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INTEGRATED PAVEMENT DAMAGE ANALYZER (INTPAVE)
GRAPHICAL USER INTERFACE MANUAL

The software to analyze pavement damage was developed into a stand alone executable program
which has the following characteristics:

Easy-to-use interface.

Convenient data input.

Integrated FEA model that calculates rutting and stresses for flexible pavements,
developed in Matlab®.

Newer and simpler graphical user interface that sends to and receives data from an
external concrete pavement analysis program (JSLAB-2004).

Graphical display of results.

The software may be used for the following purposes:

Rutting calculation for a given flexible pavement structure and traffic loading scenario by
means of finite element analysis.

Fatigue cracking determination for a given pavement structure by means of Asphalt
Institute procedure as described by the Guide for Mechanistic-Empirical Design (2004).
Damage factor determination based on comparison of a truck against a standard truck
defined by user based on equivalent axle load factors, rutting and fatigue cracking for
flexible pavements, and equivalent axle load factors, fatigue cracking, faulting, and
pumping index for rigid pavements.

Permit fee calculation for a case study truck based on damage caused by a single pass
compared to the damage caused by a standard truck. Distress types include rutting for
flexible pavements and fatigue cracking for rigid pavements.

MAIN WINDOW OVERVIEW

Executing the software prompts a main window that displays the main menu with a list of
options, as shown in Figure 1. Below the main menu lies a set of buttons that correspond to
basic items linked to actions that are also within the main menu. Putting the mouse over the



action buttons will display a message showing the function of the button. The action of these
buttons is as follows: New File, Open File, Save File, Analysis Type, Run FEA Analysis for a
Single Truck, and Exit. Figure 2 presents the list of each button and the corresponding action.

D RuttFE =13

File Input Loading Conditions Rum Results Help
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Figure 1 — Main window.
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Figure 2 — Button activities.

The selection of any of the main menu options will open another list below them displaying
related actions to their corresponding title. As an example, selecting the File menu will display a
list consisting of New, Open, Save and Exit options. Creating a new file will automatically send
the user to the next menu, Input, specifically to Pavement Type. The user will have to continue
through the rest of the steps by filling the empty forms displayed. On the other hand, opening a
file will load a previously saved file with information regarding the pavement structure, loading
conditions and traffic rate. Such data may be edited by the user and saved into another file at any
moment.

FLEXIBLE PAVEMENTS

Selecting the Input option from the main window will display a menu with options related to the
pavement properties of the program. Such list is shown on Figure 3.
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Figure 3 — Input menu for pavement structural properties.

The first item on the list is the Pavement Type. This item lets the user decide what kind of
pavement to analyze, which can be either a flexible or a rigid pavement. A screenshot of the
displayed window is shown in Figure 4.

P Pavement Type g@@
Pa\‘emm Tj.lp& ...........................
> Next
@ Flesible Pavement e e
" Rigid Pavement [E] Exit

Figure 4 — Pavement type selection.

As it may be seen, each window has the option of going to the next screen, that is the next item
on the menu, or closing the current active window letting the user skip menu items to select
whatever item the user wants to edit if a file was previously loaded into the program. If the user
selects a “Flexible Pavement” and clicks on the “Next” button, a new window titled Pavement
Layers is displayed asking the user to enter the number of layers the pavement has in its
structure, and the thickness and Poisson ratio of each layer. Figure 5 shows the displayed

window.
@ Pavement Layers g@

MNumber of &sphalt Layers 2 =
Mo. of BazedSubbase Lapers |2 =

Type Thickness (in.)  |Poisson Ratio

ACT 18 0.33

AC 2 15 0.33

Baze 12 0,33

Subgrade 40 0.4

ElClose | & MNewt

Figure 5 — Number of pavement layers and structural properties.

Other pavement properties have seasonal variation, and these were differentiated from the
previous properties, as they vary according to the number of seasons specified by the user. The



window prompted by the Seasonal Periods option allows the user to indicate the number of
seasons within the analysis period and the season duration in days, as shown in Fig. 6.

