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Abstract 

In the current mechanical-empirical methodology proposed by 
the AASHTO (American Association of State Highway 
Transportation Officials), the mechanical parameter used to 
characterize mixtures of asphalt concrete is the dynamic 
modulus E*. However, traditionally, these materials are 
characterized by the resilient modulus Mr. That is, the 
engineers and the institutions that work in the area of the 
pavements have greater information of magnitudes of Mr 
measured in laboratory in comparison with E*. Therefore, it is 
necessary to try to determine a simple correlation between both 
parameters. The mechanical-empirical methodology developed 
a mathematical equation for the estimation of E*. In order to 
establish if it is possible to obtain a correlation between both 
parameters, an experimental phase was initially carried out to 
measure in the laboratory the Mr of mixtures of asphalt 
concrete, manufactured with four granulometries and three 
types of asphalt. Then the results obtained were compared with 
the mathematically calculated E*. As a general conclusion, it is 
reported for the analyzed mixtures, that there is no clear 
correlation between the Mr obtained in the laboratory and the 
E* obtained using the equation recommended by the 
mechanical-empirical methodology. 

Keywords: AASHTO, Asphalt Concrete, Pavement Design, 
MEPDG, Resilient Modulus, Dynamic Modulus. 

 

INTRODUCTION 

Currently, one of the most widely used pavement design 
methods in the world is the one described by AASHTO [1]. In 
this methodology, the mechanical parameter used to 
characterize asphalt mixtures is the resilient modulus (Mr). 
Based on the results of several years of research conducted as 
part of the project NCHRP 1-37A [2], this methodology tends 
to be replaced by a mechanical-empirical proposal by 
AASHTO itself and initially published by MEPDG [3]). In this 
last methodology, the mechanical parameter used to fulfill the 
same function of Mr is the dynamic modulus (E*) [4]. Both in 
the methodology AASHTO [1] and in the MEPDG [3], the 
inaccurate determination of Mr and E*, respectively, generates 
in the design calculations of pavements, states of stresses and 
deformations that can lead to inappropriate determinations of 

thicknesses of asphalt layers. For this reason, the calculation 
and choice of these parameters plays a fundamental role in the 
sizing of road structures. 

Traditionally, pavement engineering is more familiar with the 
execution of Mr tests to characterize asphalt mixtures. This is 
due to the fact that the design method proposed by MEPDG [3] 
is not currently used in underdeveloped countries, mainly 
because the input data (traffic, climate, mechanical parameters, 
prediction models, among others) to use this method is not they 
are easy to determine and correlate in countries different from 
the one in which it was developed (United States of America). 
That is, there is a greater amount of information and databases 
about the Mr of asphalt mixtures measured in the laboratory 
compared to its E*. If in the future then, the methodology 
AASHTO [1] is replaced by the MEPDG [3], it would be 
interesting to know, if there is a correlation to obtain both 
mechanical parameters in an easy and simple way, although it 
is of wide knowledge, that the meaning and magnitude of Mr 
and E* is different, due to the way they are determined in the 
laboratory (different types of sample, load, among others). 

Therefore, in the present study we evaluated the existence of a 
possible correlation between the E* calculated mathematically 
using an equation recommended by MEPDG [3] and the 
laboratory Mr obtained from mixtures of asphalt concrete, 
manufactured with four granulometries (MD12, MG20, MS25, 
MAM20) and three types of asphalt cement (CA 60-70 from 
two different refineries and one modified asphalt CA 40-50). 

The Mr can be defined as the relationship that exists between 
an applied deviating stress and the recoverable deformation that 
develops an asphalt mixture for a given load application 
temperature and frequency [5-7]. In the test, the cyclic or 
repeated load is applied vertically on the diametral plane of a 
cylindrical specimen of asphalt concrete [4] without impact to 
the sample (non-destructive test), during a recommended 
period of time generally of 0.1 s, and recess period of 0.9 s 
(ASTM D 4123). E* is defined as the magnitude of the absolute 
value of the complex modulus that defines the linear 
viscoelastic properties of an asphalt mixture subjected to a 
sinusoidal load. The cylindrical samples have a height to 
diameter ratio of 2 to 1, a minimum diameter of 4" and a 
diameter of four or more times the maximum nominal particle 
size of the aggregate (AASHTO TP62-03). A sinusoidal axial 
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compression stress (half reverse sine) is applied to the sample 
and the recovery of the axial deformation of the specimen is 
measured. The test is carried out at different temperatures and 
load frequencies4. 

