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Abstract:  One particular challenge in pavement design is comparing the 
results of the different design methods. Some methods, such as the AASHTO 
(American Association of State Highway and Transportation Officials) 
Flexible design method and the AASHTO Rigid method were developed in the 
US, and use US units, as well as typical design loads and specifications. The 
same can be said for the Florida Cracking method. Other methods, such as 
the Swedish PMS-Object use SI units and different design axle load.  

 This thesis describes the development of a MATLAB based unified 
Graphical design interface, called MULTI-PAVE, which implements all the 
aforementioned design methods using a unified input, to achieve comparable 
design pavement thicknesses. The program is validated by comparing its 
output against independently written modules. 

 

KEY WORDS:  MULTI-PAVE; AASHTO Flexible; AASHTO Rigid; PMS- 
Object; Fracture mechanics in pavements; Graphical User Interface; Florida 
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1  Introduction  

 

One particular challenge in pavement design is comparing the results of the 
different design methods. Some methods, such as the AASHTO (American 
Association of State Highway and Transportation Officials) Flexible design 
method and the AASHTO Rigid method were developed in the US, and use 
US units, as well as typical design loads and specifications. The same can be 
said for the Florida Cracking method. Other methods, such as the Swedish 
PMS-Object use SI units and different design axle load.  

Starting from the pioneers at AASHTO, pavement design methods have 
grown from being purely empirical to being in the path to be fully 
mechanistic. AASHTO methods have remained empirical though 
improvements have been made to the initial publication in 1971. These 
methods involve the use of graphs and experimental relations to determine 
pavement thickness.  

PMS-Object is the Swedish pavement design method designed by 
Trafikverket (The Swedish transport administration). It is based on a 
mechanistic-empirical design module calibrated to Swedish conditions. 
Florida Cracking Method (FCM) aims to achieve a comprehensive calibrated-
mechanistic approach to determine AC (Asphalt Concrete) thickness, which 
was developed at the University of Florida. 

This project aims to develop a MATLAB based program, called MULTI-
PAVE, which incorporate all the aforementioned design methods using a 
common graphical user input interface and produce a comparable output of 
design pavement thickness. MULT-PAVE focuses mainly on AC thickness 
design selected and enabling the user an automatic unit conversion between all 
the selected design parameters.  

Apart from the four design methods included in MULTI-PAVE, the 
program was developed to be forward compatible with options to add other 
design methods from all parts of the world.  It uses MATLAB’s graphical user 
interface design environment (GUIDE) to create a Microsoft Windows® based 
input screens, which can be updated to keep up with future improvements in 
the built in design methods. 
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The computer program described in this thesis is part of a cooperative 
effort with Abiy Bekele, who developed the modules used in AASHTO design 
methods. The modules for PMS-Object and FMM were written by others, as 
part of a different research project. 

Chapter 2 discusses the entire built in pavement thickness design 
procedures in MULTI-PAVE. Chapter 3 introduces the program itself and 
how the user can input the different design parameters. Chapter 4 focuses on 
the output of MULTI-PAVE. Validation and concluding remarks are 
presented in Chapters 5 and 6, respectively. 
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2  Existing Design Methods 

 

There are many similarities as well as differences between AASHTO 
Flexible, AASHTO Rigid, PMS-Object and Fracture Mechanics methods. 
This chapter summarizes all these individual design procedures included in 
MULTI-PAVE. 

2.1  AASHTO Flexible Method 

Probably the most recognized and used in the world, it is a purely 
empirical approach to pavement design with the help of monographs and 
empirical user judgment. The basis for developing this module is the 1993 
version of AASHTO Guide for Design of Pavement Structures (Bekelle, 
2011). 

As mentioned in the introduction, a more detailed master’s thesis is found 
in Bekele (2011), who also developed the module included in MULTI-PAVE. 
This program only provides a common input and output link between the 
modules and the user. 

