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 tedsfogucalculatingearthwork

are discussed in this manu&lor a more comprehsive discussion of using GEOPAK and
calculating earthwork see the GEOPAK help files within the application.

This guide does not discuss survey techniques and practieddor calculating earthwork.
This guide discusses two methods of calculating etk
1. Average End Area Method from Cross Sections

2. Surface to Surfac€olumes fom 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 prodares are applicable to each method.

1. Average End Area Method from Cross Sections
a. Determine Method of Calculating Earthwatk........................... page 3
b. Setting Up or Identifying the Working Directary........................ page 3
C. Preparing FileS..........cooiiiiiiiieeee e page 4
d. GEOPAK UsSer PreferencCes.......ooooeeeiiviiieiiieemeeeeeeeeeee e page 6,7,10
e. Creating aigital Terrain Model (DTM).......ccieiiiiiiieeeeeieirieeee, page 13,14,17
f. Reviewing and Displaying a DTM..........cooooviiiiiiiiienn s page 21
g. Storing a Horizontal Alignment (Chain)..............ccceeeiiiiicmmeeennnes page 27
h. Drawing CroSS SECHONS...........cooeiiiiiiiiireee e eeens ] page 32
i.  Viewing CroSS SECHONS.......cccoeeeiiiiiiiieeeeeee e e page 44
J.  Processing Cross Sections for Closure Erars.............oooeened page 46
k. Draw PatterrLines for XS.......ccoooeeiiiiiiiiiiiiieee e page 51
I. Draw PavemenBaseand Topsoiinto Cross Sections............... page 52,55,58
m. Earthwork From CroSs SECHONS...........uvuuuiiiiiiii e page 64,67
N. Reviewing CroSs SECHONS.........ccooviiiiiiiiiiiee e page 44,70
0. Creating Cross Section Layout Sheets...........ccccvvvviicmeeeennnnnn page 72
2. Surface to Surface Volumes from Digital Terrdllodels
a. Determine Method of Calculating Earthwark...........................] page 3
b. Setting Up or Identifying the Working Directary........................ page 3
C. Preparing FIleS. ... page 4
d. GEOPAK User PreferencCes.......ccoceeeeeeiiiiiecceeeiiciiii e, page 6,7,10
e. Creating a Digital Terrain Model (DTM).........uuviiiiiiiiiiiiiiieenenee. page 13,14,17
f. Reviewing and Displaying a DTM.........ccoooevviiiiiiiiceeiee e, page 21
g. Earthwork Quantities by Using Surface to Surface Volume from Digital Terrain
1Y LoT0 =] RSP page 26
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Most of theproceduresliscussed in this guidance are listed chronologic@lyen using this
guidance you need teferencehe above outline tktnow whic procedures are applicable to
your calculations.
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Determine Method of Calculating Earthwork

03/24/06

| f you are calculating earthwork quantities f
Met hod from Cr oss Se cdesiged) save.been #readycalQlatednlfsot i e s
you will want to compare the @esigned quantities with the-bsilt quantities.

If you are calculating earthwork quantities fdo@row, waste or stockpile site you probably
should use the @iS%Surefsade otmo D$griftaade T¥a rai n Mod
is more applicable to smalhdless linear sites.

There are some exceptions to the above recomm
Vol umes from Digital Tthad has been ubkd fbrecbngplex sectiohsc u |l a't
of roadways like at an interchangéloweveradvanced DTM modeling skills are required

(GEOPAK Sitetousefi Sur f ace to Surface Volumes From Dig
materials removed such as pavement remowvahaaterials add such as new pavement intersect
inspacel nterim DTMés with these surfaces removed
modeling is not covered in this guid8urface to Surfac Vol ume compari sons do
haul distance comparisofi. average haul needs to be recalculatedss sections need to be

used.

Someti mes the AAverage End Area Method from C
waste or stockpile sites because the information was gathered by field book notes (without
electronic data gatheringtoolsy he A Aver age End Area Method fro
used when a site needs to be formally document by cross sections.

