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ABSTRACT 
 
In the Interlocked Pavement technology, it is interesting to invest in the dimensioning 
method, in order to propose a more sustainable structure construction. The objective of 
this research is the analysis of the technical, financial and environmental viability of an 
Interlocked Pavement, containing conventional thermoelectric ashes and aggregates, 
through empirical and empirical mechanistic methods. For this, first, environmental and 
physical characterization tests will be carried out on conventional and alternative 
materials. Then, alternating traces with ashes and a reference with conventional 
aggregates for the production of concrete will be used. This, in a hardened state, will 
undergo mechanical tests, such as simple compression strength, water absorption and 
modulus of elasticity. Finally, it is necessary to analyse the mechanistic-empirical 
dimensioning methods for Interlocked Pavements and to compare them with empirical 
methodologies. It is hoped that the study will contribute to the use of alternative 
materials and to a more rational design of Interlocked Pavements. 
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INTRODUCTION  
 

In the construction of an Interlocked Pavement (IP), besides the experimental part, it is 
important to apply the dimensioning method, in which certain methodologies consider 
the interlocking and flexible pavements structurally similar. In addition, there are 
discussions about the modulus of elasticity to be used for the coating layer composed of 
precast concrete parts and laying layers.1 

 
Another issue is that the thermoelectric power plants named Pecem I and Pecem II 
which are located in the state of Ceará (northeast region) produce a daily volume of 
1200 to 1350 tons of ashes.2 Some researchers have studied the application of bottom 
ashes from thermoelectric plants in the production of concrete used in the manufacture 
of Interlocked Pavement Blocks (IPB).3 

 
Regarding the use of empirical dimensioning of IPs, most of the methods come from 
adaptations of calculation methodologies for flexible pavements.1 The problem is that 
these adaptations can result in overestimated spending in the construction of IPs. In 
addition, the arrangement of layers of IPs with their respective thicknesses can cause 
deficiencies in the functional aspects of structure. 
 

RESEARCH OBJECTIVES 
 
The general objective of the research is to provide information regarding the use of 
residues in the composition of the concrete used in IPs. In addition, the feasibility of an 
IP, containing conventional thermoelectric ashes and aggregates, is investigated 
through the study of empirical and mechanistic-empirical dimensioning methods. 
 
LITERATURE REVIEW 
 
Dosing of concrete with ashes 
 
Regard the use of residues in the composition of IPBs, there are several alternative 
aggregates tested for this purpose. At the national level, iron ore,4 aluminum oxide,5 
glass powder,6 PET bottle7 and ashes from sugar cane bagasse8 have already been 
tested in the concrete composition. 
 
Concerning the use of ashes from sugarcane bagasse,8 the Stockholm format was used 
for concrete paver blocks for IP. In this case, this format chosen for the blocks is close 
to a rectangle and the dimensions are 60 mm ÷ 105 mm ÷ 240 mm, the height, width 
and length, respectively, according to Figure 1. The materials used in the concrete 
were: Portland cement type CP II F – 32; small aggregates: natural quartz sand and 
artificial gravel sand; large aggregates: small stone and gravel 1; water and the 
Residual Ash of Sugar cane Bagasse (RASB). In total, three traces of concrete were 
analysed, in which the RASB replaced, by mass, cement at 0%, 20% and 40%, thus, 
the concrete composition of the blocks in kg/m³ is presented in Table 1. 



 
Figure 1: Concrete blocks 

 
Table 1: Mass traces of concrete with and without ash from sugar cane bagasse 

Components 
Consumption of the materials (kg/m³) 

Trace 0 Trace 20 Trace 40 

Cement 300 240 180 

Ash 0 60 120 

Natural sand 485 485 485 

Artificial sand 240 240 240 

Small stone 250 250 250 

Gravel 1 1020 1020 1020 

Water 148 148 148 

Water/cement ratio 0.49 0.62 0.82 

 
Regarding the results, six test bodies were molded for each concrete trace and the 
specimens were submitted to the Simple Compressive Strength (SCS) test for the ages 
of 7 and 28 days. Table 2 below shows the values determined by performing this test. 
 

