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ABSTRACT 

In this research, we evaluated the mechanical behavior of a flexible pavement for roads with low-traffic volume 

due to the vehicular load transmission system of suspension-tire treadusing3D-Move Analysis V2.1 software, which 

models using a continuum-based finite-layer approach. Weslea 3.0 elastic multilayer software was used for validation. The 

results led to conclude that if carefully observed, the tensilestrain in the lower fibers of the asphalt layer of the flexible 

pavement studied are higher in the proposed modelsof elastic-suspension-tire tread-road roughness and viscoelastic-

suspension-tire tread-road roughness, which have a range of change percentage from 6.59% to 17.19% compared with the 

analytical validation modeling, indicating a possible under-sizing of the asphalt layers. Furthermore, according to the 

models proposed of elastic-suspension-tire tread-road roughness and viscoelastic-suspension-tire tread-road roughness, the 

additional parameters of the suspension-tire tread system interfere in the behavior of the asphalt layer of the flexible 

pavement studied, because if the roughness of the pavement increases, the perturbation of the suspension system and the 

tensilestrain in the lower fibers of the asphalt layer also increase; as shown in the results of the change percentages related 

to analytical validation modeling (Weslea 3.0), from 13.83% (model elastic- roughness average) to 17.19% (model elastic- 

roughness rough), and 9.54% (model viscoelastic- roughness average) to 13.04% (model viscoelastic- roughness rough). 

 
Keywords: 3D-Move analysis, Weslea, flexible pavement, asphaltic layer, suspension, tire tread, elastic model, viscoelastic model. 

 

1. INTRODUCTION 

The problem studied is the mechanical behaviors 

of a flexible pavement for roads with low traffic volume 

due to the suspension-tire tread vehicular load 

transmission system, due to the need to understand the 

stress-strain condition of asphalt layers of flexible 

pavements under real loading. Currently, flexible 

pavements for low traffic roads are designed using 

constant circular contact loads, null movement of half a 

design axle of 130kN (LCPC, 1994) (European approach) 

or 80kN (North American approach), and pavement layers 

with an elastic behavior. 

This study estimated the behavior of a flexible 

pavement for roads with low traffic volume, with a group 

of additional variables, such as: vehicle speed, suspension 

system, roughness of the pavement, tire tread contact, 

elastic and viscoelastic behavior of the asphalt layer. 

 

2. METHODS 

 

2.1 3D-Move Analysis V2.1 finite-layer modeler  

3D-Move Analysis V2.1 modeler works with 

meshes of different levels of refinement in the cross-

section of the pavement and longitudinally, using Fourier 

series. This software consists of six interfaces (see Figure-

1) that perform different functions: a) Project, Site/Project 

Identification, Static/Dynamic Response Analysis and 

Extended Pavement Analyses, b) Inputs, Axle 

Configuration/Contact Pressure Distribution, Vehicle 

Suspension/Road Roughness, Traffic Information 

(Extended Pavement Analysis), Pavement Structure, 

Pavement Layer Properties, c) Performance models 

(Extended Pavement Analysis), d) Response points, 

Location of stress-strain pavement responses, e) Output, 

Stress, Strains and Displacements, f) Results, which 

allows to obtain the results of the analysis (University of 

Nevada, 2013).  

The common steps of the analysis procedure of a 

stress-strain problem using 3D-Move Analysis V2.1 are: 

enter project location, type of model (static or dynamic), 

with or without performance evaluation, axle 

configuration and contact pressure distribution, vehicle 

suspension type and road roughness, sizing data, number 

of layers, thicknesses, material properties (elastic or 

viscoelastic), stiffness parameters (resilient and dynamic 

modulus, and Poisson’s ratio), unit weight , damping ratio, 

location of required responses, execute the solver and 

obtain results. 

 

 
 

Figure-1. Interface of 3D-Move Analysis V2.1. 
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2.2 Analytical modeller Weslea 3.0 
The analytical modeller Weslea 3.0 is an elastic 

multi-layer program for strain calculation for pavement 

design. Weslea 3.0 was useful to validate the mechanical 

behavior of flexible pavements due to the suspension-tire 

tread vehicle load transmission system modeled in 3D-

Move Analysis V2.1.Weslea 3.0 analytical modeler 

consists of two interfaces (see Figure-2) that perform 

different functions: a) Input, structural information 

(number of layers, material type, layer modulus, Poisson’s 

ratio, thickness and slip), loads configuration, total number 

of load application, number of loads in configuration, load 

control, location data, load data, b) Output, evaluation 

locations (location identifier, location control, location 

data) (Timm, Birgisson, & Newcomb, 1999). 