For the case of the MEPDG3 methodology, E* is estimated 
mathematically using equation (1), recommended by the 

NCHRP [8]. This equation presents a correlation r2 = 0.96 with 
the results of tests of E* measured in laboratory on 205 types 
of mixtures made with 14 modified asphalts and 9 unmodified, 
34 different types of granular aggregates and two compaction 
methods (by impact-Marshall and gyratory compaction). 

 

 

   log393532.0log313351.0603313.0
34

2
38384

4
2

200200

1
005470.0000017.0003958.00021.0871977.3

...802208.0058097.0

...002841.0001767.0029232.0750063.3*

























f

abeff

beff
a

e
PPPP

VV
V

V

PPPELog

         (1) 

 

E * is the dynamic modulus in psi,  is the viscosity of the 
asphalt at 10 [6] poise, f is the load frequency in Hz, Va is the 
percentage of air voids of the mixture in volume, Vbeff  is the 
percentage of asphalt in volume of the mix, P200 is the 
percentage that passes the No. 200 sieve in a granulometry test, 
and P34, P38 and P4 are the accumulated retained percentages of 
coarse granular aggregate in the sieves 3/4", 3/8" and No. 4, 
respectively. Equation (1) is recommended for a temperature 
range of the asphalt mixture between -18 and 54°C and load 
frequency between 0.1 to 25 Hz.  in cP can be obtained 
directly using a dynamic rheometer or using the equations (2-
3), the latter recommended by MPEDG [3]. 

 

     2log00389.0log2601.25012.10log penpen   (2) 

   RTVTSA logloglog                             (3) 

Pen is the penetration in mm / 10 according to AASHTO T 49 
test, TR is the asphalt temperature in Rankine, A and VTS are 
parameters obtained by regression. Parameters A and VTS can 
be obtained based on the classification of asphalt by 
penetration, viscosity or performance grade (PG), using tables 
1-3, respectively [3]. 

 

 

Table 1. Obtaining A and VTS based on penetration 
classification in mm/10 

Classification A VTS 

CA 40-50 10,5254 -3,5047 

CA 60-70 10,6508 -3,5537 

CA 85-100 11,8232 -3,6210 

CA 120-150 11,0897 -3,7252 

CA 200-300 11,8107 -4,0068 

 

Table 2. Obtaining A and VTS based on the viscosity 
classification 

Classification A VTS 

CA-2,5 11,5167 -3,8900 

CA -5 11,2614 -3,7914 

CA -10 11,0134 -3,6954 

CA -20 10,7709 -3,6017 

CA -30 10,6316 -3,5480 

CA -40 10,5338 -3,5104 

 

Table 3. Obtaining A and VTS based on the PG classification 

T [°C] 
-10 -16 -22 -28 -34 -40 -46 

VTS A VTS A VTS A VTS A VTS A VTS A VTS A 

46         -3,901 11,504 -3,393 10,101 -2,905 8,755 

52 -4,570 13,386 -4,541 13,305 -4,342 12,755 -4,012 11,840 -3,602 10,707 -3,164 9,496 -2,736 8,310 

58 -4,172 12,316 -4,147 12,248 -3,981 11,787 -3,701 11,010 -3,350 10,035 -2,968 8,976   

64 -3,842 11,432 -3,822 11,375 -3,680 10,980 -3,440 10,312 -3,134 9,461 -2,798 8,524   

70 -3,566 10,690 -3,548 10,641 -3,426 10,299 -3,217 9,715 -2,948 8,965 -2,648 8,129   

