
  

INTERNATIONAL SOCIETY FOR 

SOIL MECHANICS AND 

GEOTECHNICAL ENGINEERING 
 

 

 

 

 

 

 

 

   

  
 
 
 
 
This paper was downloaded from the Online Library of 
the International Society for Soil Mechanics and 
Geotechnical Engineering (ISSMGE). The library is 
available here: 
 
https://www.issmge.org/publications/online-library 
 
This is an open-access database that archives thousands 
of papers published under the Auspices of the ISSMGE and 
maintained by the Innovation and Development 
Committee of ISSMGE.   

 

 

 

 

The paper was published in the proceedings of XVI Pan-
American Conference on Soil Mechanics and 
Geotechnical Engineering (XVI PCSMGE) and was edited 
by Dr. Norma Patricia López Acosta, Eduardo Martínez 
Hernández  and Alejandra L. Espinosa Santiago. The 
conference was held in Cancun, Mexico, on November 
17-20, 2019.  
 
 

 

 

https://www.issmge.org/publications/online-library


Comparative Study of Permanent 

Deformation of Asphaltic Mixtures Using 

Two Methods of Performance Assessment 

Ricardo Gil RODRIGUESa, Luis Felipe Costa LIMAb, Henrique Apolinário RODYc,1 

and Silvana Macedo de VASCONCELOSd 
aCOPPE-UFRJ, Brasil, gilmeth@globo.com 

bUnisuam, Brasil, felipelima1234@hotmail.com 
c Diretoria de Patentes, INPI, Brasil, henrique.rody@inpi.gov.br 

dCOPPE-UFRJ, Brasil, Silvana.vasconcelos@gmail.com 

Abstract. Rutting in the wheel track of the rolling layer of a pavement is one of the 
most serious structural defects to which it is exposed, since it is directly linked to 
the deterioration of the pavement structure, resulting in discomfort to the bearing, 
an increase of operational costs and, mainly, an enormous reduction of the security 
to the user. This work makes a comparison, from the mechanics tests carried out on 
three asphalt mixtures with similar granulometry, of the evaluation of two methods 
of tests for rutting of asphalt mixtures – LCPC Traffic simulator method; and 
repeated uniaxial load test. This study allowed to verify and evaluate the acceptance 
criteria about the performance of the analized mixtures according to the number of 
loadings. The results showed that the asphalt mixtures obtained some divergent 
evaluations for the two tests. This difference in behavior for the two methods may 
be due to the different test procedures, where the LCPC Simulator tests the confined 
mixture, which favors the interlocking of the aggregates, while uniaxial test works 
with test specimens without confinement. 

Keywords. Permanent deformation of asphaltic mixtures, methods of performance 
assessment. 

1. Introduction 

The problem of permanent deformation is a very complex phenomenon, derived from 

several factors that, although important, will not be all approached in this work. The 

focus will be basically related to the asphalt mixtures, which, simultaneously, already 

involve the viscous deformation of the asphalt binder and the plastic deformation of the 

mineral structure of the skeletal stone. In order to do so, we will use aggregates of similar 

grain size, from two different quarries, but with similar texture, angularity, shape and 

wear characteristics, so that the binder used will be the differential of the mixtures.  

The objective of this work was to evaluate the permanent deformation of asphalt 

mixtures by means of a comparative analysis of the results obtained experimentally in 

the laboratory by a method that uses the laboratory traffic simulator of the LCPC [1], a 

typical wheel track rutting test, with the repeated loading uniaxial test, by comparing the 
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criteria of the test results against the traffic. According to Nascimento [2], it should be 

noted that both tests have great potential for correlation with the results of field 

performance. 

It is important to note that in 2017 the DNIT has already elaborated the uniaxial 

repeated load test procedure standard for determining the resistance to permanent 

deformation of asphalt mixtures, as performed in the present work. 

2. Materials and methods 

The present work was developed in the Pavement Laboratory of COPPE / UFRJ, where 

three dense asphalt mixing projects were analyzed, with a continuous graded curve, 

forming a composition with few voids. 