Table 2: Characteristics of the blocks with and without ash from sugar cane bagasse 

Concrete blocks 
Compressive Strenght (MPa) 

7 days 28 days 

Trace 0 29.1 40.5 

Trace 20 27.0 35.5 

Trace 40 19.7 26.4 

 
According to the table above, it can be stated that the use of concrete with a substitution 
content of 20% allowed the construction of interlocking blocks with average 
compressive strength of 35.5 MPa at 28 days, representing 88% of the resistance of the 
block produced with the reference concrete, which was 40.5 MPa. Concernig the blocks 
produced with a 40% substitution content, these showed resistance, at 28 days, of 26.4 
MPa, reaching 65% of the resistance of the blocks produced with the reference trace. 
Thus, it can be observed that the value of this parameter declined, as the residue 
content increased, which indicates that the presence of the RASB does not have a 
significant resistance as the cement. 
 
Furthermore, this result demonstrates that the residual ash, as it was granted, can be 
used in the manufacture of concrete intended for interlocking blocks for paving. 



However, it can be concluded that the concrete trace blocks with a 40% substitution 
content did not meet the conditions established in the NBR 9781 (2013)9 of the Brazilian 
Association of Technical Standards (ABNT), which stipulates that the value of the 
compressive strength of the blocks should be greater than 35 MPa for commercial 
vehicle line applications. However, the blocks produced with this trace, with a 40% 
reduction in cement consumption, can be applied to the construction of interlocking 
pavements for use on pedestrian sidewalks without passing commercial vehicles. 
 
At the international level, other authors have studied the incorporation of the following 
materials: steel fiber,10 construction and demolition waste,11 aggregates from the 
recycling of damaged IPBs12 and bottom ashes from thermoelectric power plants.13 

 
Regarding the work with the use of bottom ashes from thermoelectric plants,13 five 
traces were tested, one of which is a reference and the remaining four are alternative 
ones. Ashes replaced, by mass, the river sand (small aggregate) in the contents of 
25%, 50%, 75%, and 100%. For the tests, the concrete was placed in parallelepiped 
format shapes with the dimensions of 8 cm ÷ 11 cm ÷ 22 cm, being the height, the 
width and the length, respectively. 
 
Concerning the acquired results, the compressive strength values of the concrete 
paving blocks are presented in Figure 2. 
 

 
Figure 2: Variation of the compressive strength according to the bottom ash content 

 
It can be observed that the alternative concrete 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 regard to river sand, which can cause a weaker linkage of the residue with the 
concrete components. 



Dimensioning of the interlocking pavement 
 
The design of interlocking pavements, as already mentioned, has many of its methods 
developped from adaptations of applied methodologies for flexible pavements.1 For 
example, in the United States, the National Concrete Masonry Association (NCMA) has 
applied changes to the American Association of State Highway of Transportation 
Officials (AASHTO) dimensioning method of flexible pavements for use in IPs. 
 
With regard to the empirical dimensioning of IPs, there was a proposal for a 
methodology for the dimensioning of light traffic pavements,14 composed of Precast 
Concrete Blocks (PCB), based on previous experiences. In this study, light traffic 
pavements may indicate the presence of pedestrian traffic and light vehicles. So, 
flowcharts of dimensioning, described in Figure 3, are proposed. 

 

 
Figure 3: Empirical dimensioning flow for pedestrians and light cars 

 
With regard to the dimensioning of IPs, it can be stated that a dimensioning method was 
proposed based on the transverse and longitudinal permanent deformation of the base 
and settling layers, considering the contribution of all pavement components.15 In 
another study conducted the work was done using field deflection measuring equipment 
known as Falling Weight Deflectometer (FWD).16 This work has shown that this type of 
instrument can be effective in the systematic evaluation of IPs in the field, allowing, 
also, the determination of the elastic modulus by retroanalysis process. 
 
In another method to be evaluated, the Lockpave software was used, in which IP 
component materials are considered linear elastic.17 At the junction of IPBs with the 
seattlement layer, an isotropic equivalent elastic layer is considered, with modules 
varying from 900 MPa at 7500 MPa, the most common being 3200 MPa. These values 



were estimated through FWD, by means of retroanalysis. With regard to thicknesses, 
BIPs may have heights of 6 cm, 8 cm, 10 cm and 12 cm, while the base and sub-base 
usually have a minimum of 100 mm. 
 