76 -3,331 10,059 -3,315 10,015 -3,208 9,715 -3,024 9,200 -2,785 8,532     

82 -3,128 9,514 -3,114 9,475 -3,019 9,209 -2,856 8,750 -2,642 8,151     



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 22 (2018) pp. 15725-15733 
© Research India Publications.  http://www.ripublication.com 

15727 

METHODOLOGY 

Materials 

Tables 4 and 5 show the values obtained from the 
characterization tests performed on the granular aggregate and 
the two asphalts CA 60-70 (from the refineries of the 
Colombian Petroleum Company - ECOPETROL in Apiay - 
CAA and Barrancabermeja - CAB, Colombia), respectively. 
Table 6 presents the results of the tests performed on the 

modified asphalt CA 40-50 (CAV). The viscosity classification 
(AASHTO M 226) of the CAA, CAB and CAV asphalts is CA 
30, CA 20 and CA 40, respectively. The performance grade 
(AASHTO M 320) of the CAA, CAB and CAV asphalts is PG 
58-22, PG 58-22 and PG 76-22, respectively. 

 

 

Table 4.  Characterization of the granular aggregate 

 Test Method Required (IDU, 2011) Result 

Sand Equivalent AASHTO T 176-02 40% minimum 77% 

Faces fractured on one side ASTM D 5821-01 90% minimum 97% 

Liquid and plastic limits ASTM D 4318-00 0% 0% 

Elongation index NLT 354-91 10% maximum 7,5% 

Flattening rate NLT 354-91 10% maximum 7,5% 

Magnesium sulfate attack ASTM C 88-99a 18% maximum 12,1% 

Micro-Deval AASHTO T327-05 25% maximum 12,9% 

10% fines (dry resistance) 
DNER-ME 096-98 

90 kN minimum 162 kN 

10% fines (wet / dry ratio) 75% minimum 91,3% 

Resistance in Machine of the Angeles AASHTO T 96-02 30% maximum 27,0% 

 

Table 5.  Characterization of CA 60-70 of Barrancabermeja (CAB) and Apiay (CAA) 

Test Test Standard  Unit 

Admissible Value 

CAB CAA 

Minimum Maximum 

Penetration AASHTO T 49 0,1 mm 60 70 68,50 64 

Penetration Index - - -1,0 1,0 -0,10 0,35 

Ductility ASTM D-113 cm 100 - 100 134 

Specific gravity AASHTO T 228-04 g/cm³ - - 1,01 1,024 

Softening point ASTM D-36-95 ° C 45 55 51,3 53,9 

Viscosity (60º C) ASTM D-4402 Pa-s 150 300 189 326 

Viscosity (135º C) AASHTO T-316 Pa-s 0,22 0,45 0,34 0,40 

Tests on the residue after RTFOT (Rolling Thin Film Oven Test) 

Mass loss in RTFOT ASTM D-2872 % - 1,0 0,21 0,85 

Penetration to the residue with RTFO 
(initial/afterRTFOT*100) ASTM D-5 % 54 - 71,5 57,8 

Increment in softening point ASTM D-36-95 ° C - 9 4 8,1 
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Table 6. Characterization of CA type V (CAV) 

Test Test standard Unit 
Admissible Value 

CAV 
Minimum Maximum 

Penetration AASHTO T 49 0,1 mm 15 40 47 

Ductility ASTM D-113 cm - - 9,67 

Specific gravity AASHTO T 228-04 g/cm³ - - 10,07 

Softening point ASTM D-36-95 ° C 65 - 76,1 

Viscosity (135º C) AASHTO T-316 Pa-s - - 3,16 

Tests on the residue after RTFOT (Rolling Thin Film Oven Test) 

Mass loss in RTFOT ASTM D-2872 % - 1,0 0,26 

Penetration to the residue with RTFO 
(initial/afterRTFOT*100) ASTM D-5 % 70 - 69,1 

Increment in softening point ASTM D-36-95 °C - - 2,2 

 

Design of asphalt mixtures 

The granulometry of the granular aggregate used for the 
preparation of asphalt concrete mixtures corresponds to the 
central strip of mixtures type MD12, MG20, MS25 and 
MAM20 (IDU, 2011, see table 7). MD, MG, MS and MAM 
mean dense mixture, coarse mixture, semi-dense mixture and 
high modulus asphalt mixture, respectively. Marshall-type 
samples were compacted at 75 blows per side (AASHTO T 
245) and their dimensions were 2.5" in height and 4" in 
diameter. 