The common steps of the analysis procedure of a 

stress-strain problem using Weslea 3.0 are: sizing data, 

number of layers, thicknesses, stiffness parameters 

(resilient and dynamic modulus, and Poisson’s ratio), axle 

configuration and pressure distribution of contact, location 

of required answers, execute the solver and obtain results. 

 

 
 

2.3 Case of study 
A flexible pavement for low traffic volume is 

analyzed (see Figure-3) (INVIAS, 2007), which according 

to studies in Colombia, truck type 2 and 3 predominate 

(INVIAS, 2017). For this article, truck type 2 was chosen 

(see figure 4). Half of the design axleof 130kN (LCPC, 

1994)was exerted on the pavement(see Figure-3) 

generating an inflation pressure of uniform distribution of 

700.7 kPa (100.1 PSI) and wheelbase of 36, 682 cm 

(14,442 in). The pavement structure has four layers, such 

as: an asphalt layer, a granular base, a granular sub-base 

and a subgrade. Each layer of the pavement is configured 

according to the parameters shown in Table-1. 

Tensilestrain was determined in the lower fibers 

of the asphalt layer. Strain located specifically under a tire, 

under the wheel of a tire, under the center of the dual load, 

are indicated with red, blue and green dots is shown in 

Figure-3. The strain was determined for elastic conditions 

under circular loading with constant inflation pressure 

using the Weslea 3.0 analytical model. The strain in the 

finite layer model using 3D-Move Analysis V2.1 was 

calibrated and determined under the same conditions of 

the analytical model, subsequently, strain was determined 

under elastic and viscoelastic conditions under a contact 

load adjusted to reality with a Goodyear G159 A,11R22.5 

tire (see Figure-5) and vehicle suspension type four spring 

(Leaf Spring) (see Figure-6). These type of tire and 

suspension are common elements in truck 2 vehicles for 

roads with low traffic volume in Colombia. 

               Figure-2. Interface of Weslea 3.0. 

 

 
Table-1. Layers, thicknesses and modulus of stiffness of the flexible pavement. 

 

Layer Thickness Unit weight Elastic modulus 
Poisson’s 

ratio 

Asphalt (13°C, 

0.25Hz) 
10 cm (4 in) 

23.577kN/m
3
 

(0.085 lb/in
3
) 

5112 MPa 

(730285.86 PSI) 
0.35 

Granular base 15 cm (6 in) 
20.803kN/m

3 

(0.075 lb/in
3
) 

294 MPa 

(42000PSI) 
0.35 

Granular sub-

base 
15 cm (6 in) 

19.416kN/m
3 

(0.070 lb/in
3
) 

117.6 MPa 

(16800 PSI) 
0.35 

Subgrade 
Semi-

infinite 

18.029kN/m
3 

(0.065 lb/in
3
) 

47.04 MPa 

(6720 PSI) 
0.35 
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Figure-3. Flexible pavement for low traffic volume. 

 

 
 

Figure-4. Truck 2, which predominates in roads of low 

traffic volume in Colombia. 

 

 
 

Figure-5. Contact stress of the Goodyear G159 A, 

11R22.5 tire. 

 

To estimate tensile strain in elastic and 

viscoelastic condition with the Goodyear G159 A,11R22.5 

tire (see Figure-5) and vehicle suspension type four spring 

(Leaf Spring) (see Figure-6), it is necessary to set half of 

the design axle in motion, in order to activate the 

suspension condition in the finite layer modeler 3D-Move 

Analysis V2.1. The chosen speed is a function of the 

loading time (t) and thickness of the asphalt layer 

(AASHTO, 2015) (INVIAS, 2015). The charging time is a 

function of the charging frequency (F). For the case 

studied, the load frequency is 0.25 Hz and the thickness of 

the asphalt layer is 10 cm (4 in). The determination of the 

loading time and speed are shown in equations (1) and (2), 

respectively. 

