Example Walk Through for Design Program

Getting Started / Opening Project File

Once PCASE 2.0 is installed, there will be an icon on the screen called “EMS Desktop”.  Double click this icon to open the EMS Desktop.

A “Welcome to PCASE” Open window will appear on your screen with the tab headings of Create New Project, Open Existing Project and Recent Projects.

To start a new project you can double-click on the red icon “Create New Project” or click on the “Open” button on the bottom right of the Open window.  In the Enter New File Name window enter your project file name.  For this example use Polk.pvr.  You don’t need to add the .pvr extension it will be automatically added to your entered file name.  This creates a new database with a clean inventory, ready for data entry.

Note - To open an existing project, click on the Open Existing Project tab.  Scroll to the project file (the .pvr file, not the folder of the same name) and double click on the file name or highlight the file name and click on the Open button.

Also, to open a file recently created, click on the Recent Projects tab.  Scroll to the project file and double click on the file name or highlight the file name and click on the Open button.

In the Open window you can also access the Help System by clicking on the Help button.  The Help System gives help topics through a table of contents, index or search.  The Getting Started button also takes you to the Help System but takes you directly to the Tutorials.  

Note:  Clicking on the Cancel button on the Open Window will open the project file you used last.

Traffic Patterns

The Design module will not run without traffic patterns first being created or assigned.  If you attempt to enter the design module first the reminder “The design program will not execute without traffic patterns” will pop up.

To make a traffic pattern, click on the “Traffic” button in the top tool bar of the desktop.  

A separate traffic screen is now open.  On this screen you can create a new pattern or choose a standard pattern (i.e. Air Force Medium, Army Class IV, Design Index (DI) 5, etc.).  For this example you will create a new pattern. Click on the “Create Pattern” button.  A pop-up form, Traffic Pattern, opens asking for a Pattern Name, design type and whether your passes will be entered for the entire design life or entered for multiple design periods.  Typically the Multiple Design Period option is only used for layered elastic design.  For this example enter the traffic pattern name “Polk Traffic”; design type “Airfield” and select the button “Passes entered for entire design life”.  Click “Ok”.

If you choose a standard pattern you do not need to create a new pattern, simply click on the “Choose Standard Pattern” button.  Select a pattern by putting a check in the box next to the pattern name and click on “ok”. 
Note: In the aforementioned traffic screen you can also edit the standard patterns or import patterns from another project.  To edit a standard pattern click on “Edit Standard Patterns” then select the pattern to edit by using the pull-down list.  It is highly recommended that you copy the default pattern, by clicking on the “Copy Pattern” button, and using a different name to avoid changing the defaults used by the Air Force and Army. Editing a standard pattern will change the defaults for all new databases you create.  Once you have edited the standard pattern click on “Exit” and save your changes. To import a traffic pattern from another project, click on “Import Patterns”.  On the pop-up form, Import Patterns, click on the words “Traffic Files” and select the appropriate project folder. Once the project folder is open select “traffic.mdb” and click “Open”.  Select the patterns to import, being sure there is a check mark in the appropriate box and click on “ok”.

After you have named your newly created traffic pattern the program returns to the “Traffic” screen. For “Analysis Type” use the default “Mixed”.  Mixed traffic patterns allow the user to enter all the vehicles to be considered for the design.  The traffic module will determine a "critical" vehicle, or the one that requires the most thickness. Mixed traffic patterns for evaluation are used to return a set of allowable loads for only the critical vehicle. Individual Traffic patterns for design will work only if there is one vehicle in the database.  Individual patterns for evaluation are used to return a set of allowable loads per vehicle. Cumulative Group and Cumulative Mixed are used primarily by the Navy to collate all aircraft into one of six categories.

Next, click the “Add Vehicle” button below the Analysis Type box.  A pop-up form, Choose Vehicles, will open.  To select a vehicle click in the box to the left of the vehicle name or double click on the vehicle.  Be sure there is a check mark in the box of your selected vehicle. For this example select the “C-130H”, “C-17” and “F-15E” aircraft. The scroll bar to the right will go down the list.  Click on the “Add” button to finish.

