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Abstract

This investigation presents a comparative analysis of damage-prediction models employed in mechanistic-empirical (ME) design
methodologies for flexible pavement systems. The models examined encompass those developed by the Asphalt Institute (AI), Shell
International, and the American Association of State Highway and Transportation Officials' (AASHTO) Mechanistic-Empirical Pavement
Design Guide (MEPDG). A representative flexible pavement configuration was evaluated, comprising an asphalt concrete surface layer,
unbound granular layers (base and subbase courses), and an underlying subgrade stratum. Parametric analyses incorporating varying asphalt
layer thicknesses were conducted to characterize the structural response of the pavement system. The findings reveal substantial disparities
among the evaluated models, with the Al and AASHTO methodologies exhibiting reduced tolerance thresholds for rutting and fatigue
cracking, respectively, particularly regarding top-down cracking mechanisms. Regional calibration procedures are essential for appropriate
model selection in pavement design applications, accounting for site-specific Colombian environmental, material, and loading conditions.
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Analisis de los modelos de prediccion de dafio para el diseio de
pavimentos flexibles en Colombia

Resumen

Este estudio analiz la respuesta de los modelos de prediccion de dafio utilizados en el disefio mecénico empirico (ME) de pavimentos flexibles. Los
modelos analizados corresponden a los propuestos por el Instituto Norteamericano del Asfalto (INA), Shell y la guia de disefio de pavimentos
mecanico empirico (Mechanistic-Empirical Pavement Design Guide MEPDG) de AASHTO. Para tal fin, se contempl6 una estructura tipica de
pavimento flexible compuesta por una capa asfaltica, material granular (base y subbase) apoyadas sobre una subrasante. Fueron analizaron diferentes
espesores de la capa asfaltica con el fin de obtener la respuesta del pavimento. Los resultados demostraron grandes variaciones entre los modelos
analizados, obteniendo menores valores de admisibilidad ante el ahuellamiento y agrietamiento por fatiga las metodologias INA y AASHTO
(agrietamiento de arriba hacia abajo), respectivamente. Calibraciones locales se deben realizar a fin de seleccionar adecuadamente los modelos para
el disefo de pavimentos, teniendo en cuenta condiciones colombianas.

Palabras clave: diseio de pavimentos; modelos de desempefio; ahuellamiento; fatiga; analisis estructural

characteristics of the materials, subgrade, climate, and other
factors. Initially, pavement design methods were empirical

1 Introduction

Throughout the world, most roads are constructed with
asphalt pavements [1]. For this reason, there has historically
been a need to develop methodologies to determine layer
thicknesses. These methodologies are based on the

and determined pavement thickness based on subgrade
capacity and traffic levels [2,3]. Later, with an understanding
of materials mechanics, the methods acquired an empirical
mechanical component (EMC) that involves the behavior of
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materials. These methods are based on stress and strain
analysis to predict damage to structures during the
pavement's service life [4-6]. This is based on the fact that
the most common damage to pavements is limited to
subgrade rutting and fatigue cracking in the asphalt mix [7,8].
These hypotheses assume that the quality of the aggregates
used in the granular layers (base and subbase) and the
construction process are adequate and do not cause structural
deformability. However, some studies show that
deformations accumulate in granular materials (base and
subbase), which can contribute to pavement rutting [9,10].

In pavement engineering practice, there are various
analytical and numerical methodologies that enable the
behavior of material layers to be evaluated to obtain the
pavement's mechanical response [11,12]. Most solutions are
based on linear elastic material theory, calculating stresses,
deformations, and deflections of the pavement. To this end,
it is necessary to know the thicknesses and elastic properties
of the materials (elastic modulus and Poisson's ratio).

The responses obtained are the result of the development
of differential equations that describe the distribution of
stresses and strains across the pavement's layers under traffic
loads [13-17]. Although a common, simple process in the
design of flexible pavements, it has some limitations. The
main disadvantage is that the solutions assume the materials
are continuous, homogeneous, isotropic, linear, and elastic.
In other words, the deformations are proportional to the
applied load. Additionally, they assume that the subgrade
layer extends to infinity in depth. Despite these limitations,
the responses are considered valid and allow for an
approximate simulation of the pavement's mechanical
behavior. There are also numerical techniques such as finite
element methods (FEM), discrete element methods (DEM),
neural networks, and linear regression models, among others,
that can simulate and provide a more approximate
understanding of the mechanical behavior of the pavement
structure [18-22]. These models can consider the viscoelastic
behavior of asphalt mixtures [23].