 

 
 

Figure-6. Vehicle suspension type four spring (Leaf 

Spring). Source: (University of Nevada, 2013). 

 𝑡 = 12∗𝜋∗𝐹 = 12∗𝜋∗0.25 = 0.637𝑠𝑒𝑔                   (1) 

 𝑣 = 10(0005ℎ−0.2−log(𝑡)0.94 )
                    (2) 𝑣 = 10(0005∗10−0.2−log(0.637)0.94 ) = 1.12𝑘𝑝ℎ ≈ 0.7𝑚𝑝ℎ 

 

Furthermore, to finish the activation of the effect 

of the vehicle suspension system, a Dynamic Load 

Coefficient (DLC) of 0.070 and 0.050 was chosen, which 

is a simple measure of the magnitude of the dynamic 

variation of the load axle for a specified combination of 

roughness of the pavement surface, speed and suspension 

system of the vehicle (Gillespie, 1993). 

The DLC of 0.050 and 0.070 are correlated with 

the road roughness of the surface, which is equal to the 

road roughness average and rough, which at the same time 

is associated to the International Roughness Index (IRI). 

For a roughness average and rough, the IRI is 2.525 m/km 

(160 in/mi) and 3.788 m/km (240 in/mi), respectively 

(Gillespie, 1993). In Colombia, roads with low traffic 

volume, from experience, have shown to be from a good 

condition (2 < IRI ≤ 3, 5 m/km) to a regular condition (3, 5 

< IRI ≤ 5 m/km), which in terms of roughness, is average 

to rough. 

 

3. RESULTS AND DISCUSSIONS 

 

3.1 Validation usingWeslea 3.0 - 3D-move analysis v2.1 

Table-2 shows the results of the analytical 

modeling using Weslea 3.0-used as a validation method–
and the finite layer modeling using 3D-Move Analysis 

V2.1. It is important to note that the convection of signs of 

the two modelers is the same, positive (+) for compression 

and negative (-) for tension. Tension in pavements is 

associated with fatigue and is one of the variables to take 

into account in the design of layers with asphalt or 

hydraulic binders. Compression in pavements is associated 

with strain, which in critical conditions can become 

inelastic (permanent strain), and for the design, it is 

evaluated in layers without asphalt or hydraulic binders 
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(Mallick & El-Korchi, 2018) (Huang, 2004) (Papagiannakis & Masad, 2008). 

 

Table-2. Validation of tensile strain results in the asphalt layer of the flexible 

pavement-elastic model. 
 

Location 3d-move v2.1 Weslea 3.0 % Variation 

Under a tire -278.37*10
-6

 -278.45*10
-6

 0.03% 

Under the wheel of a tire -274.68*10
-6

 -274.72*10
-6

 0.02% 

Under the center of the 

dual load 
-265.37*10

-6
 -265.30*10

-6
 0.03% 

 

As shown in Table-2, the change percentage 

between models using 3D-Move v2.1and Weslea 3.0 is 

less than 0.03%, which allows to conclude that the 

decisions made in modeling with 3D-Move v2.1 are 

suitable for implementing modeling that introduces 

vehicle speed, suspension system, roughness of the 

pavement, tire tread contact, and elastic and viscoelastic 

behavior of the asphalt layer. In Figures 7, 8 and 9, the 

results of the analytical modeling Weslea 3.0 is shown, 

and figure 10 shows the results of the modeling using 3D-

Move Analysis V2.1; the highlighted values correspond to 

the fatigue control design parameters of the asphalt layer 

in the rational method (LCPC, 1994). 

 

 
 

Figure-7. Result of tensile strain in the lower fibers of the 

asphalt layer using Weslea 3.0 under a tire. 

 

 
 

Figure-8. Result of tensile strain in the lower fibers of the 

asphalt layer usingWeslea 3.0 under the wheel of a tire. 

 

 
 

Figure-9. Result of tensile strain in the lower fibers of 

the asphalt layer using Weslea 3.0 under the center 

of the dual load. 

 

 
 

Figure-10. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-Move Analysis V2.1 under 

a tire, under the wheel of a tire andunder the center 

of the dual load. 