The program again returns to the Traffic screen with the selected aircraft, their default weights for Areas A & B and Areas C & D (75% of gross aircraft weight) and pass levels for Areas A, B, C and Area D (1% of A, B, C passes).  Click in the cell to the right of the “C-130H” that contains the weight “155000” and override that load with “142000”.  Use the right arrow button on the keyboard (or the mouse) to go Pass Level for A, B, C and enter “10500” passes for the “C-130H”.  Use the down arrow on the keyboard (or the mouse) to go to the pass level for the “C-17” and enter “5500” passes, and likewise “29000” passes for the “F-15E”.

Click the “Apply” button.  When the “Apply” button is clicked in the traffic module the “Polk Traffic” pattern is applied to the list of patterns available to the other modules. At this point you can go to the design module.  Feel free to leave the traffic module open, minimize it or exit it by clicking on the “Exit” button. The traffic pattern you just created will automatically save and be usable within the Polk database file.  You can also print out the traffic information by clicking on the “Print” button in the lower right of the traffic screen.  The design module will also print your traffic information.
Note: On the upper right of traffic screen there is a “Show Mixed Traffic/ ACNPCN” tab.  By clicking on the tab you can view your mixed traffic and the resulting controlling vehicle.  For Design it is not necessary to set the tabs for Pavement Type, Subgrade Category and Traffic Area, this will be done for you within the design model.  Feel free to change these values to view the affect on the controlling aircraft; it won’t affect your design.  For evaluation purposes it is necessary to select the appropriate values before proceeding to the evaluation module (see Example Walk Through for Evaluation). Also notice that there is a seperate column for your “critical” vehicle below the first three; in this example, that vehicle is the C-17.

Design Module

Empirical Method - Airfield - NonFrost

To open the Design Module click on the “Design” button in the top tool bar of the desktop. To begin a design click on the “Add” button below the design grid on the left.

On the Add Design form:


Enter “Polk Runway Flexible” as the design name.


Select “Airfield” as the design type.


Select “Flexible” as the pavement type.


Select “CBR” as the analysis type.


Select “Polk Traffic” for the traffic pattern.


Click on “Ok” to accept the selected pattern.

The next form displayed is the Asphalt Layer form. Click on “Ok” to accept the default, which is to have the software “compute” the asphalt thickness. (Note: “Seasonal Values” is used for layered elastic design.)

The next form displayed is the Base Layer form. Select “Compute” for Analysis Type and for this example select a CBR value of 100 by using the pull-down menu. Click on “Ok” to accept the values.

The next form displayed is the Drainage Layer form.  For this example assume a drainage layer is required, left-click on the “Required” button.  Compute a drainage layer thickness by clicking on the “Compute Drainage Layer” button. The Drainage Worksheet form will be displayed.


Double-click in the blank to the right of “Design Storm Index”.


Select “Louisiana” for the Region, “Leesville” for the Station.  Precipitation data for Leesville, Louisiana will be displayed. Click OK.


Enable Drainage Path Calculations by checking the box to the right of the Design Storm Index box.  This will calculate the drainage path slope and length for us.


Enter 100 feet for the length of transverse slope of drainage layer.


Enter 1.5% for the transverse slope of the drainage layer.


Enter 1% for the longitudinal slope of the drainage layer.


Click on the calculate button.  This will populate the length of drainage path and slope of drainage path on the left of the screen.


Enter 2200 ft/day for the permeability of drainage material.


Double-click in the blank to the right of “Effective Porosity” and select “Uniform Graded Aggregate (0.3)”.

· Leave the Slope of Drainage Path at 1.8%


Leave the Infiltration Coefficient at the default of 0.5.


Notes: If the time for drainage did not calculate click anywhere on the screen to register the last entry.  If the time for drainage is greater than 1-day the design must be edited to reduce the time of drainage.


Click on “Ok”.

