Overview

03/24/06

The guide discusses procedures for calculating final earthwork quantities using GEOPAK. This
is abbreviated guidance. Only some of the more common techniques for calculating earthwork
are discussed in this manual. For a more comprehensive discussion of using GEOPAK and
calculating earthwork see the GEOPAK help files within the application.

This guide does not discuss survey techniques and practices need for calculating earthwork.
This guide discusses two methods of calculating earthwork;
1. Average End Area Method from Cross Sections

2. Surface to Surface Volumes from Digital Terrain Models

Some of the procedures needed to calculate earthwork are the same for both methods and some
are different. The following outline highlights the procedures are applicable to each method.

1. Average End Area Method from Cross Sections

a. Determine Method of Calculating Earthwork.............c.ccooviviiinennen, page 3

b. Setting Up or Identifying the Working Directory...........c.ccocvvevevennen. page 3

C. Preparing FIleS ..o page 4

d. GEOPAK USEr PreferenCeS .......cccovvvieeeiiiiiiiee et page 6,7,10

e. Creating a Digital Terrain Model (DTM) ......c.cccevevievieieiieceeee page 13,14,17

f. Reviewing and Displaying @ DTM ........cccoviiiiiiiinneeseeeee, page 21

g. Storing a Horizontal Alignment (Chain)..........cccooceviveiieiieiee e, page 27

h. Drawing Cross SECHIONS........cccvirierieiiiesiiseeieee e page 32

I, Viewing Cross SECHIONS ........ccuiiieiieieeie et page 44

J.  Processing Cross Sections for Closure Errors ...........ccoovvvevveienenn. page 46

K. Draw Pattern Lines for XS........ccccooviiiiiiiciecece e page 51

I. Draw Pavement. Base and Topsoil into Cross Sections.................... page 52,55,58

m. Earthwork From Cross SECIONS ..........ccccevveieeiieiiie e page 64,67

N. Reviewing Cross SECHIONS........c.covrrieririiinieiee e page 44,70

0. Creating Cross Section Layout Sheets...........cccccvevevieiecie e, page 72

2. Surface to Surface Volumes from Digital Terrain Models

a. Determine Method of Calculating Earthwork.............cc.ccooviviinnnnnen. page 3

b. Setting Up or Identifying the Working Directory...........c.ccccccvevennen. page 3

C. Preparing FIlES .......ooiiiiiii e page 4

d. GEOPAK USer PreferenCes ........cccoeieeieciieiieieesie e page 6,7,10

e. Creating a Digital Terrain Model (DTM) .....cccooiiiiinininiiieeee, page 13,14,17

f. Reviewing and Displaying a DTM .......cccccooveiiiiiiiie e page 21

g. Earthwork Quantities by Using Surface to Surface Volume from Digital Terrain
MOGEIS......eieee e page 26
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Most of the procedures discussed in this guidance are listed chronologically. When using this
guidance you need to reference the above outline to know which procedures are applicable to
your calculations.
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Determine Method of Calculating Earthwork

03/24/06

If you are calculating earthwork quantities for a roadway, you should use the “Average End Area
Method from Cross Sections”. Plan Quantities (as-designed) have been already calculated. If so
you will want to compare the as-designed quantities with the as-built quantities.

If you are calculating earthwork quantities for a borrow, waste or stockpile site you probably
should use the “Surface to Surface Volumes from Digital Terrain Models” method. This method
is more applicable to small and less linear sites.

There are some exceptions to the above recommendations. Occasionally, the “Surface to Surface
Volumes from Digital Terrain Models” calculation method has been used for complex sections
of roadways like at an interchange. However advanced DTM modeling skills are required
(GEOPAK Site) to use “Surface to Surface Volumes From Digital Terrain Models” when
materials removed such as pavement removal and materials add such as new pavement intersect
in space. Interim DTM’s with these surfaces removed need to be created. This advanced
modeling is not covered in this guide. Surface to Surface Volume comparisons don’t allow for
haul distance comparison. If average haul needs to be recalculated, cross sections need to be
used.

Sometimes the “Average End Area Method from Cross Sections” method is used for borrow,
waste or stockpile sites because the information was gathered by field book notes (without
electronic data gathering tools). The “Average End Area Method from Cross Sections” is also
used when a site needs to be formally document by cross sections.

Occasionally both methods of calculating earthwork are used for comparison.

Setting Up or Identifying the Working Directory

11/20/08

Electronic files used for final earthwork calculations should be stored on the NDDOT Central
Office CADD Server (r: drive). Final earthwork quantity information should typically be stored
in the “as-built” directory of the project folder. See the NDDOT CADD Standards Manual
section 2.1.

You may want to initially store project files in a working directory on the c: or g: drive. After
you are satisfied with the results of your earthwork you must move this information to the correct
project file on the r: drive so it can be stored with the rest of the projects final records.
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Preparing Files

11/12/08

Earthwork by Cross Sections for Roadways

If you are calculating earthwork by cross sections and comparing it to as-designed calculations
you will probably start out with the following files.
1. GEOPAK database file (*.gpk) from design

2. Cross-Section Drawing (xsec_*.dgn) from design - Copy the design cross section
drawing into your working directory (as-built directory).

3. A final ground data file from survey

4. Selected CADD resource file (generic input files) from

SA\STANDARD\XM\GEOPAK\Criteria\As-built_Earthwork.

Note, “DTM.dgn” and “Shape.dgn” are optional files that could be copied but recreating these
drawings is recommended.

Earthwork by Cross Sections for Borrow, Waste or Stockpile Sites

If you are calculating earthwork by cross-sections for a borrow, waste or stockpile site (starting
from scratch), you will probably start out with the following files

1. Existing ground data from a survey
2. Final ground data from a survey
3. Selected CADD resource file (generic input files) from

SA\STANDARD\XM\GEOPAK\Criteria\As-built_Earthwork.
Note, the drawings “DTM.dgn”, “xsec*.dgn”, “Align.dgn” and a new GEOPAK database file
(*.gpk) will need to be created for these calculations. If you are calculating earthwork for a
borrow, waste or stockpile site you probably are not referencing any previously defined
alignments and it will simpler to create a new “.gpk” file.

Earthwork from Surfaces

If you are calculating earthwork directly from surfaces for a borrow, waste or stockpile site
(starting from scratch), you will probably start out with the following files

1. Existing ground data from a survey

2. Final ground data from a survey
Note, the drawing “DTM.dgn” and a new GEOPAK database file (*.gpk) will need to be created
for these calculations.

The survey data is usually in stored in files with a .txt, .csv, .asc or .dat extension. This data will
be used to create surfaces and or cross-sections that GEOPAK will use for earthwork
calculations.
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The most common surface model that the NDDOT uses is a “triangulated irregular network”™ of
points. This surface is stored in a file with a “.tin”” extension. This surface is sometime referred
to as a “digital terrain model” (DTM). You will need these files to calculate earthwork. The
only time you will not need at least one *.tin file is when both of the following conditions occur;
you use the “Average End Area Method from Cross Sections™ and final cross section data is
taken at the exact same stations as the existing ground data was surveyed.
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GEOPAK User Preferences

11/12/08

Certain user preferences need to be set up when you use GEOPAK. The “User Preferences”
dialog can be accessed from the “Applications>Road>User Preferences” pull down menu. You
need to set these directories so that GEOPAK stores information in the correct location. If you
do not check these preference settings you could save data over somebody else’s. These
preferences should be checked every time you use GEOPAK.

Set the working directory path in this =151
command box. Use the asbuilt or UniSystem Engish v | [Oupeiesweey |
directory discussed in the “Working Coordinates: NE v| =

i ” i i ; Statior: 9+99(3).12 -
Directory” section of this guide. Once Directior: _Bearing | aton :

. . = =

you have set the working directory you Shatior: 17434 | Angle Seconds: 373912 |

may need to set the COGO Preference.

Select the COGO Preferences button. @ﬁgj‘:“‘PmiecmnmzzsaﬂﬁmsB”'D 2

This should open the COGO Feature FIETEIEm e
Preferences dialog box. COGD Preferences...

(1] | Cancel |

[T Show thiz dialog at GEOPAK, startup

Most of these setting are left empty. If the fields for

“Job (GPK) Directory”, “COGO Input File =101 %]
Directory”, and “COGO Output File Directory”, are Job [GPE] Open Mode:  Query - |
empty, these settings will default to the “Working Job [GPK) Directory: | Q
Directory” as previously setup. Occasionally you COGO Input File Directory: | Q
may want to set the Job (GPK) Directory if your C0GO Dutput Fie Directon: | a

“Working Directory” doesn’t contain the GPK file
that you are working with (example: your “Working
Directory” is WAsbuilt and the GPK file is in the [T Force Redefinition OFf Llpon COGO Activation
\\Design directory). Once this is complete or settings
have been confirmed (usually as shown) push the OK
button to close the two dialog boxes.

¥ Redefinition of Elements

ok | Cancel |

GEOPAK has a tool named “Project Manager” that helps manage settings for a project. Project
Manager overwrites several GEOPAK user preferences. In earlier versions of GEOPAK, the
NDDOT promoted this tool as an optional tool. Today this tool is strongly recommended. See
the next section.

Some settings such as “Global Working Directory” are only available in Project Manager. You
may have to activate “Project Manager” to edit this setting.
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file:\\asbuilt
file:\\Design

Project Manager Setup for GEOPAK Road

11/12/08

1. Project manager can be activated from the main pull o

down menu, “Applications>Road>Project Manager”, or
the GEOPAK Road tool box.

[Road
@i en=a

. The Project Manager dialog box for project selection or =101 x]
setup should open. Select the directory where you want Brojects _Drectory Admin
to save the “*.prj” file. The prj file is a “project” file that JE
is used to point to other project manager resources. This At ["p E.."’F_..llﬁﬁl
file is typically stored in your project working directory. i
Use the “Directories:” panel to select the working
directory. Note, the path shown as “[..]” selects a parent
directory of the presently selected directory (moves out
one directory). The selected directory will show near the ., jmee Uit System: Engish
top of the dialog box. In this picture it is shown as Description:
“C:\Junk\”.
=] ==
. After the location for the “*.prj” (project) W=
file has been selected. Create the project _
file by selecting “Projects>New” from the T R
Project Manager dialog box for projects. Working Directory: |- Juric Select. |
A “Create New Project” dialog box will Job Number: [555™ " Select | prefrences |
open. Type an applicable “Project Project Description:
Name:” (example, Hwy2 MP199). |
Usually there is only one prj file per
working directory so the naming
convention isn’t extremely important. oK Cancel_|
Select the working directory and a Job

Number for the GPK file. If you select a Job Number for a GPK file that doesn’t exist, a
new GPK file will be created. The Project Description is optional.
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4. Select the “OK” button after filling the information for ol x|
the “Create New Project” dialog box. The Project Name | frojects Drectory admin

should now show up in the Project Manager dialog box Ik :
for projects. Select the “OK” button to select the newly er ot Tve: rgect =
: 173 : 9 A Projects: Directories: -
(C)Leear:ed project. A “Project Users:” dialog box should G@ EE]_:I
' D]

Job Mumber: 555 Unit System: English

Description:

— —
Users =
Uszer Info
Fllame: 5. Project manager can keep track and segregate
ian ado - -
the work of several different users if the
OF Code: « s
nd separate users are setup. Select “Users>New
from the Project Users dialog box.
Description:
QK Cancel |

6. Fill out the information for the New User. The Name hew ser
should be your NDDOT email name (example, Hiame: [T

“jcollado™). The CADD Standards Promote using Ful Name [Jon Collado
your email name because this name should be unique OPCode: [

within the NDDOT. Example, there could be more
than one person named “Jon” working on the same
project. Users sharing the same name at the same
time within one project manager may cause
problems such as crashing and corruption of
project manager files. The “Full Name” field should oK_| Cancsl |

Description:

just be your full name (example, “Jon Collado). The
OP code: should be “nd”. This is an Operator Code. It is used in some files named by
GEOAPAK. The description is optional. Select the “OK” button after the user
information has been set up. You will be prompted to password protect your files. Select
No.
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7. Within the Project User dialog box, select the user.
The user should be highlighted in the Project Users
panel. Select the “OK” button and the “Road User Info
Project” dialog box will open. rltene
OF Code:
nd
Description:
[8]:4 Cancel |

8. This is the “Road Project” dialog box. It is very robust and this manual will discuss only
a few of its features. This dialog box may be used when drawing cross section elements
and calculating earthwork as discussed latter in this manual.

1 Road Project: Hwy2_MP199.prj Y ] |
File Remember Options
:Wo 0 m— User: jcollado  Job #: 999 o
Select | Define | Port Viewer |
Existing
Ground ok L | .
_ | BExisting Ground Bxisting Ground Vertical
e | Cross Sections Profile Alignmert
Coordinate |
Geometry | |
Calculate Superelevation Proposed 3D
Superelevation [ Shapes | Cross Sections | Models
Horizontal |
Alignment |
Flan View J —  Eathwok |—— O‘o;shggdion
Desian =
Plan View Tabular
Quartities Summaries | |
Plan & Profile Limits of Reports & X5
Shests Construction Quartities

9. The “Working Alignment Influence Runs” is a setting that is not used in this manual.
You may not always have one fixed working alignment definition for one alignment. For
simplicity, toggle this option off.
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Survey Project Preferences

12/31/08

GEOPAK Survey uses a “*.prj” project file similar to Project Manager. Using GEOPAK Survey
and Project Manager for Road at the same time is not recommended.

1. GEOPAK Survey can be activated by selecting “Applications>Survey” from the main

pull down menu. The “Survey Tool Box™ and a separate survey menu bar should open.
Most of the same tools can be access from either the tool box or the menu bar. This
manual will use the menu bar for the most part.

E

Project Dataset Visualization Geometry DTM  Plans Preparations Tool Boxes

2. Several preferences need to be

setup. From the Survey menu Project | Dotaset | Vigization | Geomety | o

bar select Name : Directory

“Project>Preferences”. The urtiled pg ! q

Preferences dialog box should e

open. Job Number : Job Directory :

[ Q| Q

3. Many of these preferences can Global Working Drectory - |

be imported by selecting

“Default>Open”. Pick the file _ o | _Cancel |

“SI\STANDARD\XM\

GEOPAK\Survey\NDDOT.sdp”. Notice the name of the dialog box changes from
“Preferences” to “Default Preferences”.

4. Several “default” preferences will be load such as; Dataset>Linking Codes,
Visualization>Settings, and Visualization>Cross Sections. However you will need to

edit several Project preferences.

Select the “Project” tab in the preferences dialog box. On the left side of the dialog box
there is a selection panel. Select “Settings”.
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6. Rename the project “Name” from
untitled.prj to something more
applicable (example,

Hwy2 MP199.prj). Usually
there is only one prj file per
working directory so the naming
convention isn’t extremely
important. Select the Directory
and Job Directory. These
directories should typically be set
to the project working directory.