 

3.2 3D-move analysis v2.1 elastic-suspension-tire tread 
 

3.2.1 Pavement roughness average DLC 0.050 model  

         elastic-suspension-tire tread 

Figure-11 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under a tire -model elastic-suspension-tire 

tread-road roughness average DLC = 0.050- for a period 
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of 0 to 10 seconds. Under a tire at 4.140 seconds, the 

maximum normal strain happens, which is -307.40*10
-6

 (-

3.074E+002 micro strain). Henceforth, the result analysis 

will be developed according to the reference model with 

the elastic multi-layer software, for the calculation of 

stress and strain for pavement design in Weslea 3.0 with 

constant pressure and circular contact area. When 

comparing the result of the maximum normal strain with 

the reference model, it is found that the first one is greater. 

Figure-12 shows the results of the tensile strain in the 

lower fibers of the asphalt layer using3D-move analysis 

v2.1 under the wheel of a tire -model elastic-suspension-

tire tread-road roughness average DLC = 0.050- for a 

period of 0 to 10 seconds. Under the wheel of a tire at 

4.140 seconds, the maximum normal strain happens, 

which is -312.70*10
-6

 (-3.127E+002 micro strain). When 

comparing the result of the maximum normal strain with 

the reference model, it is found that the first one is greater. 

Figure-13 shows the results of the tensile strain in the 

lower fibers of the asphalt layer using3D-move analysis 

v2.1 under the center of the dual load -model elastic-

suspension-tire tread-road roughness average DLC = 

0.050- for a period of time of 0 to 10 seconds. Under the 

center of the dual load at 4.121 seconds, the maximum 

normal strain happens, which is -299.90*10
-6

 (-

2.999E+002 micro strain). When comparing the result of 

the maximum normal strain with the reference model, it is 

found that the first one is greater. 

 

 
 

Figure-11. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under 

a tire -model elastic-suspension-tire tread-road 

roughness average DLC = 0.050. 

 

 
 

Figure-12. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under the 

wheel of a tire -model elastic-suspension-tire tread-road 

roughness average DLC = 0.050. 

 

 
 

Figure-13. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under the 

center of the dual load -model elastic-suspension-tire 

tread-road roughness average DLC = 0.050. 

 

Table-3 shows the summary of the results of the 

reference model in Weslea 3.0 and 3D-Move Analysis 

V2.1 -model elastic-suspension-tire tread-road roughness 

average DLC = 0.050-, determining a significant variation 

percentage. 
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Table-3. Tensile strain results in the asphalt layer of the flexible pavement - model 

elastic-suspension-tire tread-road roughness average DLC = 0.050. 
 

LOCATION 3D-MOVE v2.1 WESLEA 3.0 VARIATION 

Under a tire -307.40*10
-6

 -278.45*10
-6

 10.40% 

Under the wheel of a tire -312.70*10
-6

 -274.72*10
-6

 13.83% 

Under the center of the 

modeload 
-299.90*10

-6
 -265.30*10

-6
 13.04% 

 

3.2.2 Pavement roughness rough DLC = 0.070 model  

         elastic-suspension-tire tread 
Figure-14 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under a tire -model elastic-suspension-tire 

tread-road roughness rough DLC = 0.070- for a period of 0 

to 10 seconds. Under a tire at 4.140 seconds, the maximum 

normal strain happens, which is -316.20*10
-6

 (-

3.162E+002 micro strain). When comparing the result of 

the maximum normal strain with the reference model, it is 

found that the first one is greater. 

Figure-15 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under the wheel of a tire -model elastic-

suspension-tire tread-road roughness rough DLC = 0.070- 

for a period of 0 to 10 seconds. Under the wheel of a tire at 

4.140 seconds, the maximum normal strain happens, 

which is -321.50*10
-6

 (-3.215E+002 micro strain). When 

comparing the result of the maximum normal strain with 

the reference model, it is found that the first one is greater. 

Figure-16 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under the center of the dual load -model 

elastic-suspension-tire tread-road roughness rough DLC = 

0.070- for a period of time of 0 to 10 seconds. Under the 

center of the dual load at 4.140 seconds, the maximum 

normal strain happens, which is -310.90*10
-6

 (-

3.109E+002 micro strain). When comparing the result of 

the maximum normal strain with the reference model, it is 

found that the first one is greater. 

 

 
 

Figure-14. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under 

a tire -model elastic-suspension-tire tread-road 

roughness rough DLC = 0.070. 