Based on the materials' mechanical response, the number
of repetitions the pavement can withstand is determined to
compare it with those obtained from the traffic analysis. To
determine the pavement's admissibility, models are used to
predict pavement damage due to the most common failure
mechanisms, namely subgrade rutting and fatigue cracking in
the asphalt layer [7]. These models have been validated and
calibrated by various pavement regulatory entities (e.g.,
AASTHO, Asphalt Institute, Shell, among others) to develop
mathematical equations that enable pavement performance to
be predicted. These models also allow for the economic
projection of possible interventions. Some studies detailing
international calibrations can be found in [24-29]. It is
important to mention that the calibrations are based on the
particular conditions of the projects. That is, they correspond
to specific conditions of traffic, climate (temperature,
precipitation, humidity, among others), materials, types of
subgrades, among others. Another way to validate pavement
structure performance is through accelerated pavement
testing (APT) or long-term pavement performance (LTPP)
testing. These tests allow monitoring of environmental and
mechanical parameters or stresses under controlled
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laboratory conditions or in real-world applications. Some
detailed studies can be found in [30-32].

In Colombia, the road network covers approximately
205,745 kilometers, of which 9%, 22%, and 69% correspond
to primary, secondary, and tertiary roads, respectively [33].
According to information on the paved road network from
the National Roads Institute (INVIAS) [34], approximately
51.5%, 30.1%, and 18.4% are in good-very good, fair, and
poor-very poor condition, respectively. Despite an extensive
road network, there are no models for predicting pavement
damage that account for the country's specific conditions
(e.g., subgrade, materials, climate, traffic). Only primary
concession roads are required to comply with minimum
service levels for operation. This involves monitoring certain
indicators that provide information on pavement conditions
(e.g., cracks, potholes, subsidence, among others) [35].
Despite having different experiences with concession
projects in the country, the information is not available, and
therefore, it is not possible to analyze the actual performance
of pavements under Colombian conditions.

Limited research has been undertaken to assess the field
performance of pavement structures. Notably, researchers
[36] developed a fatigue carousel facility to wvalidate
pavement design computational models and evaluate long-
term durability characteristics. [37] Conducted full-scale
tests to analyze the pumping phenomenon in concrete
pavement slabs. To this end, in the first stage, the authors
analyzed the susceptibility of granular materials to erosion.
Subsequently, they were validated at full scale, with the
behavior of some parameters under load (e.g., load and
stiffness) observed. As a major conclusion, the authors
recommend the placement of thin layers to prevent the
erosion of granular layers for concrete pavements. On the
other hand, [38] conducted large-scale tests to analyze the
performance of granular materials stabilized with fly ash and
an alkaline activator. The results for the first load cycles show
that treatment with the alkaline additive provides greater
resistance to rutting than conventional materials. However,
the behavior reverses at a higher number of load cycles,
which is associated with climatic and drainage conditions.
Other studies conducted in Colombia have focused on the
numerical modeling of flexible and rigid pavement
structures, evaluating their mechanical response using the
linear elastic theory and various computational tools based
on the finite element method [39,40]. Furthermore, recent
research has incorporated sustainability criteria into
pavement design by considering Life Cycle Assessment
(LCA), Life Cycle Cost Analysis (LCCA), and the
development of perpetual pavements as strategies to enhance
structural durability while reducing the environmental and
economic impacts of pavement infrastructure in Colombian
cities [41,42].

Despite some studies analyzing pavement performance,
none of those consulted report the development of
mathematical models to predict pavement performance.
According to the literature consulted, the Urban
Development Institute and the University of the Andes have
studied the mechanical performance of flexible and
concrete pavements in the city of Bogota [43]. These studies
enabled analysis of parameter variation, such as time. The
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results of these studies are available in a pavement
instrumentation manual that provides guidelines for
monitoring environmental and mechanical stresses on
pavements.