 

Table 7. Granulometry mixes MD12, MG20, MS25 and 
MAM20 

Sieve Percentage passing 

Normal Alternate MD12 MG20 MS25 MAM20 

37,5 mm 1 1/2” - - 100 - 

25,0 mm 1” - 100 87,5 100 

19,0 mm 3/4” 100 85 81 87,5 

12,5 mm 1/2” 87,5 65 68 74 

9,5 mm 3/8” 79 56 61 63 

4,75 mm No. 4 57 37 41 43 

2,00 mm No. 10 37 24,5 31 31 

425 m No. 40 18 12 15 15 

180 m No. 80 12 7,5 9,5 11 

75 m No. 200 6,5 4 5,5 7,5 

 

Figure 1 presents the evolution curves of the viscosity with 
temperature for the three characterized asphalts. The 
approximate mixing and compaction temperatures in the 
laboratory for asphalt mixtures made with the CAB and CAA 
asphalts are 150°C and 140°C, 151°C and 142°C, respectively. 
These values were obtained based on the criteria established by 
ASTM D6925 specification (equi-viscosity method), where the 
viscosity required to obtain the mixing and compaction 
temperatures of hot asphalt mixtures of the dense type are 85 ± 
15 SSF (170 cP) and 140 ± 15 SSF (280 cP), respectively. In 
the case of the modified asphalt CAV, and using the criterion 
of equi-viscosity, the temperatures of mixing and compaction 
are 207°C and 193°C, respectively. These values were changed 
by 175°C and 163°C, taking into account: i) that it is widely 
recognized in the world, that the equi-viscosity method for 
modified asphalt is not reliable, mainly due to the fact that the 
behavior of these materials is strongly dependent on the shear 
speed (non-Newtonian fluid), and the temperatures reported by 
this method are, in general, very high and unrealistic, degrading 
the original properties of the binder by oxidizing it and aging 
it; ii) that these temperatures have been used by various 
researchers in the manufacture of modified asphalt mixtures 
with plastomeric and elastomeric polymers. The Asphalt 
Institute, for example, recommends reducing between 14°C 
and 25°C the compaction temperatures of modified asphalt 
mixtures, determined from the criterion of equi-viscosity; iii) it 
was sought to use temperatures in which the granular aggregate 
did not alter its resistance to fracturing during the compaction 
in the laboratory, the asphalt would not be oxidized in excess, 
and that the manufacture of mixtures would not generate high 
polluting emissions into the atmosphere. 
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Fig. 1. Viscosity curve of the analyzed asphalts 

Table 8 summarizes the optimum percentage of asphalt 
obtained from the design of the MD12-A, MG20-A, MS25-A 
(manufactured with CAA), MD12-B, MG20-B, MS25-B 
mixes. (manufactured with CAB) and the MAM20 mixture 
(made with CAV). The design of the mixtures was obtained by 
performing the Marshall test (AASHTO T 245) and was based 
on the criteria established in the IDU technical specifications 
[9]. Additionally, the following criteria were used: i) the tensile 
strength of the wet-conditioned mixture was higher than 80% 
of that reached under the dry condition; ii) the deformation 
speed in the plastic deformation resistance test using the 
laboratory track (UNE-EN 12697-25: 2006; CEN, 2005) was 
not higher than 15 μm / minute. 