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 
 
The first stage will cover the characterization tests to be carried out in bottom ashes and 
in natural aggregates, according to the methodology established in ABNT and the 
National Department of Transport Infrastructure (DNIT) standards. The tests to be 
carried out with ashes include granulometric analysis,18 the real density,19 the liquidity 
limit20 and plasticity,21 as well as solubilization22 tests and leaching.23 For conventional 
materials, the procedures of specific mass24,25, unit mass26 and particle size 
distribution27 will be performed. 
 
Second Methodological Step 
 
In this stage, the mixtures of the materials will be carried out by applying the reference 
trace by mass used by a company specialized in the production of concrete IPBs with 
SCS of 35 MPa at 28 days of cure. This trace consists of the following relationships: 
1.00 (cement) : 2.33 (natural sand) : 2.33 (artificial sand) : 1.97 (gravel 12.5 mm) : 0.45 
(gravel 19.0 mm) : 0.85 (water/cement ratio). 
 
In the composition of alternative traces, the bottom ash will be separated into two parts, 
the thick ash (passing through the 19.0 mm sieve and retained in the 2.0 mm sieve) and 
the light ash (passing through the 2.0 mm sieve). In the composition of alternative 
traces, the conventional aggregates will be replaced, by mass, by the ashes according 
to the contents placed in Table 3. 
 
 
 
 
 
 
 



Table 3: Variation in the mass quantity of natural aggregates and residues per trace 

Traces 

Sand Gravel 19.0 mm 
Water/Cement 

Ratio 
Original  

(%) 
Light ash 

(%) 
Original  

(%) 
Thick ash  

(%) 

First (1º) 100 0 100 0 0.85 

Second (2º) 100 0 80 20 0.85 

Third (3º) 80 20 100 0 0.94 

Fourth (4º) 80 20 80 20 0.85 

 
Regarding the format of the hardened concrete, it will be compacted in a vibro-press 
machine, which produces IPBs and structural blocks. The same one belongs to the 
model VP50 and is illustrated in Figure 4. Next, block shapes with dimensions of 10 cm 
÷ 20 cm ÷ 8 cm (width ÷ length ÷ thickness) will be used. The tests to be performed on 
the hardened concrete are shown in Table 4. 
 

  
 

Figure 4: Vibro-press machine model VP50 
 

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

Tests Current standards 

Compressive strength for block 
ABNT NBR 9781 (2013)9 

Absorption of water for block 

Concrete modulus of elasticity ABNT NBR 8522 (2017)28 

 
It is important to highlight that, for the SCS test, the curing times used will be 3, 7 and 
28 days, in which, for each period and trace, three test bodies and two blocks will be 
tested. In the water absorption test, the samples are removed after 28 days of 
submersion, in which, for each trace, three cylindrical specimens are tested. 
 
In addition, it is intended to analyze more rational design methods of IP, which use 
concepts such as the elasticity modulus of the concrete and the resilience modulus of 
materials present in granular layers of the pavement. 
 
Third Methodological Step 
 
It is intended to apply the dimensioning of IP to be built in a parking area, with 
approximately 1624 m², located at the Federal University of Ceará (UFC). In this case, it 



is intended to apply the mechanistic-empirical dimensioning method, through the use of 
Lockpave software. 
 
CONCLUSIONS AND EXPECTED RESULTS 
 
Due to the fact that, in Brazil, the studies regarding the dimension of IP are scarce, 
there was no investment in this area of knowledge that would allow the more 
economical construction concerning this type of pavement. The occurrence of 
adaptations of own calculation methodologies of flexible pavements for IPs allows the 
existence of errors that can cause the structural aspect of this pavement to be impaired. 
 
In view of this aspect, it is necessary to carry out researches that seek more improved 
dimensioning methods for IP, for example, mechanistic-empirical design methods. 
 
It is expected that the use of more rational dimensioning methods of IPs will be feasible, 
so that more rational analyses can be established. In addition, the use of residues, such 
as ashes, in the concrete composition, is interesting, as it may be feasible to insert 
different levels of residues. It is also expected that the use of vibro-press machine will 
interfere in the increase of mechanical properties in the compacting of concrete. 
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