2.2  AASHTO Rigid Method 

     AASHTO rigid design method deals with pavement materials, such as 
concrete, on the surface and common sub base and subgrade materials in 
support. MULTI-PAVE only deals with thickness design of the slab and will 
not include reinforcement design. Similar to the AASHTO Flexible, the 
module used here is also in detailed in Bekele (2011).  

2.3  PMS-Object Method 

VTI (Swedish National Road and Transport Institute) developed PMS-
Object – a computer application for analytical pavement design applying 
elastic theory and a modified Kingham fatigue criterion calibrated for Swedish 
conditions, Gullberg (2011). It is continuously updated with new climate data 
as well as materials. An updated version of the program can be downloaded at 
(www.trafikverket.se/Foretag/Bygga-och-underhalla/Vag/Tekniska-
dokument/Vagteknik/PMS-Objekt/). 
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Figure 1  Flowchart of PMS-Object (Gullberg, 2011) 
 

The pavement design thickness of the PMS-Object program was coded into 
MATLAB as part of the work done by Gullberg (2011). It is this module, with 
its limitations, that was used as part of MULTI-PAVE.  The flowchart taken 
from Gullberg (2011) is shown in Figure 1. 

2.4  Fracture Mechanics Method 

The Fracture Mechanics Method was developed at The University of 
Florida by Roque et al. (2004). This framework has been verified to 
successfully predict crack-initiation in Swedish pavements (Gullberg et al., 
2011). Detail explanation of the procedure can be found in Gullberg (2011). A 
flowchart of the method, as presented by Gullberg (2011), is given in Figure 2.  
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Figure 2  Flowchart of FMM (Gullberg, 2011) 
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3  MULTI-PAVE Program 

 

This chapter describes the framework of the MULTI-PAVE program and 
describes how the user can input the required variables for all pavement 
thickness design methods. 

Figure 3 shows the framework of MULTI-PAVE program. It starts from 
the user input interface, loading material database, continuing the analysis 
with selected design methods and finally giving output in different formats.

 

Figure 3  Framework of MULTI-PAVE Program 
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3.1  Starting MULTI-PAVE 

The main graphical user interface is the first screen that the user sees when 
MULTI-PAVE opens for the first time, as shown in Figure 4. It gives access 
to the menu bar, tool bar, progress panel and subsequent dialog boxes. In 
addition, the main graphical user interface shows the user’s status from start to 
the final output. 

To open an existing project, select File > Open from the menu bar or just 
click Open icon on the tool bar. These actions will open the Select File dialog 
box which lets the user choose a previously saved project. It is now possible to 
go directly to running the program since all required inputs are loaded from 
the existing project. The status panel also shows that the program is ready to 
run and display outputs. 

 

 

Figure 4  Main Graphical User Interface  

Progress panel 

Tool bar 

Menu bar 
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To start a new project, the user can either select File > New from the menu 
bar or just click New icon on the tool bar. These actions will open the New 
Project dialog box which is explained in detail in the next section. 

3.2  New Project 

This dialog box, shown in Figure 5, lets the user specify the project name 
and its description. These parameters will help in identifying the project 
summery and give easy access to load previous works. All the design methods 
are also listed here so the user can select method(s) for the design pavement 
thickness analysis.  

Selecting only one method, for example, AASHTO Rigid will disable all 
the input boxes in the program except those required specifically for rigid 
pavement design. It will also disable the design comparison output since 
comparison requires at least two design methods. It is also possible to select 
all the methods to design using all the listed design procedures. 

 

 

Figure 5  New Project dialog box  
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3.3  Design Input 

Design input includes all the common parameters along with the method 
specific inputs. Most of the work done in MULTI-PAVE is to incorporate all 
design parameters in a user friendly and comparable way. This makes the 
analysis and output smooth and the user can easily see the effect of changing a 
single parameter in four different design methods. 

3.3.1  Design Parameters 

Design parameters is the first input dialog box which includes general 
design parameters such as traffic data, design period, reliability and method 
specific inputs. Figure 6 shows an example with sample values populated in 
the input boxes. 

