Iowa Department of Transportation

Earthwork Instructions

     All instructions and files described in this document are based on the “Total Cut” and “Total Fill” method for processing earthwork quantities. This new process was created to eliminate unnecessary plus cuts, plus fills, minus cuts and minus fills. It was also created to allow different shrink or swell factors to be applied to each individual material type. All shrink and swell factors are now located on the fill side of the tab. These changes were made to make the process easier, more understandable and more accurate.

     The “Total Cut” column contains the quantity of all material that is being cut on the cross section. The “Total Fill” column contains the quantity of fill material needed on the cross sections. As an example, the subgrade treatment quantity in a cut situation was originally added to the Template Cut column as a plus cut, and in a fill situation was subtracted from the template fill as a minus fill. With the new earthwork process these quantities are added to the “Total Cut” and “Total Fill” columns right from the beginning and the plus cut and minus fill columns are eliminated from the tab. This example holds true for all earthwork “items” such as topsoil replacement, the behind curb plus cut plus fill in urban situations, etc.

     Soil material types are still broken into their own columns on both the cut and fill sides. The “Add Quantity” columns are only for quantities that are not normally drawn on the cross sections, or not calculated with the cross sections, such entrances and dikes.

   The following instructions and outline will help to walk you through the steps necessary to calculate earthwork quantities in a way that is acceptable to the IDOT.  The process is broken down into four steps: Using GEOPAK within MicroStation to calculate the quantities, Modifying the GEOPAK quantities in Microsoft Excel, Using the exceltab macro to place the final quantities into a MicroStation file containing a tab, and using the Mass2004 program to draw the mass diagrams into a MicroStation file.  These steps are described in more detail in the following pages and are in the order that they should be completed. Here are some general rules concerning the working cross sections, cross section sheets, and the earthwork process:

1. All files that are needed for earthwork can be obtained from the Copy Seed program.

2. All file names may be changed to better describe your project. Make sure that you name them accurately enough that you can tell which input file the quantities came from and what roadway they are associated with. The seed file names for all files are used in the instructions as examples.

3. You can run the file EWCutFill.inp to get preliminary cut and fill quantities at any time after creating your cross sections.

4. Once the soils section starts working the cross sections, the road design squad cannot create a completely new run of those cross sections.  You can add cross sections to the set, but do not delete the original cross sections and rerun them all.

5. When the soils section is done placing their borings and layer lines on the cross sections, the road design squad should reference the soils cross sections to their own cross section file and then copy all of level four from the soils reference to make it active in the design squad cross section file.

6. When processing the GEOPAK quantity input files, and you get the dialog box with the Skip and the Skip All option, here is the difference between the two.  If you select Skip, GEOPAK zeros out the all of the quantities for that cross section and uses the zeros to calculate the volume between the current and previous cross section.  If GEOPAK finds an error on a cross section and you select Skip All, GEOPAK will skip all concurrent cross sections that contain errors.  When it comes to the next good cross section it calculates the volumes using the distance from the current cross section back to the previous good cross section.  It is recommended to always use Skip. 

7. After sheeting your cross section, you must run the xsmetshtops (metric) or xsengshtops (English) macro to change the soil layer lines to their final custom linestyle.  This macro also allows you to slide the soil text along the custom line and turn the text right side up if necessary.

Using GEOPAK to Calculate the Quantities

        To calculate the necessary earthwork quantities, a minimum of two input files need to be run. These two input files (EWRun1.inp and EWRun2.inp) calculate the basic quantities. There are four other input files that are specific for certain tasks and may also need to be run. The first three files calculate quantities for plowing and shaping, moisture and density, and granular blankets. The final input file is for any miscellaneous quantities that you may also need to calculate.

All input files contain instructions on what information needs to be filled in within each file. The files are run by invoking the process cross sections dialog box and selecting the file to run. All quantities that are derived from these files are unadjusted. All end area quantities are per the station listed with it. All quantities for volumes are calculated from the station with the quantity times the distance to the previous cross section. All of the input files create an ASCII text file containing the quantities needed by the Excel worksheet in the next step.

