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Abstract: Mechanistic-empirical (ME) flexible pavement design is now the recommended
practice in Canada. Yet, the complexity and the costs associated with the integration of
the recent American design method may limit the integration of this approach. The
NSERC Research Chair i3C undertook the development of a ME flexible pavement
design software as part of its activities. The software, named i3C-me, allows performing
ME design, for both structural capacity (using a Linear Elastic Analysis of pavement
response) and frost protection (combined Saarelainen-Konrad method), of flexible
pavement structures. The objective of the paper is to present and describe the software.
This design tool is user-friendly and free and uses three levels of precision depending on
the available data, budget and the importance of the project. It also uses seven different
modules associated with project identification, design objectives, load characteristics,
climate, structure and materials, transfer functions and frost penetration calculations. It
includes a fully editable database for the vehicle configurations, material properties,
transfer function, etc., therefore the users can add their specific parameters for their local
materials or calibrated transfer functions. Among other things, the software is well
adapted to the urban context as it can easily consider the effect of vehicle speed and
vehicle configuration, such as urban bus.

Keywords: Flexible pavement, design software, mechanistic-empirical procedure,
structural design, frost protection design



1 Introduction

Flexible pavement design methods in North America have been evolving quite fast in the
past few decades. The AASHO project initiated in the late 50’'s is among the most
important milestone for pavement engineering and design. The empirical design
procedure that emerged from this project led to significant improvements regarding the
general and specific engineering practices used in North America. It also provided a very
large database of pavement response and performance that were used for several years
for research and developments. The AASHTO empirical design method, implemented in
1961 and regularly upgraded up until 1993, was intensively used by transportation
agencies and designers. The method is still being used today. Nevertheless, the
approach has some limitations due to its empirical nature. One can mention the specific
soil and climate conditions encountered in Ottawa, lllinois, where the tests took place.
Other parameters such as vehicles configuration and moderate speed were specific to
the test. In order to improve the work that was undertaken through the AASHO project,
the Long Term Performance Program (LTPP) was initiated in 1986. It involves the
monitoring of response and performance of numerous pavement sections across North
America. In combination of the data collected at the AASHO test site, the data collected
through this type of performance monitoring programs allows to develop damage laws, or
empirical transfer functions, that are at the heart of modern mechanistic-empirical
pavement design procedures that are extensively developed in North America since the
90’s.

Mechanistic-empirical (ME) flexible design procedures are now the recommended
practice in Canada. In contrast with the empirical procedure, through which the optimized
structure is solely determined based on general performance models developed through
field observations, the mechanistic-empirical method combines physical and mechanical
models to empirical transfer functions to make the process more versatile and adaptable
to any specific conditions, materials and vehicles, among others. Several years of
development, combined with the improvement of computing capacities, led the Strategic
Highway Research Program (SHRP) in the United States to release one of the most
complete design procedure available today, the Mechanistic-Empirical Pavement Design
Guide (MEPDG). This method and components are the state-of-the-art of pavement
engineering and design. Canadian transportation agencies are in the process of
evaluating the potential of the method for the Canadian context and are working on the
calibration and validation of the input parameters, damage functions, among others, so
the approach can be efficiently used in Canadian Provinces. However, even at low levels
of precision, the MEPDG is a complex design procedure, requires significant computation
time and requires a lot of input parameters that are not always easily available. It is also
a costly product.

This emphasizes the need for a ME design software that is user friendly, free and already
adapted to the Canadian context. Such development efforts were undertaken as part of
the research activities of the industrial research Chair on the interaction between heavy
loads, traffic and climate (i3C), funded by the National Sciences and Engineering
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Research Council (NSERC) of Canada and numerous industrial partners. A new flexible
pavements ME design software, i3C-me, was proposed in 2015 and was first only
available to the Chair partners. An updated version was made available in 2016 and is
now available for free download on the web (http://i3c.gci.ulaval.ca/i3c-me/). This paper
aims to introduce i3C-me, its main characteristics and functioning process, as well as to
compare the software with other similar options. Design examples are also provided as
part of the paper.