The thickness returned to the Drainage form should 7.84.  Use the default CBR of 50 for the drainage material and click on “Ok”.

The next form displayed is the Separation Layer form.  Click on “Ok” to accept the defaults.

The next form displayed is the Natural Subgrade form.  Enter a CBR of 15 and click on “Ok”.

On the Design screen click on the red highlighted “Save and Calculate” button.  This will calculate a base and surface thickness that will be displayed on the grid under “Design Thickness”.  For detailed information on the layers click on the “Layer Details” button.  When finished with viewing click OK to return to the main Design screen.  

To add a subbase layer click on the “Add” button below the layer grid.  Select subbase and click OK. Keep the default subbase CBR of 20 and click OK.  Click on the “Save and Calculate” button to recalculate the layer thicknesses.

Layers may be deleted by highlighting the layer and clicking on the delete button below the layer grid.  Highlight the drainage layer and click on delete.  Click on the “Save and Calculate” button to recalculate the layer thicknesses.

Layers may also be manually assigned a thickness.  Suppose you would like to match an existing surface thickness of 5”.  To do so, change the Asphalt layer Analyze (third column from left) to “Manual” by clicking on the down arrow and input a thickness of 5”.  Click on the “Save and Calculate” button to recalculate the layer thicknesses.

You can also change for different traffic areas within the Design screen.  Click on the cell under the column labeled “Traffic Area” (top section, fourth column from left) for the design you want to change.  A pull-down list will give you the options for the different traffic areas, select the new traffic area, and click on “Save and Calculate” to recalculate your new pavement structure.

You can view compaction requirements by clicking on the “Compaction Requirements” button and selecting the appropriate requirement category (i.e. Air Force cohesive subgrade, Army cohessionless subgrade, etc.).

The “Sensitivity” button allows you to view graphically thicknesses required based on material property changes.  For example if you wanted to view the affect of subgrade CBR changes click on the “Sensitivity” button then select “Natural Subgrade” in the upper right of the screen.  To zoom in, left-click on the area just above the area you want to zoom in on and drag the mouse to the lower right of the area to zoom.  To zoom out left-click on the lower right area and drag the mouse to the upper left of the area to zoom out of. Click the “Ok” button to exit the Sensitivity curve.

Reports are available in Excel spreadsheets by clicking on the “Reports” button in the Design Module.  For this example select the spreadsheet “DesignAirfieldFlexibleCBR.xls”.  All data generated during the design of your project is available for display by clicking on the “Data” tab at the lower left.  The data shown on the “Flexible CBR” spreadsheet is a report generated for your use.  Make sure Excel is installed before trying to get a report! 

Empirical Method - Airfield - Frost

For this example let’s choose a standard pattern. If your traffic module is open there will be a tab at the bottom left of the screen - click on the tab to activate the traffic module.  If the traffic module is closed, click on the Traffic button at the top of the desktop. Click on the “Choose Standard Pattern” button (within the “Vehicles” tab) and select “Air Force Heavy” (be sure the box is checked), click “ok” and then click on “Apply”.  

Activate the Design Module - if the design module is open there will be a tab at the bottom left of the screen - click on the tab to activate the design module.  If the design module is closed, click on the Design button at the top of the desktop. Click on the “Add” a design button and input the following:


Design Name - Elmendorf Rigid


Design Type - Airfield


Pavement Type - Rigid


Analysis Type - K


Traffic Area - B


Traffic Pattern - Air Force Heavy


Click on “Ok”

On the PCC screen change the flexural strength to 700 psi and keep the defaults for all other inputs.  Click ok.

Drainage layers are required for all areas subject to frost conditions.  Click on the “Required” button.  For this example we will assume we need to match into an existing drainage system that has a 4” layer of Rapid Drainage Material and a 4” Separation Layer, therefore we will not need to calculate a thickness and will use the minimums for the drainage and separation layers. Click OK.

Skip the Separation screen by again clicking OK.

On the subgrade screen input a K of 150 pci.

