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ABSTRACT: The flexible pavements are characterized by the fact that its layers suffer significant elastic deformations with the load 
application. The current method used in Brazil, for the design of flexible pavements was developed in 1961 and is in principle the 
traditional and empirical design method based on results of CBR tests, where it considers that a pavement ruptures occurs when the 
vertical deformation of the subgrade layer reaches its limit value of 12.5 mm. In an ongoing effort to improve the pavement design in 
terms of structural efficiency and reduce empiricism in design methods, emerged the mechanistic and mechanistic-empirical concepts. 
These models consist of the application of the principles of the Pavements Mechanics, considering the pavement as a structure of 
multiple elastic layers, subject to cargo traffic and climatic effects. Thus, the aim of this study is to measure the structural pavement 
capacity of one of the greatest highways of Brazil, BR-163/PA in the state of Pará. Thus reflecting the actual condition of the structure 
from deflection basins were generated and thus model a theoretical structure with the equivalent behavior of the real structure. For 
this, the resilient modulus were determined by back analysis of deflection basins with the help of Sispav software.  

RÉSUMÉ : Les chaussées flexibles se caractérisent par le fait que leurs couches subissent des déformations élastiques importantes avec 
l'application de la charge. La méthode utilisée actuellement au Brésil pour la conception de revêtements souples a été développée en 1961 
et est en principe la méthode de conception traditionnelle et empirique basée sur les résultats des essais CBR, où elle considère qu'une 
rupture de chaussée se produit lorsque la déformation verticale de la couche de sous- Atteint sa valeur limite de 12,5 mm. Dans un effort 
continu visant à améliorer la conception de la chaussée en termes d'efficacité structurelle et de réduire l'empirisme dans les méthodes de 
conception, sont apparus les concepts mécanistes et empiriques-mécanistes. Ces modèles consistent en l'application des principes de la 
mécanique des chaussées, considérant le pavage comme une structure de couches élastiques multiples, soumis au trafic de fret et aux 
effets climatiques. Ainsi, l'objectif de cette étude est de mesurer la capacité structurelle de chaussée de l'une des plus grandes autoroutes 
du Brésil, BR-163 / PA, dans l'État du Pará. Cela reflète l'état réel de la structure à partir des bassins de déflexion qui ont été générés et 
modélise ainsi une structure théorique avec le comportement équivalent de la structure réelle. Pour cela, le module élastique a été 
déterminé par une analyse en retour des bassins de déflexion à l'aide du logiciel Sispav.

KEYWORDS: Back-calculation; Flexible Pavements; Mechanistic-empirical evaluation 

 
1  INTRODUCTION 

Flexible pavements are characterized by the fact that their 
layers, when applying loads, suffer significant elastic 
deformations. The current method used in Brazil for flexible 
pavement design was elaborated in 1961 and has as its principle 
the traditional and empirical method based on results of CBR 
tests and traffic data, where it considers that a pavement goes 
into rupture when vertical deformation in the Layer reaches its 
limit value of 12.5 mm. The empirical method is based on 
principles developed from the knowledge and field experiences 
acquired over the years by AASHTO and USACE, creating 
from the combination of these two methods a methodology only 
used in Brazil. Currently this union of methodologies brought a 
serious problem, because when the source methods were 
updated, the local method was left out. In addition, the method 
disregards the damaging effects of fatigue on the asphalt layer, 
which is one of the main causes of pathologies found in 
Brazilian roads in the last decades. In view of the need to 
improve paving projects with respect to structural efficiency, 
and these related to the empiricism present in the current 
method, the mechanistic and mechanistic-empirical concepts 
emerged. These models consist of applying the principles of 
Pavement Mechanics, considering the pavement as a structure 
of multiple elastic layers, subject to traffic loads and climate 
actions. The structural analysis is done through computational 
programs that allow to accurately define the state of stresses in 
the layers due to external loads applied.  