2 Software description

The software i3C-me is a flexible pavement design software developed using VisualBasic
coding. Figure 1 presents the software home screen, which gives access to seven input
modules and the calculation launcher. The software allows performing ME design for
structural capacity using a Linear Elastic Analysis of pavement response based on
Burmister equations and using empirical transfer functions. For structural design, i3C-me
uses a seasonal analysis based on Miner’s law (Doré and Zubeck 2009). A ME calculation
is also performed for frost protection using the combined Saarelainen-Konrad method,
which is described in Saint-Laurent (2012). Three levels of precision are proposed
depending on the available data, budget and the importance of the project. It also uses
seven different modules associated with project identification, design objectives, load
characteristics, climate, structure and materials, transfer functions and frost penetration
calculations. It includes a fully editable database (Microsoft Access Database) for the
vehicle configurations, material properties, transfer function, etc., therefore the users can
add their specific information on their local materials or calibrated transfer functions.

INFORMATION OBJECTIFS DE DEFINITION
GENERALE CONCEPTION DE LA CHARGE CLMATIQUES

STRUCTURE DE MODELES VERIFICATION
LA CHAUSSEE D ENDOMMAGEMENT AU GEL

Figure 1.i3C-me home screen

3 Input windows (modules)


http://i3c.gci.ulaval.ca/i3c-me/

3.1 General information

This input window is used to enter information about the project, such as the client, the
cities and counties, typical pavement sections and chaining, for example. A comment
window is available to enter any specific details worth documenting as part of the trial
pavement structure. Any information entered in this window is going to be available in the
software text file provided as an output after the calculations are performed.

3.2 Design objectives

The objectives are defined as the traffic magnitude to be encountered for the design
period. Figure 2 presents the main screen of this input window. The traffic is expressed
as Equivalent Single Axle Loads (ESALs) N determined with

[1] N(ESAL):DJMAxDxVxCxCAxe[%J

in which DJMA is the average annual daily traffic (AADT), D is the percentage of vehicles
in each direction, V is the percentage of vehicles for a considered lane when 2 or more
lanes are encountered in one direction, C is the heavy vehicle percentage, CA is the truck
factor (ESAL), J is the number of days, g is a traffic growth factor and n the design period
in years. The N value can be entered directly if available or calculated using the software
interface. The heavy vehicles truck factor (CA) can be either directly entered by the user,
defined by a default value based on the road functional class, or a calculation tool is also
provided. This latter tool is similar to what is found in Chaussée2, the flexible pavement
design software used in Quebec. The results of a traffic counting survey can be entered
for various types of heavy vehicles and the weighted truck factor can be calculated. The
default vehicles configurations and axle loads are found in an editable database, and
vehicles can be added, edited or removed easily in the database. Typical heavy vehicles
configuration are available in the database with the software installation, including many
types of urban bus, which makes the software adapted to municipal pavement design.

The ESAL value determined is proportionally separated through the year using the
season lengths that are entered in the climate analysis design window.

3.3 Load characteristics

The load characteristics are defined as the force applied, the radius of the circular plate
assumed and the surface contact pressure, as well as the vehicle speed. The default
values entered are the ones associated with the ESAL, which are a force of 40 kN applied
on a circular plate having a radius of 150 mm, for a surface contact stress of 566 kPa.



Those values can be modified for specific analysis, considering the relationship between
the three parameters. The speed is used when some specific models are considered for
the asphalt concrete in the pavement structure window. The models are used to
determine the dynamic modulus of the asphalt concrete mixtures. The speed is converted
into a loading frequency using the equation provided by Mollenhauer et al. (2009). The
user can also choose to enter manually a specific loading frequency.

¢ Détermination du nombre d'Equivalent Charge Axiale Simple (ECAS) - 0 n c_ Paramétres de charge — O
Fichier  Aide
Caractéristique de la route Qutils  Aide
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VALIDER
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Figure 2. Design objectives window Figure 3. Load characteristics window

3.4 Climatic data

The software works using the seasonal analysis principles, as introduced in Figure 4. Five
seasons are used, which are summer, fall, winter, early spring and late spring. The
average air temperature and length for each season are defined in the main climate
analysis window. The air temperature (Ta) is converted into asphalt concrete temperature

(Tep) (Huang 2004) at a depth z corresponding to 1/3 of the layer thickness using the
equation

1 34
2 T, =T, 14— |-=% 46
[2] i A( z+4j z+4



for which imperial units are used. The user can either manually enter the length and
temperature of each season and save the values in the database for future needs and
analysis, or select a climate that is already defined in the database. Air temperatures or
asphalt concrete temperatures, if available, can be entered in the database. A specific
procedure that uses the sinusoidal modelling of yearly air temperatures is presented in
the user’'s manual to divide the yearly cycle into specific seasons, but the user can also
use its own analysis techniques. The only requirement is that total number of days in a
year equals to 365. If the users prefers to perform an analysis using only one season, it
is possible to enter data (length and average temperature) only for the summer, using
365 as the number of days. The actual software database contains 28 weather stations
in Quebec analyzed over a 30 years period. The next update will add about 30 more
analyzed weather stations to the database. The average season lengths and average
temperatures are calculated for this 30 years average, as well as the average annual
temperature. The historical data and the climate analysis are also used to define the
average air-freezing index and its standard deviation, which are used in the frost
protection calculations.
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Autemne
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Figure 4. Main climate analysis window