Default

Project I Dataset I Visualization ] Geometry I 0TMm
MName : Directory -
Settings
e [Foy2 MP185e7 | JC unke
(Corfiguration Diescription :
I
Job Mumber : Job Directory :
| 001 Q  [ChJunk
Global Working Directory : |
Ol | Cancel |

Setting the global Working Directory is not recommended because it can’t be adjusted
outside of GEOPAK Survey. Set the Job Number for the GPK file. If you select a Job
Number for a GPK file that doesn’t exist, a new GPK file will be created. The Project

Description is optional.

panel.

Fill out the information for
User. The Name should be

10.

On the left side of the “Default Preferences” dialog box, select “User” in the selection

Default Preferences : G\ Junk\NDDOT.sdp

Default

your NDDOT email name
(example, “jcollado”). The
CADD Standards Promote
using your email name
because this name should be
unique within the NDDOT.
Example, there could be more
than one person named “Jon”
working on the same project.

Project I Dataset I Visualization I Geometry I DTM™
o Name : Full Mame :
ings
[icollado [Jon Collado
(Configuration Description :
] Password :
[E I
Ok | Cancel |

Users sharing the same name at the same time within one project may cause
problems such as crashing and corruption of project manager files. The “Full
Name” field should just be your full name (example, “Jon Collado™). The OP code:
should be “nd”. This is an Operator Code. It is used in some files named by GEOAPAK.
The description is optional. Don’t use the password field. Select the “OK” button after
the user information has been set up.

11.

The following settings (Dataset>Linking Codes, Visualization>Settings, and

Visualization>Cross Sections) should have been imported from the NDDOT.sdp file.
They will be reviewed for informational purposes.
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12. The Linking Codes can be
set under the “Dataset” tab
within the “Linking
Codes” panel extension.
The Linking Codes are
also discussed in the
NDDOT CADD
Standards, Section 4.6.

13. Under the
“Visualization>Settings”
the standard nddot.smb
should be selected and the
“Apply Feature Best
Match” should be activated.
The “Apply Feature Best
Match” option allows slight
variations of a point code
names (example; BRK1,
BRK2 and BRK3 will all be
considered as break lines
“BRK”).

14.
setup for existing ground.

15.

ererences

Default
Project I Dataset ] Misualization I Geometry I DTM
Settings Begin Line : [+ PC Curve : | XPC Corfiruation : [CHT
Data Source T ) L
Linking Codes End Line : | PT Curve : | XFT Left Right : |XLH
Obs File Beg/End Curve : [/ Curve Fit : [XCF Front Back : [XFB
Caontrol File
Reduction Close Figure : |! PCC Curve : | XZC Up Down : |}(UD
Configuration
¥ Store Linking Code as Point Description Duplicate Prefic - | XDU
[" Linking Code Is After Feature Comment Char: |
Ok | Cancel |
Default
Project | Datasat | Visuaiization | Geometry | oTM
SMD Feature File :
bettings - —_ p
Mapping | S\ STANDARD ¥M\GEOPAK survey' nddot smd Q,
Corfiguration Flot Scale
Cross Section | 100.0000

¥ Apply Feature Best Match
[T Use Shared Cells

Ok Cancel |

Under the “Visualization>Cross Section” the standard symbology for cross sections is

The Default Preferences must be resaved after the editing. If you don’t save them, they

will be lost. Default Preferences are not the same as active Preferences. Default
Preferences are stored in a *.spd file. Active Preferences are temporarily stored in a rsc
file. Select “Default>Save As” from the Default Preferences dialog box to save the
project default settings. Using the same names for the *.prj and the *.spd files is
recommend for intuitive file navigation.

16.
dialog box will close.

Select the “OK” button after the preferences have been set up. The “Project Preferences”
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Creating a Digital Terrain Model (DTM)

11/13/08

Digital Terrain Models are often used for drawing cross sections and earthwork. Usually DTM’s
are needed for both existing and as-built ground surfaces. DTM’s are often stored in files with a
“.tin” extension.

Sometimes projects may not require field personnel to create a DTM. Here are some instances
when you many not need to create a DTM

1. Someone else has created a DTM for you. DTM’s of existing ground for roadway
alignments are often created by Surveys and Photogrametry in the Design Division.
If you are working on roadway earthwork you may be able to use the DTM that
Design created. However, Design seldom creates as-built DTM’s. So Field
personnel may be required to make as-built DTM.

2. If field data was taken at regular intervals — transversely at specific stations, a DTM
may not be required. Cross Sections can be created directly from data files that
contain station, northing, easting and elevation information or cross sections can be
created directly from data files that contain station, offset and elevation information.
However, the stationing for the existing cross sections must match the stationing for
the as-built cross sections. If additional cross sections are needed, additional field
data will need to be collected. Choosing to collect data at regular intervals in order to
directly create cross sections (skip creating a DTM) does not usually save time.
Using xyz data collected transversely across a roadway instead of at irregular
intervals in order to create a DTM is discouraged because the cross sections obtained
from these DTM’s are often misinterpreted.

If you don’t need to make a DTM you can skip the following step. The following procedures
discuss how to create a DTM. Both GEOPAK Road and GEOPAK Survey can be used to create
a DTM. There are variations of both of DTM creations methods. Both of these methods extract
survey data from a text file.

Two methods are presented here. However, using GEOPAK Survey to visualize the data before
creating a DTM is strongly recommended. Visualizing the data early on in the process may
point out surveying short comings. The GEOPAK Road method can use break lines, but it
requires more work to correct problems. Sometimes these problems are easier to correct by
graphical methods and you’ll end up extracting graphics anyway.
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Creating a DTM using GEOPAK Road

1. Create and or Open the drawing DTM.dgn. For this simplified DTM use the standard
seed file “SASTANDARD\XM\seed\NDDOTseed.dgn”.

N . D |
2. Select “Applications> ROAD>DTM Tools” from the main pull down

menu. The following tool box will appear. Tg q
13 bR H - H { DT&P

3. From the DTM tool box, select the “DTM Menu” tool (it is the icon . 2
that looks like a data collector). The menu bar shown below should 2 T
appear. Y
b T e
P (eTE e po

Setkings  Extract Build Edit Drape Load Reports  Analysis  Utilities

4, Select “Extract>XYZ” form the DTM menu bar. The following dialog box will

appear.
=101 x|
Input File [ing_Demo_Asbuitt_Earthwork'AsbuiltFt Totten_DAY2.ASC File
Qutput File |C:"-.Tlaining_DemD_Asbuilt_Earth\-\'ork"-sbuilt"-.FtTcltten_D;'-‘\YI ﬂl Create vI Chain vI
Delimiter _, vI Comment Delimiter _Cther vI I*_
Contents of File

4004, 36071 55-5551 50, 2332704 5407200, 1499.5951369.<BAK
4005, 360680 3529930, 2332625 5656300, 1501 6565929, SW2

4006, 360664.3792480, 2332634.3525700, 1500.6281101,BRK =
4003 360727.929194  2332696.88543(  1500.6645535 +SW2 Reset |
Naone ~| x ~| % x| z | LCodePCode v | MNext>> |

¥ Apply Best Match Feature Code
[™ Display Alert Box for Emors

Feature Setting I Linking Code I
Output File Format :  ASCII Vl

Frocess |

5. The input File is the file from your total station survey equipment. It should have a
point number, Northing, Easting, and Elevation. The data may also contain Link
Codes, Point Codes and Comments.

6. The output file is the file that GEOPAK will create. This file usually has a “dat”
extension. In proceeding steps the “dat” file will be used to make a “tin” or DTM
file. In review, the survey ASCI “asc” file is used to create a GEOPAK output data
“dat” file which will then be used to create a DTM “tin” file. Your file name should
be something that you can recognize from the name. It is a good practice to use the
same name with different extensions for the creation of one surface (example:
piledfinal.asc, pile4final.dat, pile4final.tin). You can use the File buttons to set these
and it should be stored in the working directory.

NDDOT Procedures for Calculating Final Earthwork Quantities 14
Revised: 12/31/08



7. Once you have set the “Input File” and “Output File” the contents of the input file
should be similar to the one shown in step 4. GEOPAK is particular in that the
Delimiter and the Comment Delimiter can not be the same. So you may need to edit
the file you got from your total station so, for example there is only a “comma” that
separates the Northing, Easting and Elevation and a “*” that separates your
comments. Once you have selected your input file and delimiters, select the first line
of the input file as shown in the “Contents of File” panel. The data contained on that
line should appear above the buttons that say “None”. Next select each button that
has something above it and set it to the feature that best identifies it.

8. Link and point codes can also be —ioix
setup. Select the “Feature File
Setting” button. The “Feature Tl =Toe LCode OTM TR ﬂ
Settings Dialog” box should ATSES NONE SPOT YES
open. From this dialog box, e o ot N
select “File>Open”. The settings  |ATSPS NONE SPOT YES =
for this dialog have been saved 0 cjecoge [asr R Lo -
a flle namEd Linking Code  None "I DTM Cortral  Spot and Break ¥

“Limitted DTM_Features.adf”.
This file can be copied from
S\STANDARD\XM\GEOPAK\Survey. This file should be reviewed to see if all
your pcodes are included. If they are not included you will need to add them.

Add | Modfy | Delete |

9. In the “Extract XYZ” dialog box, make sure “Apply Best Match Feature Code”
toggle is on. This is import because we number features to be identified and
addressed similar to unnumbered features (example, BRK, BRK1, and BRK2 will be
treated the same way)

i - =

10. From the “Extract XYZ” dialog box, select the “Linking Code” Egin e IinD_I
button. Fill out the codes as shown. — o

Point On Curve IT

11. From the “Extract XYZ” dialog box, choose the “Process” EndCurve: [7
button. Cortinuation : [XCN

Close Figure : Il—

12.  If you haven’t assigned PCodes, you may receive an alert if you
are not using the point code. Say OK to the alert, the PCode is not mandatory.
GEOPAK will create the “dat” file. You can use Windows Explorer to confirm its
creation. After the “dat” file has been created the “Extract XYZ” dialog box can be
closed.
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13.  The next step is to build the triangles. _1o1 x|
This is done by choosing

“Build>TriangIeS” from the DTM menu Data File: | wSurvepDat=bPILEAFIMAL dat
bar. The following box will appear. TIN File: [swSurveyData FILEAFINAL tin |~ &4

Digzolve Option:  Side "’l

14. The Data File in this box is the name of

the file that you just created in the itk Eengh 200
previous steps. The TIN file name should Process |

again be a file name that you can

recognize from its name. The Dissolve Option will help eliminate any unwanted
triangles. Your triangles generally do not have very long sides but this depends on
how close of shots the surveyor took. My suggestion is to set the Dissolve Option to
“Side” and input a side length of 200. Once you have done this you want to choose
the “Process” button.

15. At this point you should have a “tin” file —have created at DTM. These steps will
need to be repeated if you have multiple surfaces (example: existing ground and as-
built ground).
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Creating a DTM using GEOPAK Survey

This section discusses how to extract survey information from a text file into a drawing and then
extract the drawing information into a DTM. The advantage with this method is that the break
lines can be visually reviewed before the DTM is created. The intermediate step of extracting
the survey data into a drawing will allow for visually checking the data for crossing break lines
and Boundaries.

1.

Create and or Open the drawing DTM.dgn. For this DTM creation method the 3D
seed file “S:\STANDARD\XM\seed\3D NDDOTseed.dgn” will be required. If you
are modeling both existing (preconstruction) and as-built (new) conditions, using two
different drawings (DTM_exst.dgn and DTM_asbuilt.dgn) is recommended. This
will simplify the process by helping to prevent existing elements from getting into the
as-built DTM and prevent as-built materials from getting into the existing DTM.

Import survey levels. The easies way to do this is by opening a survey stg (select
“NDDOQOT>Select Settings>Photo>Topog” from the main pull down menu. Then close
the select settings dialog box that just opened.

Select “Applications>SURVEY>Survey”. A “Survey” menu bar and toolbox should
appear. Most of the tools from the menu bar and the tool box are the same. This
section will discuss GEOPAK Survey in terms of the menu bar.

Survey {No |

Projeck  Dataset  Wisualization Geometry DIM  Plans Preparations  Tool Boxes

From the Survey menu bar select =10 x|

“Project>New”. If you had previously
created a Survey Project fora NDDOT

Marne : | Derna. prj

project, you would select open. You Directory : | C:ACADDATraining_Demo_Asbuilt &
can add multiple cross section data Job Number: [393 | @

sets to your previously stored project .
(example: cross sections for different DESEIIen:

borrow pits). The box to the right l

should appear. Fill in the Project o |
Name, with a name that refers to the —
area you are working with. Set the
Working directory to the same directory that you created earlier, use the select button.
If you set up the Survey Project Preferences most of this information will already be
populated.

LCancel |
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5. You could use the gpk file —job number that is used for alignments but you must be
certain that point names are not reused. Often it is easier and safer to create a new
gpk file just for the dtm extraction. The Job Number 999 often reference to a
temporary DTM file. The project description area is optional. Then click OK. The
“Project New” dialog box should close.

6. Confirm that the “Project Preferences” were setup correctly. See the section title
“Survey Project Preferences”.

7. From the Survey menu bar select =101 %]
“Dataset>New”. The box to the Name: [Daial | Create ¥|
right should appear. Give the Dessipton: |
data set a name (example:
Datal). The Description is
optional. Set the “Data Source”

Data Source :  ASCIH Filels] 'l #r< to Coordinates 'l

Output Directary : | c:hcaddhtraining_demo_asbuilt_earthworkhazby Q

to “ASCII File(s)” and process to [ Use dataset name as output sub-directory
“XYZ to Coordinates”. Set the Source Format : XYZ to Coordinates
“Output Directory” to your . Filels] to Use :

C:ACADDAT raining_Demo_Asbuil_E arthwar

Working Directory (As-built
folder). Then select the “Dataset
Add Source File to List” button.
Then pick the ASCII file that o |
contains your survey coordinate
data. The panel on the bottom of the “Dataset New” dialog box should show the file
you just selected. Next select the “OK” Button.

4-+><@@

LCancel |

8. Another dialog box (XYZ to Coordinates) should appear. The Contents of your
ASCII file should appear in the middle panel. Set the appropriate “Delimiter” usually
“Space” or “,”. Then select the first line of data. It should become highlighted.

ngz to Coordinates User:User Datasek: Datad o ] S

File | o_Demo_Ashuilt_E arthwsork sbuilFrT atte bt Q Linking Code |
Delimiter "I Comment Delimiter  Other vI |"

. 5 A5P2
2002, 363677 8890590, 2336643.4533200,1 4598510330, +45F1
2003, 363669.64945820, 2336657 50631 00,1453.54 33571 ASF1

2004,363659.1142050,2336664. 2704500,1459.1 770568 ASP1 =

2001 3636394572430 2336724372610 14585689183 +5P2

PHurn | | ® ~| = ¥ | |CodePCode ¥
Reset I Mext |

v Load 45C1 Dislog On D atazet Open . IV Impart After Process
[~ Open Editor After Processing &I ¥ Store Elements into GPE,

¥ Process LeodePoode same as Flaw Data
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9. What you should see happen is that the text of the line you chose appears above the
button that says none. Your next step is to click on each of the “none” buttons and
choose the appropriate description for the text that is above the button. It should look
like the box above. You will need to keep hitting the next bar until you have a
description under each field of text.