This work aims to evaluate the structural capacity of the 
pavement structure of BR-163/PA road (Figure 1), following 
the mechanistic-empirical concepts are based on the mechanics 
of pavements, through analyzes of the deflectometric surveys. 

This project was designed in stages, that is, it was divided into 
two interventions, the first one with a 2-year useful life and 
completing it for a 10-year horizon. The manuals and standards 
of Brazilian highway projects allow this type of executive 
methodology. However, there have been several cases of failure 
in Brazil due to the lack of inspection of the vehicle's loads and 
to the methods of designing pavements that are out of date. 

 

 
Figure 1. Location map of the studied sections 
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 1 .1  Metodology 

With the data obtained in the executive flooring project, 
dated 2007, the data processing was done, to apply the 
mechanistic analysis in the type section, dimensioned by the 
empirical method of flexible pavements of the DNIT - National 
Department of Transport Infrastructure. For this, the elastic 
parameters of each layer were determined as a function of the 
constituent materials. 

The Poisson Coefficients and the resilience modulus values 
of the coating, base, sub-base and subgrade layers were 
determined according to ranges of values indicated by DER/SP 
(IP-000/001, 2006). 

After the determination of the structure and respective 
elastic parameters of each layer, the reversible deflection (D0) 
acting on the surface of the pavement, the horizontal tensile 
strain (εt) acting on the lower fibers of the asphalt coating and 
the active compression strain At the top of the subgrade (εv), 
using the AEMC computer program (Sispav). 

Then, the permissible deformations were calculated through 
the performance prediction models. In addition, the values of 
the deformations acting with the permissible Deformations 
compared, and the following situations observed: a) if the 
deformation (ε) ≤ the permissible stress (εadm), the pavement 
has a remaining useful life; b) Otherwise, the pavement will not 
reach the lifetime of the project horizon. Estimating the residual 
useful life of the pavement and the consumption of fatigue.  

This procedure was carried out in two stretches of the 
highway to evaluate the effect of fatigue of asphalt pavements. 
Considering the initial construction phase of two years, which 
by the current design method does not take into account the 
effect of recoverable deflections on the pavement. 

  

1 .2  Results 

 
The first part of the research was applied in the analysis of 

the destructive and non-destructive surveys in the pavement 
already executed, obtained in a survey realized in 2014, in the 
BR-163 / PA. It is known that the central objective of this 
second part is to measure the load capacity and to predict the 
useful life of the pavement already executed from the 
parameters obtained through these surveys. In order to obtain 
the elastic modulus, in the real field conditions of the pavement 
layers and ground of foundation, we performed the back-
calculation of the deflection basins. Then, the stresses and 
deformations acting on the pavement calculated using the 
AEMC computational program, the permissible deformations 
and the N of rupture through performance prediction models. 
The following situations were verified through the 
deformability parameters: If the tensions and deformations 
generated inside the pavement structures, due to the external 
loads from the traffic, are sufficiently smaller than the 
permissible strains and deformations of this pavement; If the 
rupturing N is less than the design N and the fatigue 
consumption is less than or equal to 1. 

The results of the tests performed on the subgrade showed 
that the two sections are brown sandy clay. In the first section, 
the average CBR was equal to 18% and expansion equal to 
0.17%. Already in the second stretch presented a mean CBR of 
10% and an average expansion of 0.04%. It can verify that both 
sections are above the project limits where average CBR must 
be greater than or equal to 8% and expansion less than or equal 
to 2%. 

In the first section, the base layers and the sub-base are 
composed of the same material, sandy lateritic gravel, with 
average CBR equal to 85% and 80% respectively, presenting 
higher limits than those established in the design for base layers, 
CBR greater or Equal to 80% and sub-base greater than or equal 

to 20%. The expansion in both layers are also below the limits, 
considering the expansion condition, in the base layers should 
be less than or equal to 0.5% and in the sub-base layers less 
than or equal to 1%. In the second section, the base layer 
consists of the gravel soil material and the sandy lateritic gravel 
sub-base layer. In relation to the CBR, the average CBR was 62% 
below the project limit, and the average CBR of the sub-base 
was 36% above the stipulated limit in the project, the two layers 
showed average expansion below Of the limits of 0.5% and 1%, 
respectively. 