M Seasonal Periods [:@

Seasonal Penods [Days) ]120 j’
Number of Seasons ]3 j'

Close

Figure 6 — Seasonal period analysis.

The last item within the pavement structural properties input menu, Pavement Properties, lets
the user enter into the program time dependent properties, such as the modulus of elasticity, «, 4,
and nonlinear parameters k, and ks. The window on Figure 7 shows sample properties on a
selected layer.

 Pavement Properties [;_J@
ACP1| ACP2 Base |Subbase| Subgrade |
Season  |k1 (psi) [Alpha [Mu [k2 | [&] |
1 50000 i0.75 0.4 0.2 -0.2
2 40000 0.72 0.42 02 -0.2
3 35000 0.75 0.38 02 -0.2

Cluse | > Next |

Figure 7 — Seasonal pavement properties

LOADING CONDITIONS

Selecting the Loading Conditions option from the main menu will display a submenu with
options related to the traffic loading conditions. The first displayed item in the submenu is the
Traffic option that prompts a window as shown on Figure 8.

The prompted window asks the user the required traffic information in terms of daily number of
repetitions. Furthermore, it asks the user to specify if the analysis has to be done for a specific
truck or if a comparative analysis is required in order to compare damage generated by a truck
relative to the one generated by a standard truck. From this point, the analysis may follow two
different paths and results are displayed in a different manner.
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Figure 8 — Seasonal pavement properties.
SINGLE TRUCK, AXLE OR TIRE
The option Single Truck sends the user to the window shown in Figure 9. This window asks the

user for information regarding the axle loading and other properties such as tire radius, pressure,
axle spacing and tire spacing depending on the number of axles within the axle group.

@ Axle Configuration E]@

SelectVehicle  [Truck = Mumber of Traling &xle Groups |2 =

Steering Axle  Front Axle ] Flear.f-‘-.xle]

Aule Type ,m‘

Murmber of Axles [z = Tires Doyl -

Axle  |Load (Ib) |Radius (in) |Pressure (psi) |Axle Spacing {in}|Tire Spacing (in} |
0 12

1 17000 i8 93.69
2 17000 38 93.69 48 12

{8l Save To File ‘ B> Mext ‘

Figure 9 — Axle loading and properties

Furthermore, the user may analyze a single tire if that option is selected. The following window,
shown on Figure 10, prompts the user to select an Analysis Type which can either be a linear or
nonlinear analysis and each can be two- or three-dimensional. Two-dimensional modeling is
only available for single tires; if an axle or truck is analyzed, the 2D option is hidden. If the 3D

option is selected, the user will get the option of saving the mesh and stresses for further
reference.



i Analysis Type [Z]@

f* Linear Analysis (= 0; B> Next

™ Maonlinear Analysis 3D Close

Figure 10 — Analysis type, selecting a 2D model.

2-D Model

Selecting a 2D model analysis, as shown in Figure 10, will lead to an axisymmetric finite
element analysis, for this reason two-dimensional modeling is only available for single tires.
Though the mesh may be viewable using Gmsh by opening Geometry2D.msh file, the analysis
will not produce an output file with the stresses obtained from the analysis. Clicking on the Next
button leads the user to the same steps that will be explained for the 3-D Model.

Gmsh is a three-dimensional finite element mesh generator with built-in pre- and post-processing
facilities. This GNU General Public License program is used as a meshing tool called from the
finite element analysis program and is used as a post-processor for viewing stress contours as
well as the resulting mesh for multiple axles for three dimensional modeling.

3-D Model

Selecting a 3-D model analysis from the Analysis Type window, as shown in Figure 11, will
lead to a three-dimensional finite element analysis. Though Figure 11 presents all options, the
2D option will not be available if an axle or a truck was selected when the configuration was
defined.

o Analysis Type E]@
o Linear Analysiz i 2D * Next
" Monlinzar Analysis + 3D Close
v Save Mesh ~ Sa

Figure 11 — Analysis type, selecting a 3D model.