Traffic data  

It enables the user to select between 18 Kip axle load US (United States) 
standard or 100 KN axle load used in the EU (European Union). If a design 
ESAL is given in 18 Kip standard, the 100 KN axle load equivalent is 
automatically calculated and displayed and vice versa. For this conversion, the 
fourth power law is applied. 

Conversion	Factor = *W(��	��)	 W(�	,-�). /
0
   [1] 

Where W(��	��) and W(�	,-�) are EU and US standard single axle loads, 

respectively. 

Design period  

It refers to the pavements intended design life time in years. This value is 
only required in FM design method only and has no effect on the remaining 
procedures. Design period in fracture mechanics is used to determine the aged 
material’s modulus and accumulated DCSE. 
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Figure 6  Design Parameters dialog box  

 

Reliability, R  

In the AASHTO procedure, reliability determines the Standard normal 
deviation, Zr, which in turn is used in the design computation. The respective 
Zr value is displayed when the user changes the reliability drop down box 
value. Table 1 gives the relation between Reliability, R, and Standard normal 
deviation, Zr, used in the program. 

There is no reliability concept implemented in PMS Object, which limits 
the applicability of the program for evaluating, for example, changes in 
pavement thickness as a function of increased or decreased load and 
construction variability, or service level of pavement (Gullberg, 2011). 

Fracture mechanics method uses reliability in a different way to that of 
AASHTO and PMS. It is used to determine the optimum energy ratio (ERopt) 
according to the design ESALs. For reliability less than 70%, FMM reliability 
is assumed to be 50% and similarly for values greater than 90%, it is set to 
90%. This is due to the fact that the original module used for FMM accepts 
only values between 50% and 90%.  
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Reliability 
(R) [%] 

Standard Normal 
Deviation (Zr) 

50  0.000 

60 -0.253 

70 -0.524 

75 -0.674 

80 -0.841 

85 -1.037 

90 -1.282 

91 -1.340 

92 -1.405 

93 -1.476 

94 -1.555 

95 -1.645 

96 -1.751 

97 -1.881 

98 -2.054 

99 -2.327 

99.9 -3.090 

99.99 -3.750 

Table 1  Reliability and Standard Normal Deviation (AASHTO, 1993) 

 

Method Specific Inputs 

These include the different parameters which are used in only one design 
method and will be disabled unless that particular procedure is selected in the 
beginning of the project.  

Performance Level, ∆PSI 

AASHTO road test performance based on user assessment and is a 
function of subgrade modulus, ESAL and structural number. It is the 
difference between the initial PSI, Po, and the terminal PSI, Pt, and common 
values range from 0 - 5. 
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Terminal PSI, Pt 

Terminal serviceability that is considered unacceptable by the highway 
user and this value should not be reached before the end of the design life. 

Standard Deviation, So 

It represents the combined standard error of the traffic and performance 
prediction. Usual values are 0.49 and 0.39 for AASHTO flexible and rigid 
design methods, respectively. 

Mean Average Annual Temperature, MAAT 

Mean average annual temperature, which is only used in fracture 
mechanics method, represents the mean average annual temperature used for 
the prediction of AC modulus. The value used should be in degree Celsius 
[oC]. 

3.3.2  Pavement Properties 

Figure 7 shows the pavement properties dialog box, where the user has the 
option to define the different pavement layers and which materials are used for 
design. It also contains a table to include seasonal variations for a particular 
design. Pavement properties dialog box consists of four different panels, of 
which three are input panels, while the last just displays some details and help 
on how to use the dialog box. 