Once back at the Design screen, click on the “Save and Calculate” button.  Try adding a base layer by clicking on the “add” button below the layer grid.  For rigid pavements you must enter a thickness of base material.  It is not necessary to input a k value for the base material, an effective k will be calculated based on the subgrade strength and base thickness. For this example use 15” of base material.  The “Save and Calculate” button needs to be clicked for each new calculation.  The Sensitivity curves offers an easy way to view the changes in PCC thickness required for changes in the base layer thickness.

Now that you have calculated for NonFrost conditions you need to calculate for Reduced Subgrade Strength (RSS) and Limited Subgrade Frost Penetration (LSFP).  In the upper part of the Design Module screen there is a column for Depth of Frost.  If you know the depth of frost for your location you can input it here but be sure to input your moisture contents and dry unit weights on the Layer Details screen (click on the “Layer Details” button on the lower left of the Design screen).  To calculate the depth of frost, as you will be doing for this example, click on the “…” in the depth of frost column.  (Note - Make sure that you select the depth of frost column on the Elmendorf Rigid, and not Polk options)  Select Alaska for the State and Elemendorf AFB for the Station. Input the following dry unit weights and moisture contents for each layer.

	Layer
	Dry Unit Weight, lb/ft3
	Moisture Content,

%

	PCC
	150
	0

	Base
	140
	5

	Drainage Layer
	130
	10

	Separation Layer
	130
	10

	Subgrade
	120
	15


After entering the above, click on the “Calculate” button and notice the depth of frost calculated.  Click on the “Apply & Close” button.  The depth of frost is automatically entered in the Design Module screen.  To fulfill the requirements for RSS, the frost code for the subgrade must be entered.  In the grid with the pavement layers, go to the column labeled “Frost Code” and click on the cell for the subgrade layer.  From the pull-down list select the appropriate frost code.  For this example use an F3/F4 frost code.  Click on “Save and Calculate” and the RSS and LSFP pavement requirements will appear.

Empirical Method - Roads, Streets and Parking Lots 

For this example let’s design a pavement for a road.  First create a traffic pattern in the Traffic Module.  For this example enter the traffic pattern name “Access Road Traffic”; design type “Roads” and select the button “Passes entered for entire design life”.  Click “Ok”.

After you have named your newly created traffic pattern the program returns to the “Traffic” screen. For “Analysis Type” use the default “Mixed”.  Next, click the “Add Vehicle” button below the Analysis Type box.  A pop-up form, Choose Vehicles, will open.  To select a vehicle click in the box to the left of the vehicle name or double click on the vehicle.  Be sure there is a check mark in the box of your selected vehicle. For this example select: Car - Passenger, Truck - 2 axle 6 tire, Truck - 4 axle and Truck - large pickup. The scroll bar to the right will go down the list.  Click on the “Add” button to finish.

The program again returns to the Traffic screen with the selected vehicles, their default weights and pass levels.  Do not change default weights and input the following passes:

Car - Passenger - 1,000,000 passes

Truck - 2 axle 6 tire - 150,000 passes

Truck - 4 axle - 75,000 passes

Truck - large pickup - 750,000 passes

Reminder: passes are the number of passes for the life of the pavement.  If you are designing a pavement for a 20-year life and your Average Daily Traffic (ADT) count for cars is 100, the number of passes you will enter is 100; average cars per day x 365 days per year x 20 years = 730,000 passes.

Click the “Apply” button.  When the “Apply” button is clicked in the traffic module the “Access Road Traffic” pattern is applied to the list of patterns available to the other modules. At this point you can go to the design module.  

Note:  If you would prefer to design a pavement using a Design Index (DI) instead of inputting vehicles and passes, Standard Patterns are available for your use.  It is recommended that you read the Note to Road Designers available by clicking on the “?” next to the “Design Type” display. To use a predetermined DI, click on the button “Choose Standard Pattern” (do not Create a Pattern), select a pattern by putting a check in the box next to the pattern name and click on “ok”. 

In the Design Module begin a new design by clicking on the “Add” button below the design grid on the left.