Once an analysis type has been selected, another form titled Summary of Input prior to the
analysis execution is displayed presenting a summary of all input information, as shown in
Figure 12. All information previously input will be displayed containing the pavement seasonal
properties, traffic information, as well as the axle configuration. In Figure 12, the information
for a truck having a steering axle carrying 12,000 Ibs, and two tandem axles with 17,000 Ibs are
displayed, similar to the information displayed on Figure 9.



i Summary of Input g@

[Tatal Mo, of Layers = 3 -
Mo. of Asphalt Layers =1
Thickress [in) Poizzan R atio

6.00 .
12.00 038
50.00 0.40

Mo, of Seasong =1
Seazon Duration = 360

Matenial  Season  E (ksi) Alpha  Mu k2 k3

1 1 ROCE+05 078 025

2 1 480E+04 075 040 0.20 -0.20
3 1 ZA0E+04 080 040 020 -0.05

D aily Repetitions = 833

Mumber of sxle Groups = 3

e Group #1 Mo, of Axles =1

le Load[lb) Radiuz  Aule Sp. Tire S5p.
1 12E+4 B3 na na
Ale Group #2 Mo, of drlez =2

Ale Load[lb] Radiuz  Aule Sp. Tire Sp.

1 1.7E+4 3.8 0o 12.0
2 1.7E+4 38 48.0 120
Axle Group H#3 Mo of Axles =2 "

Elnse ‘ 1. Run ‘

Figure 12 — Summary of input

Clicking the Run button will execute the finite element program based on the decision taken on
the analysis type. The analysis will generate a mesh and stresses files for each axle and stored at
the Mesh and PosGen folders created within the root folder, respectively. Files will be numbered
with respect to the axle number accordingly, overwriting files from previous executions.

As soon as the execution process is finished, the results will be available to the user.
Automatically, the Rutting window will be presented to the user; a sample rutting graph
obtained from the results is depicted on Figure 13, which displays a graph with the total rutting
as well as the contribution of each layer compared to the number of load repetitions. The
number of repetitions available is the one the user selected for the analysis period.

By selecting Fatigue Cracking button a new window is displayed as shown in Figure 14 which
displays a graph of fatigue cracking area with respect to load repetitions. The default method of
calculating fatigue cracking is based on the Asphalt Institute formulation; however, constant
parameters k may be changed to any value the user defines and a new graph will be displayed
after the user clicks on the Calculate button. Similar to the rutting form, the fatigue cracking
form has a summary button that displays the summary of results.
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Figure 13 — Rutting vs. load repetitions.
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Figure 14 — Fatigue cracking results.

The user will have other information readily available that may be displayed by selecting the
options shown in the Rutting or the Fatigue Cracking windows. The user has further access to
view rutting or fatigue cracking results, mesh and stresses’ contours or view a summary of the
information obtained and displayed by just clicking on the buttons located next to the graph.



By selecting the Summary button a new window is opened that displays a field with a summary
of the total rutting at the end of each season, as well as the contribution of each layer at the end
of the total analysis period in terms of percentage, as shown in Figure 15. This information may

be saved into an ASCII text file.

@ Summary Report

8=

ieason  Load Bep. Fut Depth Fatigue Cracking
[mrilz.] Area (%]

1 300001 nz2 96.00

Layer Rut Depth [milz)
Layer Fut Depth Percent

1 0o ]
2 01 50
3 010 44

Al Save ‘

Close ‘

Figure 15 — Summary of results.

Clicking on the Mesh / Stresses button displays another window form that allows the user view
the mesh of all axle groups by launching Gmsh that automatically open the axle group selected
by the user from the drop-down menu, as shown in Figure 16. Similarly, the stress contours are
available for all axle groups in the vertical, longitudinal and transversal directions by just
selecting the desired options from the drop-down menus. Values of stresses are expressed in the
same units as they were input into the pavement damage program, that unit consists of Ibs/in?
(psi). If the user did not selected to view this information using the check boxes in the Analysis
Type window (see Figure 11), then the drop-down menus will display Not Selected and won’t

call these results.

Clicking on the Mesh and Stress View buttons will open windows as the ones that were shown in

Figure 17(a) and (b), respectively.