3.5 Pavement structure

The pavement structure main window is presented in Figure 5. Up to 10 layers of
materials can be used in the trial pavement structure. The materials categories available
are: asphalt concrete, granular materials, soils and other materials (insulation,
reinforcement or drainage). The software allows to use multiple layers of any materials
and provide guidance with respect to the recommended thickness to be used for each
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layer of different materials. The layers thickness can be adjusted for the trial structure in
this input window. The Poisson ratio is 0.35 for each material, but can be easily changed
in the main input window. For design purposes, the algorithm detects the last layer of
asphalt concrete, as well as the first layer of subgrade soil, in order to compute the tensile
elastic strain at the bottom of the asphalt concrete layer and the compressive elastic strain
at the top of the subgrade.
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Figure 5. Pavement structure main input window

The materials database can be modified at all times through the input window. New
materials, modification to available materials, can be entered in the database.

The software works on the seasonal analysis principles. For asphalt concrete materials,
the season stiffness is determined from the season input temperature. For the granular
materials and soils, the optimum stiffness, which is associated to summer conditions, is
determined. For the other seasons, seasonal multipliers function of soils and materials
types, which can be modified at all times in the input window, are used to modify the
optimum stiffness for the response calculations during the other seasons.

Three levels of characterization are used for each materials, level 1, 2 and 3, the first one
being associated with a detailed and precise materials characterization, while the last one
being associated with the use of default values, for example.

3.5.1 Asphalt concrete

When downloaded, i3C-me has three asphalt concrete mix entered in the database
(surface course ESG-10; surface and base course ESG-14; base course GB-20) (Doucet
and Auger 2012). The user can also input new materials in the database. The bitumen
grade can be selected for each mix. These information are used to select appropriate
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typical dynamic modulus or complex modulus equations for each mixture (level 2), or the
user can input directly test results at level 1. The available models are the Witczak (2005)
or Huet-Sayegh (1963) and are expressed

a
; LoglE™| = 8 + T 1ogty
[3] Log fr = Log f + Log aT
Log aT = al(T — Tr) + a2(T — Tr)?

EOO _EO
146 (iwr)*+ (iwt)™"
Logt = Log 10+ Log aT

|E*| = Dynamic modulus (MPa),

E* = complex modulus

f = fréquence (Hz),

fr = reduced frequency (Hz),

a, B, v, 0, al, a2, EO, E«, k, h, TO = regression coefficients
aT = shift factor (Hz).

T = Temperature (°C),

Tr = Reference temperature (=10°C).
T = relaxation time (s),

w = pulsation [2T1f] (rad/s),
log(1)=log(10)+log(aT)

If such models are used, the temperature and frequency are needed as inputs. For the
temperature, the value at 1/3 of the trial asphalt concrete thickness is used, as it is also
done when MnPave is used, which is the ME flexible pavement design software
developed by Minnesota department of Transportation. The temperature in the asphalt
concrete layer can either entered manually for each of the five seasons, or calculated
using equation 2. For the loading frequency, it can either be entered manually, or
calculated using a default relationship proposed by Mollenhauer et al. (2009), where the
frequency is defined as 0.46*V, with the speed V expressed in km/h. More options will be
available for defining load frequency in a future update.

At level 3, a default relationship which defines the dynamic modulus as a function of
temperature is used. This is the same function than the one used in Chaussée2, the
flexible pavement design software used in Quebec.

3.5.2 Granular materials

The database available when the software is downloaded contains 8 types of granular
materials: granular base (MG20), granular subbase (MG112), granular base and subbase
(MG56), as well as 5 types of recycles materials (MR1, MR2, MR3, MR4 and MR5). At
level 1, the resilient modulus (MRr) stress dependency is modelled using the Uzan (1985)
model, which is expressed



k3

o\ /T
R 1" Pa e -~

Mr = resilient modulus (MPa),

k1, k2, k3 = regression coefficients

pa = atmospheric pressure (=101.325 kPa),

0 = total stress (kPa), définie par I'équation (15),
Toct = octahedral shear stress (kPa).