Consequently, a comprehensive examination of
contemporary flexible pavement design methodologies is
imperative to equip pavement engineers with robust
analytical frameworks for selecting appropriate predictive
models of pavement deterioration. This study represents a
significant contribution to the Colombian pavement
engineering field, as it facilitates a critical evaluation of
established design methodologies documented in the
technical literature. The authors synthesize their findings
and recommendations within the broader context of current
research, emphasizing the necessity for developing context-
specific pavement deterioration models calibrated to
Colombian roadway conditions and traffic characteristics.

2 Methodology
The research methodology employed in this investigation
comprises three distinct phases. The initial phase

encompassed the identification and specification of critical
design parameters, including subgrade characteristics,
constituent materials, traffic loading conditions, and climatic
variables, to establish the pavement configurations subjected
to analysis. The subsequent phase entailed a comprehensive
structural analysis to characterize pavement response under
applied traffic loads, with particular emphasis on quantifying
strain and deformation fields within individual pavement
layers. The final phase utilized the computed structural
responses as input parameters to predict allowable load
repetitions through the application of established
performance prediction models documented in technical
literature.

2.1  Pavement structure

This study considered the presence of a subgrade soil with
a structural capacity value defined by the California Bearing
Ratio (CBR) of 3.0%. It also considered the water table at 1.5
m and the presence of rock strata at 2.5 m below the subgrade
surface. Using the correlation presented in Eq. (1), the
resilient modulus in MPa was obtained from the CBR value.
This was based on the recommendations of the UK Transport
and Road Research Laboratory (TRRL) for CBR values
<12%.

ESBR =17.6- CBR0'64 (1)

Based on the subgrade capacity, the elasticity modules of
the granular subbase (ESBG) and granular base (EBG)
materials were determined. For this purpose, Egs. (2) and (3)
were used, where hsgg and hgg correspond to the thicknesses
of the subbase and base layers, which were considered to be
20 cm and 30 cm, respectively. These values are typical of
pavement structures in Colombia and were assumed for all
structures.

70

Load: P =20kN

Inflated pressure: Q = 580 kPa
Load radius: a = 10.5cm
Wheel spacing c¢/c: s =31.5em

Asphaltic layer: E=3000 MPa; v=0.30 : H,
Granular Base: E=280MPa; v=0.40 ™ I,
Granular Subbase: E= 111 MPa; v=0.45e H;
Subgrade : E= 49 MPa; v=0.50 ®
.
1.5m
GWL
v
Figure 1. Typical flexible pavement structure.
Source: The authors
Esge = Espr [1 +[7.18 - Log (hgpy)] @)
—[1.56 - Log(Esgg) - Log (hsp)]]
EBG = ESBG [1 + (1052 . LOg(hBG)] (3)

—[2.1- Log(Esge) - Log(hge)]]

Finally, for the wearing course, the placement of a dense
hot-mix asphalt (MDC-19, classified by maximum aggregate
size) was considered. The mix design parameters adopted in
this study correspond to typical values: air volume (Va=5%),
asphalt volume (Vy=12%), dynamic modulus at 20 °C, and
load frequency of 10 Hz corresponding to 3000 MPa. These
values were constant for all the structures analyzed.
Additionally, different thicknesses (5.0, 7.5, 10, 12.5, and 15
cm) were considered to analyze the pavement's mechanical
response and its impact on damage determination. Fig. 1
shows the typical study structure.