@ View Mesh and Stresses E]@

View FE Model
Mesh & Stresses

Mesh |Axle Group 1 j

Stesses (4l Group 1 - M

along Wertical ~| direction

% Rutting ‘ Cloze ‘

Figure 16 —View mesh and stresses.

-

\ /cygdrive/c/FERutt/Mesh/Geo3D_2.msh =Jokd \ /cygdrive/c/FERutt/PosGen/Geometry3D_2y.pos |~ |03

XY Z11 7 Gmsh 1.61.3 Read "fcygdrive/ XY Z 1192 Gmsh 1.61.3  Post-processin Ready

Figure 17 —-View mesh (a) and stress contours (b).
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COMPARE TRUCKS

The above description applies for the case where the user selects the analysis of a single truck,
axle or tire. Now it is explained the other analysis type option, which consists on comparing
damage caused by a truck based on the damage caused by a standard truck, both of them user
defined by the user. The selection of comparing trucks is done at the traffic form (see Figure 8),
clicking on Compare Trucks radio button sends the user to a different form titled Truck
Vehicle Selection where a new and standard vehicle must be defined or selected from previously
stored information, as shown in Figure 18. The form allows the user select saved vehicle
information, or create and/or edit vehicle information for both trucks. Moreover, it asks the user
to enter information regarding the empty vehicle weight of each of the wvehicles, and
automatically displays the gross vehicle weight (GVW) once the vehicle axle configuration has
been created.

r{‘) Truck Vehicle Selection [Z]@

Standard Yehicle
Grozz Wehicle Weight (VW] lanon kipz

Empty Wehicls Weight 3 kipz

Create/Modify vehicle| Select Yehicle ‘

Comparable Truck

Gross Yehicle Weight [GVwW]  [g7.00 kips

Empty Yehicle Weight 5 kipz

Create/Modify Yehicle |

B> Next ‘ Close |

Figure 18 — Truck vehicle selection.

Selecting on the Create/Modify Vehicle button opens another window, titled Truck
Characteristics, Figure 19, where the user can enter the number of axle groups besides the
steering axle, the axle type of each group (i.e. single, tandem, tridem, etc.), the number of tires
(single or dual), and the corresponding tire properties and distances for each configuration. The
user will be able to save new or modified axle groups configurations at any time for later use,
once all blank fields are filled. This window form is similar to the Axle Configuration form
shown for the single truck analysis.

11



® Truck Characteristics E]@

SelectWehicle [T uck - Murnber of Trailing Axle Groups |2 -

Axle Type User Defined
Murnber of Axles o - Tires  |Dual -

Axle |Load (Ib) |Radius (in) |Pressure (psi) |Axle Spacing (in) |Tire Spacing (in) |
1 17000 18 93.69 0 12
2 17000 38 9369 48 12

Bl 5ave To File | Cloze ‘

Figure 19 — Truck characteristics.

Once both vehicles are selected, the procedure requires the user to select an analysis type to
compare vehicles, as shown in Figure 20. There are four analyses available, the first one
consisting on a comparison based on the equivalent axle load factor for each truck (AASHTO),
the second one based on rutting, the third one based on fatigue cracking, and a fourth one
consisting on the calculation of a permit fee for the case study truck based on the rutting caused
by this truck to the rutting caused by the standard truck. Each selection provides a relative
damage based on the standard truck. In the case of rutting, it is necessary to provide what type
of analysis the finite element code must perform, either a linear or nonlinear analysis.

D Compare Vehicles g@

Compare Yehicles

Rutting
Fatigue Cracking

Permit Fee

__ Pomitfes |
[] Close

Figure 20 — Compare vehicles form.

If the comparison based on the equivalent axle load factor for each truck is selected by clicking
in the AASHTO button, a new window will be displayed as shown in Figure 21. This window
will provide the ratio between the equivalent axle load factors of the analyzed case truck divided
by the selected standard truck.

12



P@ Damage Factor g@

Damage Factor

Figure 21 — Damage factor based on AASHTO formulation.