As shown in Figure 6, typical k1, k2 and k3 values are provided in the database for each
material and can be used at level 1. However, at this level, the user can also enter directly
the results of laboratory tests. At level 2, the stress dependency of the resilient modulus
can be estimated using basic characterization (grain-size distribution, grain density and
modified proctor) or using the results from a CBR test. At level 3, a typical elastic modulus
for the considered granular material is entered in the software.

All the material properties available in the database (ki, k2, k3, Mr, CBR, etc.) are based
on typical Quebec conditions, as found in Chaussée2.

3.5.3 Soils

For soils, level 1 is similar to what was previously described for granular materials. The
stress dependent Uzan (1985) model is used. However, an option is also available to
input a stiffness value measured using a deflectometer. At level 2, for which an example
is provided in Figure 7, the user can still use the results of a CBR test, but can also
express the stress dependency of the soil using either the approach proposed by Rahim
and George (2005) (based on basic soil characterization) or Soto et al. (2013) (based on
light weight deflectometer measurements). At level 3, a typical elastic modulus is used.

Once again, all the material properties available in the database (ki, k2, k3, Mr, CBR, etc.)
are based on typical Quebec conditions, as found in Chaussée2.
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Figure 6. Example of granular materials option Figure 7. Example of soils option window (level 2)
window (level 1)

3.5.4 Other materials

In the current version, only insulation is available in this material category (Figure 8). An
insulation layer can be used in the trial pavement structure as a design option for frost
protection. The user is prompted to enter the type of insulation (expanded polystyrene or
extruded polystyrene). Two level of compression resistance are available, 250 and
400 kPa, are available for the extruded polystyrene. The user can also add or modify the
properties of the insulation materials in the database. Properties like elastic modulus,
compression resistance and thermal conductivity, among others, are needed. The
resistance is used in order to meet a mechanical criteria of allowable vertical stress
applied on the polystyrene (Doré and Zubeck 2009), which is based on anticipated traffic
and load characteristics. The use of an insulation layer can also create favorable
conditions for frost hoar and therefore cause slippery surface. To prevent these conditions
to develop, the software proposes two design options, which allow to adjust the thickness
of the granular layer above the insulation layer to ensure that there is sufficient heat in
the system that will keep the pavement surface warm enough during fall freeze-up (Doré
and Zubeck 2009). The first one is a default granular protection value of 450 mm. The
second one propose an adjustment of the granular protection layer based on the mean
annual temperature, granular materials thermal conductivity and granular materials water
content (C6té and Konrad 2003).
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Figure 8. Example of options for insulation materials

3.6 Damage models

The load associated damage analysis is performed for bottom-up fatigue cracking and for
structural rutting, as introduced in Figure 9. The former is associated with the tensile
elastic strain (¢) developing at the bottom of the asphalt concrete layer, while the latter is
associated with the compressive elastic strain (ev) developing at the top of the subgrade
soil. For each damage mechanism, several models are available to calculate the number
of load repetitions prior failure (Nr for fatigue and Nr for rutting), but the user can also
define new models based on their preferences or test results, or modify the existing ones
in the database. The models should always be defined using the same mathematical
expression of the empirical transfer functions.

For bottom-up fatigue cracking, the general empirical transfer function model is expressed

e (3 ()"

while, for structural rutting, it is expressed
[7] Np = Cg * Kpy - E‘I/{Rz

Nt = allowable number of load repetitions for fatigue cracking,

Nr = allowable number of load repetitions for structural rutting,

€ = tensile strain at the bottom of asphalt concrete layer (m/m),

ev = vertical compressive strain at the top of the subgrade soil (m/m),
E = elastic modulus of the asphalt concrete (MPa),

C, KF1, KF2, KF3, KR1, KR2, Cr = adjusted model parameters.
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Figure 9. Damage laws input window

For fatigue cracking, the available models in the software are the Asphalt Institute
(Carpenter 2007), llli-Pave (Al-Qadi and Wang 2009), Roadent, AASHTO MEPDG (ARA
2004), NCAT 2005 (Timm and Newcomb 2003), Norwegian Fatigue Criteria (Myre 1992)
and Sweden PMS Objekt (Winnerholt 2001). For structural rutting, the available models
are the Asphalt Institute (Asphalt Institute 1982), MnPave (Minesota Department of
Transportation 2012), Huang 1993 (Al-Qadi et al. 2004) and Roadent (Timm et al. 1999).
The user can use the models that are more adapted to his preferences or to context of
the project.