10. Activate the options “Import After Process” and “Store Elements into GPK”. Then
select the “Process” button. The survey data will be drawn into your 3D drawing.

11.  After the data is drawn by GEOPAK Survey it should be examined. Make sure there
are no crossing break lines. Also check the side or front views for drawing — survey
elements that don’t appear to be on the ground surface (example, check for elements
that have a negative or zero elevation - all element should appear as if they are on a
surface with realist elevations). The “XYZ to Coordinates” dialog can be closed after
the drawing has been inspected and corrected. Problems with surveys and surveying
techniques are not discussed in this manual.

12.  Select “DTM>DTM Tools” from the survey
menu bar. From the DTM Tools select Extract MBS 2
Graphics. N

25.5': 2 ExtractXyZ

nr;? 3 Extract DEM

:;é 4 Extract Set Format
~—1 Open as ToolBox

13.  The dialog box to the right should & Extract Gi =10 x|
appear. This dialog box — tool is used File Name: | FiTotter_adwanced.dat Q
to create a “dat” file from the drawing : :

. . . File type:  Binary hl
graphics. Provide a file name for the _ _ =
dat file. This data file is usually created Flle open:_Rppend :
in two parts. One part extracts the Feature Breaks. M
. Maode:  Estraction v|
break lines and the other part extracts - —
. . — Search Criteria
the pOI!’]tS. In thE‘: first part of t‘he ¥ LvMames: |uface Conc Line Exst
extraction the “File Open” option must _
o " ) T L Humbers: | |
be set to “Create” and during the second
. - v V¥ Colars: [2-25 ]
part of the extraction the “File Open - Syles. | A
option must be set to “Append”. e
P © APpel r ieights: | |
73 »H ’9 13 » 3 99 r T_'.-'I:IES: I (|

14. The “File Type” can be “Binary” or
“Ascii”. “Binary” is smaller and faster
but it can not be reviewed directly. An Match | Display | Resst |
“Ascii” file can be reviewed with any
text editor. The “File open” option _E::.ra':t1 | Al |
needs to be set to “Create” to extract the - i
first group of features. In these
directions the first group of features will be “Spots”.
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15. Set the “Search Criteria” for spots. This criteria should exclude symbology for break
lines. The “Match”, “Display”, and “Reset” buttons can be used to help select the
search criteria.

16.  After the search criteria is selected, select the “Extract” option. If a view is used such
as “View 1” be sure to adjust the view so you can see the spots that you need to
extract. If you are zoomed in and only see some of the points, then only those points
will be extracted.

17.  Select the “Apply” button and the Spots — Points will be imported into the dat file.
18.  Switch the “File open” option to “Append” and set the “Feature” option to “Breaks”
(break lines). Reset the Search Criteria and select symbology that matches the break

lines.

19.  After the search criteria is selected, select the “Apply” button and the break lines will
be imported into the dat file.

20. “Boundaries”, “Voids” and other features can also be imported in to the dat file using
this tool. Close the “Extract Graphics” dialog box after the dat file has been created.

21.  Select “DTM>Build DTM>From Dat File” =10 x|
from the Survey menu bar. The “Build

Triangles” dialog box should open DataFile: | FtTatter_advancedd. dat Q
TIM File: |FtTotten_advancedd. tin @
22. Sele(_:t the dat file crgate_d prevu_)usly and s i e [
provide a name for tin file that is about to be _
created. Itis a good habit to use similar Side Length: [50.000000
names for the raw survey asci file, the dat Process |

file and the tin file.

23. Set the “Dissolve Option” to “Side” and set the “Side Length” to the maximum length
of the side of a desired exterior tin triangle. This setting may have to be set by trial
and error. If the value is too big, deceptive exterior triangles will be created. If the
value is to small, the tin surface coverage may be gapped. See the section of this
“Reviewing and Displaying a DTM”

24, Select the “Process” button to create the tin. See the next section of this manual
“Reviewing and Displaying a DTM”.
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Reviewing and Displaying a DTM

12/26/08

Once you have created existing ground and as-built ground DTM’s, you should compare the
models by having GEOPAK draw them. A drawing of the DTM’s will also be required if you
need to store an alignment through the center of the model.

There are several parts of a DTM that can be displayed. The steps listed here will display the

TIN Hull (boundary), Triangles and Contours. This drawing can be used to check the coverage.
The models should overlap and adequately tie to one another. The points should be dense
enough to represent the surface. The Contours from the existing ground and the as-built ground

should merge near the tie points.

1. This process assumes that the DTM menu bar is loaded and you are in the DTM

drawing. If this is not so, see steps 1-3 from “Creating a Digital Terrain Model Using

GEOPAK Road”.

2. Select “LOAD>DTM
Features” from the DTM
menu bar. The box to the
right will appear. Set the
“Load File” button to
“TIN”, and then go
search for the tin files for
your project. GEOPAK
can only draw features
for one tin — surface at a
time so these steps will
have to be repeated for
each surface. Set the
“Load:” option to
“Extent”. Turn off the
“Display Only” option.
If the “Display Only”

_icix
File
Load File: TIN__ | [FiTotten tin Q Load
— Digplay Preferences
Load: Estent "I [ Display Only [T Graphic Group
Feature Lewvel Dz~

Triangles TIM 2 Trangles Line

TIM Hull Grnd Line 1
Contours -
h ajor Lines Contour 2 Indes Line 4
Major Label  Contour 2 Index Line 0
Minor Linez  Contour 2 Intrndt .. a

0 \ L%51
4 0 oN_| ¢f
. ON
2 0 oM v
0 0 oM @
1 0 ON =
™

option is turned on the elements displayed will only be temporary. They will not be
saved with the drawing. Next under the Feature items make sure the Display is on
for only the Triangles, Tin Hull and Contours. To do this, you can double click on
the line that says Triangles. Do the same for the TIN Hull and Contour lines. The
light bulb icons to the right can also be used turn on and off the display of a feature.
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3. Unique symbology for the different elements, especially for the levels, can simplify
your review of the “tin”. Levels can be turned off when they aren’t being reviewed.

Existing Ground (Preconstruction) As-built
Feature Level Color Weight  Style | Level Color  Weight  Style
Triangles TIN 1 Triangles 1 0 0 TIN 2 Triangles 2 0 0
Lines Lines
TIN Hull Tin Hull Line 1 1 2 0 TinHull Line2 2 2 0
Major Lines | Contour 1 Index 2 2 0 Contour 2 Index 4 2 0
(Contours) Line Line
Minor Lines | Contour 1 Intmdt 3 1 0 Contour 2 Intmdt 5 1 0
(Contours) Line Line
Major Label | Contour 1 Index 2 0 0 Contour 2 Index 4 0 0
(Contours) Line Line
4. The settings for “Contours” =101 %]
such as intervals and labels Eile
may need to be adjusted for LoadFile: TIN__ ¥ [FiTotten.tin Q Load |

your specific project. The
elevation “Range” for the
contours needs to be set or
“Read”.

Once the symbology is set
choose the “Load” button.
You should see triangles,
boundary lines (Tin Hull)
and contours on your
MicroStation screen. If you
don’t see your DTM use the
“Fit View” tool in
MicroStation.

— Dizplay Preterences

Load:  Extent "’I [T Display Only

[T Graphic Group

Fange ™| Minimum £: | 1442846

Smooth:  Mone i I Reqiztration: | 0.000

Feature | Lewvel | Calor ['weight Style | Dig=
Trangles TIM 2 Trangles Line 2 1] 0 0N Wi
TIM Hull Gnd Line 1 4 0 0OM ot

b ajor Lines Contour 2 Index Line 4 2 0 0OM v
Major Label  Contowr 2 Index Line 0 1] 0 0OM v
Minor Lines  Contour 2 Intmdt .. g 1 o 0N ;l

Minor Interval: |1.EIEIEI F ajor Interval: |1EI.DEIEI
Minirmumn Area: |D.EIDEI

b &irviinn 2

Repeat the proceeding steps for the other DTM if needed. Separate drawings are
recommended for each DTM. Presently there isn’t unique symbology for all features
used in a survey such as break lines and spot shoots.

Once both DTM’s are drawn you will probably need to used “Level Display” to turn
on and off levels to clearly compare tin models.
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Review DTM by Analysis of Profiles

11/13/08

This tool can be used to cut profiles- cross sections from one or more DTM’s. This tool can cut
several profiles very quickly without storing a formal alignment. Sometimes it is easier to study
a profile rather than an entire surface.

1. This process assumes that the DTM menu bar is loaded and you are in the DTM
drawing. If this is not so, see steps 1-3 from “Creating a Digital Terrain Model Using
GEOPAK Road”.

2. Select “Analysis>Profile” from | =l
the DTM menu bar. The box —
to the right will appear. There |$
are three icon at the top of the T [ lovd | Color [Weight] Siyle | Bxiract |
dialog box that show different .-5
parts of the Profile tool,

X
a. Object selection,
b. Create Profile
c. Profile Preferences
) ) o TINFle | [FTetensn S — T

3. Pick the Object Selection icon, =
select the “TIN file” for the
profile. Just to the right of the
“TIN File” filed is a symbology button to set the symbology for the profile (example:
Level ="Profile #1 Line Exst”, color=ByLevel, style=ByL evel, Weight=ByLevel).

4. After the TIN File has been ol
selected and the symbology set, | =
add the profile to the selection ‘@
by USing the “Add LlSt Item” Type |Feat|.|re | Level | Color |Weight Style | Exract |
button on the right side of the TN RTottentin Profie #1 Lne  Bylv Bylv Byly On  _

. . TIN ..\Original_Grou... | Profile #1 Line Exst| By Lv By Llv | Bylv On
dialog box. Note multiple
profiles can be cut at one time S
by adding multiple surfaces to
the selection as in step 3 above.
TiNFle | [C\Training_Demo_ssbuit_=] O e
Create Legend |
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5. Select the “Profile Preference”
icon. Set the scale for the

profile and grid preferences.

Select the “Create Profile”
icon. There are two
methods to cut a profile.
The “Select Element” to
identify a previously drawn
element such as a line or
line string to cut the profile
from, or use the “Place
Element” button to
temporarily draw a line or
line string to cut the profile
from.

After the horizontal
alignment for the profile has
been selected, the

File

ﬁi

Scale Elevations Stationing
Horizontal: [40.000 Minimum: [0.000 Minimum: [0.000
Wertical: ’W Maximum: IW Maxdimum: ’W
Resst Vertical | Resst Stations |

Horizontal Grid
W Major Interval: |1
[~ Minor Interval: [25.000
Major Symbology: || EE—
Minor Symbology: | E—

Major Text: [N

0

Vertical Grid
¥ Major Interval: [5.000
™ Minor Interval:
Major Symbology: |
Minor Symbology: | —

Major Text:

2,3456

1| w]

“Extracted Profile View” should have been created. Select the “Place Profile” button
place the profile in the drawing. The profile will be attached to the cursor and it can
be placed anywhere in the drawing with a right mouse click.
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Review DTM by 3D Rendering

10/17/06

(To be added)

Goggle Earth Import

11/20/06

(To be added)

Advance DTM Creation and Editing

03/24/06

(Interim tins - pavement and base removals)
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Earthwork Quantities by Using Surface to Surface Volumes
from Digital Terrain Models

03/24/06

1.

This process assumes that you have existing and as-built DTM’s and that the DTM
menu bar is loaded. If it is not, see steps 1-3 from “Creating a Digital Terrain

Model”.

Choose the “Analysis>Volumes” from the DTM
Menu bar. The following box will appear.

The Prismoidal method should be selected. The
Calculation option button should be set to “TIN to
TIN”. The “From TIN” should be your existing tin
file name and the “To TIN” should be your final tin
file name.

Make sure that your “Volume Calculations” dialog
box is expanded to show all the options. There is an
arrow-triangle in the lower right area of the dialog
box to see the expanded options.

Draw a polygon around the area you want to compare
volumes. The polygon should be contained within
both of your DTM’s. It is important to draw and save
your boundary polygon incase you need to reproduce
GEOPAK’s Exact Calculation.

In the expanded area of the “Volume Calculations”
dialog box select the option to “Output to ASCII
File”. The ASCII File name should have the same
path of your project file and you should give it a file
name that you can recognize from the name. Select
the Option “Use Boundary” and select the boundary
you drew in step 5.

Select the “Process” button. You should see Volume
Calculations for, Cut Volume, File Volume, Balance,
and Area. Remember the volumes may or may not
include aggregate and pavement. This is dependent
on when the survey was done. The volume data is
stored in the “Output To ASCII File”. This file can

& volus

g\fnlume Calculatio o ] o4 |
C Method
IV =i ) Grid Points: |1DEI |

~ Calc Optionz

Calculation: TIN ta TIN vI
From TIM: I_l,lData'\F'ILE4EIF||G.tin Q
To TIN: |yDala‘\F‘ILE4FIN.-’-‘«L.tin a
Hatige I

™ Use Range:

r Wolume Calculations
™ Use Factors:

Cut: [ 1.000

Cut Yolume :
Fill "/ alume :

Balance : (—\
Area v}
Frocess I

=10 =]
Calculation Method
@ Prismoidal ) Grid Points: [700 |

r Calculation Optiohs
Calculation:  TIW ta TIN "I

From TIM: I_l,lData'\F'ILEeiDFlIG.tin Q

Ta TIM: |yData'\F‘ILE4FINﬁ3«L.tin Q,

Fill: [1.000

™ UseRange: Fange |
~ Volume Calculations
™ Use Factors:

Cut: [ 7.000 Fill: [1.000

Cut Walume - 0,000 Cv
Fill ¥ alume : 263,747 Cy'
Balance : -263.747 Cv
Area: 136,453 5 F |

r Dutput

¥ Output To ASCII File: _Create File "I

| PILE4_“olumne. bt Q,

Wie.,. |
~ Boundary Selection

¥ Usze Boundary: Flace | Select |
™ Wolumes By Region: Eeqgions |

~ Yolume Polygons

™ Dizplay Onl | |
be reviewed with the GEOPAK “Text Editor” or with - il Eoime :Dlygm
he NOTEPAD lication.
the NO applicatio —
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Storing a Horizontal Alignment (Chain)

11/20/08

If you are calculating earthwork from cross sections and a horizontal alignment has not
previously been stored, you will need to store an alignment. This situation typically occurs when
you are making cross sections for a borrow, waste or stockpile site.

If you are calculating earthwork for a roadway and comparing as-designed quantities with as-
built quantities a horizontal alignment should already be stored in an existing GPK file.

If you are calculating earthwork directly from surfaces you do not need an alignment.

This section assumes that only a very simple alignment is needed for a borrow, waste, or
stockpile site. This simple alignment will consist of only a line with a start and end point. This
alignment must extend beyond the affected site (longer than the earthwork area). This alignment
should run close to the center of the site.

Some sites require more complex alignments. Complex alignments are not discussed in this
manual. Complex alignments can cause areas of concern such as intersecting cross sections and
centroid adjustments.

This section discusses how to store an alignment in GEOPAK using the “Store Graphics” tools.
1. Create and open the Align_*.dgn. Make sure you use the standard seed files.