2.2 Pavement structural analysis

The mechanical response of the pavement structures was
evaluated using PitraPave, a computational software
developed at the University of Costa Rica that employs
elastic multilayer theory for stress-strain analysis (see Fig. 2).
Horizontal tensile strain (&) was computed at the inferior
interface of the asphalt concrete layer, while vertical
compressive strain (€,) was determined at the mid-depth of
each constituent pavement layer. Within the subgrade
stratum, vertical compressive deformation (&,) was evaluated
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Table 1.
Models for predicting fatigue damage
Source Model Variables
1\"2 1" . M ki, ko k3: Model calibration parameters k= 18.4, k;=3.291 k5=0.854
Iizgltlstlé Ny = (0.00432 -k, - C) - <£_t) ’ (E_CA) fe=10 V., Vi: volumes of air and asphalt in the mixture, respectively (%)
(IA) M= 484- ( Vy —o 6875) € Unitary tensile deformation in the bottom of the asphalt layer
- v, +V, . Eca: Mixture dynamic module (psi).
5
Ny =RF - <0'85601./+1'08) REF: Project reliability factor (see recommended values)
Shell Eca ™ - & Vb: Mixture asphalt volume (%)
Method [ Reliability (%) | 80 [ 85 [ 90 [ 95 [ 975 | Eca: Dynamic mixture modulus (psi).
| RF [25 20 ] 15 [ 10 [ 067 | € Unitary tensile deformation in the bottom of the asphalt layer
= .C- . . kfa-Bra . kr3-Brs —10M
Ny (kf 1 CCu B (&) ‘; NG ) ¢=10 kg1, kp, ka: Model calibration parameters kp= 0.007566, kp=-3.9492 kiz=-
M=484- ( ’_ 0.6875) 1.281.
. Vo +Vp V., Vi,: volumes of air and asphalt in the mixture, respectively (%).
Cracking from bolttom to top: Cy: Correction factor depending on the cracking of the asphalt layer
Cy = 0:003902 B, B, .5133 modc?l-speciﬁc ceflibrgﬁon parameters Bp= Bp=Pr=1.0.
0.000398 + m € Unitary tensile defonnatlon in tl}e bottom of the asphalt layer
MEPDG Cracking from top to bottom: Eca: Mixture dynamic module (psi).
2013 1 ’ hca: Asphalt layer thickness (inches)
Cy = 12 FC: cracking due to fatigue bottom - top of alligator skin (inches)
0.01 + 17 c(5676-28186hca) ¢y, C: regression constants ¢= 1.0, c;=1.0.
Alligator cracking: c3: calibration factor ¢;=6000 for a section - width and length of 12 and
Cs 1 500 feet
FC = ( 1 o200 720, 10g(100 D))) : (@) D: Fatigue damage considering cracking from bottom to top in the design
C'y = —2.40874 — 39.748 - (1 + hy) 285 period (decimal)
Source: Authors, 2026
Table 2.
Models for predicting damage from rutting in the subgrade
Source Model Variables
Asphalt _ 9 —4.477 €,: Unitary deformation under compression in the upper fiber of the
Institute (IA) N; = 1.365-107(z,) subgrade
Shell N, = 1.05-1077(g,)* 85% (reliability) €,: Unitary deformation under compression in the upper fiber of the
Method N, = 1.94 - 1077 (¢,)~*85% (reliability) subgrade
For rutting, the sum of the deformations of each layer is considered
Asphaltic layer Ayp(cay: Cumulative deformation on the surface of the asphalt layer
_ 3 (inches)
o= ok in(m) 1—0 ]i;;cAnk}:% v ThsrBsr €pca: Unitary deformation under compression in half of the asphalt
pCA — P1r "Rz " ¢erca” : : “Nca layer
c = Iiz 0=1 E)%’l(;— EZ D)e zp ih)z 4%258}[9 6D_ep1”.17 342 hea: Asphalt lgyer .thickness (inches)
1 . ca) : cA : Bir, Par, P3r: model local calibration parameters Bp=Pp=Pr=1.0
c; =0.0172 - (h¢y)* — 1.7331 - hey — 27.428 k: Depth confining factor
Granular layers Depth: Average depth of asphalt layer (inches)
) _ By ks1 €+ hgramutar - (z_: ) &ca: Unitary deformation undleary(;(fnpresswn in half of the asphalt
p(Granular) @/ Ku, kon, kst model global calibration parameters k;=-3.35412,
AV ka=0.4791, ky=1.5606
(e(”)B . 0.15) + <e(W) . 20) 1 n: number of transit repetitions in the design period
(S_") = p=10° [Ln(0.00ZSﬁ) B T: Asphaltic mixture temperature (°F)
AMAESgC? & 5o 210_&6119_0.017638%0 1-(10°) Ap(Granutar): Permanent deformation for the granular layer (inches)