It is worth mentioning that i3C-me can also be used as a calculation tool for unpaved
roads. In order to be used as such, an appropriate structural rutting empirical transfer
function shall be entered first by the user. In such pavement design exercise, the trial
pavement structure would not have an asphalt concrete surfacing layer. Therefore, the
user shall be aware that the calculations for fatigue cracking damage that will be provided
by the software should not be considered, and focus should be put on the structural rutting
damage in such case.

3.7 Frost protection analysis

The frost protection analysis main window is presented in Figure 10. The analysis can be
performed with a sinusoidal equation that uses the data utilized as inputs in the climate
analysis window, or specific monthly or daily temperature data can be entered by the user
if the information is available. A mechanistic-empirical design procedure for frost
protection is programmed in the software. This procedure is similar to the one proposed
in Chaussée2 in Quebec. The calculation method uses the Saarelainen-Konrad approach
to calculate frost penetration and associated frost heave caused by ice lenses growth and
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volume variations due to phase change of water at a daily time step using iterative
calculations (Saarelainen 1992; Saint-Laurent 2012; Saarelainen 1992). At each time
step, the heat balance at the frost front and the associated frost heave are calculated.
The general thermal balance equation is defined by

[8] q—:q++qf+qs

in which g- is the heat flux from the frost front towards the surface through the frozen
layer, g+ is the geothermal heat flux, gr is the heat flux generated by the phase change
from water to ice and Qs is the additional heat flux induced in the system by the freezing
of water that migrates upward due to cryosuction and which feeds the growing ice lenses.
The solving process of heat balance allows obtaining the frost penetration at each time
step. After each iteration, the corresponding frost heave attributed to the freezing of a
given sublayer is calculated considering the 9% volume increase of water when changing
to ice, as well as the heave induced by the freezing of water migrating upward towards
growing ice lenses. Heaving from segregation ice is calculated from frost heave
mechanics theory (Konrad and Roy 2000; Konrad and Morgernstern 1981) and is defined
as

[9] dh =1.09xSPx GradT_ x dt

in which dh is the frost heave of a sublayer, SP is the segregation potential, GradT- is the
thermal gradient of the frozen soil at the segregation front and dt is the time interval. The
total frost heave obtained for the winter is compared to allowable frost heave values that
were established using field performance observations. The Finnish Road Administration
and the Quebec Ministry of Transportation are among the few agencies proposing
allowable maximum frost heave criteria (Doré and Zubeck 2009; Saint-Laurent 2006;
Saint-Laurent 2012; Tammirinne et al. 2006), generally in the range of 30 to 100 mm
depending on road functional class. In Quebec, as programmed in i3C-me, the allowable
frost heave are 50, 55, 60 and 70 mm, for highways, national roads, regional and
collectors roads, and local roads, respectively. The Saarelainen-Konrad calculation
method requires many thermal parameters for the pavement soils and materials in order
to solve the thermal balance equation, such as heat capacity, thermal conductivity and
latent heat. One of the important parameters needed to solve the equation is the thermal
boundary condition at the pavement surface, which is defined with the surface freezing
index (FIs) in the model. This input parameter can be derived from the air-freezing index
(Fla) using the approach based on the n-factor (Andersland and Ladanyi 2004; Ladanyi
1996; Doré and Zubeck 2009). The climatic data used as inputs in the climate analysis
window, such as the 30 years air-freezing index, are utilized to calculate the surface
freezing index using an appropriate n-factor, which is in the range of 0.9 to 1.

The material parameters required to perform the frost design analysis are based on
typical Quebec soils and materials and were extracted from the database available in
Chaussée2. The database of i3C-me can easily be edited by the user, so the new
materials can be added. The properties used in the calculations can also be modified
easily.
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Figure 10. Frost protection analysis main window

It is recommended to perform the frost protection analysis considering a severe winter to
take into account reliability. The software suggests two approaches to determine a severe
surface freezing index. The user can either use a default relationship that uses the normal
air freezing index and its standard deviation (obtained from the climate analysis window
for the thirty years period), or a probabilistic approach given a return period that is
specified by the user. As part of the procedure recommended in Quebec’s practices
(Saint-Laurent 2006), a return period equals to half the design period is recommended
for most cases. The results of the analysis will provide the frost penetration and
corresponding frost heave with respect to time. The total frost heave for the climate
conditions considered is obtained and then compared to the allowable value used for the
pavement, considering its functional class.