Flexible Pavement  

The first panel which is named Flexible pavement covers surface course, 
base course, sub base course and subgrade materials, thickness and resilient 
modulus. Base and subbase thickness values are to be given by the user while 
subgrade thickness is set to infinity. The program calculates the required AC 
thickness and displays it on the output screen which is dealt in the outputs 
chapter. The resilient modulus column displays the design modulus of each 
material and cannot be edited directly from this table.  To change properties of 
a material or add a new one, a user must click on Add/Edit materials button 
which leads to the layer properties dialog box. 
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Seasonal variation  

This panel contains four seasons per year namely; winter, thaw, summer 
and fall. Each of those seasons has flexible number of days and temperature 
which are set by the user. The number of days is used to calculate resilient 
modulus of all pavement layers in AASHTO design methods. In PMS, both 
the temperature and number of days per season are used to evaluate design 
moduli. Fracture mechanics uses only mean annual average temperature 
(MAAT) to compute AC modulus hence seasonal variation values have no 
effect on the output. 

AASHTO Rigid 

A separate panel is required for rigid pavement design since the material 
used for the AC layer cannot be the same as all the other flexible design 
methods. The user selects a concrete material from the list of available 
materials. This action also displays the material’s elastic modulus. 

Effective subgrade reaction, Keff  

One of the most difficult parameters to quantify using a MATLAB code 
since it involves different monograms and assumptions. It depends on the 
subgrade modulus, availability of subbase and bed rock properties. For these 
reasons and more, which are in detail in Bekelle (2011), this is left for the user 
to directly input the design value. 

3.3.3  Layer Properties 

Layer Properties dialog box, shown in Figure 8, is displayed when the user 
clicks Add/Edit Material  button. It enables adding new or editing of existing 
pavement construction materials. It contains all of the individual parameters 
associated with pavement materials. 

Name 

Name of the material is a unique parameter used to identify individual 
construction materials. All searches in a database regarding a material are 
based on name and thus two materials cannot have identical names.  
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Type 

This parameter defines the physical property of the material under 
consideration. It has four different options, namely Viscoelastic, Cement 
treated, Granular and Rigid. Each of these options determines which input 
boxes are enabled based on the material’s property. For example, if the user 
selects the type of material as Rigid then all binder property input boxes are 
disabled. 

Unit cost 

It determines the unit cost of the material in €/mm/m2. It is later used to 
calculate the total cost of pavement solely based on thickness. It also gives an 
easy comparison of the different design procedures based on total thickness 
cost. 

Air voids 

Air voids defines the percentage of void found in the design mix. It is only 
used to determine AC modulus in fracture mechanics design procedure. 

Poisson’s ratio 

Poisson’s ratio is defined as the ratio of transverse to longitudinal strains of 
a loaded specimen. It is used in PMS-Object and FMM design procedures in 
MULTI-PAVE. 
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Water content 

Water content is not currently used in this version of the program and is 
placed for future improvements in MULTI-PAVE. The input box is disabled 
and it will not affect any of the design procedures. 

Moduli 

This panel contains the four seasons (winter, thaw, summer and fall) 
considered in MULTI-PAVE for the design of pavements. The user can just 
click on Use Constant Modulus check box and only input the final resilient 
modulus for design. 

Similarly, the user has the option to input variable moduli which is then 
automatically converted to resilient modulus. The method presented in the 
AASHTO (1993), has been used to calculate effective resilient modulus. 
Using number of days for each season, which the user used in Pavement 
Properties dialog box, the weighted damage ratio is computed and the 
effective resilient modulus is then back calculated (Bekelle, 2011). This value 
is barely an overview of the design resilient modulus and the user should note 
that all of the design procedures have specific ways of computing modulus as 
detailed below.  

Both AASHTO methods, Flexible and Rigid, consider seasonal variation 
only for the subgrade layer and hence the user is advised to use constant 
modulus for the other layers. 

PMS-Object uses the Miner’s rule approach and divides the year into four 
periods to account for seasonal variations in temperature and thus the change 
of modulus in the unbound layers. No damage is accumulated during the 
winter as it’s assumed that the ground is frozen (Gullberg, 2011). PMS-Object 
only considers seasonal moduli and computes the resilient moduli internally 
for all layers. 