On the other hand, a finite element analysis will be executed if a Rutting or Fatigue Cracking
analysis is selected. For both cases, a three-dimensional model will be implemented. The
window selecting the analysis type appears before the finite element code execution, as shown in
Figure 22. In this comparison analysis, the user won’t have the save mesh and stresses options.

@ Compare Vehicles g@
Select Analyziz Type
: 1, Execute
" Monlinear &nalysiz Return

Figure 22 — Analysis type for comparison.

Selection of the rutting comparison will open a new graph displaying a tab control generating a
graph depending on the selected tab. The first of the four displayed tabs offers the results of
damage factors obtained from a ratio of load repetitions for both trucks required to attain a given
amount of rutting, taking also into consideration the payload carried by the trucks too. The
damage factor obtained is shown in a graph as the one in Figure 23.

The next two tabs display the rutting generated by the case truck and the selected standard truck

based on the number of repetitions, as shown in Figure 24. This information is similar to the one
obtained from a single truck analysis (see Figure 13).

13
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Figure 23 — Damage ratio based on rutting.

® Rutt Depth Damage Factor (Truck/Std Truck)
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T
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T
250,000

T
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Figure 24 — Rutting vs. load repetitions for each truck.
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Finally, the ratio of damage factor based on rutting of the new truck to the standard truck
obtained for the first repetitions is displayed if the fourth tab is selected. This information
directly compares the rutting generated for each truck pass, which is more suitable for a
superheavy truck pass. A sample graph is shown in Figure 25.

W Rutt Depth Damage Factor (Truck/Std Truck) E]@
Damage Factor] Case Truck ] Standard Truck  Rutting Ratio l
148
0.95 §
0.9 4
0.85 4
0.8
0.75
0.7
0.65 §
0.6
&5
5
s
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
04 T T T T T T T T T
1 2 3 4 ] 6 T [ ] 10
Load Repetitions

Figure 25 — Ratio based on rutting for the first truck passes.

Similarly, fatigue cracking comparison displays similar charts, with the same tab control options
from the rutting window. Figure 26 presents a sample graph of the rutting comparison. Again,
the first of the four displayed tabs offers the results of damage factors obtained from a ratio of
load repetitions for both trucks required to attain a given amount of fatigued cracked area, the
payload carried by the trucks is again considered. The damage factor based on fatigue cracking
is shown in a graph as the one in Figure 26. Changing the k parameters and clicking on the
Calculate button will generate a new graph.

Similarly to the rutting results, the fatigue cracking curves are available for each truck as shown

in Figure 27. A direct ratio of case to standard truck based on fatigue cracking for the first load
repetitions is also available.
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Fatigue Cracking Parameters IASphalt Inst| ,I
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}cl ID.D?SB 0.85 4
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Fcz IEI.854 0.85 4
i 0.5 4
& 0.55 4
# 057
Calculate | % .45 ]
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Figure 26 — Damage ratio based on fatigue cracking.

i’ Fatigue Compare g@
Fatigue Cracking Parameters I,;_\.‘Spha“ [y ,l

Damage Factor  Case Truck | Standard Truck | Fatigue Fatio

Fatigue Cracking Area (%0

404
30 4
E[ﬁlose | 2p
10 4
0+ T T T
0 100,000 200,000 300,00

Load Repetitions

Figure 27 — Fatigue cracking based on load repetitions results per truck.
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PERMIT FEE IN FLEXIBLE PAVEMENTS

Permit fee calculation based on comparison of rutting caused by a case study truck to the one
caused by a standard truck is carried out when selecting the fourth option, titled Permit Fee, of
the Compare Vehicles window, shown previously in Figure 20. A new window is displayed next
with a form that lets the user enter information regarding traffic such as the Average Annual
Daily Truck Traffic, the threshold in rut depth to calculate the number of standard truck passes to
failure in rutting, the type of repair and its related costs, as well as the discount ratio for
calculating present worth values, as shown in Figure 28.