3.8 Damage analysis and results

The structural damage calculations are performed for each season considered and each
damage mechanism (bottom-up fatigue cracking and structural rutting). For each season,
the linear elastic analysis returns the appropriate strain values to be used in the selected

empirical transfer functions. The Miner’s law is used (Doré and Zubeck 2009), which is
expressed
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[10] Di=3"

in which i represents a specific season, ni is the anticipated traffic for the considered
season, and N;j is the allowable number of load repetitions for the season i for either
fatigue cracking or structural rutting. The total damage consumed, Dr, is calculated using

[11] D=2 D,

and represents the sum of each seasonal damage. Using this design principle, for each
damage mechanism considered, the value Dt should be close to 1 but should not be
greater. Values greater than 1 suggests an under designed pavement structure, while
values significantly lower than 1 suggests an over designed pavement structure.

As for the frost protection, the software compares the calculated frost heave to the
threshold values suggested according to the pavement functional class.

The user can modify the trial pavement structure and material properties in order to
adequately meet the design objectives.

4  Comparison with CHAUSSEE2

In this section of the paper, a design comparison between i3C-me and CHAUSSEE2, the
empirical flexible pavement design software used at Quebec’s Ministry of Transportation,
is performed. CHAUSSEE?2 performs a structural calculation based on an adapted
AASHTO 1993 empirical design, and the frost protection design is based on the same
The comparison is made for two cases a regional road and a highway. The calculations
are performed for the Quebec city climatic station and for a high plasticity silt (MH)
subgrade soil having a summer resilient modulus of 32 MPa and a segregation potential
SPo of 2 mm?/(°C*h). For the regional road, the traffic was fixed at 5 million ESALs and a
speed of 70 km h* was selected. For the highway, the traffic was set at 50 million ESALs
and a speed of 100 km h! was selected. The Asphalt institute empirical transfer function
were selected in i3C-me. Adjustment were made to parameters related to the stress
dependency of the resilient modulus of the granular layers so both calculation tools would
use the same parameters. The n-factor selected was 1 in both cases and return period
was set to 12 years for the regional road and to 15 years for the highway. However, minor
differences were observed in the database of both software regarding the freezing index.
The physical properties of the subgrade soil (water content, dry density, etc.) were
adjusted so they were the same in both software, as they have a significant impact on
frost heave calculations.

The results of the comparison are presented in Table 1. Both software give comparable

results, with i3C-me providing slightly thicker asphalt concrete course (differences of 15
to 20 mm). The total thickness is also in the same range, but differences of 70 to 90 mm
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are observed. These are attributed to the slightly different air freezing index, but also to
the different calculation methods. While i3C-me performs seasonal mechanistic
calculations based on the pavement structure system properties, CHAUSSEE?2 uses the
AASHTO 1993 empirical equation and effective soils and materials resilient modulus. This
is likely to induce some minor differences in the layer thickness.

Table 1. Comparison between i3C-me and CHAUSSEE2

Thickness (mm)

Regional road Highway
Layer iI3C-me Chaussée2 i3C-me Chaussée?
Asphalt concrete* 175 155 290 275
Granular base 200 200 200 200
Granular subbase 870 800 940 1025
Total thickness 1245 1155 1430 1500

*For i3C-me, combinations of surface and base course having different dynamic modulus master curve.

5 Conclusion

A new mechanistic-empirical design software for flexible pavements was programmed as
part of the research activities of the i3C NSERC industrial Research Chair at Laval
University. The software performs mechanistic-empirical design for structural capacity
and frost protection design. The calculations performed by the calculation tool are based
on seasonal damage analysis. This software is used as the main technology transfer tool
to provide the research results in an easy and simple form for the research partners and
the industry. The objective of this paper was to introduce this software and present an
overview of its main functionalities and options. The calculation tool can be downloaded
for free online on the website of the i3C research Chair. The actual version is in French,
but an English version is currently developed. Such a software presents numerous
advantages, such as the ease of use, mechanistic-empirical structural design, seasonal
damage analysis, consideration of the effect of vehicles speed, the calculation of frost
penetration using the general heat balance equation, as well as the easy access to a fully
editable database for climate, vehicles, materials and empirical transfer functions, among
others. It is particularly adapted to urban pavements design because of the consideration
of the vehicle speed and the availability of most urban buses configuration and axle weight
in the database. The software can also be used for the design of unpaved roads. A major
update of the software is planned for fall 2017.
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