Fracture Mechanics Method uses the four seasonal moduli for the 
evaluation of AC design modulus. Details of this procedure can be found in 
Gullberg (2011). The rest of the layers use only the resilient modulus that is 
either given by the user as a constant value or automatically calculate using 
the method presented in the AASHTO (1993). 
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AASHTO Flexible Panel 

This panel consists of design parameters which are specific to only 
AASHTO Flexible design procedure. These include layer and drainage 
coefficients which are in detailed in Bekelle (2011). It also contains a popup 
window, shown in Figure 9, which can be accessed by clicking on the View 
Figures… button (highlighted in Figure 8).  

The popup window contains tables of recommended values for all layers 
and material types used for design. The user can select any of the six options 
present in the layer coefficients panel. The tool bar allows the user to zoom, 
pan, save and/or print any of the Figures present. 

 

 

Figure 9  Layer and Drainage Coefficients for AASHTO Flexible 
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AASHTO Rigid Panel 

Similar to AASHTO Flexible panel, this panel consists of design 
parameters which are specific to only AASHTO Rigid design procedure. 
These include load transfer and drainage coefficients which are described in 
Bekelle (2011). The popup window, shown in Figure 10, shows tables found 
in AASHTO (1993). 

The popup window contains tables of recommended values of drainage 
coefficient and load transfer coefficient for rigid pavement design. The tool 
bar allows the user to zoom, pan, save and/or print the tables. 

 

Figure 10  Load Transfer and Drainage Coefficients for AASHTO Rigid 
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Binder Properties 

Binder Properties panel contains different binders with specific 
performance grades. Each Performance Grade (PG) is associated with unique 
regression constants, A and VTS. The user has also an option to select other 
form the performance grade dropdown box to input new experimental A and 
VTS values. Table 2 below shows the common binders used in MULTI-
PAVE with their respective regression constants. 

Gradation 

This panel made up of 14 input boxes each representing a standard sieve 
ranging from Pan – 50 mm sieve. Gradation panel provides the user an option 
to toggle between US and EU standard sieve sizes.  

The user must input percentage passing of each mix which is then later 
used to draw the gradation curve and calculate AC modulus in FMM. Passing 
values of sieve sizes 3/4’’, 3/8’’, No. 4 and No. 200 must be given in order to 
use Fracture Mechanics design procedure.   

Performance 
Grade A VTS 

PG 76-22 10.015 -3.208 
PG 76-16 9.715 -3.315 
PG 70-22 10.299 -3.426 
PG 67-22 10.632 -3.548 
PG 64-28 10.312 -3.440 
PG 64-22 10.980 -3.680 
PG 58-34 10.035 -3.350 
PG 58-22 11.787 -3.981 
PG 52-40 9.496 -3.164 
PG 52-28 11.840 -4.012 

PG 46-46 8.755 -2.905 

Table 2  Binders used in MULTI-PAVE (Witczak et al., 2000) 
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Gradation Curve 

Gradation curve is automatically plotted once the user inputs percentage 
passing values and saves the material. This plot contains two parts, one of 
which is the standard gradation curve while the other is a Fuller curve. These 
two plots can be toggled using the option boxes at the bottom of the plot. 
Figure 11 shows a sample Fuller curve with a Maximum Density Line. 

 

Figure 11  Gradation Curve in MULTI-PAVE 
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3.3.4  Material Database 

MULTI-PAVE comes with a built in database file that consists of one 
material for each layer in the pavement, along with one material for rigid 
pavement design. All the required design parameters of these materials have 
been stored so that the user can try out the program without having to input 
new materials. Figure 12 shows the screenshot of the database Excel file. 

It is designed in Microsoft Excel environment and can be accessed for 
modification via Excel application. If none of the formatting is affected by the 
modification made in Excel, the new database file could be read via MULTI-
PAVE and used for design. The database file is made up of all the material 
properties as column headers starting with Name. It has all the properties of a 
single material in one row. To search or access the materials, the name is used 
as the criteria and thus must be unique. It is designed to be updated with new 
materials and their respective properties. Once the database is updated, it is 
available for use by the user for different projects. It is also possible to share 
material database between different users. 