2. Reference in the DTM_*.dgn. This reference file should have the TIN hulls (survey
surface boundary drawn in it.

3. Draw a straight line through the site. The line should be longer than the earthwork
site - start and end beyond the areas of earthwork. This line will become the
GEOPAK alignment. Make sure to draw the line with the first point representing the
beginning of the stationing and the second point representing the end of the
stationing.

4. Open the “Store Graphic” dialog box by selecting ol

“Applications>ROAD>Geometry>Store Graphics”. Settings
You might have to change the element option from Job Mumber |
“Point” to “Chain” within the Store Graphics dialog :

box.
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5. Fill out the dialog box. The dialog box to the right . ] 51
shows some typical values. The Job Number is the Settings

number of the main GEOPAK database. Don’t Job Number [007
worry if it doesn’t exist yet. GEOPAK will prompt Operator Code [ND
you for it’s creation in a following step. The Chan | [Borow1
“Operator Code” should be “ND” this will help Beginring Foint [14000
standardize files created by GEOPAK. Chain Beginning Station [ 0+00

names should descriptive like “Borrow1”, “Waste1”
or “Pilel1”. Point numbers used by the District for
As-builts should be between 14000-14999. These e [
point numbers have been standardized incase design S
elements need to be merged into the as-built GPK.

The beginning point should be a point that has not been stored in GEOPAK. If you
have other information in this GPK file you need to see what points are available. If
you would happen to use a point number that is already used one of two things could
happen. If your COGO redefine key is active it will erase the point that is already
stored or if the redefine key is not active it will not store the new point.

ID Element | Store |

6. Change the button on the bottom of the dialog box from “Complex Chain” to “Single
Element”. Note that the “Store” button is disabled at this time. Select “ID Element”
Button. Then select and accept the element you drew in step 3 (double click on it).

7. After you have accepted the element — line, the | & 5to I =] B
“Store” button should become enabled. Select the Settings
store button to save the alignment into the main GPK Job Number [007
data base. Operator Code W
Chain__| [Bomowl

Beginning Point | 14000
Beginining Station | 0+00

|0 Element | Store |

Single Element I

8. An ALERT box may appear if the GPK file —“Job Number” doesn’t exist. Click the
“Yes” button if you wish to create the database.

9. You will also be prompted for an “Input File Name”. Use the default name provided
(JOO1oND.inp). This file will contain the GEOPAK COGO commands used to create
the alignment. This file is only needed if you want to recreate your alignment in
GEOPAK. This file will probably not be used again unless something goes wrong
with your GPK or drawing file (job001.gpk or Align_*.dgn).
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10. At this point the alignment should be stored in GEOPAK. The following steps are not
required to store an alignment. However it is good to review your work and confirm
that the alignment is in GEOPAK. Open COGO by selecting “Applications>
ROAD>Geometry>Coordinate Geometry” from the main pull down menu.

11. A “Coordinate Geometry” box should open. ]
Sonﬁrm or fill i,r’1 the “Job Nu‘r‘nbe'r” and } Projact Name: |
Ope‘ratoy Cc;de_ fields. Th_e PrOJ_ect Name Job Number: [001 @
and “Subject” fields are optional fields used for e
GEOPAK Reports. Then select the “OK” Operator Code: | ND
button. Subject: |
ak. | Canicel
12. The main “Coordinate =lol x|
Geometry” box should open. e Edi Eemen: vew fools User

From this dialog box, select .
K =] ) L

“T0018>NaVlgat0r” for the i 5 é [¥| Redefine Temporary Yisualization vIIDFF [Feature] j Erowsel

pull down menu. sa12 v|ggse  v| «| <] > »|

COGO Keyir: | |

13.  The “Navigator” dialog box should open. This tool lets =0l
you review the elements that are in your gpk file. Change selest Teck
the “Element” type to “Chain”. The alignment name N X Fid e B

stored previously should appear in the bottom panel of Element - |
the dialog box. —

Feature
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~i5x

Seleck  Tools

14. Select the alignment name. Then select the
“Print/Describe Element” icon.

15. The main “Coordinate Geometry” box should display coordinate geometry
information about the alignment.

o]

File Edit Element ‘iew Tools User

Temporary Visualization v [[GFF Featne] | Browss | 991234 w9991z w| «| <[ »| » |

COGO Keyin: [DESCRIBE CHAIM BORRDW j

<% 3 DESCRIBE CHAIN BORROW1

Chain BORROW]1 contains:
14000 14001

Beginning chain BOREROW] description

Point 14000 N 1,147.470.0759 E 2.147 386 .4913 Sta 0+00.00

Course from 14000 to 14001 5 52° 32 57.92" E Dist 75.1536

Point 14001 W 1.147.424 3768 E 2,147 446 1541 Sta 0+75 15
Ending chain BORROW]l description LI
16.  After you have reviewed this information, close the “Coordinate Geometry” dialog

box. An “Alert” dialog box will open, asking you if you want to save the session. If
you are just reviewing the GPK you can exit without saving the session.

17. If something is wrong with the alignment stored in GEOPAK, you will have to repeat
previous steps. If you are going to correct elements previously stored in GEOPAK,
make sure your redefine button is on in COGO. Redefinition of Elements can also be
turned on from the “Coordinate Geometry” dialog box by selecting
“User>Preferences>Redefinition of Elements”.
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18.

If you want to delete elements out of the GEOPAK

S Navig =[O ]

Select  Tools

database, you can use the COGO “Navigator” and the
“Delete Element” button (similar to step 14).

NE@mid & B
Element : _Chain "I

Feature

31
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Drawing Cross Sections

10/17/06

There are several different methods to draw cross sections. These methods are dependent on
how the field data was collected. The following methods will be discussed in this guide.

1. Cross Sections by Station Offset Elevation File (*.soe)

2. Cross Sections by XYZ and Station File (*.xyz or *.cor). The points surveyed in this
file are usually collected at “regular” intervals. Groups of points are collected
transversally across the road. This file should not be confused with XYZ files used to
create a representative DTM in which points are collected at irregular intervals.

3. Cross Sections by Raw Field Data (Station, Offset, Height of Instrument and Raw
Rod Readings). This method is used when electronic data collection tools are not
available. Data was collected by a field book. This method is sometimes used with
“90-1” surveys. Creating cross sections by this method can be cumbersome because
someone has to key-in all the field data into a text file.

4. Cross Sections from Surfaces (DTM).

Cross Sections by Station Offset Elevation File

Electronic data collection tools are usually used with this method. Survey field data is stored in a
simple text file with a format similar to the following:

XS station (-)offset elevation (-)offset elevation offset elevation offset elevation
XS station (-)offset elevation (-)offset elevation offset elevation offset elevation

One line can’t contain more than 6 offsets and elevations. If more data for one section is needed,
create another line with the same station.

This section discusses how to draw cross sections from station offset elevation field data using
GEOPAK Survey.

1. Open your cross section drawing. See the “Working Files” section of this guide.
This drawing is probably a new — empty drawing that you had to create.

2. Select “Applications>SURVEY>Survey”. A “Survey” menu bar and toolbox should

appear. Most of the tools from the menu bar and the tool box are the E 5
same. This section will discuss GEOPAK Survey in terms of the _
menu bar, so you could close the Survey tool box. L, e
Survey (N A4 Qs £V
Project  Dataset  Yisualization Geometry DTIM  Plans Preparations  Tool Boxes ﬂb Emp£
L-+Er WF_mk
3% 1A
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3. From the Survey menu bar select |0 x]
“Project>New”. If you had previously

created a Survey Project fora NDDOT

Marne : | survey.pri

project, you would select open. You can Directary : | B:sprojecty 30002269 065 A5E01 €
add multiple cross section data sets to Job Number : [001 Q

your previously stored project (example:
cross sections for different borrow pits). |
The box to the right should appear. Fill

in the Project Name, with a name that ok | Cancel |
refers to the area you are working with.
Set the Working directory to the same
directory that you created earlier, use the select button. The Job Number is the same
Job number used when we initially went into COGO, which is 001, use the select
button. You may want to fill out the project description area but it is optional. Then
click OK. The “Project New” dialog box should close.

Dezcription :

4. From the Survey menu bar select _1ox

“Dataset>New”. The box to the
right should appear. Give the data - cEn s

set a name (example: Datal). The Descripion: |

Description is optional. Set the Data Source: _ASCI Filefs] ¥ | SOE to Cross-Section ¥ ¢
“Data Source” to “ASCII File(s)” Output Directory : | R:\project'300022563 DB5AASELIL T, Q
and Process to “SOE to Cross- [ Use dataset name as output sub-directary
SGCtiOl’lS”. Set the “Output Source Format : SOE to Cross-Section

Directory” to your Working ool o Usn | @
Directory (As-built folder). Then

select the “Dataset Add Source File X
to List” button. Then pick the 1+
ASCII file that contains your station ¥
offset elevation survey data. The ok | _ Cencel |

panel on the bottom of the “Dataset
New” dialog box should show the file you just selected. Next select the “OK”
Button.
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5. Another dialog box (SOE to Cross-Section) should appear. The contents of your asci
file should appear in the middle pannel. Set the appropriate “Delimiter” usually
“Space” or “,”. Then select the first line of data. It should become highlighted.

I
File [R:\Project’30002269.065%A5BUILT \oppassiing. & [ Plot PCodes _Piot Parameters |

Delimiter Space vI [ Plot Elevation Text :

0.00-21 10017 1310057 0100595013 1006.7 21 1001.7

1+00.00 -27 1000.8 -13 1004.5 0 1005.000 13 1004.8 21 10005
1+50.00 -21 1000.2 -13 1004.2 01004.500 13 1004.2 21 1000.2

2+00.00-21 9997 -131003.7 0100399913 1003.7 21 999.7 ;'
0+50.00 -21 1001.7 13 10057
Station bl | Offzet bl | E levation bl | Offzet i | E lenation i |

et 5 | Chain |Bg55m o
W Load A5CI Dialog On D ataset Open
Process |

6. What you should see happen is that the text of the line you chose appears above the
button that says none. Your next step is to click on each of the “none” buttons and
choose the appropriate description for the text that is above the button. It should look
like the box above. You will need to keep hitting the next bar until you have a
description under each set of text.

7. Select the chain for the cross sections. This alignment must have been previously
stored into GEOPAK.

8. Select the “Plot Parameter” button in the P
upper left corner of the “SOE to Cross- [ el _
Section” dialog box. Another dialog box (Plot | Merznt [0 Vartical [10
ParamEters) should appear. The typical - Distance Between Cross Sections
parameters are as show to the right. Don’t Horizortal [10000 Wentical [1000.0

forget to set the “Cross Section Element
Symbology:” button. The “Cross Section
Element Symbology” should be according to
the NDDOT CADD Standards.

x

~ Filter Tolerance

Horizontal IEI.EI'I Yertical IEI.EI'I

Cross Section Element Symbology : =

Symbalogy
Level: [~}
Color: [ & =l
Stuyle: | ------ 2 =l
weight: | 2 =l
Cancel |
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9. After the “SOE to Cross-Cross Section” dialog box has been filled out, select the
“Process” button.

10. An “Alert” dialog boxes may appear. This to confirm that you will be drawing Cross-
Sections in the drawing is presently open. This should be your Cross-Section
drawing. Select OK.

11. A “Decimal Value” dialog box may also appear # eomal =
if data with no decimals were encountered. Mumeric values were found that contain
Read the dialog box and enter an appropriate no decimals. Enter the number of
. s decimal places to azzume for all numenc
value (typlcally 0). Then select OK. values with no decimalz. By entering 2 the

value 123456 will become 1234.56 thus
alkering the numernc value. If you have
data that containg decimalz you probably
want thiz walue to be zero[0).

| oK ]

12. Finally, GEOPAK should draw the cross-
sections. See the section “Viewing Cross Sections” in this guide if you need help
reviewing cross sections.
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Cross Sections by XYZ and Station File

Electronic data collection tools are usually used with this method. Survey field data is stored in a
simple text file with a format similar to the following:

N 1144153.45462497 E 2140039.09114346 ELEV 1153.30000000 STA 0+00.00
N 1144165.44575907 E 2140039.55234093 ELEV 1153.40000000 STA 0+00.00

Several different formats are acceptable. The data (northing, easting, elevation and station) must
exist in one file and it must be delimited. If there are text strings that are not directly used such
as the abbreviation “STA” (not the value itself), set this string to “None”.

The process of Cross Sections by a XYZ and Station file is similar to Cross Sections by SOE
method discussed previously. Sets 4 and 6 are a little different.

In step 4, the process should be set to “XYZ =10l x|
to Cross-Section” instead of “SOE to Cross- Name: [Data2 Creste ¥ |
Sections”. Description : |

Data Source . ASCIH Filels] 'l 12 to Crozs-Section VE

Output Directary ; | F:\Projects.30002269.065MNASBUILTY Q,
[ Use dataset name as output sub-directory

Source Format : X7 to Crozs-5ection

Filelz] to Usze : 1
=
bt
+
+
Ok | LCancel |
I step 6, you o
will have to
File [F-\Project»30002265. DEE A5 BUIL T weecT cor | @ [ Plot PCodes _Flot Parameters |

setup the fields _
for “Northing Delimiter Space vl ™ Plot Elesation Test:
L
Easting = 100 N 1144153, 45462497 E 21400739.09714346 ELEY 1153.30000000 5T4 0+00.00
o1 5101 N 1144165 44575907 E 2140039 55234033 ELFY 1153 40000000 5T 0+00.00
Elevation, and 102 N 1144155, 43098256 E 2140040 32100337 ELEY 115350000000 5Ta4 0+00.00

Station” instead s 103 N 1144150.42726844 E 2140040 51316898 ELEY 115440000000 5T4 0+00,00 =
of “Station, 2140039091143 ELEV 115330000000 5TA 00000

Oﬁset’. and # "l Mane "’l Elewvation "l Mone "l Statu:un ------------------- "E
Elevation”. << Prev | Feset | Mest »5 I Chain W o]

¥ Load &5CII Dialog On Dataset Open
Process |
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Cross Sections by Raw Field Data

This process is similar to the previous process “Cross Sections by XYZ and Station File”.
However, addition steps are needed to process the raw data. This section will discuss how to use
COGO to convert raw field book information into a “XYZ and Station File”. Then the steps in
the “Cross Sections by XYZ and Station File” section can be used to draw cross sections.