It was verified that through the destructive surveys, both the 
thicknesses and the constituent materials of the pavement, in the 
first and second analyzed, differ from the structure that was 
dimensioned in design. 

The choice of asphalt layer (HMA with polymer), according 
to the executive design of paving engineering, was to resist the 
climatic factors of the region, which has an average annual 
precipitation of 2000mm and unfavorable climate, in addition 
BR-163/PA is a highway requested by heavy traffic. Therefore, 
an addition to the asphalt cement of special polymeric products 
was adopted in the HMA (Hot Mix Asphalt), with the purpose 
of assigning to the pavement a good waterproofing, thus 
protecting the lower granular layers of the water effect in rainy 
periods and due to the great power of cohesion, to withstand 
high traffic demands. In this way, to provide road users with 
minimized vehicle operating costs, safety and ride comfort, and 
reduced costs with annual pavement maintenance. 

The deflectometric surveys were carried out in June 2014, in 
the first stretch of the 12,500 stake to the 13,520 stake and in 
the second stretch of the 72.220 stake to the 73.220 stake, both 
with a spacing of 20 m between the test stations. The equipment 
used was the Falling Weight Deflectometer. The displacements 
were measured by seven geophones spaced 0, 20, 30, 45, 60, 90 
and 120 cm. Loads of 4.1 and 8.2 t were used, however, only 
the surveys obtained by 4.1 t were used, since this is the load 
equivalent to the standard half-axle. In addition to the applied 
load and displacements, the survey shows the air and pavement 
surface temperatures and the positions of the stakes (road 
reference). 

The variability of the pavement response in relation to the 
dynamic load applied by the FWD is presented in Figures 2 and 
3. 

 
Figure 2. Reversible deflections on the pavement (section 1) 

 
Figure 3. Reversible deflections on the pavement (section 2) 
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  It was observed a great variation of the deflections obtained 
in both sections. Part of this variation can be attributed to the 
equipment, where the accuracy and accuracy of the surveys 
depends on a proper calibration and another part attributed to 
the variability of the thicknesses of the layers during the 
construction process as well as the heterogeneity of the 
materials that constitute the layers of the pavement. 

It is observed that in the first section the obtained deflections 
are smaller than in the second stretch, this can occur due to the 
difference of the traffic in both sections. It is known that the 
BR-163 / PA is requested by heavy traffic, since it is a simple 
lane, the hypothesis to be considered is that the lane on the left 
runs vehicles that are heavier than the lane on the left. The first 
section analyzed showed a mean maximum deflection of 
39.4x10-2 mm, minimum of 24.2x10-2 mm and maximum of 
61.9x10-2 mm. For the second section, it presented a mean 
maximum deflection of 46.12x10-2 mm, minimum of 23.6x10-2 
mm and maximum of 94.3x10-2 mm. 

Thus, the mean, standard deviation and coefficient of 
variation (CV), presented in Tables 1 and 2, whose objective is 
to demonstrate that the segments presented in the deflectometric 
surveys are not homogeneous and to consider them with such 
influence In the results of the analyzes performed floor and the 
considerations on this one. 
 
 
Table 1. Statistical analysis of the deflection basins of the first segment 

Deflections (0,01 mm) 

Load distance 
(cm) 

0 20 30 45 60 90 120

Average 39,37 21,80 14,08 8,12 4,69 3,34 2,73

Std. Deviation 9,61 6,38 4,18 2,43 1,45 1,04 0,83

Coefficient of 
Variation (%) 

24,4 29,3 29,7 29,9 30,9 31,1 30,6

 
 
Table 2. Statistical analysis of the deflection basins of the second 
segment 

Deflections (0,01 mm) 

Load distance 
(cm) 