As new modifications are made to MULTI-PAVE, new variables might 
need to be integrated. This can easily be done by adding the new variables as 
new columns at the end of the Excel sheet. This allows MULTI-PAVE to 
achieve one of its targets of being forward compatible. 

3.3.5  Project Data 

The project data is found under the Materials Database Excel file as a 
different worksheet, shown in Figure 13. It contains all the design parameters 
that are not dependent with individual materials. These include project 
description, traffic data, seasonal variation, and thicknesses etc. Since these 
parameters are not attached to a common parameter, all columns are 
individual variables that describe a single design input.  

 The material database and project data are designed to be read by the 
program, and hence the values in this worksheet are not easily understandable. 
The user can get a compiled final output file with all the design parameters. 
This is discussed further in Chapter 4.   
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3.4  Running MULTI-PAVE 

Once all the input variables are in place, which is confirmed by the 
progress panel, the next step is to run the program. This can be done by 
clicking on the Run button on the tool bar.  Figure 14 shows a screen clip of 
the main Graphical User Interface while MULTI-PAVE is running. 

The final analysis is done for eight different ESALs including the design 
ESAL given by the user. The extra seven design ESALs are automatically 
generated by MULTI-PAVE using minimum and maximum ranges. These 
values are later used to plot ESALs vs. Design Thickness comparison. This 
process is repeated for all the selected pavement design methods.  

MULTI-PAVE considers initially selected design procedures and 
computes design thicknesses for each method. Since it is an iterative 
procedure, analysis could take from a few seconds to a few minutes depending 
on the design procedures considered. This progress is shown on the progress 
bar together with the design procedure currently in analysis. All the check 
boxes in the progress panel will be on, as shown in Figure 15, when the 
analysis is complete. 

 

 

 

 

 

 

 

 

 

 
Figure 14  Running MULTI-PAVE 

Run 

Input Completed 

   Progress Bar 
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4  Output 

 

MULTI-PAVE’s outputs include design thicknesses for all layers in 
AASHTO Flexible; AC thickness for all design methods along with user 
defined unbound layer thicknesses. These thicknesses are iterated for eight 
different ESALs in order to have smooth ESALs vs. Design Thickness curve. 
Outputs in MULTI-PAVE are presented in two ways, namely Output Dialog 
box and Output File. 

4.1  Output Dialog Box 

The first option is a dedicated output dialog box which contains five 
different plots. These plots are Comparison, AASHTO Flexible, AASHTO 
Rigid, PMS-Object and Fracture Mechanics methods. A comparison plot, 
shown in Figure 16, shows all the selected design methods’ total design 
pavement thickness vs. ESALs plot. The rest of the plots show individual 
method’s layer thicknesses vs. ESALs plot as seen in Figure 17. The user must 
note that AASHTO methods use 18 Kip axle load while PMS-Object and 
FMM use 100 KN axle load for individual plot. For the comparison plot, all 
ESALs are converted to 100 KN axle load.  

The output window provides the user the ability to manipulate the plots for 
a better analysis. Some of the features included on the tool bar, zoom, pan and 
data cursor (gives X and Y values at any point in the plot). The user can save 
the plots as any picture file or print them out. 

4.2  Output File 

MULTI-PAVE gives the user the possibility to export all input and output 
data to a predefined template output file in Excel. This file comes with the 
program as a predesigned Excel file so when the user locates this file, 
MULTI-PAVE will automatically input all data in a formatted worksheet. 
This can be done by clicking File > Export Output… and locate the output 
template file, which is provided with the program. MULTI-PAVE then puts 
all material data, project data and summery with plots in separate worksheets. 
The output file, shown in Figure 18, can then be easily accessed through Excel 
environment which allows the user additional formatting features. 
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Figure 16  Comparison plot in Output dialog box  

 