1 7-0.3586-GWTO1192

)0.64

Subgrade
&) = (‘gp.FO) e

k= ! - Ln —Sp'zz())
€p.z=6

WC = 51.712 ( Mr
=>1712 2555

kz
6
£,
Bs1 - ks1 - &, - (é)
=" F
e(ﬁ)
dé = ¢,(2)dz

_ (hrock _ hrock _—kz _ 1-e *rock
8= [ ep(2)dz = gy 1m0 f, " e7dz = (———

K ) &pz=0

Bs,: Calibration constant for unbound layers (S5, =1).
ks : Calibration coefficient kg, =1.673.
&, Vertical deformation in the middle of the granular layer
Ngrnuer: Granular layer thickness (inches).
Mr: Resilient layer module (psi).
GWT: Groundwater table (foot).
&p(z): Vertical plastic deformation at depth z (measured from the
subgrade surface in inches)
&pz=0: Vertical deformation on the subgrade surface
Bs1=1.0, ks,=1.35
&, Vertical deformation of the subgrade measured at the surface and
ata depth of 6
&: Total plastic deformation of the subgrade (inches)
hrocat Depth in feet of rock layer from subgrade surface

Source: Authors, 2026
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both at the surface interface and at a depth of 0.15 meters below
the pavement structure. The applied loading configuration
simulated a standard semi-axle load of 40 kN distributed across
dual-wheel assemblies. Tire inflation pressure was specified at
580 kPa, uniformly distributed over circular contact areas with a
characteristic radius of 10.5 cm. Subsequently, the computed
mechanical responses served as input parameters for
performance prediction models to establish the allowable number
of load repetitions for the analyzed pavement configurations.
2.3 Evaluation of pavement damage prediction models
To characterize the mechanical performance and
deterioration mechanisms of pavement structures, multiple
damage assessment models were systematically evaluated.
The distress modes examined encompass fatigue cracking
propagation and permanent deformation (rutting) within the
subgrade stratum. For this purpose, empirical-mechanistic
transfer functions developed by the Asphalt Institute (AI) and
Shell International Petroleum Company, in conjunction with
predictive algorithms from the American Association of State
Highway and Transportation Officials’ (AASHTO)
Mechanistic-Empirical Pavement Design Guide (MEPDG),
were implemented. Tables 1 and 2 delineate the mathematical
formulations for predicting allowable fatigue load cycles (Ny)
and rutting load cycles (N), respectively, as documented in
the referenced technical literature.

3 Presentation and discussion of results

3.1  Structural analysis of pavement

This section presents the deformations obtained during the
structural evaluation of the pavement under a half-axle load of 40
kN. As explained in the methodology, the deformations were
obtained using Pitrapave software, applying linear elastic
multilayer theory. Figs. 2, 3, and 4 present the results obtained
from the tensile deformations in the lower fiber of the asphalt
layer and the compressive deformations in the middle of each of
the layers, including in the upper fiber and 15 cm from the
subgrade. From the results obtained in Fig. 2.

325 q
300 A
275 A
250 4

225 1

Tensile deformation & (10%)

175 4

150 T T T T T 1
00 25 50 7,5 100 125 150

Asphaltic layer thickness (cm)
Figure 2. Evolution of tensile deformation in the bottom fiber of the asphalt
layer
Source: Authors, 2026
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110 1

100 A

90

80 A

70 A

50 1

Compression defomrations €, (10%)

40

25 50 7,5 10,0 125 150
Asphaltic layer thickness (cm)
Figure 3. Evolution of compression deformation in the middle of the asphalt
layer
Source: Authors, 2026

0.0

It can be seen that the greatest tensile deformation occurs
in pavement with an asphalt layer thickness of 5 cm. For
pavements with thin asphalt layers (less than 5 cm), the
mechanical response values may be inaccurate and do not
adequately represent the pavement's response. Based on these
results, pavements with asphalt layers thicker than 5 cm were
analyzed. The results indicate that deformations decrease
proportionally with increasing layer thickness. On the other
hand, the results in Fig. 3 indicate that the compression
deformation at the center of the asphalt layer increases with
increasing asphalt layer thickness.