Electronic data collection tools are usually not used with this method. This information is
collected with a field book and the data will have to be keyed in an ASCII text file with the
following format:

GROUND chain-name ### OUT xs.xyz

HI elevation

GL station rod-reading distance rod-reading distance rod-reading distance
GL station rod-reading distance rod-reading distance rod-reading distance
END GROUND

END

Example:

GRO BASEO1 14100 OUT XSEC1.COR

HI 1163.10

GL 00+00.00 RT 009.8 133 009.7 121 009.5 101 008.7 96 012.1 88
GL 00+00.00 RT 013.4 86 011.5 83 007.9 76 005.8 61 004.3 41
GL 00+00.00 RT 003.7 33 003.4 14 003.8 0

GL 02+00.00 RT 009.9 133 009.9 123 010.0 103 010.1 84 012.3 77
GL 02+00.00 RT 012.7 72 012.3 65 011.0 61 008.8 54 007.0 43
GL 02+00.00 RT 005.4 33 004.8 25 004.2 1300390

GL 04+00.00 RT 009.9 133 010.1 116 010.1 103 010.4 77 012.8 72
GL 04+00.00 RT 013.0 68 012.5 62 009.9 55 006.0 42 004.9 33
GL 04+00.00 RT 004.7 23 003.8 9 003.6 0

GL 06+00.00 RT 009.7 133 010.3 103 010.7 84 013.2 78 013.4 73
GL 06+00.00 RT 012.3 68 010.6 61 007.1 52 005.9 45 005.2 33
GL 06+00.00 RT 004.8 23 003.3 15 003.6 8 003.7 0

HI 1163.79

GL 08+00.00 RT 007.8 133 007.2 121 007.6 105 010.0 95 011.1 87
GL 08+00.00 RT 011.9 83 014.2 77 014.2 73 013.1 66 011.6 62
GL 08+00.00 RT 010.9 59 007.7 49 006.0 40 005.8 33 005.3 23
GL 08+00.00 RT 004.8 13 004.3 6 004.3 0

GL 10+00.00 RT 006.5 133 006.4 107 006.9 90 010.2 79 013.2 70
GL 10+00.00 RT 014.1 64 013.2 59 011.8 54 010.3 50 007.8 41
GL 10+00.00 RT 005.8 33 004.6 18 004.0 12 004.4 6 004.50

END GRO

END
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In the example file:
“GROUND” or “GRO” Is the command to begin a ground based calculation

“BASEO1" Is the chain name (alignment) that resides in the GPK file in the
working directory

“14100" Is the beginning point number for the points that COGO will
produce from this run. It is important to start these numbers with a
value greater than the numbers used to define the alignment
(BASEOQ1) otherwise they could be overwritten!

“ouT” Tells the COGO run to send data to an output file

“XSEC1.COR” Is the name of the output file produced. You can change the
“XSEC1" part to anything you want

“HI 1163.10" Describes the height of instrument used in the field book cross
sections

“GL” Is the command for COGO’s Ground Line calculations

“END GRO” Ends the ground calculation

The stationing is typed following the “GL” command and then the rod reading and distance from
centerline are added. Subsequent shots are described with rod reading and offset until the station
data is completed. The program does not require + or - signs before entries, as long as the
centerline shot is entered with a “0". If data is included for just one side, the entry should be
preceded by a “RT” or “LT” suffix.

Note: Be sure not to have more than 52 characters per line. Do not split the rod reading and the
offset data between lines of data.

The data contained in the field book should be entered into an ASCII text file. The file should be
named ***001.IND, where 001 relates to the GPK file in your working directory (example:
JOB001.GPK)

Once the data has been created, a MicroStation session is initiated in a directory containing the
project’s GPK file. A COGO session is activated and the above “*** IND” file is “Loaded” into
COGO and “Read”. When the file is “read” GEOPAK creates an **** .COR points file. You
should be able to open Windows Explorer and see the new file in your working directory.

At this point we have created X, Y, Z and station coordinates from our input data. To create
cross sections from this data see the section “Cross Sections by XYZ and Station File”.
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Cross Sections from Surfaces (DTM)

This process requires existing and as-built surfaces. This process is often used to compare as-
designed quantities to as-built quantities. If so, a designer has probably already created existing
and proposed cross sections and you will draw as-built ground elements over the top of the
existing ground.

If this process is used for a borrow, waste or stockpile site you can have GEOPAK draw both
surfaces at the same time.

Drawing As-built Cross-Sections for As-built to As-designed Comparison

1.

Find the working cross section drawing and the GPK file used by the designer for
proposed cross-sections. There may be several xsec_*.dgn and GPK files. You may
need to review “AAREADME” files in the design directory and or call the designer to
find the required files.

Determine the location of the As-built surface model - *.tin file. This is a file that
field personnel typically have to create and is stored in the As-built folder. If you
need to create this file, see the section “Creating a DTM”.

Copy the working cross sections from Design into the As-built folder. Then open the
copied drawing in MicroStation. Delete everything except existing (preconstruction)
ground, void ground lines and the green cross section reference cells. You could
redraw both existing (preconstruction) ground and as-built ground from the tin files.
However the same green cross section reference cells should be used. Most likely
you will want to compare the as-designed cross sections with the as-built cross
sections by referencing the as-designed cross sections into the as-builts. If you use
the same green cross section reference cells the reference files should be coincidental.

If you haven’t copied the GPK file into your working directory (As-built folder),
make sure to set your “COGO Preferences: Job (GPK) Directory” to the design
folder. See the “GEOPAK User Preferences” section of this guide.
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5. Select “Application>ROAD>Cross =10 x|

Sections>Draw Cross Sections File Edt Update Options
from Surfaces” from the main pull Job Mumber; [00T =] Chain: [FREEML -] Draw |

down menu. The “Draw Cross I™ DF O
Sections” dialog box should open. == | sufaces |
~ Patten
6. Select the appropriate Job Number I Esisting Ori
and Chain for the Cross Sections.
Use the cross section baseline
chain. The Cross Section baseline-
chain may be different than the
roadway alignment-chain. Review
the green cross section cell to Geae | Spacing
determine the baseline chain. See Harizontal: [70.00000 Horizantal: [1000.000
the picture below. Vertical: [10.00000 Vertical: [500.0000
Mumber of 35 by Caolurnn: |4EI—

CLRLE>

7. There should be two tabs in this dialog box; “XS Cells” and “Surfaces”. You should
be on the “XS Cells” tab. Near the middle of the “Draw Cross Sections” dialog box
there is a “Pattern” panel. Pattern lines indicate where cross sections should be
obtained. Set the pattern toggle to “In Existing Only”. This setting will obtain cross
sections at only the locations that the designer used.
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8. Next set the tab to “Surfaces”. N [l E

Near the bottom of the dialog File Edit Lipdate Options

box there should be a panel for Job Number: [0 =] Chain: [FREEML =] Draw |
surface “Details”. Select the I~ DF: Grigin
as-built TIN File. Set the %5 Cells | Sutaces |

“Method” to “Triangles”_ Set Type | Name Dizplay Settings Method

the “Type” to “Line Strings”.
The Display Settings for the
As-built ground should be
according to the CADD

x 6(0)

. - Details
Standards for Grounq Lines: TIM File: | R:'Projects30002269.088
Level = “Grnd Line” Method: Triangles vI Type:  Line Sking vI
COIOr =1 ~ Dizplay Settings Filter T olerances
Style =0 By Lewel Spmbalogy "l l: Horizontal: W
WE|ght =2 Feature: |Exst Gnd =l Yariance: [ 01000
Void lines should be on the Text Sellings
same level as as-built ground ™ Elevation EH [T —
but the color should be white

“0”. After setting these details,
select the “Add Surface” button. This button is on the right sided of the dialog box.
The surface information should appear in the middle panel.

9. Select the “Draw” button in the upper right hand corner of the “Draw Cross Sections”
dialog box. GEOPAK should draw the as-built surface.

Drawing Cross-Sections for a Borrow, Waste or Stockpile Site

This process is similar to “Drawing Cross Sections for As-built to As-designed Comparisons”.
The main differences are you start your cross section drawing from scratch and you draw two
surfaces at once instead of one.

1. Create and or open the cross section in the as-built folder.
2. Determine the location of the existing and as-built surface models - *.tin files. These

files are typically created by field personnel and are stored in the As-built folder. If
you need to create these files, see the section “Creating a DTM”.
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3. Select “Application>ROAD> i

Cross Sections>Draw Cross Az =l Nsleie S
Sections from Surfaces” from the Job Mumber: [001 =]  Chairc [EXHW12 =] Draw. |
main pull down menu. The e | I~ OF O
. . urraces
“Draw Cross Sections” dialog
box should open. [ Fattem
By Station "I
. Begin Statior: | 1788+17.76
4. Select the appropriate Job e :2908:?41% >
Number and Chain for the Cross Increment | - [50.0000
Sections. eft ffset: [200.0000
Riight Offset: | 200.0000
5. There should be two tabs in this
dialog box; “XS Cells” and [ Seale Spacing
“Suréces,,’ You ShOUld be on Harizontal: I'ID.DDDDD Harizontal: |2DDD.DDD
« ’ v Wertical: |1D.DDDDD Wertical |1DDD.DDD
thedd)l(s ?fﬁls“lgab I\(Ijear the Murnber of %5 by Colurnm: IED—
middle of the “Draw Cross
Sections” dialog box there is a

“Pattern” panel. Pattern lines
indicate where cross sections should be obtained. Set the pattern toggle to “By
Station”. Complete the data for the pattern of the cross sections. The increment sets
how often a cross section will be cut from a surface. The Left and Right Offsets must
be long enough to extend past the earthwork area. It is better to have these offset
longer than what is need rather than to short. A horizontal and vertical scale of 10 is
common. This scale will give you about 140’ when printed on traditional sheets. The
spacing of the cross sections sets how far apart the cross sections are drawn. Set this
spacing so that you have a least 500 feet between elements from different cross
sections. If you draw your cross sections are too close, GEOPAK may not be able to
distinguish which drawing elements belong with which cross section.

6. Next set the tab to “Surfaces”. P ]|
Near the bottom of the dialog Fle Edt Update Options
box there should be a panel for Job Number: [001 =]  Chain: [ExHwY 12 =] Draw |
surface “Details”. Select the I} D Wrigin
as-built TIN File. Set the X5 Cells | Sutaces |
“Method” to “Triangles”. Set
the “Type” to “Line Strings”. DTHI2D0T rec... L. Gind Line, Co: 1, Le..\ 2 Triangles
The Display Settings for the
As-built ground should be
according to the CADD _
Standards for Ground LinES: [ TIM File: |DTM12DEIT 1ecross. tin
Level = “Grnd Line” Method: Triangles li':l\_l,lpe: Line Sting "I
COIOr =1 ~ Dizplay Settings Filter Tolerances
Style = O By Level Symbology "l _ Harizontal: | 0.3000
WEIght =2 Feature: |Grmd =l rﬂ-, Wariance: IW
~ Text Settings
[~ Elevation W' Void
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Void lines should be on the same level as as-built ground but the color should be
white “0”. After setting these details, select the “Add Surface” button. This button is
on the right sided of the dialog box. The surface information should appear in the

middle panel.

7. Repeat the previous step for the =101
existing ground surface. Be Fie Edt_Lpdate Options
sure to the Display Settings for Jeb Crmteer | (NN Eer | AP _ Draw_|
the existing (preconstruction) I~ DR Orin
ground according to the CADD : .
Standards for EXiSting Ground Ir'u :-::s:t.l Yy r:s: @l
Lines: TIN  DTM1Z2D0T rec... Lv: Gind Line, Cor 1, L. A 2 Triangles
Level = “Grnd Line Exst” X
Color=6
Color =0 (void lines) -~ Details
Style =2 TIM File: | Eowman.tin Q.
Welght — 2 tethod:  Triangles ™ Type: _Line Sking "I
~ Dizplay Settingz Filter Tolerances
8. NOW, yOU ShOUId have to By Level Spmbalogy "| m Harizontal: IW
surfaces listed in the middle Feature [eust Gimd = Yo [N
panel. Select the “Draw” button [ = Settnes W vor [
in the upper right hand corner of Conli
the “Draw Cross Sections”
dialog box. GEOPAK should draw the as-built surface.
NDDOT Procedures for Calculating Final Earthwork Quantities 43

Revised: 12/31/08



Viewing Cross Sections

03/24/06

You will need to review your cross sections several times as you prepare your earthwork
calculations. “Cross Section Navigator” is one of the tools you will use to review your data.
“Cross Section Navigator” uses a working Cross Section drawing. A Working Cross Section file
is a drawing with a series of cross sections with cross section cells. A cross section cell is
typically green and on level 63. The cross section cells are location references. The working
drawing does not typically have grid lines and the name of the file usually starts off with the
letters “xs”.

o (=53

Cross Section Cell -~

You may be able to zoom inand outto [
find the cross section you want to f@ ﬂhﬂ
review. However the “Cross Section
Navigator” tool is much more efficient.
Select the “Cross Section Navigator”
tool by selecting
“Applications>GEOPAK>Cross
Sections>Navigator” or by selecting
the icon from the GEOPAK Road tool box.

f LhlEas R 2T L858

The Cross Section Navigator dialog box should open. Use the station pull down field on the left
of this dialog box to navigate to that station.

Cross Section Mavig: ' #

[3+00.00 _I|E|44 4 H 5 PH”‘“"‘*”‘"“* s |&1|

3

Key in station / \ DP Offset and Elevation

Scrolling Tools
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The following is an overview of some basic navigator tools.

Keyin Station
Key in the desired station and click Enter (on keyboard). The XS Navigator moves to
the specified station or the closest station if the typed value is not at a section.

Scrolling Tools

The scrolling buttons enable the user to quickly scan both forwards and backwards
within the cross section range. The single arrows move forward (>) or backward (<)
one section each time the button is pressed. The double arrows move to the first
section (<<) or last section (>>), however, they maintain the same relative positioning
and window size. The reset navigator (center button on the dialog) returns the user to
the first section and the entire section is placed on the screen. Therefore, the relative
window is not maintained.

DP Station Offset

In this dialog, the Elevation and Offset can be typed in or can be dynamically
ascertained by clicking Get Cursor XS Position, which expands the dialog. Click the
button, then place a data point on the cross section. The information is displayed in
the Elevation and Offset fields. The information can be utilized in any MicroStation
or GEOPAK command which requires a data point, by clicking the left button when a
data point is required.
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Processing Cross Sections for Closure Errors

03/24/06

At this step you should have a Horizontal Alignment (chain), Existing Ground Cross-Sections
and Final Ground Cross-Sections. If you have these items complete you are now ready to check
to see if your cross-sections can tie within the tolerances that is acceptable to the NDDOT. This
step is also need to correct acceptable tie closure errors.