0 20 30 45 60 90 120

Average 46,12 25,77 16,57 9,63 5,48 3,70 2,85

Std. Deviation 14,26 8,27 5,12 3,16 2,04 1,50 1,10

Coefficient of 
Variation (%) 

30,9 32,1 30,9 32,8 37,2 40,5 38,4

 
It was noticed that besides the variability, the values of the 

deflections are very high, according to (BERNUCCI et al., 2010) 
several factors influence the elastic response of the asphalt 
pavement layers, such as the type of coating, cracking level, 
conditions Weather etc. However, it is possible to indicate a 
typical Deflection value, a pavement with asphalt concrete and 
granular base in good structural condition, should have 
deflections between 30 to 50x10-2 mm. However, in the first 
stretch, 17.6% of the deflection values were smaller than 30x10-

2 mm, 15.7% presented values greater than 50x10-2 mm. 
For the empirical mechanic verification of the executed 

pavement structure, it was necessary to determine the 
parameters related to the mechanical properties of the 
constituent materials of the layers of its structure. Six structures 
were defined, with variation of the modulus of elasticity in all 
layers of coating, base, subbase and subgrade, and thicknesses 
obtained in destructive surveys. The six structures were 
modeled to meet the 2year project horizon. 

Table 3 illustrates the summary of the analysis performed on 
the structure 1, for example, to obtain tensions, deformations 
and displacements in the pavement structure. These parameters 

were determined through the AEMC module of Sispav 
Software (Franco, 2007). Including vehicle loading data and 
retroanalyzed modules through the FWD tests it was possible to 
analyze the stress state in the pavement structure. 

 
Table 3. Tensions, deformations and displacements acting on the 
pavement 

 
 
 
It was observed that the analysis made for the horizon of 2 

years the value well above the reversible deflections acting on 
the surface of the pavement, the simulation made for the six 
structures, of the first and second sections, presented 
satisfactory values. It was found that the active reversible 
deflections presented values between 18.7x10-2 mm to 38x10-2 
mm, referring to Structures 1 to 3 of the first stretch (Km 30.00), 
corresponding on average 40% of the admissible value. The 
second section had values ranging from 20.8x10-2 mm to 
48.2x10-2 mm, referring to Structures 4 to 6 of the second 
segment, corresponding on average 45% of the admissible value. 

 
Figure 3. Reversible deflections on the pavement surface with 2 year 
project horizon 

 
Similarly, the compression deformations at the top of the 

subgrade had values below the allowable value in all analyzed 
structures, of the first and second sections, presenting 
satisfactory values in the verifications where εv ≤ εadm, as shown 
in Figure 4. 

 

 

Structure - 1 

Layer Thickness (m) Modulus (MPa) 

 

Coef. Poisson Cond Interface 

1 0,085 1340 0,30 0 

2 0,23 173 0,35 0 

3 0,20 198 0,35 0
4 0 305 0,40 0 

Loads 

Type: Double axis 

Tire Pressure (MPa): 0,56 

Load radius (m): 0,107946

Tensions, deformations and displacements  

Point 
X 

(m) 
Y 

(m) 
Z 

(m) 
Uz 

(µm) 
Sx 

(MPa) 
Sy 

(MPa) 
Sz 

(MPa) 
Ex 

(m/m) 
Ey 

(m/m) 
Ez 

(m/m) 

1 0 0 0,001 199,038 -0,1784 -0,2850 -0,0316 -4,4E-05 -0,0001 0,0001

2 0 0 0,084 196,143 -0,1584 0,3248 -0,2034 -0,0001 0,0002 -0,0001 

3 0 0 0,446 71,202 -0,0040 -0,0008 -0,058 0,000039 0,000005 -0,0001 
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 Figure 4. Compression deformations at the top of the sublet pavement 
with a 2 year project horizon 

 
However, in the analysis of the specific tensile 

deformations in the lower fibers of the asphalt layer, some 
structures presented higher values (structures 1 and 4) to the 
predicted traffic. The others presented satisfactory values, that 
is, below the admissible traffic value (Figure 5). 
 

