statistical point of view, according to Table 9, when considering the error of 
one standard deviation in this test, the value of 22.43 MPa does not exceed 25.14 MPa. 
This shows that, probably, the substitution of 10%, by mass, of gravel 19 mm by thick 
ash was beneficial. 
 
A question to be considered is that, in the test of compressive strength for blocks, the 
performance of the alternative traces at 28 days of cure was lower than when compared 
to the reference trace. In relation to this, something that may have interfered was the 
process of densification of concrete, because, for the confection of blocks, the most 
appropriate is the use of a vibro-press machine. The reason is that this equipment can 
compact the concrete even in the dry state, and the use of a table of consistency index 
may have done so that the concrete of the alternative trace was not compacted 
properly. 
 
With respect to the 35 MPa requirement, which is the minimum SCS value to be 
presented by the IPBs, this minimum threshold needs to be better investigated. The 
point is that, according to the dimensioning of the interlocking pavement, other 
parameters can be taken into account. For example, there is a proposition of a 
dimensioning method based on the transverse and longitudinal permanent deformation 
in the base and settlement layers, considering the contribution of all pavement 
components.24 

 
According to Figure 5, when the averages were observed, the water absorption of the 
alternative trace (4.23%) increased by 17.17%, relative to the reference trace (3.61%). 
This shows that thick ash has a higher porosity and permeability than gravel 19 mm. 
Finally, it is noticed that the two percentages are smaller than 6%, which is within the 
limits of the standard ABNT NBR 9781 (2013).3 

 
 
 



CONCLUSIONS 
 
The main contribution of this research was to verify the possibility of using mineral coal 
ashes, through surface samples obtained in the PTPP, for the manufacture of 
interlocking concrete blocks in the paving area. 
 
The use of the alternating trace with 10% of gravel 19.0 mm per thick ash is a potential 
alternative to the production of pavers, because the results are closer to the reference 
mixture. With regard to the compressive strength, it is possible to observe that the 
results are inferior to the minimum of 35 MPa placed in the standard ABNT NBR 9781 
(2013).3 In this regard, it is possible to target the pavers with this dosage to areas with 
lower traffic demands, such as bike paths. However, it is estimated that it is possible to 
achieve concrete pavers with a resistance greater than 35 MPa if changes were made 
to the reference trace. 
 
Thus, it is concluded that the reuse of the ashes in the production of interlocked 
pavements can be a sustainable and environmentally satisfactory alternative. However, 
it is important to emphasize that more tests should be done in order to provide more 
background for the research. 
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