1. Select “Applications>ROAD>Cross Sections>Reports” from the main B =10l

Lser

pull down menu. A “XS Report” dialog box should open with several —
different report buttons. Bled RedTop |

Clearing

C o D
DTH Input |
2. From the “XS Report” dialog box, select “User>Preferences”. The DTMPop3D |
dialog box shown below should appear. Make sure to set the _ ez |
tolerance. Typically it is set at “0.01”. This should be less than what _ ecass |
will be used for your earth work tolerance (typically “0.05”). The ﬁl
other fields for the Report Header are optional. Fadsitig |
File Ts:kel
v Date Mo/Dayrear "'l StskinaDetal_|
v Master Headsrl | Test Project wePRD |
¥  taster Header2 |J|:|n Callado %S List |
[T Master Header3 | I Hiie
¥ Mumber Page
Fadiuz of Display Cincle: |4
v &djust Dutput File Extension &ccording to Repart
3. The “Report Header” dialog box can be closed. The tolerance setting is not directly

part of the “Report Header” settings and doesn’t need to be saved. The optional
header settings can be saved for other reports by selecting “File>Save”. The header
settings can be retrieved by selecting “File>Open”.
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4, Select the “Closure” button from the =10l x|

“XS Report” dialog box. The dialog Fle _
box shown to the right should appear. M 'EfH"mz B st
Select the Job number and the chain Bl Bl Ao Display |
used for the cross sections. Proposed Finish Grade €0 | Display |
r Clozure
5. Use the “Existing Ground” search Horizantal Tolerance |_|5-“““
symbology button (magnifying glass e TR _
looking at cross sections) to set the Bl B L e
symbology for Existing Ground: 180%+00.00R 1 1908:0000R1 AT ¥
Level = “Grnd Line Exst” %
Color=6
Color = 0 (void lines) [1E08+0000R"  [1808+0000R AT | Mertical Projestion |
\S/\t/illzh:t 2: 2 Output Options I
. [™ Pause on Eacl ™ Interactive Emor Checkin
Set the symbology for the as-built i e socl riaactve Ener Checking |
ground (Proposed Finish Grade):
Level = “Grnd Line”
Color=1
Style=0
Weight = 2
6. In the Closure part the “Horizontal Tolerance” is 6.00 and “Vertical Tolerance” is

0.50. The next step is to set the type of tie constraints that you want. In the bottom
portion, set the beginning station and end station of your cross-sections. Set the next
button to LT and the button following to Vertical Projection. There are three small
buttons on the right side of the dialog box: “Add”, “Modify”, and “Delete”. Click on
the “Add” button. Next change the LT bar to RT and click on the Add button.

7. Select the “Output Option” button. The “Output Option” dialog box should open.
Check the “Report” box and provide a name for your report. The file name should be
Closure.rpt. Check the “Draw Closure & Trim Elements” box. Set the “Draw
Closure Element” to

Level = “Closure Line” =l |
Color=3  Repot
Welght =2 V¥ Report |Elosure.rpt File |
Style =0
Set the “Draw Trim Element” to ¥ Draw Closure & Trim Elements
Leve| = “Closure Line” Diraw Clozure Element Liraw Trim Elerment
Color =2 { — [
Weight = 2
Style=2
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8. After filling out the “Output Options” dialog box, it can be closed. Select the
“Apply” button from the “Closure Report” dialog box. GEOPAK will compare the
existing ground to the final ground and determine were they do not tie. GEOPAK
will tie the two grounds together with the closure constraints defined. It is also
making a closure.rpt file that will indicate which cross-sections have closed within
acceptable tolerances and which ones need to be corrected.

9. Once GEOPAK has finished processing the cross sections, open the text file
closure.rpt that GEOPAK just created. The report file may look similar to the one

below.
STATION LEFT CLOSURE RIGHT CLOSURE
VERT HORIZ VERT HORIZ
0+00.00R1 0.264 0.000 *1.181 0.000
0+20.00R1 *1.003 0.000 0.741 0.000
0+30.00R1 0.393 0.000 *1.873 0.000

10.  The numbers with the asterisk indicate a cross-section that did not tie with the
tolerance that was specified. These cross-sections are ones you will need to review
and adjust. Once you have tied all the cross-sections within the allowable tolerances
you are ready to run the earthwork part of GEOPAK.

11.  The GEOPAK Closure tool will help tie existing and as-built ground surfaces
together. However earthwork uses a tolerance to process areas and some sections may
not directly process. You may get errors saying some sections don’t tie. This
problem might not be a problem with the closure tool. It could be a problem with
tolerances.

Some projects will have cross sections that require different tolerances to process.
You can only use one tolerance while processing the cross sections. You may need to
try different tolerances. Pick the tolerance that processes the most cross sections.
You may be required to manually correct (edit the drawing) on sections that don’t
process. These corrections are usually very small and should have a negligible
impact on the earthwork calculations. These corrections are sometimes required
when you have multiple points that could be tie points. The following drawing
elaborates on the problem with tolerances.
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Widening XS Cells (Draw XS Cell)

10/26/06

Sometimes widening existing XS cells is more productive than redrawing them. This is often the
case when the sections have been manually-individually modified (adjusted with MicroStation
tools vs. GEOPAK and Criteria). The widening tools can also be used without compromising
references to “As-designed” drawings (the As-designed and As-built cross sections will
coincidently over lap).

1. The “Draw XS Cell” tool can be used to widen cross sections. This tool can be found
from the main pull down
“Applications>ROAD>Cross » .. N
Sections>Draw Cross Section ¢ .3 ;55,:3{.33 e 0 e é&iﬁf e | =
Cells” or from the Cross
Sections tools tray as shown.

2. The “Draw XS Cell” dialog box should open. =0l
Set the upper left option to “Widen”. [iden ch Number [00T

Chain [BASEERT | =]

3. Set the job number for the XS alignment. Set BE?E::Z: mggggggl
the Chain for the cross sections. Select the Left Ext [T00.00000 | Right Ext [ 100.00000 |
beginning and ending stations for the cross
sections that need to be widened. Set the left Bech |
and right extension length. Then select Apply. GEOPAK should widen the specified
sections.
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Draw Pattern Lines from XS

12/31/08

Sometimes a plan view drawing of where the cross sections are located needs to be created or
recreated. This typically occurs when pavement and base layers need to be drawn into the cross
sections and the sections are not at even intervals and or widths. See “Drawing Pavement and
Base Into Cross Sections” for when this is needed.

1. Create and or open your shape drawing (shape.dgn).

2. Select “Applications>ROAD>Cross =101 x|
Sections>Draw Patterns from Cross 5 DGM File: [c\CADDbelindahssec_jdc.dan Q
Sections” from the main pull down menu. 5 Baseline: [ExHW12 |

The following dialog box should appear. Symbolagy:

Dirawe Pattern Lines I

3. Set your “XS DGN File”, “XS Baseline”, and
Symbology. The symbology is set as shown. Symbology
Level: |Pattem Lines 1 =]
4. After your settings have been selected, select the ‘;""‘”
“Draw Pattern Lines” button. GEOPAK should draw WEE; | > =
pattern lines into your drawing that follow your
alignment and match the widths and intervals of your _Cancel |

Cross sections.
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Drawing Pavement, Base and Topsoil into Cross Sections

10/17/06

Pavement and bases need to be drawn into most roadway cross sections in order to calculate the
correct earthwork quantities. Both existing-preconstruction and as-built layers (pavement, base
and sometimes topsoil) may have to be drawn into the cross sections. These materials need to be
drawn so that they can be excluded from the excavation and fill calculations for soil suitable-
grading.

Sometimes materials can be accounted for outside of the GEOPAK Calculations and they don’t
need to be drawn. Here are some examples:

1. If existing topsoil = as-designed topsoil (plan quantity) = as-built topsoil, then it is
often assumed that actual “common excavation” = GEOPAK calculated “common
excavation” — plan quantity topsoil.

2. If existing pavement and or base removed is all in a fill area (as-built suitable grading
material is above), then the entire pavement or base removal quantity can be added to
the GEOPAK calculations for the actual common excavation quantity. See example
case 1.

3. Similarly if all the existing pavement and or base removed is completely in a cut area
(as-built surface is below removed pavement and base), then the entire pavement or
base removal quantity can be subtracted from the GEOPAK calculations for the
actual common excavation quantity. See example case 2.

4. If as-built pavement and or base added is all in a fill area (existing fill-soil-suitable
grading material is below the added materials), then the entire pavement or base
added quantity can be subtracted from the GEOPAK calculations for the actual
common excavation quantity. See example case 1.

5. Similarly if all the as-built pavement and or base added is completely in a cut area
and below existing pavement and base to be removed, then the entire pavement or
base removal quantity can be added to the GEOPAK calculations for the actual
common excavation quantity. See example case 2.

Sometimes materials can’t be accounted for outside of the GEOPAK Calculations and need to be
drawn. Here are some examples:

6. If the existing pavement and or base are in both fill and cut areas or removed and
added surfaces overlap, then the layers need to be drawn in order to determine correct
guantities. See example case 3.
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7. If the as-built pavement and or base are in both fill and cut areas or remove and added
surfaces overlap, then the layers need to be drawn in order to determine correct
quantities. See example case 3.

8. The existing materials removed and the as-built materials added also need to be
drawn in the cross sections if a correct mass diagram and or average haul calculations
are required.

The examples shown on the following page demonstrate the above concepts. In these examples
the original GEOPAK calculations did not account for the existing and as-built materials
(pavement and base that was added or removed). All of the situations have the same common
excavation quantity calculated by GEOPAK, same proposed pavement volume and same existing
pavement volume. However these volumes need to be interpreted differently. All three cases
have a different actual common excavation quantity.
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Given:
Common Excavation Calculated by GEOPAK = 10,000 CY
Shaded Area []

Common Embankment Calculated by GEOPAK = 10,000 CY
Shaded Area [_]

Proposed Pavement= 2,000 CY

Blue =
Existing Pavement= 1,500 CY
Orange Case 1
Excavation
+10000 CY
2000 CY Embankment

+10000 CY Calculated From GEOPAK Surfaces
- 2000 CY Proposed Pavement Volume
+ 1500 CY Existing Pavement Volume

+ 8500 CY Actual Common Embankment

Waste Needed

\x + 500 CY /
1500 CY

Case 2

Excavation

+10000 CY Calculated From GEOPAK Surfaces
1500 CY + 2000 CY Proposed Pavement Volume

- 1500 CY Existing Pavement Volume

+10500 CY Actual Common Excavation

Embankment
+10000 CY

Waste Needed
+ 500 CY

2000CY \ g

Case 3

Excavation

+10000 CY Calculated From GEOPAK
- 900 CY Existing Pavement Volume

+ 200 CY Proposed Pavement Volume

+ 9300 CY Actual Common Excavation
900 CY 500 CY 1300 CY Embankment
+10000 CY Calculated From GEOPAK
- 1300 CY Proposed Pavement Volume
+ 100 CY Existing Pavement Volume

+ 8800 CY Actual Common Embankment

200 CY
0 o gt ra
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If you need to draw materials into your cross sections, GEOPAK Criteria can be used to expedite
the process. GEOPAK Criteria is a set of instructions that tell MicroStation how to draw.

Drawing Cross Section Layers without Project Manager

1. Copy all the files in the directory S\STANDARD\XM\GEOPAK\Criteria\As-
built_Earthwork to your working directory. Do not copy the directory folder itself.
The files need to be placed directly into your working directory. Note, you might not
need all the files.

2. Edit the input file exst material.inp with the GEOPAK “Text Editor” or Notepad.
The lines that you need to edit in your input file are:

“xs dgn =" Set to the directory and dgn file that has your cross-sections

“Pattern by Station” or “Pattern dgn”
Set all the pattern setting used to create the cross sections. ; job
number, baseline, horiz scale, vert scale. “Pattern by Station” will
use the additional variables; begin station, end station, even, It, and
rt. “Pattern dgn” will use the additional variables; type, lvhame,
and co (color). Either “Pattern by Station” or “Pattern dgn”
settings will be used but not both settings. These settings need to
match the settings used to create the surfaces. These setting will
be different if “Pattern dgn” is used. The following are examples.

Pattern by station
pattern set

job number =001
baseline = EXHWY12
horiz scale = 10
vert scale =10
beg station = 1808+00
end station = 1908+00

even = 200.00
It = 300.00
rt = 300.00
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Pattern dgn = c:\CADD\belinda\shape.dgn
pattern set
job number =001
baseline = EXHWY12
horiz scale = 10
vert scale =10
type = line, line_string
Ivname = Pattern lines 1
co=1

“shape cluster baseline” Set to the horizontal alignment used for cross sections
“shape cluster profile”  Set to the vertical alignment used for cross sections
“shape cluster pgl chain” Set to the horizontal alignment used for cross sections

“Write XS Into Dgn” Set to the directory and dgn file that has your cross-sections
3. Once you have made these changes, save the file.

4. Edit the criteria file “variables_Preconstruction.x”. This file has re-definable
variables near the end of the file that control the width and thickness of the layers
drawn. The standards manual has picture of what criteria will draw (Appendix J-
Material_Layers_From_Surface). The standards manual also lists what these
variables represent (Appendix J-Variables). Only the materials removed or mined
and blend need to be drawn. If existing base is dealt with as common excavation, it
doesn’t need to be drawn. If you don’t want to draw a layer, set the “depth” to 0.
The following is a list of variables that should be redefined.

_d_draw_asbuilt - Set to 1 to draw asbuilt surfaces. Set to 0 to draw
existing — preconstruction surfaces.

_d_exst_aggr_depthl - depth of exst aggr at center of road

_d_exst_aggr_depth2 - depth of exst aggr at outside edge of mine and bend
shoulder

_d_exst_aggr_slough_width - horizontal width from top to bottom of slough

_d_exst_aggr_width - width of exst aggr (mine and blend) from centerline

_d_exst_asph_depthl - depth of exst asph at center of road

_d_exst_asph_depth2 - depth of exst asph at outside edge of mine and bend
shoulder

_d_exst_asph_slough_width- horizontal width for top to bottom of slough

_d_exst_asph_width - width of exst asph (mine and blend) from centerline

_d_exst_conc_depthl
_d_exst_conc_depth2

depth of exst conc at center of road
depth of exst conc at outside edge of shoulder

_d_exst_conc_width - width of exst asph from centerline
_d_exst_ts_depth - depth of exst topsoil
_d_exst_ts_start - distance from centerline to useable exst topsoil

_d_exst_ts_transition_width - horizontal width from 0 to full depth

NDDOT Procedures for Calculating Final Earthwork Quantities 56
Revised: 12/31/08



5. Excavation limits indicate where topsoil is stripped and where earthwork is
calculated. The as-built survey should indicate where the tie point is located with a
break line. This information should be in the drawing DTM_*.dgn and on level name
“Tie Point Line Exst”. If this line is found the criteria will draw the excavation limits
at the tie point. If it is not found, the criteria sets the excavation limits at a fixed
distance or 1’ outside the as-built ground as determined by the variable
“ d exc Lim d1”. A line in the criteria “standard.x” may need to be modified.

“define_dgn "Exc_Lim_From_Dgn" dgn=DTM.dgn IvName=Tie Point Line Exst co=6"

The file “DTM.dgn” may need to be edited with the exact name of the drawing with
the “Tie Point Line Exst” break line.

6. Open the as-built cross sections and select x|
“Applications>Road>Cross Sections>Process | InputFils

Cross Sections”. The box to the right should Name: | exst_material inp R
appear. Fill out the box as shown. Onceyou .,
have the box filled out you want to choose the ToLog File ¥ [exst_materalinp

Apply box.
[ Pause On Each Section Apply |

7. GEOPAK will draw the material layers into I Criteria Viewer
the cross sections. GEOPAK will also create
a text file exst_material.log. If problems drawing the layers are encountered,
reviewing the log file may help you find the problem.

8. Steps 2-6 will have to be repeated for the as-built material layers. However this time
use the input file “final_material.inp” and write the log file final_material.log. Use
the file “variables_asbuilt.x” to define the cross section variables.
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Drawing Cross Section Layers using Project Manager
11/20/08

1. Select the Project Manger file, and user for your project. If the general settings for
project manager have not been set up, see the section named “Project Manager for
GEOPAK Road”.