 

 
 

Figure-15. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under the 

wheel of a tire -model elastic-suspension-tire tread-road 

roughness rough DLC = 0.070. 
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Figure-16. Result of tensile strain in the lower fibers of the asphalt layer using 3D-move 

analysis v2.1 under the center of the dual load -model elastic-suspension-tire tread-road 

roughness rough DLC = 0.070- 

 

Table-4 shows the summary of the results of the 

reference model in Weslea 3.0 and 3D-Move Analysis 

V2.1-model elastic-suspension-tire tread-road roughness 

rough DLC = 0.070-, determining a significant variation 

%. 

 

Table-4. Tensile strain results in the asphalt layer of the flexible pavement – model 

elastic-suspension-tire tread-road roughness rough DLC = 0.070- 
 

LOCATION 3D-MOVE V2.1 WESLEA 3.0 VARIATION 

Under a tire -316.20*10
-6

 -278.45*10
-6

 13.56% 

Under the wheel of a tire -321.50*10
-6

 -274.72*10
-6

 17.03% 

Under the center of the 

dual load 
-310.90*10

-6
 -265.30*10

-6
 17.19% 

 

3.3 3 D-move analysis v2.1 viscoelastic-suspension-tire  

         tread 

 

3.3.1 Pavement roughness average DLC 0.050 model  

         viscoelastic-suspension-tire tread 
Figure-17 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under a tire -model viscoelastic-suspension-

tire tread-road roughness average DLC = 0.050- for a 

period of 0 to 10 seconds. Under a tire at 4.140 seconds, 

the maximum normal strain happens, which is -296.80*10
-

6
 (-2.968E+002 micro strain). When comparing the result 

of the maximum normal strain with the reference model, it 

is found that the first one is greater. 

Figure-18 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under the wheel of a tire -model viscoelastic-

suspension-tire tread-road roughness average DLC = 

0.050- for a period of 0 to 10 seconds. Under the wheel of 

a tire at 4.121 seconds, the maximum normal strain 

happens, which is -299.90*10
-6

 (-2.999E+002 micro 

strain). When comparing the result of the maximum 

normal strain with the reference model, it is found that the 

first one is greater. 

Figure-19 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under the center of the dual load -model 

viscoelastic-suspension-tire tread-road roughness average 

DLC = 0.050- for a period of time of 0 to 10 seconds. 

Under the center of the dual load at 4.140 seconds, the 

maximum normal strain happens, which is -290.60*10
-6

 (-

2.906E+002 micro strain). When comparing the result of 

the maximum normal strain with the reference model, it is 

found that the first one is greater. 
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Figure-17. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under 

a tire -model viscoelastic-suspension-tire tread-road 

roughness average DLC = 0.050. 

 

 
 

Figure-18. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under the 

wheel of a tire -model viscoelastic-suspension-tire tread-

road roughness average DLC = 0.050. 

 

 
 

Figure-19. Result of tensile strain in the lower fibers of the asphalt layer using 3D-move 

analysis v2.1 under the center of the dual load -model viscoelastic-suspension-tire 

tread-road roughness average DLC = 0.050. 

 

Table-5 shows the summary of the results of the 

reference model in Weslea 3.0 and 3D-Move Analysis 

V2.1 - model viscoelastic-suspension-tire tread-road 

roughness average DLC = 0.050-, determining a 

significant variation percentage. 
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Table-5. Tensile strain results in the asphalt layer of the flexible pavement - model 

Viscoelastic-suspension-tire tread-road roughness average DLC = 0.050. 
 

LOCATION 3D-MOVE v2.1 WESLEA 3.0 VARIATION 

Under a tire -296.80*10
-6

 -278.45*10
-6

 6.59% 

Under the wheel of a tire -299.90*10
-6

 -274.72*10
-6

 9.17% 

Under the center of the 

dual load 
290.60*10

-6
 -265.30*10

-6
 9.54% 

 

3.3.2 Pavement roughness rough DLC = 0.070 model  

         Viscoelastic-suspension-tire tread 
Figure-20 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under a tire -model viscoelastic-suspension-

tire tread-road roughness rough DLC = 0.070- for a period 

of time of 0 to 10 seconds. Under a tire at 4.140 seconds, 

the maximum normal strain happens, which is -305.60*10-

6 (-3.056E+002 micro strain). When comparing the result 

of the maximum normal strain with the reference model, it 

is found that the first one is greater. 