The first project (M1) consists of mineral aggregates from the “Magé Mineração” 

quarry (gravel 1, gravel 0 and stone powder). The asphalt binder used was the 

conventional CAP 30/45. The second project (M2) is also made up of mineral aggregates, 

where the differential is the asphalt binder used, in this case the CAP 50/70. The third 

project (M3) is formed by mineral aggregates with granulometry similar to the previous 

projects, whose origin is from the ESAM quarry, and the stone powder from FLAPA, 

both located in the metropolitan region of Rio de January. The asphalt binder used in this 

blend was CAP 60/85, polymer modified binder - SBS. All the binders were supplied by 

BR Distribuidora - Petrobras, from FASFDUC. 

The methodology used is Superpave [3], which considers traffic and climate in 

materials selection, as well as rheology and performance of asphalt binders [4]. The 

differential of this methodology is that it establishes a volume of voids (Vv), considering 

the characteristics of the aggregates used in each mix, tending to present lower optimum 

levels than those determined by the Marschall method, which has been more used until 

then [5]. In this case, the use of the Superpave rotary compactor (SGC) in the preparation 

of test specimens is of fundamental importance in the process. The SGC provides 

mechanical properties such as density and percentage of voids depending on the number 

of turns, data used for dosing, among other parameters, such as CDI (Compaction 

Densification Index) and TDI (Traffic Densification Index), which were framed in the 

values proposed by Nascimento [2] 

2.1. Characterization of binders and aggregates 

The characterization of the binders and the aggregates was carried out with the 

subsequent dosage of the asphalt mixtures. Table 1 shows the characterization of the 

ligands according to the Superpave methodology. It was verified that the three binders 

studied meet the limits established by the National Agency of Petroleum, Natural Gas 

and Biofuels (ANP). 

Table 1. Characterization of asphalt binders. 

Parameter M1 M2 M3 

Penetration at 25°C (dmm) 34.0 51.0 44.0
Softening point (°C) 55.0 48.0 65.3
Brookfield Viscosity 135 (°C) 576.0 359.0 732.0
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Specific tests were performed on the aggregates used, such as Abrasion Aggregate 

Wear Los Angeles, Sand Equivalent, Specific Mass, Form, Texture, Angularity, among 

others and the values obtained meet the limits established according to the norms in force 

of DNIT. Figure 1 shows the granulometric curves of the three mixtures studied 

according to the Superpave methodology, of Maximum Nominal Size of the aggregates 

(TMN) equal to 19.1 mm. The data of the granulometric composition of the mixtures can 

be seen in Table 3, as well as the equivalent limits of the "B" range of the DNIT and the 

limits of the grain size range Superpave TMN 19.1mm. 

 

Figure 1. Results of the granulometric curve. 

The binder dosages were made using a mechanical mixer according to the Superpave 

methodology, for a heavy traffic volume in the classification, assuming 100 turns in the 

SGC. In this method, the volumetric requirement is that the Vv equals 4%. For this, 5 

CPs with binder contents estimated from 4 to 6% were prepared for each blend so that 

the optimum binder content for each was found through a graph. Figure 1 shows the 

graphs from which the optimal content for each mixture was obtained, according to the 

results obtained in Table 2. 

Table 2. Results of estimated binder contents 

Binder Content (%)     Vv  M1    (%)     Vv  M2    (%)     Vv  M3    

(%) 

3.50 - - 9.32
4.00 6.59 6.24 7.38
4.50 5.01 4.99 5.93
5.00 3.75 2.96 4.67
5.50 1.27 1.42 3.84
6.00 0.80 - -

The results of the dosages of the 3 blends can be seen in Table 3. 

Table 3. Dosage results. 

Mixture 
Optimum 

CAP percent 

 M1 4.90
 M2 4.75
 M3 5.40
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3. Results 

The following are the LCPC and uniaxial repeated load simulations applied in the asphalt 

mixtures of this study, and it is possible to compare the results obtained between the 

mixtures initially for the same test and later between the different methodologies. 

3.1. Results of the LCPC traffic simulator tests 

In the case of tests with the traffic simulator, the mixtures were tested by the generation 

of two plates named A and B compacted and worked under similar conditions, with +/- 

7% Vv, according to standard. The results for each mixture can be seen in Table 4. 

Table 4. Characterization of asphalt binders. 