2. Select the “Proposed Cross o]

: b3 File Remember Options
SeCtlonS button’ Working Directory:  C:\Training_Demo_Asbuit_Earthwork'Asbuitt User: icollado  Job & 001 [

™ Working Alignmert Influence Runs

Select Defi Port Vi
Working Alignment IUnt'rtIed | e | of Tewer |

Existing | |

Ground Existing Ground Existing Ground Vertical
Profile Alignment

Coordinate | |

Cross Sections
Geometry
Proposed k)
Cross Sections Models

Plan View | Earthwork
Design

— Draw Pattem |—

Superelevation
Shapes

i

Calculate
Superelevation

Horizontal
Alignment

|

Plan View Tabular
Quantities Summaries | |

Plan & Profile Limits of Reports & XS
Sheets Construction Quantities

|

3. A “Select Run” dialog box should appear. Within this dialog
box, select “Run>New”.

Description
Untitled

oK I Cancel

4. Provide a name for the run. The naming convention for the

run is not very important. It only has to be memorable. The new KET
description is optional. Select the OK button on the New Run - Em
Name dialog box. The name of the newly created run should Jeeeen
appear in the “Select Run” dialog box. Double click on the

name of the newly created run. Careel |
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5. The proposed Cross Sections dialog box

should appear. On the left side of this
dialog box is a panel with categories of
settings that need to be completed. Click
on the first category “XS DGN File”. Use
the icon that looks like a magnifying glass
to select the working cross section
drawing. Change the “Tolerance” for
drawing elements to 0.01.

Select the “Pattern” category. Several of
the categories have an option called “Use
Working Alignment Definition”. This
manual will not use this option. The
NDDOQOT usually uses pattern lines that are
drawn “By DGN File”. This option is a
toggle button option. Complete the
information for the pattern lines. You may
have to open your pattern line drawing
(see section “Drawing Pattern Lines from
XS). The Horizontal Scale and Vertical
Scale should both be 10. The “Search
Criteria” tells GEOPAK how to look for

=10l

Pattem

Existing Ground
Shapes

Shape Clusters
Define DGN Variables
Define Variables

Plaot Parameters
Drainage

5 DGN File: IC:"-.Tlaining_Demo_Asbuil Q.
Tolerance: ID.D'I 0000

Shape Clusters
Define DGN Variables
Define Variables

Flot Parameters
Drainage

Horizontal Scale: I 10

r Search Criteria

e i R

_ ol x|
™ Use Working Alignment Definition
By DGN File 'l
Chain: [EASES7 =I5

Vertical Scale: I 10

DGHN File: |C:"-.Tlaining7DemofAsbuilLEarth\c\'ork"-As Q.

Lv Names: IPaﬂam Lines 1
Colors: |1

Reset

L OO EDED

Match | Display |

the pattern lines. Usually “Lv Names” and “Colors” is enough information segregate

different sets of pattern lines.

Select the “Existing Ground” category.
Provide the drawing name and Search
Criteria for the lines and line strings that
make up the existing ground in the working
cross section drawing. Don’t forget to
include the ground void line symbology if
used. Ground void lines are often used
through areas that disrupt a DTM such as a
body of water or building. These lines are
needed to keep the existing ground model
continuous. Parts of GEOAPAK (criteria)

—1ol x|

Existing Ground

Shape Clusters
Define DGN Variables
Define Variables

Plot Parameters
Drainage

r Search Criteria

[T Use Warking Alignment Defintion
DGM File: |C:"-.Tlaining_Demo_Asbuilt_Earthwork"u Q.

v Lv Names: IW ]
[ Ly Numbers: I— i
i Colors: ID.E.B‘)’T ]
r iles: .
r a
r a

I

may not work correctly if the ground is not continuous.

Select the “Shapes” category. This
category refers to supper elevation shapes.
As-built cross sections seldom reference
back to supper elevation shapes. Change the
button toggle to “Shapeless”.

P:.ll‘mpnsed i
File

=101=

%5 DGN File
Pattem
Existing Ground

Shapes

Shape Clusters
Define DGN Variables
Define Variables

Plot Parameters
Drainage

™ Use Working Alignment Definition

Shapeless "I
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9. Select the “Shape Cluster” category. This category will be used even if shapes are not
used. This category is used to tell GEOPAK what to draw. Special separate files or
subroutines named “Criteria” files contain drawing instructions for GEOPAK. Use this
dialog to tell GEOPAK how to apply the criteria — instructions to your proposed cross
sections. This manual will used an addition tool to help simply this process.

. R . . It]) Proposed Cross Sections - asbuilt =1o =]
10. First select the chain, profile and tie that apply s

to your as-built cross sections. The “Tie” XS DGN File Chain [Tie/PGL___ | Profile |

value is usually 0. The tie value is use to e Ground Dped |

apply the chain alignment at an offset. After oo Chmte —

H H Define DGN Variables
Ehese ’flelds have been fll!ed out, selecF the o 1 15 et B
Add” button near the middle of the dialog P orametes Peply Profie at: [Tie | [0000000
bOX Down |
r Side Slope Conditions
P:jl’mpnsed&nss - g [ Define Modify | Delete Up Down |
File r Criteria Files
%S DGN Fils Profile Name | Description |
Patt ).000000 X57
Shapes Thick
Shape Clusters Add Delete Up Down
Define DGMN Variables
Define Variables Chain: [BASES? 1 J% Profile: [EXE7 |
E';ti::;mm“ Apply Profile at: Tie | [0.000000
pog | Nedty | boete| _tp | _Down | 11. The field information will be added as an

r Side Slope Conditions

entry in the top panel. Select this entry and
the “Typical” button will be enabled.

De | Moty | Doke | U | Do | Select this button to launch the
supplemental typical section generator tool.

- Criteria Files

Mame | Description |

Add | Delete | Up Down I

12. As the “Typical Sections” generator tool

il recei e

opens, you will receive an Alert about

I'lll’ll’lil’lg in “SHAPELESS” mode. Select The template you selected requires at least one SHAPE in

" 5 . . . @ order to process, But the Project Manager is set to SHAPELESS
OK” to continue. We will be selecting a Mode OK to Continue, CANCEL to Abort

typical that doesn’t use shapes. This typical
will be applied to the cross sections.

QoK Cancel |
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MLFSA

13. In the lower left area of
the “Typical Sections”
dialog box, there is a
panel that can be used
to select different types
of typicals. Select the
“Cell” (typical) named

=101 ]

- Material Layers from Surface Advanced

Pavement
Base
Topsoil

“MLFSA” (Material
Layers from Surface
Advanced) . Cel [ Description =] Job Number: [00T
Cswss Curb-SW-Slo. | || [cmPiate _
CoWSS,_Lef Cub-SW-Slo. . Template Designed to Work with: [1 [ Shape Cluster
14. This one typical can be CSWSS_Right Curt- SW-Seo.. =

MLFS

Material Layer...

|

modified to address [EEFJEEM |- Range
. RI'v1_L§ﬂ Ra!sed I'v1ed!a... Aoply to Whole Chain v|
many different types of | ay.soe e T
as-built surfaces. The SC_Lef Soes ool =] o
o . dq | , il —
criteria (subroutines) o
p

can account for many

different project variations. Different typicals can also be applied to the same roadway a
different stations. This manual will not elaborate on this situation. In the lower right are
of the dialog box is a “Range” panel with toggle button for applying the typical to the
whole chain. Use the “Apply to Whole Chain” default and select the “Apply” button at

the bottom of the dialog box.
15. The “Typical Sections” dialog box
will have closed and several changes
to the “Proposed Cross Sections >
Shape Clusters” will have been
made such as adding “side slope
conditions” and “Criteria” files. An
extra category named “Redefinable
Variables” will also have been

[ Propor il

File

%S DGN File Chain Tie/PGL Profile

Pattem BASE57 Typical_|

Existing Ground

Shapes _Thick_|

Define DGEMN Varables

i Chain: [BASEST ~] ¥ Profile: [EX57 |
< Fedefinable Varables
Apply Profile at: Tie | [0.000000
Drainage Add | Modfy | Delste| Up | Down |

added. If you examine the contents SL?r Slope Conitions

of your working directory, should

also note that 3 criteria files have = — I I I

been added; standard_symbology.x, 2 Hodfy Delcke U I

material_layers_from_surface_ - Citena Fies

advanded.x, and exposed_ tene i |

redefinable_variable_english.x I o

Add | Delete | Up | Down |
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16. In the “Proposed Cross Sections” dialog box, select the “Define DGN Variables”
category. Toward the middle of the dialog box is a variable selector tool. Select this tool
and a list of drawing features will appear. You need to tell Geopak how to find these
elements because it will use the information to draw the cross section in the right
location. This information needs to be defined even if you don’t plan on using it
(example, “concrete edge” needs to be defined even though there is no concrete on the
project. “concrete edge” also needs to be defined if the location is described by

redefinable variables).

File

=10 x|

[ undefined Variable Names

=101 ]

1 Asphalt Edge

X5 DGN File \ariable

2 Concrete Edge

Pattem
Existing Ground
Shapes
Shape Clusters

Define DGN Variables

Define Vanables

4

Redefinable Varables
Plat Parameters
Drainage

By file: Al ei : '

To Var. Names |

Daone

Wariable Mame: | Level Symbology Vl
DGN File: | Q.
r Search Criteria
I L Mames: I— (|
I L Numbers: I— (|
I Colors: l— (|
r Styles: l— |
r Vifeights: l— o
r mpes 0 & Add |
Maich | Display | Reset | Modfy |

17. Double click on the variable name
then define where this feature can

found in project drawing. After you
have defined one feature make sure

to use the “Add” button. Each
variable needs to be defined and
added one at a time. When the
variables have been defined, they
should appear in the top panel.

18. The next category is “Define

Variables”. This category is seldom

edited because most of the regular

(fixed) variables have been defined

in the CADD Standards
(standard_symbology.x).

be _&e

=10] x|

%5 DGN File Variable [DGN |
Pattem Asphalt Edge ..\Asphalt_Edge.dgn
Existing Ground Concrete Edge ..\Asphatt_Edge.dgn
Shapes
Shape Clusters
Define DGN Variables
Define Variables 4| | _,I
Redefinable Varables
Plot Parameters . -
Drainage Byfile: Al | Q,

Variable Name: |Concrete Edge Level Symbology v|

DGN File: |C-\Training_Demo_Asbuit_Earthwork\Asbuitt\Asphatt_Edge.d ©

r Search Criteria

v Lv Names: lm
Loy Numbers: l—
Colors: |3—
Styles: l—
Weights: I—
Types: I—

Match | Fieset

r
i
r
r
r

Display |

S S A i R S R

Add |

Modfy |
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19. Select the “Redefinable Variables” category. There will be a list of redefinable variables
in the top right panel. Each variable will have a default value. These values can be
changed by double clicking on the variable name. Project manager will remember these
values without change the criteria files. You do not need to change the variable values
in the criteria files with exposed redefinable variables. Explanation of what the
variables define is built into the criteria files and discussed in the CADD Standards.

71\ Proposed Cross Sec M[a]3] |redefinable variables Edi
File
S Dol Fi Varablo |:I _s_exist_asphalt_chain name = "BASEST"
Pattem _d_exst_conc_depth2
Existing Ground _d_exst_conc_width
Shapes _d_exst_ts_transition_width
Shape Clusters _d_exst_ts_start
Diefine DGN Variables _d_exst_ts_depth
Define Variables _s_exist_asphalt_chain_name -
ledefinable Varables
Plot Parameters
Drainage
Redsfine

_s_exist_ssphatt_chain_name = "SCLZE1"

= o | carce |
¢ I\ Proposed B [=]
20. Select the “Plot Parameters” category. e ——
The default values are fine for this as- —
- e
bUI|t example Pattem Cross Section Lines: _
Existing Ground
Shapes Text
“Drai ; Shape Cl i .
21. The “Drainage” Category is seldom used e bl ; tine Tet
at the NDDOT Define Variables fRITTE P
Redefinable Variables [ Baseline Mame Text _
F'In:nt Parameters
22. After information for the “Proposed |Pnage
Cross Section” dialog box and its many W Pavement Thickness  [10
categories has been completed. Select L
“File>Save Setting” from this dialog box I | Tt P Joply Shape Tanston Codes |
. . g . ’ ¥ Intersect between Clusters
This step is extremely important e
because if you don’t do it you could I Remove Skewed Effect
|Ose your Work. [~ Process Only Sections with Existing Ground
¥ Pavement Shapes

23. After the settings have been saved, select
“File>Run” from the “Proposed Cross Sections”
dialog box. Another dialog box will open with Imfd : X
several processing options. Switch the Output toggle s
from “To Screen” to “To Log File”. The name { Tologle v| [iempiog
temp.log is fine. This is a name for a text file that I~ Pause On Each Section
GEOPAK will create. It is often is used in trouble I™ Citeria Viewer Apply
shooting problems. Select the “Apply” button to have I™ Disable View Update
GEOPAK draw the cross section features.
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Earthwork from Cross Sections

10/26/06

To run earthwork in GEOPAK you need to create an earthwork input file. This input file is a set
of instructions for GEOPAK to calculate earthwork quantities. GEOPAK Project Manager can
be used to create this file or the file can be edited with a text editor.

Editing and Running Earthwork without Project Manager

1. Copy the file S\STANDARD\XM\GEOPAK\Criteria\As-built_Earthwork \Earth.inp
and paste into your working directory. You may have already have done this if you
drew pavement materials into your cross sections (Drawing Pavement and Base into
Cross Sections).

2. Edit the file with the GEOPAK “Text Editor” or Notepad. The lines that you need to
edit in your earth.inp file are:

“xs dgn =" Set to the directory and dgn file that has your cross-sections

“fill mult factor =7 Set to the shrinkage factor for suitable grading materials.
Example, fill material with 25% shrinkage should have a “fill mult
factor” of 1.25. Materials not used for common excavation should
remain at a factor of 1.00.

“Proposed Undercut” These paragraphs are used to account for materials that are
brought on to the project so that GEOPAK can correctly calculate
common excavation and fill. If you are working with a simple
borrow, waste or stockpile site, these paragraphs can be deleted.

If the proposed material is base including material from mining
and blending, then the “soil type” should match the “Existing
Suitable Material” for blended material. Do not use the same “soil
type” for existing materials and proposed materials unless the
material is going to be reused.

“Existing Suitable Material” These paragraphs are used to account for materials
that might stay in place. Base material on a project may be able to
remain in place for a mine and blend project. These paragraphs
can be deleted if you are calculating earthwork for a simple
borrow, waste or stockpile site. Note “Existing Suitable Material”
will still be removed if the proposed material “soil type” doesn’t
match. Do not process existing base if it is to be addressed as
common excavation.
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“Existing Unsuitable Material” These paragraphs are used to account for materials
that must be moved or removed. This material should not be
accounted for in the mass ordinate. Example if existing topsoil and
as-built topsoil overlap in certain areas, the term “Unsuitable”
would make GEOPAK excavate the material even though it would
be replaced again. The term “Suitable” would allow for the same
topsoil to remain in place.