EWRun1.inp calculates the volume of 15 different types of soil marked by the Soils Section in the working cross section file and existing pavement. The quantities given for the 15 soil types include ALL material removed on that cross section. Existing pavement quantity is only calculated for existing pavement that is removed from within the template. Here is a list and description of the fifteen soil types.

Column 1   Class_10 – The unadjusted volume of all Class 10 Suitable

Column 2   Select_Loam – The unadjusted volume of all select loam

Column 3   Select_Sand – The unadjusted volume of all select sand

Column 4   Topsoil_10 – The unadjusted volume of all topsoil suitable for Class 10 use if not used for topsoil dressing

Column 5   Topsoil_A – The unadjusted volume of all topsoil requiring Type A disposal if not used for topsoil dressing

Column 6   Topsoil_B – The unadjusted volume of all topsoil requiring Type B disposal if not used for topsoil dressing

Column 7   Topsoil_C – The unadjusted volume of all topsoil requiring Type C disposal if not used for topsoil dressing

Column 8   Unsuitable_A – The unadjusted volume of all unsuitable material requiring Type A disposal

Column 9   Unsuitable_B – The unadjusted volume of all unsuitable material requiring Type B disposal

Column 10  Unsuitable_C – The unadjusted volume of all unsuitable material requiring Type C disposal

Column 11  Rock – The unadjusted volume of all limestone, etc.

Column 12  Broken_&_Weathered – The unadjusted volume of all broken and weathered rock (limestone, etc.)

Column 13  Boulders – The unadjusted volume of all boulders

Column 14  Waste – The unadjusted volume of all waste materials, such as peat

Column 15  Shale – The unadjusted volume of all shale

Column 16  Existing Pavement – The unadjusted volume of all existing pavement within the template


EWRun2.inp calculates 8 quantities. Here is a list of quantities calculated in this input file:

Column 1   Total Cut End Area – End area of all material that is being cut out

Column 2   Total Fill End Area – End area of all fill

Column 3   Total Cut UnadjustedVolume – The unadjusted volume of all material that is being cut out

Column 4   Total Fill Unadjusted Volume – The unadjusted volume of the fill

Column 5   Subgrade Treatment Total – The unadjusted volume of all subgrade treatment

Column 6   Topsoil Replacement – The unadjusted volume of all topsoil replacement

Column 7   Behind Curb Total – The unadjusted volume of all urban behind curb area
Column 8   Rock Undercut Total – The unadjusted volume of all rock undercut


EWP&S.inp calculates 16 quantities associated with plowing and shaping. Here is a list of quantities calculated in this input file.

Column 1   Class_10 – The unadjusted volume of all Class 10 Suitable

Column 2   Select_Loam – The unadjusted volume of all select loam

Column 3   Select_Sand – The unadjusted volume of all select sand

Column 4   Topsoil_10 – The unadjusted volume of all topsoil suitable for Class 10 use if not used for topsoil dressing

Column 5   Topsoil_A – The unadjusted volume of all topsoil requiring Type A disposal if not used for topsoil dressing

Column 6   Topsoil_B – The unadjusted volume of all topsoil requiring Type B disposal if not used for topsoil dressing

Column 7   Topsoil_C – The unadjusted volume of all topsoil requiring Type C disposal if not used for topsoil dressing

Column 8   Unsuitable_A – The unadjusted volume of all unsuitable material requiring Type A disposal

Column 9   Unsuitable_B – The unadjusted volume of all unsuitable material requiring Type B disposal

Column 10  Unsuitable_C – The unadjusted volume of all unsuitable material requiring Type C disposal

Column 11  Rock – The unadjusted volume of all limestone, etc.

Column 12  Broken_&_Weathered – The unadjusted volume of all broken and weathered rock (limestone, etc.)