Mixture

s 

Percentage of initial plate height per Number of 

cycles 

%ATR medium 

(30000 cicles) 

0 100 300 1000 3000 10000 30000  

M1-A 0 1.28 1.99 2.65 3.40 4.56 5.99 5.96 

M1-B 0 1.09 1.83 2.59 3.33 4.43 5.93  

M2-A 0 1.48 1.98 2.84 3.77 5.39 7.99 7.93 

M2-B 0 1.26 1.96 2.82 3.76 5.40 7.87  

M3-A 0 0.62 0.88 1.35 2.13 2.92 3.46 3.54 

M3-B 0 0.66 0.92 1.51 2.22 3.02 3.62  

Figure 2 shows the graphs of the experiments with the LCPC traffic simulator for 

the studied mixtures. For each set of plates a regression equation is obtained in the form 

Y = aNb, where "Y" represents the sink value, "N" the number of cycles, and "a" and "b" 

in the regression. The values obtained are correlated with the project number N. 

  

 

Figure 2. Results of the LCPC simulator for mixtures M1, M2 and M3. 
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It can be said that all asphalt mixtures presented satisfactory results for heavy traffic 

if the French standard is used, which compares the maximum ATR percentage values in 

30000 cycles with the limit of 10% of the initial height. Note that if Moura's proposal [4] 

is used, only the M3 sample can be framed for heavy traffic, because the boundary 

condition passes to 5% of the maximum ATR percentage value in 30000 cycles. 

3.2. Results of repeated repetition uniaxia tests 

With respect to the results of the uniaxial repeated load tests, 3 CPs with +/- 7% Vv were 

molded for each mixture, according to standard procedures, where some results can be 

seen in the graphs of Figure 3. 

  

 

Figure 3. Results of the FN for the mixtures (a) M1-CP01, (b) M2-CP01 and (c) M3-CP01. 

In Table 5, a summary of the Flow Number test results for all CPs can be seen. 

Table 5. Flow Number Test Results. 

Mistura FN 
FN 

médio 
Mistura FN 

FN 

médio 
Mistura FN 

FN 

médio 

M1-CP01 990  M2-CP01 110  M3-CP01 1150  

M1-CP02 960 990 M2-CP02 70 93 M3-CP02 860 993 

M1-CP03 1020  M2-CP03 100  M3-CP03 970  
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The results obtained for the creep tests showed that two of the three asphalt mixtures 

evaluated (M1 and M3) presented NF results that meet the proposal of Nascimento [2], 

with values above 750 for heavy traffic. 

Table 6 shows a summary of the results of the tests performed for the proposed 

projects. In it, the performance evaluations of the different mixtures can be observed 

against the methods used. 

Table 6. Comparative evaluation of proposed projects. 

Mixture 
LCPC Simulator Flow Number 

French Std. (10%) Moura (2010) (5%)

M1 Attend Not Attend

M2 Attend Not Not

M3 Attend Attend DE Attend

4. Final considerations 

The present work had as objective to evaluate and to compare the acceptance criteria of 

two methods of determination of resistance to permanent deformation in 3 asphalt 

mixtures.  

From the results presented, it is observed that the mixtures M1 and M3 presented 

better performance in relation to the resistance to the permanent deformation in the case 

studied, for heavy traffic. It can be seen that the M3 blend has a better performance due 

to the lower percentage of ATR formation in the simulator, which is in line with a trend 

of reduction of the permanent deformation values for the polymer modified asphaltic 

binders. In the case of the results of the Moura evaluation [4], the requirement of the 5% 

ceiling is a criterion that may try to adapt the French standard to the reality of the 

Brazilian runways.  

The mixture M2, presented a low performance in relation to the Flow Number test, 

in relation to the LCPC simulator, suggesting to be unfit for use in heavy traffic. This 

difference in behavior for the two methods may be due to the different test procedures, 

where the LCPC Simulator tests the confined mixture, which favors interlocking of the 

aggregates, while FlowNumber works with CPs without confinement.  

Another detail is that the standards for the LCPC Simulator were based on French 

tracks, with different characteristics of the tracks in Brazil, mainly in relation to the 

temperature. What can be put, is that the Flow Number test was calibrated with results 

from Brazilian experimental tracks, which makes this test more accurate. 

It is up to the engineer (designer) to make the decision in choosing the best asphalt 

mixing option for his project in question, always taking into account the cost-benefit 

ratio. 

The M1 and M3 mixtures studied will be applied to experimental tracks in the future 

and, as suggested by future research, monitoring and analysis of their field performance 

would be an interesting option. 
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