 

Figure 17  AASHTO Flexible plot in Output dialog box 
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Figure 18  Summery worksheet from Output file (Page 1) 

Design ESALs: 18.6  ESALs  (100 kN, Millions) 

Design Period: 20  Years

Reliability: 98  %

AASHTO Flexible:
Delta PSI (∆PSI) 2.1
Reliability Coefficient (Zr) -1.645
Overall Standard Deviation (S0) 0.35

Delta PSI (∆PSI) 2.1
Final PSI (Pt) 2.5
Reliability Coefficient (Zr) -1.645
Overall Standard Deviation (S0) 0.29

Modulus of Subgrade Reaction (k) 72  pci
Base Thickness (AAR_D2) 80 mm
Concrete Strength (Ec) 0.00 Mpa
Modulus of Rupture (S'c) 0.00 MPa

Base Thickness (PMS_D2) 80 mm
Sub-Base Thickness (PMS_D3) 420 mm

Mean Annual Air Temp (MAAT) 5 °C
Base Thickness (FMM_D2) 80 mm
Sub-Base Thickness (FMM_D3) 420 mm

Project Name:

Project 
Description:

Project Summary:

Demonstration

All Methods

PMS-Object:

Fracture Mechanics Method:

AASHTO Rigid:

Method Specific Input Parameters:
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Figure 19  Summery worksheet from Output file (Page 2) 

ESAL  1 ESAL  2 ESAL  3 ESAL  4 ESAL  5 ESAL  6 ESAL  7
0.5 1.0 3.0 5.0 10.0 15.0 20.0

AASHTO Flexible:
AAF_D1 114.0 127.0 152.0 165.0 178.0 191.0 203.0
AAF_D2 114.0 152.0 152.0 152.0 191.0 191.0 191.0
AAF_D3 191.0 165.0 216.0 254.0 241.0 267.0 267.0

AASHTO Rigid:
AAR_D1 165.0 191.0 229.0 241.0 267.0 292.0 305.0
AAR_D2 80.0 80.0 80.0 80.0 80.0 80.0 80.0

PMS-Object:
PMS_D1 187.0 218.0 261.0 276.0 302.0 314.0 324.0

PMS_D2 80.0 80.0 80.0 80.0 80.0 80.0 80.0
PMS_D3 420.0 420.0 420.0 420.0 420.0 420.0 420.0

Fracture Mechanics Method:

FMM_D1 159.0 164.0 187.0 202.0 225.0 237.0 243.0
FMM_D2 80.0 80.0 80.0 80.0 80.0 80.0 80.0
FMM_D3 420.0 420.0 420.0 420.0 420.0 420.0 420.0
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5  Validation 

 

The output of MULTI-PAVE was validated against the original 
independent modules of PMS and FMM written by others.  Since both 
methods only calculate the AC thickness, reasonable values for the base and 
the subbase were chosen as an initial value.  The initial parameters for the 
PMS study are based on the default values given in PMS-Object, while those 
for the FMM module are based on the default values of the Florida Cracking 
Method Program.  All parameters used in the analysis were varied one at a 
time to test the effect on the AC thicknesses for both the MULTI-PAVE, and 
either the PMS or the FMM module. 

The results for this analysis for the PMS and FMM modules are shown in 
Tables 20 and 21, respectively.  The variables in question are highlighted, and 
can be found on the diagonal of the table.  Figures 22 and 23 show a 
comparison of the AC thickness for PMS module vs. Multi-PAVE, and FMM 
module vs. MULTI-PAVE, respectively.  Both the tables and the graphs show 
an exact agreement between the existing module, and the MULTI-PAVE 
implementation, thus validating the unified user input and output interface of 
this thesis. 

However, it is important to note that a direct comparison between MULTI-
PAVE and the original versions of PMS-Object, as well as the Florida 
Cracking Method, do not show complete agreement.  For example: the 
Climatic conditions in PMS-Object are from a built in database based on 
location and metrological data; Poisson’s ratio is integrated into the built in 
database of PMS-Object.  Since updating the existing PMS module was 
beyond the scope of this work, as a simplification, the Number of seasons per 
year in MULTI-PAVE is limited to four while PMS-Object has six. 