“Skip Areas” Revise these lines for areas where earthwork should not be
calculated such as over bridges. Additional lines will need to be
added if additional skip areas are required. This paragraph can be
deleted if there are no skip areas.

“Volume Adjustment”  Revise these line for borrow and waste sites. “Volume
Adjustments” are also used for approach, interchanges and
intersections. Add or Delete these paragraphs as needed.

“Process Earthwork for Baseline =" Set the chain name and job number for your
Cross sections.

“beg sta” Beginning station of your chain
“end sta” End station of your chain
3. Sometimes corrections for excavation and embankment need to be accounted for

outside of the cross sections. Examples of these corrections include borrow and
waste sites. They also include earthwork from adjoining or intersecting roadways.
Variations of the following paragraph may need to be added. Multiple corrections
can be made at different locations by adding multiple paragraphs. These paragraphs
should be included in the input file right before the “Write Earthwork Shapes”
statement.

volume adjustment /* Borrow from Wetland */
station = 98+00

soil type = suitable_grading

common excavation volume = 125354

4. Once you have made these changes you can save the file.
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5. Now go back to MicroStation and choose x|

“Applications>Road>Cross Sections> "sznt;”iaeaﬂh . A
Process Cross Sections”. The box to the e

right should appear. Fill out the box as - Output

shown. You may want to adjust the ToLogFie ¥| [catHiog

earth.log file name if you will have
multiple earth work runs (different cross [ PauseOnEachSecton __ Apph |
sections drawings). Once you have the

box filled out you want to choose the

Apply box.
6. GEOPAK will now run =i
through each cross section age:
and calculate the fill and Station = 1524+00.00 -
cut. If GEOPAK can not 5-wf-DAMGPROF Proposed finish grade element between paints:
tie the t q 420.0447, 5003.8159 and
Ie the two grounds 4183587, 80037155
together you wi Il get an does not connect with any ather element at; LI
N][Earthwc,),rksl?rror ®ialue 420044676 Yialue 8003815334
. n
cssage . Youca Redo |  skip | skipal | abot | oP |

interactively correct some
cross sections as GEOPAK
calculates earthwork. If the “DP” button is enabled, it can be used to help find the to
the problem area. “DP” stands for Data Point. A MicroStation tool such as “Place
Line” or “Zoom In” can be used in conjunction with the GEOPAK “DP” button to
find this problem area. Example if the above error message appears, you could select
the MicroStation “Place Line” tool then select the “DP” button from the “Earthwork
Error Message” dialog box. MicroStation will start to draw a line from the
coordinates of the problem area. The place line command could then be canceled and
then you could correct that specific cross section. After the cross section has been
corrected the “Redo” button can be selected and GEOPAK will try to reprocess the
cross section. If you choose to “Skip” a cross section, earthwork for that section will
not be calculated, at some time you will need to tie the two grounds together. This
process is just a trial and error situation. The log file that is produced will have all of
your calculation and can be printed out.
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Running Earthwork with Project Manager

11/20/08

1. Select the Project Manger file, and user for your project. If the general settings for
project manager have not been set up, see the section named “Project Manager for

GEOPAK Road”.

2. Select the

File Remember OCptions

=101]

“Earthwork” bUtt0n~ Working Directory:  C:\Training_Demo_Asbuitt_EarthworlcAsbuitt

™ Working Alignment Irfluence Runs

Working Alignment I Untitled

User: jcollado

Select I Define | Port Viewer I

Job 2 001 I

Existing
Ground

— Draw Pattem |—

Existing Ground
Cross Sections

Coordinate
Geometry

U

Horizontal

Calculate
Superelevation

Superelevation
Shapes

Existing Ground
Profile

Vertical
AMignment

Proposed
Cross Sections

D
_ Models

Alignment

— | —

|

Plan View J

Design

Plan View
Quantities

Tabular
Summaries

Plan & Profile
Sheets

>

Cross Section
Sheets

|
Limits of
Construction

Reports & XS
Quartities

3. A “Select Run” dialog box should appear. Within this

dialog box, select “Run>New”.

4. Provide a name for the run. The naming convention for
the run is not very important. It only has to be
memorable. The description is optional. Select the OK
button on the New Run Name dialog box. The name of
the newly created run should appear in the “Select Run”
dialog box. Double click on the name of the newly

created run.

5. The Earthwork dialog box will open. On the
left side of this dialog box is a panel with
categories of settings that need to be
completed. Click on the first category “XS
DGN File”. Use the icon that looks like a
magnifying glass to select the working cross
section drawing. The “Baseline”, “Begin
Station” and “End Station” fields should

automatically fill in when the working XS drawing is selected.

File

Description
Untitled
oK I Cancel
=15

Earthwork Shapes
Output Format
Add/Subtract Violume:
(Centroid Adjustmeant
Skip Areas

lgnore Areas

Sheet Quantity

X5 DGN File: |C:"-.Tlaining_Demo_Asbuilt_Eartl' Q

Tolerance: I 0.010000

Vertical Search Distance: W
Baseline: W

Begin Station: IW

End Station: IW
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41 Earthwork - Asbuilt =101 x|

6. Select the “Soil Types” category. e
This dialog is used to tell GEOPAK T o Ty o
i
how drawing elements represent Eathwor Shapes
different soil types. There are 6 uput Foret.
. ubiract Volume
different classes of earthwork Certroid Adjustmert =
elements; Existing Ground, Existing pcd e e
Suitable, Existing Unsuitable, Sheet Guartiy I™ s Working Alignment Defintion
Proposed Finished Grade, Proposed Cass Eustng Ground |
H H H il e: | Suitable v Names: | Gmd Line
Undercut and Excavation limits. -~ [T oL 1T
Muttiplication Factors Loy hiumbers: d
= Colors: | 0.6.ByLevel ]

ot Roadway Excavation: W
Existing Ground must always be P

defined. The “Soil Type” name fi: [0 —
should be the same name used in for
the Proposed Finished Grade. Soil

types with the exact name are the add | Deite | Vodty |
same materials even if it comes from

Diisplay | Reset |

a different earthwork class (example, the soil type named “suitable soil” that is
excavated from the “Existing Ground” classification can be used as fill for soil named
“suitable soil” in the “Proposed Finished” classification.

“Proposed Finished Grade” must always be defined. This is the As-built surface
including closure lines. Don’t forget to adjust the “Multiplication Factors” for “Fill”
(example, project that have 20% additional soil for shrinkage, should be entered as 1.2).

“Existing Unsuitable” class is often used for topsoil stripping. If the “Existing
Unsuitable” classification is not used for topsoil stripping, GEOAPK will assume it
acceptable to build — embank directly on top of the topsoil. “Excavation Limits” must be
used in conjunction with “Existing Unsuitable” features. Existing Unsuitable is also used
for pavement and base removals.

“Existing Suitable” class is used for full depth reclamation projects. The existing
pavement and base can remain in place.

Proposed undercuts are for proposed (as-built) materials such as topsoil, base and

pavement.
7. Select the “Earthwork Shapes” category. -| =151 ]
Turn on the options for “Draw Earthwork - [r—
ile p raw WOl apes
Shapes” and “Stratify Shape Color”. Set ?fﬁf-:e: ' o Etmiﬁ:pe”;f:r ’
the symbology for the earthwork shapes. rrr—
The level should be changed to “Earthwork ~ [22>iz ure
Shapes 1. e
Shest Quantity
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8.

10.

11.

12.

Select the category “Output Format”.
Turn on the options as shown. In the
lower right area of the dialog box are
arrows (< and >). Click and re-click on
the “>” arrow until the display format
shows only, Excavation and Fill.

The “Add/Subtract Volume” category is
used to make earthwork corrections
within the earth log (earthwork report).
Corrections within the earth log are
important for creating a Mass Diagram.
Typical corrections include borrow sites
and extra material needed for
intersections and approaches. Materials
for centerline pipe may also need to be
accounted. These corrections should be

Eile

=10] x|

Eile

%S DGM File ¥ Accumulate Adjusted Volume Column

Soil Types [~ Accumulate Unadjusted Volume Calumn

Earthwork Shapes .

Dutput Format ¥ Calculate only between Excavation Limits

Add/Subtract Volume [¥ End Area Decimal Places 1 vI

Centroid Adjustment

Skip Areas Excavation

lgnore Areas il

Sheet Quartity ! | |
] 3

XS DGN File

Soil Types

Earthwork Shapes
Output Format
Add/Subtract Volume
Centroid Adjustment
Skip Areas

lgnore Areas

Sheet Quantity

¥ Accumulate Adjusted Volume Column

[T Accumulate Unadjusted Volume Column
¥ Calculate only between Excavation Limits
¥ End Area Decimal Places ll

Excavation
Fill

<l ]

thought of in terms of the roadway project; material from a borrow pit is additional
excavation, material needed for approaches is fill.

The category “Centroid Adjustment” is seldom used by the NDDOT because most of our
control alignments are close to or within the actual earthwork, and the stationing
measurements are close enough. The “Centroid Ajustment” is important when the actual
distance between stations is different than the distance calculated from stationing alone
(example, the distance between station 1+00 and 2+00 is 100 feet if measured at
centerline, but it would be longer if it was measured on the outside of a curved

alignment).

The category “Skip Areas” is used to omit areas of earthwork. The category “Ignore
Areas” calculates volume through the station range but none of the data within that
station range is used in the end area calculations. Skip Areas are often used for bridges.
Ignore Areas are sometimes used for unique cross sections that don’t represent earthwork

correctly.

The category “Sheet Quantity” is seldom used by the NDDOT. This category can be
used to create a special custom ASCII report. This report is different than the earth log
file. It can be imported into Excel and or used to print individual cut and fill quantities on

the cross section sheets.
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Reviewing Earthwork Calculations

11/20/08

After running earthwork (Earthwork form Cross Sections) you should have a report (earth.log)
and GEOPAK should have drawn earthwork shapes into your cross section drawing. These
earthwork shapes should be on level “Earthwork Shapes 1”. GEOPAK assigns (in ascending
numerical order) each material type two colors, one for cut and one for fill. Even color numbers
are assigned to excavation and odd numbers are assigned to fill. Below is an example of color
assignments based on a specific earthwork setup (run-input file). Your color numbers may vary
based on your setup.

Soil Type Process Color

suitable_grading cut 0

suitable_grading fill 1

base cut 2 (will only occur if salvaging base)

base fill 3

asphalt cut 4 (doesn’t occur, requires processing after salvaging)
asphalt fill 5

base_removed cut 6

base_removed fill 7 (doesn’t occur, would use the term “’base” instead)
asphalt_removed cut 8

asphalt_removed fill 9 (doesn’t occur, requires processing after salvaging)

If you reprocess earthwork, these shapes should be deleted before reprocessing.

These earthwork shapes should be reviewed in order to confirm that earthwork was correctly
processed. Typically a small percentage of the cross sections are examined with MicroStation
measurement commands. Every single shape in the selected cross section is measured with the
MicroStation “Measure Area” tool or the supplemental “Measure Area” tools. These areas are
then added according how the earthwork was intended to be process. These calculations are then
compared to the GEOPAK calculations as compared in the earth.log.
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Application Attribute Viewer

11/20/08

The Application Attribute Viewer is GEOPAK tool that can be used to help review earthwork
shapes. GEOPAK attaches additional information to drawing elements such as earthwork
shapes. This information is attached as Adhoc Attributes.

1. Select “Applications>Road>Element [l e
Attributes” from the main pull down
menu. The Application Attribute Viewer Attribute | Value |
dialog box should open. ADHOC ATTRIBUTE
Soil Type (String) SUITABLE
S Operation Type (String) Fil
2. Select the “1den‘F1fy CIVIL Element” QE::&;TNJE;L;HHQ} 35_33?535
button. Then click on an earthwork
shape. Information about the shape such
as end area will appear.
| Identify CIVIL Blement
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Creating Cross Section Layout Sheets

03/24/06

1.

Create a new drawing for the cross section layout sheets. The NDDOT Standard seed
file should be used (NDDOTseed.dgn). The layout drawing should be named
according to the CADD standards (Ixsec*.dgn). GEOPAK will reference in the
working cross section drawing (xsec*.dgn).

Copy the file SA\STANDARD\XM\GEOPAK \Criteria\As-built_Earthwork\
NDDOT.xssl and pasted into your working directory. You may have already have
done this if you copied resource files into working directory during previous
earthwork procedures.

Open your working cross section drawing (xsec*.dgn).
Open the “Cross Section Sheet Composition” dialog box. It can be found in the pull

down menu “Applications>ROAD>Cross Sections>Cross Section Sheet
Composition”, project manager or the standard tool tray as shown.

ﬁt‘if

AL A DR AT L

From the cross section sheet composition dialog box, attach the XM standard library
by selecting “File>Sheet Library>Attach” and pick the file “NDDOT .xssl” that you
copied into your working directory.

Most of the cross section sheet settings should be set up for the typical project.
However if you plan on changing several of the default settings, you will probably
want to save these revised setting. The following are some examples why you may
want edit the default settings.

Exaggerated vertical scale

Different level search criteria

Different “Baseline X Offset”

Different cross section spacing

Different earthwork table setup

®o0 o

Most of the settings have been set up for the typical project. The settings that don’t
typically need to be edited are not reviewed here. The follow is a review of the
setting that you will have to setup within the “Cross Section Sheet Composition”
dialog box.
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7. First, select your “Active Cross Section Sheet”. The most common “Active Cross
Section Sheet” setting is “XS A 20 Scale or Less”. The “Active Cross Section
Sheet” setting contains groups of related standard default settings.

8. Within the “Cross Section Sheet Composition” dialog box you can pick the group of
settings that you want to review or edit from the left panel. Select the group of
settings for “XS DGN File” and adjust the settings for your working cross sections
drawing (xsec*.dgn).

i
File:
Cross Section Sheet: |5 A 20 Scale or Less =] Layout Sheets |

= #5 DGM File: | CACADD ST rainingDemotssec_nc &
*5 Bazeline: Im
Begin Station: W

End Station: W

5 DGH File
Sheet DGM File
Sheet Dimensions / Cell
5 Search Criteria

Sheet Stack Orientation
Sheet Stack Columnz
Marginz and 5 pacing
Station Labels

9. From the group of settings dealing with “Sheet DGN File”, set the “Sheet DGN” to
your cross section layout drawing (Ixsec*.dgn). Note the layout file needs to exist
before laying out the sheets. Also note, the bottom two options; “Detach Existing
Sheets Before Processing” and “Attachment: All Sheets in Active Model”. Multiple
drawing models are used on large sets of cross sections in order to improve
management of numerous of reference files. If you don’t know why and when to use
models, don’t use them. Use the Attachment “All Sheets in Active Model” option.

10. This guide doesn’t explain the “Label Earthwork Quantities” options. This is an
optional labeling tool that needed to be setup before processing earthwork. From the
group of settings dealing with “Earthwork Quantity Labels”, turn of the “Label
Earthwork Quantities” options.

11. Layout the cross section sheets by selecting “Layout Sheets” and review the drawing
(Ixsec*.dgn). Be sure to review the attached reference files. Future changes to
reference cross sections will automatically show up in the sheet layout drawing.
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