 

 

 

Table 8. Design of mixtures 

Characteristics Unit MD12-A MD12-B MG20-A MG20-B MS25-A MS25-B MAM20 

Optimum asphalt content % 5,2 5,4 4,7 4,7 4,7 5,0 4,7 

Stability kN 18,0 16,4 16,6 13,25 20,3 14,2 23,0 

Bulk density kg /m3 2310 2334 2286 2304 2312 2324 2313 

Flow mm 3,5 3,5 3,5 3,4 3,5 3,4 3,5 

Stability /Flow kN/mm 5,14 4,56 4,74 3,90 5,80 4,15 6,39 

Air voids % 4,3 4,0 5,3 4,5 5,0 4,2 5,0 

Voids filled with asphalt % 72 73 65 68 65 70 66 

Voids in the mineral aggregate % 14,6 14,3 15,2 14,5 14,2 14,1 14,3 

 

Determination of Mr in laboratory 

For the measurement of Mr in the laboratory, the criteria 
established in the specification ASTM D 4123-82 were 
followed, and it was determined, under three temperatures (10, 
20 and 30°C) and load frequencies (2,5, 5,0 and 10.0 Hz), using 
a Nottingham Asphalt Tester (NAT) equipment. The test was 
carried out on mixtures type MD12-A, MG20-A, MS25-A, 
MD12-B, MG20-B, MS25-B. In the case of the MAM20 
mixture, the test temperatures were 20, 25 and 30°C. Each test 
was performed on 9 samples (3 for each temperature). The 
samples were compacted to 75 blows per side, following the 
guidelines established in AASHTO T 245. Additionally, to 
simulate the short-term aging of the mixtures during the 
manufacturing, extension and compaction processes, they were 
subjected to a process called STOA (Short Term Ageing Test), 
following the procedure recommended by von Quintus et al. 
[10] (the mixtures in loose state are subjected in a furnace 
during 4 hours to 135°C and then they are compacted). 

 

Mathematical calculation of E * and correlation analysis 

with Mr 

In equation (1), the main parameter that can vary ostensibly the 
E* of the mixtures is . The other parameters do not change 
significantly, are usually fixed and obtained based on the 
granulometry (P200, P34, P38 and P4), the design of the mixture 
(Va, Vbeff) and the speed of vehicle circulation (f). Using the 
equations (2-3) can be determined  simply by means of 4 
forms (each one called Simulation i, where i is the number of 
each simulation). These forms of production are described 
below and are listed based on ease of use in practice: 

 Simulation 1. Based on the classification of asphalt by 
penetration, parameters A and VTS are determined in 
table 1. Then these parameters are introduced into 
equation (3) and estimated . 

 Simulation 2. In the laboratory, the penetration test is 
performed on the asphalt at the temperature at which 
we want to estimate  and this parameter is calculated 
using equation (2). 
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 Simulation 3. Based on the classification of the asphalt 
by viscosity, parameters A and VTS are determined in 
table 2. Then these parameters are introduced into 
equation (3) and estimated . 

 Simulation 4. Based on the classification of the asphalt 
by PG, parameters A and VTS are determined in table 
3. Then these parameters are introduced into equation 
(3) and estimated . 

Once  is obtained, this parameter is introduced in equation (1) 
to calculate mathematically E*. In the present study, E* 
calculated using equation (1) is compared with Mr obtained in 
the laboratory by the relationship between the two (ER=E*/Mr), 
in order to show if there is any correlation. A fifth way of 
obtaining  was not taken into account by direct method, using 
a Dynamic Shear Rheometer (DSR), since the necessary tests 
to execute are not easy to perform at temperatures of 10, 20 and 
30°C, and in that meaning, the correlation would lose practical 
simplification. 

 

RESULTS 

Resilient modulus obtained in the laboratory (Mr)  

Table 9 shows the evolution of Mr with the temperature and load frequency of the mixtures designed and analyzed. 