The analytical results presented in Fig.4 demonstrate that
pavement configurations with thin asphalt concrete layers
(thickness < 10 cm) exhibit substantially elevated
deformation magnitudes within the granular base course.
This phenomenon is attributable to the diminished load-
bearing capacity of the surficial asphalt layer and the
consequent enhanced stress transmission to underlying strata
under applied traffic loading. Conversely, pavement systems
incorporating thick asphalt layers (thickness > 10 cm)

1000
—i— Granular base
—— Granular subbase
—&— Subgrade

—O—To 15 cm subgrade

0
=1
o

£
[<J=
S &

Compression deformation €, (10°)
[¥¥]
S
(=)

200 T T T T T 1
50,0 52,5 55,0 57,5 60,0 62,5 650
Pavement thickness (cm)

Figure 4. Evolution of compression deformation in half of the granular layers
(base, subbase), in the upper fiber, and 15 cm from the subgrade
Source: Authors, 2026.
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manifest comparable deformation responses across the
granular base, subbase, and subgrade layers. Accordingly, a
direct inverse relationship exists between asphalt layer
thickness and vertical compressive deformation within the
unbound granular materials and subgrade stratum, thereby
mitigating rutting susceptibility through enhanced load
distribution mechanisms.

3.2 Prediction of pavement damage due to subgrade
rutting

Fig. 5 presents the number of permissible load repetitions
to rutting failure for the pavement structure, with asphalt
layer thicknesses ranging from 5 to 15 cm increments. As
expected, increasing asphalt layer thickness results in a
proportional increase in the admissible number of load
repetitions (Nadm) before rutting failure. The results indicate
that the Shell methodology at 95% reliability yields the
highest Nagm values, followed by the Shell methodology at
85% reliability, while the INA methodology produces the
lowest values. Thus, the INA methodology provides the most
conservative rutting predictions for pavement design.
Pavement structures designed according to the INA
methodology are therefore more susceptible to rutting-
induced damage than those designed using the Shell
methodology. For subsequent analyses, variations in results
were referenced to the INA methodology, as it establishes the
lowest rutting admissibility thresholds and the highest
damage accumulation values.

Fig.6 illustrates the Naam ratios obtained from the Shell
and INA methodologies, clarifying the associated
incremental differences. The comparative analysis indicates
that, for pavement structures with a 5 cm asphalt layer, the
Shell methodology produces values at reliability levels of
95% and 85% that exceed those from the INA methodology
by factors of approximately 3.70 and 4.20, respectively. In
contrast, these factors decrease to 1.54 and 2.84 for pavement
configurations with a 15 cm asphalt layer. These findings
suggest that discrepancies in design criteria are more
pronounced for pavements with thinner structural layers

1,F+08 5
1| mNA Methodology

Bshell 95% Reliability

mShell 85% Reliability

1,E+07 |

1,E+06 -

Permissible traffic level (N_4,)

LE+05 4
5,0 75 10,0 12,5

Asphaltic layer thickness {cm)

Figure 5. Evolution of the number of permissible repetitions per rutting with

the thickness of the asphalt layer

Source: Authors, 2026

15,0

73

4,0
—&—Shell 95% Reliability

35 —o—Shell 85% Reliability

3,0

2.5

2,0 ¢

N,4 Shell /N, INA

\\‘\.

5,0

1.0

7.5 10,0 12.5 15,0
Asphaltic layer thickness (cm)

Figure 6. Increases in permissible rutting values obtained using the Shell
methodology based on the thickness of the asphalt layer of the pavement
Source: Authors, 2026

Pavement rutting characteristics were evaluated for each
structural configuration using the AASHTO methodology.
Vertical displacement magnitudes for each pavement layer
were calculated, as shown in Fig. 7. The results indicate that
the asphalt, granular (base and subbase), and subgrade layers
contributed between 67.7% and 85%, 22.4% and 10.6%, and
9.9% and 6.8% of the total pavement deformation,
respectively. The highest deformability was observed in the
asphalt mixture, which increased with layer thickness. In
contrast, displacement in the granular materials and subgrade
decreased slightly as the asphalt layer thickness increased.
The subgrade exhibited minimal variation in deformability
across different asphalt layer thicknesses. This trend is
attributed to the gradual dissipation of traffic load magnitude
with increasing pavement depth.