Figure-21 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under the wheel of a tire -model viscoelastic-

suspension-tire tread-road roughness rough DLC = 0.070- 

for a period of time of 0 to 10 seconds. Under the wheel of 

a tire at 4.140 seconds, the maximum normal strain 

happens, which is -299.90*10-6 (-2.999E+002 micro 

strain). When comparing the result of the maximum 

normal strain with the reference model, it is found that the 

first one is greater. 

Figure-22 shows the results of the tensile strain in 

the lower fibers of the asphalt layer using3D-move 

analysis v2.1 under the center of the dual load -model 

viscoelastic-suspension-tire tread-road roughness rough 

DLC = 0.070-for a period of time of 0 to 10 seconds. 

Under the center of the dual load at 4.140 seconds, the 

maximum normal strain happens, which is -299.90*10-6 (-

2.999E+002 micro strain). When comparing the result of 

the maximum normal strain with the reference model, it is 

found that the first one is greater. 
 

 
 

Figure-20. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under 

a tire -model viscoelastic-suspension-tire tread-road 

roughness rough DLC = 0.070. 

 

 
 

Figure-21. Result of tensile strain in the lower fibers of 

the asphalt layer using 3D-move analysis v2.1 under the 

wheel of a tire -model viscoelastic-suspension-tire tread-

road roughness rough DLC = 0.070. 
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Figure-22. Result of tensile strain in the lower fibers of the asphalt layer using 3D-move 

analysis v2.1 under the center of the dual load -model viscoelastic-suspension-tire 

tread-road roughness rough DLC = 0.070. 

 

Table-6 shows the summary of the results of the 

reference model in Weslea 3.0 and 3D-Move Analysis 

V2.1-model Viscoelastic-suspension-tire tread-road 

roughness rough DLC = 0.070-, determining a significant 

variation percentage. 

 

Table-6. Tensile strain results in the asphalt layer of the flexible pavement – model 

Viscoelastic-suspension-tire tread-road roughness rough DLC = 0.070- 
 

LOCATION 3D-MOVE v2.1 WESLEA 3.0 VARIATION 

Under a tire -305.60*10
-6

 -278.45*10
-6

 9.75% 

Under the wheel of a tire -299.90*10
-6

 -274.72*10
-6

 9.17% 

Under the center of the 

dual load 
-299.90*10

-6
 -265.30*10

-6
 13.04% 

 

4. CONCLUSIONS 

 The models developed by 3D-Move Analysis V2.1, 

are completely reliable to establish stress-strain 

condition analysis in the flexible pavement studied, 

since they have been successfully validated, 

registering a change percentage equal to 0.03%, 

which in practical terms is equal to 0% 

 If carefully observed, tensile strain in the lower fibers 

of the asphalt layer of the flexible pavement studied 

are higher in the proposed models of elastic-

suspension-tire tread-road roughness and viscoelastic-

suspension-tire tread-road roughness, which have a 

range of change percentage from 6.59% to 17.19% in 

relation to the validation analytical models 

(Weslea3.0), expressing a possible under-sizing of the 

asphalt layers. 

 For the flexible pavement studied, the viscoelastic-

suspension-tire tread-road roughness models, show to 

be an intermediate analysis condition, because their 

change percentage are between the analytical 

validation models (Weslea 3.0) and the elastic-

suspension-tire tread-road roughness models. 

 According to the proposed models of elastic-

suspension-tire tread-road roughness and viscoelastic-

suspension-tire tread-road roughness, the additional 

parameters of the suspension-tire tread system are 

involved in the behavior of the asphalt layer of the 

flexible pavement studied, because whenever the 

roughness of the pavement increases, the perturbation 

of the suspension system and the tensile strains in the 

lower fibers of the asphalt layer also increase; the 

results shown in the change percentage related to the 

analytical models of validation (Weslea 3.0) are from 

13.83% (model elastic- roughness average) to 17.19% 

(model elastic- roughness rough) and from 9.54% 

(model viscoelastic- roughness average) to 13.04% 

(model viscoelastic- roughness rough). 
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