Table 9.  Summary of the magnitude of Mr 

MD12-A 

F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] 

2,5 
10 

8469 2,5 
20 

4621 2,5 
 

30 

1963 
5 10678 5 5283 5 2276 
10 11261 10 6264 10 2851 

MD12-B 

F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] 

2,5 
10 

7786 2,5 
20 

3826 2,5 
30 

1658 
5 9286 5 4508 5 1979 
10 10863 10 5589 10 2526 

MG20-A 

F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] 

2,5 
10 

9677 2,5 
20 

5385 2,5 
30 

2211 
5 11071 5 6318 5 2677 
10 12207 10 7391 10 3265 

MG20-B 

F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] 

2,5 
10 

10268 2,5 
20 

5331 2,5 
30 

1812 
5 11673 5 6077 5 2186 
10 13663 10 7265 10 2968 

MS25-A 

F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] 

2,5 
10 

10111 2,5 
20 

4497 2,5 
30 

1922 
5 11259 5 5320 5 2362 
10 12210 10 6799 10 2972 

MS25-B 

F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] 

2,5 
10 

10397 2,5 
20 

4501 2,5 
30 

1816 
5 12282 5 5821 5 2195 
10 13532 10 7289 10 2573 

MAM20 

F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] F [Hz] T [°C] Mr [MPa] 

2,5 
20 

7256 2,5 
25 

5412 2,5 
30 

3707 
5 8154 5 6113 5 4123 
10 9976 10 6596 10 4897 
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Correlation analysis 

Figures 2-5 present schematically the results obtained from the 
sensitivity analysis carried out based on the 4 ways of obtaining 
 and E* listed previously in the methodology. Specifically, the 
evolution of the ER ratio of each type of mixture analyzed with 
the load frequency for each temperature is presented. It can be 
observed in Figures 2-5 that it is not easy to interpret the results, 
since there is no clearly defined trend. For this reason, it was 

necessary to perform a statistical analysis by determining the 
mean (ӯ) and standard deviation () of the results obtained (see 
tables 10-11). In Figures 2-5 and Table 10 it is observed that 
most of the E* estimates using equation (1) are superior to the 
Mr obtained in the laboratory (ER tends to be greater than 1 in 
most of the cases). The above means that, in the asphalt 
mixtures analyzed, the E* develops greater magnitude 
compared to Mr. 

 

a)  b)  

 

c)  

Fig. 2 - Evolution of ER based on the classification of asphalt by penetration (Simulation 1). a) 10 ° C, b) 20 ° C and c) 30 ° C 

 

a)  b)  

c)  

Fig. 3. Evolution of ER using equation (2) (Simulation 2). a) 10 ° C, b) 20 ° C and c) 30° C 
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These results are consistent with those reported by Loulizi et 
al.4, where they were compared in laboratory, E* and Mr of 
different asphalt mixtures. If the temperature of the mixture is 
10, 20 and 30°C, the E* obtained using equation (1) is superior 
in magnitude, with respect to the Mr measured in the laboratory, 

between 33 and 42%, 42 and 56% and 72 and 94%, 
respectively, when Simulations 3 and 1 are used. For the case 
of Simulations 2 and 4, the maximum averages that are reported 
are 11, 11 and 21% for mixing temperatures of 10, 20 and 30°C, 
respectively. 

 

a)  b)  

 

c)  

Fig. 4 - Evolution of ER based on the classification of asphalt by viscosity (Simulation 3). a) 10°C, b) 20°C and c) 30°C 

 

a)  b)  

 

c)  

 

Fig. 5 - Evolution of ER based on the classification of asphalt by PG (Simulation 4). a) 10°C, b) 20°C and c) 30°C 
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Table 10 - Summary of results for the statistical analysis 