A further simplification on the number of layers proved more problematic.  
PMS-Object assumes a 40 mm wearing course to allow for abrasion caused by 
studded tires.  In the PMS implementation, the wearing course is added as an 
additional layer with properties identical to the AC layer.  However the 
layered elastic module used to calculate stresses and strains is based on a five 
layer system, and the implementation of setting and additional layer to a 
specified thickness, thus making for five layers, presented some problems.  
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Some effort was made to correct this problem, but the lack of proper 
documentation in the code made this an effort beyond the scope of this thesis. 

In the FMM module, the same problem occurred, except that since the 
Florida Cracking Method program doesn’t include wearing course, a transition 
between a 3 layer and a 5 layer system at to be dealt with. Furthermore, some 
variables dealing with the binder properties, namely binder content and Voids 
in Mineral Aggregate, were hardcoded in the original FMM module, hence 
causing variance in the final output value. 
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Figure 22  Graphical validation of MULTI-PAVE against PMS Module 

 

Figure 23  Graphical validation of MULTI-PAVE against FMM Module 

100

120

140

160

180

200

100 120 140 160 180 200

P
M

S
 M

o
d

u
le

 D
e

si
g

n
 T

h
ic

k
n

e
ss

 [
m

m
]

MULTI-PAVE Design Thickness [mm]

PMS Module vs. MULTI-PAVE Thickness 

MULTI-PAVE

Results

Line of Equality

100

120

140

160

180

200

100 120 140 160 180 200

F
M

M
 M

o
d

u
le

 D
e

si
g

n
 T

h
ic

k
n

e
ss

 [
m

m
]

MULTI-PAVE Design Thickness [mm]

FMM Module vs. MULTI-PAVE Design Thickness

MULTI-PAVE

Results

Line of

Equality



35 

 

6  Summary and Concluding Remarks 

 

With MULTI-PAVE, the objective of developing a MATLAB based 
program that was intended to allow the user an easy and friendly way to 
compare design thickness outputs from different pavement design methods 
was completed.  The program combines the effort of several programs, as 
published by Gullberg (2011), and Bekele (2011), into a single user friendly 
framework that should provide an excellent teaching tool.  Furthermore, the 
program was designed to be forward compatible, thus allowing additional 
design procedure modules to be added.    

As seen from the validation done for all four design methods, 
MULTIPAVE works and has given extra dimensions to all the modules 
involved. All these modules have now been upgraded to a graphical, modern 
Windows® based look, which any user without prior knowledge of MALTAB 
can easily manipulate.  The output file in Excel, with all variables and results, 
gives a tabulated and graphical report that can be used as it is or as part of a 
printed report.  MULTI-PAVE can give students in the field of Highway 
Engineering a one stop access to all four major design methods, showing clear 
differences between design inputs, analysis and resulting output. The 
difficulties faced by students manipulating different units in exercises and 
project were solved.  

Further improvements can be made to MULTI-PAVE by modifying the 
original PMS and FMM modules to fully allow the user to input all the design 
variables instead of manually hardcoding it. By making these improvements, it 
is possible to achieve a 100% correlation between MULTI-PAVE and the 
existing approved programs like PMS-Object and Florida Cracking Method 
program. To include those changes, all the four design methods can be 
designed to have individual input dialog boxes. These individual dialog box 
designs will allow adding more design methods form all parts of the world.  
By making all the aforementioned improvements, MULTI-PAVE can be 
upgraded to a standalone version that users can install. 

In its first version, MULTI-PAVE has shown that it is possible to compare 
different design methods without the need for extensive analysis. Overall, 
MULTI-PAVE if given enough consideration and support, it has the potential 
to be the benchmark of pavement thickness design softwares.  
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