Occasionally both methaaf calculating earthwork are used for comparison.

Setting Up or Identifying the Working Directory

11/20/08

Electronic files used fdiinal earthwork calculations should be stored on the ND@@ftral
Office CADD Server (rdrive). Final earthwork quantity information should typically be stored
in tbei hase dheprejectfadery See the NDDOT CADEe8dards Manual
section2.1.

You maywant to initiallystore project files imworking directory on thec: or g drive. After
you are satisfiedvith the results of your eastfork youmustmove this informationd the correct
project file on the: drive so it can bestored 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 Hoesgsed calculations
you will probably start out with the following files.
1. GEOPAKdatalase file (*.gpk) from design

2. CrossSection Drawing (xsec_*.dgrrom design Copy the design cross section
drawing into your working directory (asuilt directory).

3. A final ground data file from survey

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

SASTANDARD\XM\GEOPAKCriteridAs-built_Earthwork
Not e, dighoM.and fAShape.dgno are optional files
drawings is recommended.

Earthwork by Cross Sections for Borrow, Waste or Stockpile Sites

If you arecalculating earthwork by crossctias for a borrow, waste or stqale site (starting
from scratch), you will probably start out with the following files

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

SASTANDARD\XM\GEOPAKCriteridAs-built_Earthwork
Note,t he dr awings ADTM. dgno, ailiew &ECPAK ddtgbase fle A Al i gn
(*.gpk) will needto becreatel 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 ne

Earthwork from Surfaces

If you are calculating earthwork directly from surfaces for a borrow, wasteakpilesite
(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 Mddagwion@nilDBR new GEOPAK database fil
for these calculations.

The survey data is usually in stored in files with a .txt, .csv, .asc or .dat extension. This data will
be usedo create surfaces and or creestions that GBPAK will use for earthwork
calculations.
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The most common surface model that the NDDOT
points. Thi s sur f atneextension Jhiscurfacd is sometirae rdferrede  wi t
to as ar Mmai i mad ¥du @ill Nedd Theke 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 fiAverage End Area Met hndatais r om Cr o
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 GEAQPAKK. fiUs er oPr ef er en
di al og can be ApgicatorssfReadUseriPefarentés ep il | d ¥oun menu
need to set these directories so BROPAK sstores information in the correct location. If you

do not check these preference sedygucod d save data evihese somebody
preferences should be chedkevery time you usBEOPAK

Set the working directory path in this =10l x|
command box. Use the asbuilt or ~ {iniSslem Engish | [ OuRcesmeey o |
directory di scuUsS S Cowdnates MNE "’l ' :

Station:  9+99[3).12 vI

Director Yy 0 s e ©Once o Direction: _Bearing "’l -

. . W e =
you have set the working directory Yo siation 1234 | | AnoleSeconds: 3312
may needto setthe COGO Preference

Select theCOGO Prefereresbutton @;Ti;f‘:“PmiecmmﬂzzsaﬂﬁmsB”'D 2

This should open the COGO Feature Frefemsres
Preferences dialog box. COGO Prefersnces...

(1] | Cancel |

[T Show thiz dialog at GEOPAK, startup

Most of these setting are left empty.the fields for

iJob (GPK) Directoryo, =101 %]
Directoryo, and ACOGO C  Job[GPK)Open Mode: Query - | oryo,
empty, these settn g s wi | | def aul Job [GPK) Directory: | o}
Directoryo as previ ous! coggimpufieDisstoy | q Nally
may want to set the Jop (GPK) Directory jf your COGO Output File Directoy: | Q

AWor king Directoryo doe GPK f
t hat y 0 U ar e wor kin 9 Wi ¥ Redefinition of Elements i Wo r
Direc t\\As‘o!ngt@nd ithe GPK file is in the [" Force Redefinition Off Upon COGO Activation
\\Designdirectory). Once this is completer setting K | Cancel |

have been confired (usually as shownjush the OK —

buttonto close the twalialogboxes.