Column 13  Boulders – The unadjusted volume of all boulders

Column 14  Waste – The unadjusted volume of all waste materials, such as peat

Column 15  Shale – The unadjusted volume of all shale

Column 16  Plowing & Shaping Cut and Fill – The unadjusted volume of all plowing and shaping to be used as a cut and a fill quantity


EWM&D.inp calculates 16 quantities associated with moisture and density. Here is a list of quantities calculated in this input file.

Column 1   Class_10 – The unadjusted volume of all Class 10 Suitable

Column 2   Select_Loam – The unadjusted volume of all select loam

Column 3   Select_Sand – The unadjusted volume of all select sand

Column 4   Topsoil_10 – The unadjusted volume of all topsoil suitable for Class 10 use if not used for topsoil dressing

Column 5   Topsoil_A – The unadjusted volume of all topsoil requiring Type A disposal if not used for topsoil dressing

Column 6   Topsoil_B – The unadjusted volume of all topsoil requiring Type B disposal if not used for topsoil dressing

Column 7   Topsoil_C – The unadjusted volume of all topsoil requiring Type C disposal if not used for topsoil dressing

Column 8   Unsuitable_A – The unadjusted volume of all unsuitable material requiring Type A disposal

Column 9   Unsuitable_B – The unadjusted volume of all unsuitable material requiring Type B disposal

Column 10  Unsuitable_C – The unadjusted volume of all unsuitable material requiring Type C disposal

Column 11  Rock – The unadjusted volume of all limestone, etc.

Column 12  Broken_&_Weathered – The unadjusted volume of all broken and weathered rock (limestone, etc.)

Column 13  Boulders – The unadjusted volume of all boulders

Column 14  Waste – The unadjusted volume of all waste materials, such as peat

Column 15  Shale – The unadjusted volume of all shale

Column 16  Moisture & Density Cut and Fill – The unadjusted volume of all moisture and density to be used as a cut and a fill quantity

EWGB.inp calculates 19 quantities associated with a granular blanket. Here is a list of quantities calculated in this input file.

Column 1   Class_10 – The unadjusted volume of all Class 10 Suitable

Column 2   Select_Loam – The unadjusted volume of all select loam

Column 3   Select_Sand – The unadjusted volume of all select sand

Column 4   Topsoil_10 – The unadjusted volume of all topsoil suitable for Class 10 use if not used for topsoil dressing

Column 5   Topsoil_A – The unadjusted volume of all topsoil requiring Type A disposal if not used for topsoil dressing

Column 6   Topsoil_B – The unadjusted volume of all topsoil requiring Type B disposal if not used for topsoil dressing

Column 7   Topsoil_C – The unadjusted volume of all topsoil requiring Type C disposal if not used for topsoil dressing

Column 8   Unsuitable_A – The unadjusted volume of all unsuitable material requiring Type A disposal

Column 9   Unsuitable_B – The unadjusted volume of all unsuitable material requiring Type B disposal

Column 10  Unsuitable_C – The unadjusted volume of all unsuitable material requiring Type C disposal

Column 11  Rock – The unadjusted volume of all limestone, etc.

Column 12  Broken_&_Weathered – The unadjusted volume of all broken and weathered rock (limestone, etc.)

Column 13  Boulders – The unadjusted volume of all boulders

Column 14  Waste – The unadjusted volume of all waste materials, such as peat

Column 15  Shale – The unadjusted volume of all shale

Column 16 Granular Blanket Total Cut – The unadjusted volume of all material to be removed to place the granular blanket
Column 17 Fill Caused by Granular Blanket – The unadjusted volume of the difference caused by the total cut and the amount of sand being placed in this cut
Column 18 Previous Fill Removed by Granular Blanket – The unadjusted volume of the fill that had previously been calculated and is not needed now because it will be filled with sand
Column 19 Granular Blanket Sand Fill – The unadjusted volume of all sand material to be placed. This quantity is placed on tab 104-5

EWMisc.inp is preset to calculate 16 quantities. These 16 quantities should not be edited, but, three more miscellaneous columns (17, 18, 19) may be added. Here is a list of the preset quantities calculated in this input file.