Permit Fee

Analyzis Type Rutting Threzhald [in.]
(+ Linear Analysiz 0.4 Milling Thickness, in 2
(" Monlinear Analysi
Erineal AnaysE H& Owerlay Thickness, in 3
“Irput Cost of Miling, $45.7. 15
i %
AaDT 1500000 Dizcount Rate [ %] |3 Cost of H& Overlay, $/ton |—55_33
Type ot Repair | Coidmiling and HMA oversy | Lane 'Width, ft 12
Hi2 density, IB/C.F 145
Calculate Rutting Calculate Permit Fee
4. Execute Ealculateé
Output
Permit Fee [$/mile] |373
Payload 3

Repair Present \Worth Yaue [P $/ane-mile) |53 252 oo

Hbd& Quantity, tan 1172
Unit Cost, $/lane-mile {10 560

Figure 28 — Permit fee calculation for flexible pavements.

The options available for type of repair in the program are shown in Figure 29. Each of these
options has different types of input values. Furthermore, the user has the option of obtaining
rutting based on a linear or nonlinear analysis. After executing and calculating the cost analysis,
the permit fee is displayed along with other variables such as the repair present worth value per
lane-mile. Calculation of permit fee is explained in detail in Report 9-1502-01-8.

17
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i . Recycling Thickness, in 1
Hbdds Overlay Thickhess, in 3

Cost of HM& Recyeling, $4on 1
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Lane Wwidth, ft |-|2— Lane Widih. ft 12
Hbdds denzity, Ib/CF |-|45— HMA density. Ib/C.F 145
A\ 4

Other repair option

Other Fepair Cost [$/50-0d] i

Figure 29 — Flexible pavement repair options.

RIGID PAVEMENTS

The Integrated Pavement Damage Analyzer (IntPave) includes a section for distress analysis of
rigid pavements. A graphical user interface was created to send pavement structure and traffic
information to an external concrete pavement analysis program called JSLAB-2004, this
program is capable of analyzing jointed pavement responses under a moving load from one end of
a multiple-slab pavement to the other. The pavement damage analyzer incorporates distress
models that make use of the resulting stresses obtained by JSLAB-2004 which are read by the
pavement damage analyzer program to assess damage.

Selection of Rigid Pavement from the Pavement Type window (see Figure 4) leads the user
through different windows. Starting with the Rigid Pavement Properties window, the user
needs to input information related to the slab material (i.e. concrete’s elastic modulus, Poisson’s
ratio, unit weight, equivalent temperature gradient and coefficient of thermal expansion), its
thickness, and subgrade modulus. Default values are already displayed for the user to modify, as
shown in Figure 30.
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() Rigid Pavement Properties [Z]@

Slab Material and Thickness

Thicknessz fin.] 10
Elastic: Madulus [psi] 4000000

Poiszon's Fatio

=

15

Urit W/eight (Ib./in3] 00868
Equivalent Temperature Gradient [*Fin.] i
Coefficient of Thermal Expansion EE.§

Denze Liquid Foundation

Subgrade Maodulusz [pzifin) 200

B> Next ‘ E Cloze

Figure 30 — Rigid pavement properties.

Next, slab properties must be input such as slab dimensions; this information is input into a
window form as shown in Figure 31. It further requires to input desired wheel path distance to
edge of slab. The program locates a second wheel path 6 ft above the selected wheel path.
Moreover, a point within the slab must be defined; this point will be used if stresses want to be
found at that specific point. Its location is based on the distance from the edge of slab
(perpendicular to wheel path direction) and the distance from the edge of slab where a joint is
located, that is parallel the wheel path (see Figure 32).

[ Stab Properties =Jo&d

Slab Size

Slab Length [in.]

Slab Width [in.)

Wheel Path

Distance to Edge (in.]

Data Collected @

Distance ta Jaint [in.)

LA

Distance to Edge (in.]

E> Next ‘ Close

Figure 31 — Rigid pavement properties.
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Figure 32 — Wheel path and selected point location within slab.

The following form titled Joints asks the user to enter information about the joints on the rigid
pavement. Information about dowels and tie bars should be provided if required, as shown in
Figure 33. Input fields activate depending if dowels exist or do not.