On the Add Design form:


Enter “Access Road Flexible” as the design name.


Select “Road” as the design type.


Select “Flexible” as the pavement type.


Select “CBR” as the analysis type.


Select “Flat” for the terrain type.


Select “Access Road Traffic” for the traffic pattern.


Click on “Ok” to accept the selected pattern.

The next form displayed is the Asphalt Layer form. Click on “Ok” to accept the default, which is to have the software “compute” the asphalt thickness. (Note: “Seasonal Values” is used for layered elastic design.)

The next form displayed is the Base Layer form. Select “Compute” for Analysis Type and for this example select a CBR value of 50 by using the pull-down menu. Click on “Ok” to accept the values.

The next form displayed is the Drainage Layer form.  For this example we will assume a drainage layer is not required, left-click on the “Not Required” button.  

The next form displayed is the Natural Subgrade form.  Enter a CBR of 10 and click on “Ok”.

On the Design screen click on the red highlighted “Save and Calculate” button.  This will calculate a base and surface thickness that will be displayed on the grid under “Design Thickness”.  For detailed information on the layers click on the “Layer Details” button.  When finished with viewing click OK to return to the main Design screen.  On the Design screen you can also view the Design Index (DI) and Class by scrolling to the far right on the upper Design grid.

For this design example the pavement structure was greater than 8” (3” AC, 5.92” base).  All roads with a pavement structure greater than 8” require a drainage layer. To add a drainage layer click on the “Add” button below the layer grid.  Select drainage/geotextile and click OK. For this example assume that the minimum 4” drainage layer is sufficient. Keep the default subbase CBR of 50 and click OK.  Click on the “Save and Calculate” button to recalculate the layer thicknesses.

Layers may be deleted by highlighting the layer and clicking on the delete button below the layer grid.  Click on the “Save and Calculate” button to recalculate the layer thicknesses after deleting any layers.

Layers may also be manually assigned a thickness.  Suppose you would like to match an existing surface thickness of 5”.  To do so, change the Asphalt layer Analyze to “Manual” by clicking on the down arrow and input a thickness of 5”.  Click on the “Save and Calculate” button to recalculate the layer thicknesses.

You can view compaction requirements by clicking on the “Compaction Requirements” button.

The “Sensitivity” button allows you to view graphically thicknesses required based on changes to material property changes.  For example if you wanted to view the affect of subgrade CBR changes click on the “Sensitivity” button then select “Natural Subgrade” in the upper right of the screen.  To zoom in left-click on the area just above the area you want to zoom in on and drag the mouse to the lower right of the area to zoom.  To zoom out left-click on the lower right area and drag the mouse to the upper left of the area to zoom out of. Click the “Ok” button to exit the Sensitivity.

Reports are available in Excel spreadsheets by clicking on the “Reports” button in the Design Module.  For this example select the spreadsheet “DesignRoadFlexibleCBR.xls”.  All data generated during the design of your project is available for display by clicking on the “Data” tab at the lower left.  The data shown on the “Flexible CBR” spreadsheet is a report generated for your use.

Layered Elastic Method (1 season)

One benefit of layered elastic design is that pavement/load interaction is analyzed for each vehicle and each layer giving more realistic results.  In order to account for this the traffic analysis type needs to be set to “Individual” for traffic patterns to be used in LED.

For this example open the Traffic Module and select “Polk Traffic” and click on the “Copy Pattern” button.  Rename the Polk Traffic to “Polk Traffic LED” and click “Ok”.  On the Traffic screen change the Analysis Type to “Individual” and click on “Apply”.

Open the Design module; click on “Add” and on the Add Design form:


Enter “Polk Runway Flexible LED” as the design name


Select “Airfield” as the design type


Select “Flexible” as the pavement type


Select “LED” as the analysis type


Select “Traffic Area A”


Select “Polk Traffic” for the traffic pattern


Click on “Ok”

On the asphalt layer form keep the defaults of Modulus = 350,000 psi, Poisson’s ratio  = 0.35, Slip = 0.  Click on “Ok”.