Column 1   Class_10 – The unadjusted volume of all Class 10 Suitable

Column 2   Select_Loam – The unadjusted volume of all select loam

Column 3   Select_Sand – The unadjusted volume of all select sand

Column 4   Topsoil_10 – The unadjusted volume of all topsoil suitable for Class 10 use if not used for topsoil dressing

Column 5   Topsoil_A – The unadjusted volume of all topsoil requiring Type A disposal if not used for topsoil dressing

Column 6   Topsoil_B – The unadjusted volume of all topsoil requiring Type B disposal if not used for topsoil dressing

Column 7   Topsoil_C – The unadjusted volume of all topsoil requiring Type C disposal if not used for topsoil dressing

Column 8   Unsuitable_A – The unadjusted volume of all unsuitable material requiring Type A disposal

Column 9   Unsuitable_B – The unadjusted volume of all unsuitable material requiring Type B disposal

Column 10  Unsuitable_C – The unadjusted volume of all unsuitable material requiring Type C disposal

Column 11  Rock – The unadjusted volume of all limestone, etc.

Column 12  Broken_&_Weathered – The unadjusted volume of all broken and weathered rock (limestone, etc.)

Column 13  Boulders – The unadjusted volume of all boulders

Column 14  Waste – The unadjusted volume of all waste materials, such as peat

Column 15  Shale – The unadjusted volume of all shale

Column 16  Misc Total Cut and Fill – Similar to P&S and M&D, The unadjusted volume of all the miscellaneous material to be used as a cut and a fill quantity
Column 17  Open – The input file can be edited to calculate whatever quantity is needed for this column
Column 18  Open – The input file can be edited to calculate whatever quantity is needed for this column
Column 19  Open – The input file can be edited to calculate whatever quantity is needed for this column
Using the Excel File

     All following steps in the earthwork process use the Excel file in one way or another. There are three steps that must be completed in the Excel file first: Copy in the quantities that GEOPAK calculated, Load this information onto all of the worksheets, and Modify the information. 

General Information
1. Before you do any of the following steps, it is suggested that you do any editing that you want in the ASCII files.  An example of this is if you have a bridge in the middle of your project and you want to place the word “BRIDGE” on its own line on the “T” sheets, open the ASCII file that contains your quantities and do your editing before you copy to Excel.

2. Do not have MicroStation running while working in Microsoft Excel.  Having MicroStation open will greatly increase the amount of time that it takes to copy and paste in Excel.

3. Depending on the speed of your computer and the network, it may be best to copy the Excel earthwork file to your hard drive to make things run faster. When through working always place a copy back in your project directory so that a backup is made.

4. Do not add or delete rows on any of the sheets. This can cause the formulas to become inaccurate.

5. The colors of the columns on each worksheet represent where these quantities come from. Following is a list of what each color represents:

These columns contain formulas and should not be edited.

a. Yellow – This column will show up on the tab if it contains any quantities

b. Light Green – These quantities are coming directly from GEOPAK

c. Light Blue – These columns contain formulas and are derived by Excel

d. Dark Green – These columns are used only on the “Rock Fill”, unsuitable Fill” and “Class 10 Fill” worksheets. These columns represent how much fill is needed

These columns are for user input.