@ Joints

MEX)

Joints Parallel to 'r-deis

f* Dowef " Interlock
Dol Diameter [in.] 1.75
Dowel Spacing [in.] 12
Interlock Stiffness [pai)

Dowel Length [in.) q

Joints Parallel to #-duis

{» Tiebar " Interlock
Tiebar Diameter [in.) 075
Tiebar Spacing [in.] 18
Interlock Stiffness [pai)
Tiebar Length [in.] q
B> Next ‘

(" Dowel + Interlock

" Tiebar + Interlock

Close

Figure 33 — Joints.

After this information is input, the form titled Truck Vehicle Selection is displayed in order to
perform a comparative analysis. As in the case of the flexible pavement, a new and standard
vehicle must be selected, as it was shown previously in Figure 18.
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Again the user will have to edit the truck characteristics if necessary, opening a window as
shown in Figure 34, which happens to be similar to the one displayed from the flexible
pavement; however, a new field activates on the bottom part of window that asks the user to
enter the distance between axle groups. This information is necessary in order to dimension the

truck.

5} Truck Characteristics

=0

Aule Type

Steering dxle

Murnber of Axles

Select Yehicle Truck,

User Defined
2 - Ties Dl -

- Murnber of Trailing Axle Groups |2 -

Rear Axle ]

Axle  |Load (Ib) |Radius (in) |Pressure (psi) |Axle Spacing (in) |Tire Spacing (in) |
1 17000 18 93.69 0 12
2 17000 3.8 93.69 48 12
Distance ta Previous Axle Group [in.] 168 H Save To File | Closze ‘

Figure 34 — Truck characteristics.

Once the necessary information is provided, the next window asks the user to select the type of
analysis desired, shown in Figure 35. Among the options it is possible to compare damage of the
new to the standard truck based on the equivalent axle load factor for each truck (AASHTO), or
based on the stresses generated by each truck based on a dynamic analysis of the truck moving
through the slab, as well as calculating the permit fee for a case study truck based on fatigue

cracking.

(] Rigid Pavement Analysis g@
Select Analyziz
Calculate Damage Factors Calculate Permit Fee
AASHTO ‘

Fatigue Cracking @& Slab

Select Option

(« Fatigue Cracking @ Slab

Fatigue Cracking {@ Point

" Fatigue Cracking @ Point

Pumping | Permit Fee ‘

Faulting ‘

E Close ‘

Figure 35 — Analysis type.

21



The first option, similarly to the flexible pavement, obtains the damage factor based on the
equivalent axle load factor for each truck. By clicking in the AASHTO button, a new window
will be displayed as shown in Figure 36. This window will provide the ratio between the
equivalent axle load factors of the analyzed case truck divided by the selected standard truck.

@ Damage Factor g@

Damage Factor

1.0

Figure 36 — Damage factor based on AASHTO formulation.

Selection of the Fatigue Cracking @ Point button makes the program to perform a dynamic
analysis to obtain the stresses in order to find fatigue cracking at the point that was previously
specified by the user on the Slab Properties window (Figure 31). This will provide the damage
factor based on fatigue cracking at a unique point as shown in Figure 37.

E’ Fatigue Cracking Q@
Fatigue Parameters Fatigue Equation
. . . 3
Fatigue Equation  |50% Probability of Faire | leg N, = fi- £, [S—]
[
i 17.E1

Damage Factor

k: 17.61 g

Concrete Moduluz of Rupture, 5, (ksl g2 80 111
Close

Figure 37 — Damage factor based on fatigue cracking at user defined point.

The user has the option of changing the fatigue equation as well as the f constants in order to
obtain a new damage factor after pressing the Calculate DF button, as shown in Figure 38.
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o Fatigue Cracking

BEX

Fatigue Parameters

Fatigue Equation | Qithyer j

B0% Probability of Failure
Zero-Maintenance Pavement

r

A Fartland Cement A zsociation
Other

s

A 17.61

Concrete Modulus of Bupture, 5. (ksil  [gE280

Calculate DF

Fatigue Equation
(23

lee N. = fi— 5| —
gV, fi f:[sc]

Damage Factor
T
Close

Figure 38 — Available fatigue equations.