—— Asphaltic layer —&— Granular base

—a— Granular subbase
25

—o— Subgrade

20

15

10

Displacement (mm)

O T T T T 1
75 10 12,5 15

Asphaltic layer thickness (cm)

Figure 7. Evolution of pavement layer displacement as a function of asphalt
layer thickness
Source: Authors, 2026




Bastidas-Martinez et al / DYNA, (93)242, pp. 68-76, July - September, 2026.

HINA Methodology

@ Shell 85% Reliability

E AASHTO cracks top to bottom
1E+08 5

@ sShell 95% Reliability
B AASHTO cracks bottom to top

1E+07 o

1,E+06 A

Permissible traffic level (N_,..)

1,E+05 4

10,0
Asphaltic layer thickness {cm)

75 12,5 150

Figure 8. Evolution of the number of repeatable fatigue cycles with asphalt
layer thickness
Source: Authors, 2026

3.3  Prediction of pavement damage due to fatigue in the

asphalt layer

Fig. 8 shows the results for permissible fatigue repetitions
in pavement. These results consider INA, Shell (85% and
95% reliability), and AASHTO MEPDG methodologies. The
assumption is that cracks occur in both directions, from top
to bottom and bottom to top. The most demanding failure
criterion is AASHTO for top-to-bottom cracking. It gives the
lowest admissibility values for all analyzed structures. Table
3 presents the variations in results from the different
methodologies. It also shows the increases related to changes
in asphalt layer thickness. For a thin asphalt layer (5 cm), the
Shell methodology with 95% and 85% reliability led to
increases of 16% and 132%, respectively, compared to INA.
With thick layers (15 cm), the increases were 175% and
451%, respectively. Using the AASHTO criterion (cracks
from bottom to top), the values ranged from 20 to 28 times
the INA values. This is seen for the evaluated asphalt mixture
thicknesses.

The application of these methodological approaches
yields substantial disparities in analytical outcomes. The
most pronounced divergences manifest in pavement
structures incorporating a 15 cm asphalt layer, relative to
configurations  with  attenuated layer thicknesses.
Consequently, empirical field calibration is requisite to
validate the damage prediction model and ensure its
applicability for rigorous pavement design protocols.

Table 3.
Increases in the acceptability values of methodologies for fatigue prediction
in relation to the values obtained by the INA

Asphaltic Shell Shell AASHTO AASHTO
layer thickness 95% 85% (bottom- (top-
(cm) reliability)  reliability) top) bottom)
5.0 16 132 1933 -50
7.5 27 153 2003 -48
10.0 60 220 2202 -43
12.5 109 319 2452 -37
15.0 175 451 2736 -30

Source: Authors, 2026.
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4  Conclusions

This work involved analyzing classical methodologies
from the literature for the design of flexible pavements. A
structure with material and subgrade characteristics typical of
Colombia was considered. Different asphalt layer
thicknesses (5, 7.5, 10, 12.5, and 15 cm) were evaluated to
assess the pavement's mechanical response. Based on the
results obtained, it is possible to conclude that:

For the structure analyzed, different responses were
obtained. This is because the methodologies use different
variables in their calibration. Specifically, factors such as
climatic conditions, traffic (axle configuration, load
magnitudes, speeds), materials, and subgrade soils affect
calibration. As a result, the outcomes for the same pavement
structure differ.

The American Asphalt Institute methodology gave the
lowest allowable traffic estimates due to rutting. Rutting
causes greater damage to the pavement structure. The INA
methodology is the most conservative of the rutting
methodologies analyzed. For pavement fatigue repetitions,
the AASHTO MEPDG methodology gave the lowest
admissibility values. This occurred when cracks appeared
from top to bottom.

In fatigue damage prediction, the greatest variations in
allowable repetitions were observed in pavement with a thick
asphalt layer (15 cm). This behavior is the opposite of
deformation, as the greatest variations occurred in pavements
with a thin asphalt layer (5 cm) when predicting rutting
damage.

Field studies should be conducted to analyze pavement
performance. This helps define the best methodology for
simulating pavement failure mechanisms under Colombian
conditions.
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