e. Light Orange – These columns are used for two purposes They are:

i. If you know that you are cutting a particular soil material type that is not shown on or calculated from the cross sections you can place these quantities in the “ADD QUANTITIES UNADJUSTED” columns and it will be added to the quantities that GEOPAK calculated. Example: If you hand calculate the quantities for a large cut for an entrance that contains a lot of select loam, you may want to add the select quantities into column “F” on worksheet “Treatments” so that it may be used for subgrade treatment instead of as Class 10

ii. On the “Rock Fill” and “Unsuitable Fill” worksheets there is another light orange used for a different purpose. Rock and unsuitable materials cannot be placed everywhere in a fill. According to standard RL-1b, calculate the average end area of the fill where you cannot place each individual unsuitable or rock material type. This is the end area number to be placed in this column. This end area will be turned into a volume and then subtracted from the fill number. Whatever quantity of fill is left over, you may place the rock or unsuitable here. For Unsuitable Type A material, the quantity of fill that is left over is divided in half because this soil type must be placed in layers. Examples: Unsuitable Type C material cannot be placed in the fill within 3 feet of the top of the subgrade. Calculate the average end area of the volume from the top of subgrade down 3 feet (minus any other items such as the subgrade treatment or topsoil replacement in this area). This number is placed in column “AX” on worksheet “Unsuitable Fill”. 

f. Dark Orange – The quantities in these columns will show up on the tab after they have been adjusted. If a cell is dark orange, a number is needed in this cell to complete the column. This occurs in the “Shrink Percent” and “End Area” columns.

6. Rows 1 thru 8 also contains information that is important on each worksheet. Rows 1 and 2 are for headings that break up the different soil type on each worksheet. Rows 3 and 4 describe where the quantities in each column come from. Rows 7 and 8 supply totals to help the user complete the earthwork process

7. Because of the possible shrink and swell percentages of each material type the fill quantity is no longer adjusted. The fill quantity is left unadjusted and the quantities on the worksheets are each adjusted so that they are equal and can be worked together. The quantity that you place as fill is then adjusted again on the “Tab Preview” worksheet.

8. Most of the sheets have the same layout. For each soil type there is the quantity of the material, then a shrink or swell placed on the material, and then you decide where the material will be placed in the fill.

Instructions

1a) Loading the GEOPAK quantities onto the Run1 Input and Run2 Input worksheets

1. On worksheet Run1 Input, click on the button “Load Quantities From Earthwork Run 1”

2. Press the “Select File” button on the dialog box, select the .txt file containing the mainline quantities from the EWRun1.inp file, then press the “Open” button

3. Press the “Load Quantities” button, all quantities from the .txt file will now be copied into the Excel file

4. Pressing “Cancel” will close the dialog box without copying any quantities

5. If you have additional quantities from sideroads, ramps, etc. press the “Load Quantities from Earthwork Run 1 For Additional Roadways” button

6. Press the “Select File” button on the dialog box, select the .txt file containing the mainline quantities from the EWRun1.inp file, then press the “Open” button

7. If you would like to leave a blank row between the additional roadway title and the previous quantities, click on the “Yes” radio button (Recommended). If not, click on the “No” radio button

8. Type in the additional roadway’s name as you want it to appear on the tab

9. Press the “Load Quantities” button, all quantities from the .txt file will now be copied into the Excel file along with the roadway name

10. Pressing “Cancel” will close the dialog box without copying any quantities

11. Follow these same steps for worksheet Run2 Input

1b) Loading the GEOPAK quantities onto the P&S Input, M&D Input, GB Input            and Misc Input worksheets

1. On worksheet P&S Input, click on the button “Load Quantities for Plowing & Shaping”

2. Press the “Select File” button on the dialog box, select the .txt file containing the quantities from the EWP&S.inp file, then press the “Open” button

3. Type in the first station from the .txt file, it must match a station that is on worksheet Run1 Input

4. Press the “Load Quantities” button, all quantities from the .txt file will now be copied into the Excel file at the correct station

5. Pressing “Cancel” will close the dialog box without copying any quantities

6. If you have additional quantities from different areas, click on the “Load Quantities for Plowing & Shaping” button again

7. Follow these same steps for as many plowing and shaping areas as you have

8. Follow these same steps for worksheets M&D Input, GB Input and Misc Input

2) Loading the quantities from the Input worksheets to all other worksheets

1. Select the “Tab Preview” worksheet

2. Press the “LOAD NEW GEOPAK QUANTITIES” button

3. All information is now copied to all worksheets

3a) Modifying the information on the worksheets (General Sheet Information)