On the other hand, it is possible to obtain the damage factor based on fatigue cracking at the
point where maximum stress occurred in the slab by selecting the Fatigue Cracking @ Slab
option. The maximum stress is obtained after each iteration as the truck passes through the slab,
and a comparison is made based on the maximum of them. The same form is presented but a
slightly different damage factor is obtained from the maximum stresses (Figure 39).

@ Fatigue Cracking

B

Fatigue Parameters

Fatigue Equation |50% Probability of Faire |

§ e
L [re

Cancrete Madulus of Rupture, . [ksil  [gs2 50

Fatigue Equation

~ [
lg N = £, _f:[_]

SC

Damage Factor
1.14
Close

Figure 39 — Available fatigue equations.

Selecting the Pumping option presents the user another window that finds the damage factor
based on a ratio of pumping indexes. The user is asked to provide the soil type from a drop-
down menu, as well as the annual precipitation and freezing index in order to compute the

pumping indexes, as shown in Figure 40.
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.
(] Pumping and Erosion E]@
Pumping Model Pumping Index
Soil Type | Coarse-Grained Soil (414 - | Pl Standard Truck — [n.m
Anual Precipitation [cm] 100 AlEzae T 0.
Freezing Index [degree daps) 2000 Damage Factor
085
4 Retun ‘ Close ‘

Figure 40 — Pumping model.

Finally, the last available option consists on the Faulting model shown in Figure 41. The
damage factor is obtained based on the ratio of maximum faulting of the case truck by the
standard truck observed for all dowels as the truck moves through the slab. If the pavement
joints lacked dowels then the damage ratio is obtained from a faulting model that utilizes the
maximum stresses found through the slab from the dynamic analysis of each truck; however, the
user still needs to enter more information needed by the faulting model such as the soil type,
subbase erodibility factor, edge support, drainage index and freezing index.

B Faulting =0t
Faulting Model Faulting [mils]
Sail Type |Coarse-Grained Sail (A1-4 ~ | Standard Tuck ——— |.010
Erodibility Factor for |Lean Concerte Subbaze ﬂ Caze Truck 1z
Subbase Material
Edge Support |ND Edge Support j
Damage Factor
Dirainage Index |No Edge Drains j
0.8s
Freezing Index (degree days) 2000
4 HRetun ‘ Close |

Figure 41 — Faulting model.

PERMIT FEE IN RIGID PAVEMENTS

Permit fee calculation based on comparison in fatigue cracking caused by a case study truck to
the one caused by a standard truck is carried out when selecting Permit Fee from the window,
shown previously in Figure 35. The form displayed, shown in Figure 42, allows the user enter
information similar to the one for the calculation of permit fees in flexible pavements, with
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appropriate repair type options suitable for rigid pavements, such as grinding with slab
replacement and lane replacement, among others..

5@ Permit Fee

Fatigue Parameters

Milling Thickness, in 2

Fatigue Equation 1502 Prabability of Failure j i 17.61 Hidy Dverlay Thickness, in 3
Concrete Modulus of Rupture, § . (ksl] - |62 50 4 1781 Recoing eI 1
Cost of Milling, $/5.. 15
Economic Analpsis Cost of HMA Overlay, $/ton |55 a9
Input Cost of HMA Recycling, $/ton [10
&20T  [snnnoo Digcount Rate [ %] |3
Lane Width, ft 12
Type of Repair JEGlinding with slab replacement j HiA density, Ib/C.F J'ME—
Fatigue Cracking Threshald |40 z ’—
Other Repair Cost [§/5g-vd) 0
“Output
Permit Fee ($/mile] 000
Payload 3

Repair Present Worth Yaus [P $ane-mile) |25 541.00
Run

Hb4 Quantity, ton 1172
Urit Cost, $lane-mile |10 560

Figure 42 — Permit fee calculation for rigid pavements.

All analytical tools and available models used in IntPave, for both flexible and rigid pavements,
are described into more detail in the Research Report FHWA/TX-05/9-1502-01-8.
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