 
Figure 5. Tensile Deformations (Traffic) 

 
Finally, of the 3 deformability parameters studied and 

obtained through the calculation of tensions and deformations 
in the six structures modeled as a function of the thicknesses of 
the layers and of the modules obtained in the back-calculation 
in the first and second sections with a 2 year project horizon, Of 
tension in the lower fibers of the coating layer had the 
verification not satisfied, indicating that the pavement would 
rupture due to fatigue in the coating layer. 

2  CONCLUSION 

The Brazilian methodology for designing asphalt 
pavements is based on other methods developed for climate 
countries and soils different from those found in the tropics. 
The method has as fundamental principle to protect the 
subgrade so that plastic deformations do not occur, assigning to 
the ground of foundation the structural performance of the 
pavement. However, the analyzes of this study prove that the 
empirical way in which pavements are being designed is not 
enough for it to reach the project lifetime. The simplifications 
of the method impose the good performance of the pavement, 
depending on the thickness of the granular layers and the 
asphalt coating, disregarding the mechanical behavior of the 
materials that constitute the respective layers, depending on the 
traffic and climatic actions, a same material applied to 
pavements with different characteristics behave differently. 
Therefore, each floor will have its particularity and generalize 
its dimensioning from experiences and observations previously 
acquired, has as a consequence pavements that do not meet 
expectations, resulting in degradation processes in an 
accelerated way, making it necessary to intervene ahead of time 
expected. 

The present work demonstrated the eminent need to design 
and analyze Brazilian pavements in light of the pavement 
mechanics and not only of purely empirical methodologies. The 
pavement analyzed was initially designed for 10 years, however, 
began to present pathologies soon after its execution. 

A new method of design flexible pavements is being 
developed in Brazil, which will take into account the fatigue 
effects of asphalt and cemented layers and also the evaluation 
of vertical deformations at the top of the subgrade. It is 
expected that the high expenses with early rehabilitation of 
Brazilian pavements will be less frequent. Another problem that 
has also contributed to the failures of pavement structures for 
many years is the lack of inspection of heavy vehicles; however, 

with the improvementof actions in the operational phase, a 
better use of public resources is expected, especially in a 
country with Social inequalities such as Brazil. 
  

3  ACKNOWLEDGEMENTS 

Department of Civil Engineering of the University Center of the 
Distrito Federal - UDF and National Department of Transport 
Infrastructure - DNIT for support. 

4  REFERENCES (TNR 8) 

Bernucci, L.B., Motta LMG, Ceratti JAP, Soares JB. Pavimentação 
asfáltica: formação básica para engenheiros. 3ª ed. Rio de Janeiro: 
PETROBRAS: ABEDA, 2010. 

DER/SP, Instrução de Projeto de Pavimento, Anexo A. São Paulo. 53 
pp. (Publ, IP., DE 000/001). Departamento de Estradas de 
Rodagem do Estado de São Paulo. Janeiro de 2006. 

Franco, F.A.C.P. 2007 Método de Dimensionamento Mecanístico-
Empírico de Pavimentos Asfálticos – SisPav. Tese de D.Sc. 
COPPE/UFRJ, Rio de Janeiro, RJ, Brasil. 

Medina, J., Motta, L.M.G., Mecânica dos Pavimentos, 3ª ed, ISBN 978-
85-7193-366-8.2015. 

Motta, L.M.G., Medina, J.  Investigação e Desenvolvimento em 
Mecânica dos Pavimentos na COPPE - Brasil. Rio de Janeiro: 
COPPE/UFRJ, 2006. 

Motta, L.M.G., Método de dimensionamento de pavimentos flexíveis; 
critério de confiabilidade e ensaios de cargas repetidas, Tese 
(Doutorado em Engenharia Civil), COPPE/UFRJ, 366p. 1991. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

- 1410 -


	Return
	Print