On the base layer form set the Modulus = 60,000 psi and keep the defaults for the PR and slip. Click on “Ok”.

On the drainage layer form, assume drainage is not required.

On the subgrade layer form set the Modulus = 20,000 psi and keep the defaults for the PR and slip. Click on “Ok”.

Add a subbase layer by clicking on the “Add” button below the layer grid. On the subbase form set:


Analysis = Manual


Thickness = 4 inches


Modulus = 30,000 psi


Poisson’s ratio  = 0.35


Slip = 0


Click on “Ok”

Click on the “Save and Calculate” button to calculate the layer thicknesses.

Layered Elastic Method (multiple seasons)
Multiple seasons may be required for adjusting the modulus of the layers due to seasons.  The modulus of asphalt changes with temperature.  The subgrade modulus changes due to freezing and thawing.  For layered elastic design modulii can be assigned for each season (or change in modulus).  For the following example assume you are designing for a location subject to freeze-thaw cycles.

Create a new traffic pattern:


Open the Traffic module and click on “Create Pattern” 


Enter “Minot Traffic” as the pattern name


Enter “Airfield” as the Design Type


Click on “Passes entered for entire design life”


Click “Ok”


Click “Add Vehicle” 


Select the C-17 (580,000 lb) at 10,000 passes

· Change the Analysis Type to “Individual”


Click on “Apply”


Exit or minimize the Traffic module

In the Design Module:


If you did not close the design module before going to the Traffic module there will be a design tab in the lower left corner - click on the tab. If the module was closed click on the Design button in the desktop.


Enter “Minot Taxiway Rigid LED” as the design name


Select “Airfield” as the design type


Select “Rigid” as the pavement type


Select “LED” as the analysis type


Select Traffic Area B


Select “Minot Traffic” for the traffic pattern


Click on OK

On the PCC layer form (R=650, steel = 0%) keep the defaults: Modulus = 4,000,000 psi, Poisson’s ratio  = 0.15, and Slip = 1000. Click on “Ok”.

For this example drainage is not required.

On the subgrade layer form: Modulus = 8,000 psi, Poisson’s ratio = 0.40, Slip = 0.  Click on “Ok”.

Add a base layer by clicking on “Add” below the layer grid.  Choose “Base” and click OK.  On the base layer form:


Design Thickness = 6 inches


Modulus = 60,000 psi


Poisson’s ratio = 0.35


Slip = 0


Click on “Ok”

The above information was given for 1 season now we need to build the other seasons.  


Above the layer grid click on the “Edit Seasons” button and click OK on the pop-up message.


Click the “Add” button.


Assign the name “Freeze Thaw” to the set name.


Click on the following dates: Feb 28, May 31, Sep 30 and Dec 31.  This creates 4 seasons. Click on the “Exit” button.


In the Design Grid where “Minot” is located, in the column labeled “Seasons”, change the “Annual” seasons by clicking on the “…”, selecting “Freeze Thaw”, and clicking “Ok”.  Now to the right of the Edit Seasons button it lists 1 of 4 indicating the season for which you are inputting data. To change the data for the next season click the “>” button.  Enter the following data for each season.

	Material
	Season 1
Jan - Feb
	Season 2
Mar - Apr
	Season 3
May - Sep
	Season 4
Oct - Dec

	
	E (psi)
	(
	E (psi)
	(
	E (psi)
	(
	E (psi)
	(

	PCC (R= 700 psi)
	4,000,000
	0.15
	4,000,000
	0.15
	4,000,000
	0.15
	4,000,000
	0.15

	Base Layer
	60,000
	0.35
	60,000
	0.35
	60,000
	0.35
	60,000
	0.35

	Subgrade
	8,000
	0.40
	4,500
	0.40
	6,000
	0.40
	7,000
	0.40


Click on the “Save and Calculate” button to calculate the layer thicknesses.

Damage due to the various seasons can be viewed by clicking on the “Damage” button.