1. Each earthwork task is contained in it’s own worksheet

2. Each worksheet contains a button that will hide or show all unused columns or soil types

3. Cells containing negative numbers will turn red, this can indicate an error (Ex. you are trying to save more material than what is at that cross section) or simply a warning (Ex. you are going to need more Class 10), all red cells need to have a second look

3b) Modifying the information on the worksheets (General Sheet Descriptions)

1. Total Cut & Fill Adj - Used to adjust the Total Cut and Total Fill columns only. This where total cuts and total fills from the input files are added together and any other adjustments that you need to make to these two columns should be done

2. Tab Preview – After hiding all unused columns, this worksheet displays what your tab will look like

3. Add Quantities – Quantities that need to be added to the cut or fill but are not shown or calculated using GEOPAK (Ex. entrances, dikes, etc.)

4. Treatments – Select Loam and Select Sand are saved for use as subgrade treatments on this worksheet, any material left will show up on the Class 10 Fill worksheet

5. Topsoil – Topsoil material is saved for topsoil replacement, whatever is left shows up on the Class 10 Fill or Unsuitable Fill worksheets

6. Pavement – Determines how much material is needed to fill in where the pavement has been removed

7. Rock Fill – Used for determining how much rock you have and where it can be placed

8. Unsuitable Fill - Used for determining how much unsuitable material you have and where it can be placed

9. Class 10 Fill - Used for determining how much Class 10 material you have or need and where it can be placed

10. Mass Diagrams – Displays the mass ordinates for all soil types

11. Balances – Balances can be created and material quantities per balance are displayed

12. User 1 – For use by the designer

13. User 2 – For use by the designer

14. User 3 – For use by the designer

15. MicrostationMass – Used by the Mass2004v1 program to draw the mass diagrams into MicroStation

16. Tabfill – Used by the exceltab macro to place the text onto the MicroStation tab

Creating the Mass Diagrams

1. Use Copy Seed to create a copy of MassSeed.dgn

2. The MicroStation mass diagram file must be open for the mass program to function correctly

3. On your computer’s desktop open the Office of Design folder and double click on the Mass2004v1 icon

4. Click on the Browse button and select your Excel earthwork file.  Click on the Open button

5. Click on the Process button

6. When you see the “Done” message box, all mass diagrams have been drawn

7. All tools used to draw on the mass diagrams are located in the D&C Manager

Creating the Balance Worksheet

1. Before creating a new “Balance” worksheet, any previous “Balance” worksheets must be deleted

2. In the Excel earthwork file click on the “Tab Preview” worksheet

3. Press the “CREATE BALANCE SHEET” button

4. To create a new balance, click on the cell in column “A” that contains the last station of the balance you want to create

5. Press the “ADD BALANCE” button and all notes for that balance will be created

6. Depending on the number of stations contained within your balance, green rows may be added to ensure that the balance not has enough room to be placed without encroaching on the following balance

7. Any “Haul From” or “Haul To” note will need to modified to better describe where you are hauling the material type to or from

8. To delete a balance, click on the cell in column “A” that contains the last station of the balance you want to delete

9. Press the “DELETE BALANCE” button and all notes for that balance will be deleted

Loading the “T” sheet information into MicroStation

1. In the earthwork Excel file click on the “Tab Preview” worksheet

2. Press the “CREATE TABFILL SHEET” button

3. The “Tabfill” worksheet now appears, as your tab eventually will. Check for errors

4. Close Excel and open your MicroStation MassSeed.dgn file

5. Run the macro exceltab

6. In the Excel Tabfill dialog box click on the “Open Excel File” button and select your earthwork Excel file

7. Press the “Process Tab” button and data point on the upper left corner of the tab

8. If you have enough information to fill more than one tab, you will have to data point on the next tab when prompted to do so

9. All information is now copied from your Excel file into MicroStation
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