Simulation Figure ӯ  
Standard range 

Maximum Minimum 

10° C 

1 2a 1.33 0.089 1.42 1.24 

2 3a 0.88 0.061 0.94 0.82 

3 4a 1.24 0.090 1.33 1.15 

4 5a 1.05 0.059 1.11 1.00 

20° C 

1 2b 1.37 0.195 1.56 1.17 

2 3b 0.97 0.124 1.09 0.84 

3 4b 1.25 0.173 1.42 1.08 

4 5b 1.01 0.102 1.11 0.91 

30° C 

1 2c 1.65 0.288 1.94 1.36 

2 3c 1.02 0.068 1.09 0.95 

3 4c 1.49 0.235 1.72 1.25 

4 5c 1.10 0.105 1.21 1.00 
 

CONCLUSIONS 

In the present study, the possibility of a correlation between the 
dynamic modulus E* (calculated mathematically with the 
equation recommended by the MEPDG3) and the resilient 
modulus Mr (measured in laboratory) of 7 mixtures of asphalt 
concrete manufactured with 3 types of asphalt, was evaluated. 
Realizing a statistical analysis of the results, it is concluded that 
when calculating  knowing the PG of the asphalt or by 
determining the penetration of the asphalt at the temperature of 
the mixture analysis, the E* tends on average to be higher in 
magnitude with respect to to Mr at 11, 11 and 21% for mixing 
temperatures of 10, 20 and 30°C, respectively. When  is 
calculated based on the classification tests of asphalt by 
penetration and viscosity, E* tends on average to be superior in 
magnitude with respect to the Mr between 33 and 94% 
depending on the test temperature. This leads us to think that 
there is no clear correlation between the laboratory Mr and the 
E* obtained using the equation recommended by the MEPDG3 
and the NCHRP8, and this correlation is more dispersed the 
temperature of the mix gets higher. 

 

REFERENCES 

[1]. American Association of State Highway and 
Transportation Officials (AASHTO), Guide for 
Design of Pavement Structures (Washington, DC.) 
1993.  

[2]. National Cooperative Highway Research Program 
(NCHRP), Development of the 2002 Guide for the 
Design of New and Rehabilitated Pavements-Flexible 
Pavements Overview. NCHRP 01-37A. Washington 
DC: Transportation Research Board, (2001). 

[3]. MEPDG, ARA, Inc., ERES Consultants Division, 
Guide for the Mechanistic-Empirical Design of New 
and Rehabilitated Pavement Structures. NCHRP 
Project 1-37A. Washington DC: Transportation 
Research Board, (2004). [Online] Available on: 
www.trb.org/mepdg/. [Accessed on 23 September 
2007]. 

[4]. Loulizi A, Flintsch G, Al-Qadi I & Mokarem D, 
Comparing resilient modulus and dynamic modulus of 
hot-mix asphalt as material properties for flexible 
pavement design. Transportation Research Record: J. 
Transportation Research Board, 1970 (2006) 161-
170.  

[5]. Venudharan V & Biligiri K P, Estimation of phase 
angles of asphalt mixtures using resilient modulus 
test. Construction and Building Materials, 82 (2015) 
274–286.  

[6]. Lavasani M, Namin M L & Fartash H, Experimental 
investigation on mineral and organic fibers effect on 
resilient modulus and dynamic creep of stone matrix 
asphalt and continuous graded mixtures in three 
temperature levels. Construction and Building 
Materials, 95 (2015) 232–242.  

[7]. Shafabakhsh G & Tanakizadeh A, Investigation of 
loading features effects on resilient modulus of 
asphalt mixtures using Adaptive Neuro-Fuzzy 
Inference System. Construction and Building 
Materials, 76 (2015) 256–263.  

[8]. National Cooperative Highway Research Program 
(NCHRP), Mechanistic-Empirical Design of New and 
Rehabilitated Pavement Structures. NCHRP Project 
1–37A Final Report. Washington DC: Transportation 
Research Board, National Research Council, (2004). 
[Online] Available on: 
www.trb.org/mepdg/guide.htm. 

[9]. Instituto de Desarrollo Urbano (IDU), 
Especificaciones técnicas generales de materiales y 
construcción para proyectos de infraestructura vial y 
de espacio público para Bogotá D.C. (Bogotá D.C., 
Colombia) 2011. 

[10]. Von Quintus H, Scherocman J, Hughes C & Kennedy 
T W, Asphalt-Aggregate Mixture Analysis System. 
NCHRP Report 338, Transportation Research Board, 
National Research Council (Washington, DC.) 1991. 

http://www.trb.org/mepdg/
https://trid.trb.org/results.aspx?q=&serial=%22Transportation%20Research%20Record%3A%20Journal%20of%20the%20Transportation%20Research%20Board%22
https://trid.trb.org/results.aspx?q=&serial=%22Transportation%20Research%20Record%3A%20Journal%20of%20the%20Transportation%20Research%20Board%22
http://www.trb.org/mepdg/guide.htm