GEOPAK has a rtog elctn hmlselbsgiaRage settings for a project. Project
Manager overwrites several GEOPAK user preferendesarlier versions of GEOPAKhe

NDDOT promoted this tool as an optional tool. Today this tool is strongly recomme&ded.

the nex section.

Some settings such as fAGI obal Wor king Directo

may have to activate AProject Manager o to edi
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file:\\asbuilt
file:\\Design

Project Manager Setup for GEOPAK Road

11/12/08

1. Project manager can be activated fribrm main pull

. A
s ek

downne n u, ﬁAppIicatIVIa)rma;g:oRro
the GEOPAK Road tool box. "«’j
2. The Project Manager diald@px for project selection or =101 x]
setup should open. Select the directory whereweaut Brojects _Drectory Admin
tosave the Tilte pprjjo ffcitlée .1 sl a“fipao| e
is used to point to other project manager resoufitgs. "= (% Trpe: Froeet 7|

file is typically stored in your project working directory. [Feestss
Use the ADirectories: o0 pajnel
directory. Note, h e pat h s hselegtsa parent [ .

directory ofthe presently selected directory (moves out
one directory). The selected directory will show near the,, y.o.-

Unit System: English

top of the dialog box. In this picture it is shown as Description:
i GIunko .
QK | Cancell
3. After the | ocat i on|ppieehmrsie Pl 0 (P oj ec
file has been selectedCreate theroject T —
file by selecting ﬁPr_mecjtaEf'éstBNewc‘J from|the
Project Manager dialog box for projects.| — erkns Drecten: [ i Select. |
A fACreate New Projlect &"mi*a]| gi|b oggefmm\g\!r' 1
open. Type an app|l iccglabch: € APr oj ec

Usually there is only one prj filegp

Name: 0 (exampl e, Hwly 2 MP199) .
working directory e the naming

cowention isnot .extremelygy (i mpor tant
Select the working directory aradJob
Numberfot he GPK fil e. I f you select a Job Nu

new GPK file will be created. The Project Description is optional.
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4. Seect the AOKO button af tggssdsigisiingggt he i nf
the ACreate New Project O e@siogel gg b oX The
should now show up in the Project Manager dialog box = :
forprojects.Sel ect the fAOKo but tdh t o™ &V ect the
created proj ec tdialogbdx SHOHD O e tetel) Sttty O
open — B

[F
[H:]
) =
Job Mumber: 555 Unit System: English
Description:
- _o | _Carcel |
licollado] | .
Full Mame: 5. Project manager can keep track and segregate
Jon Collada . .
0P Coce the work of several different users if the
i separate users are setup.

from the Project Users dialog box.

Description:

QK | Cancel |

6. Fill out the information for the New Usethe Name Lol
should be your NDDOT email name (example, iEEe ] bcolladol
ficolladod). The CADD Standards Promote using Full Name: [Jon Collado
your email name because this name should be unique€; ¢,y r——
within the NDDOT. Example, there could be more -
than one person named fAJono working oh the
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 fles. The A Ful | Nameo fot pl d sdwejul d
just be your full name (example, AJon! Col l
OP code: s hhisisdn OperatofiGodeddtused insomefiles named by
GEOAPAK. The descriptionisoptionaBe |l ect t he AOKO button af't
information has been set up. You will be prompted to password protect your files. Select
No.
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7. Within the ProjectUser dialog boxselect the user.

The user should be highlighted in the Project User

panel Sel ect the AOKO butt e fiRoad
Projecto dialog box wil e

OF Code:
nd
Description:
[8]:4 Cancel |

8 This is the ARoad Projecto dial ogssbriyx .
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 ot - | ;
_ | 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
Design :
Plan View Tabular
Quartities Summaries | |
Plan & Profile Limits of Reports & XS
Shests Construction Quartities
9. The AWorking Alignment I nfluenceanRilinso

You may not always have one fixed working alignment definition for one aligniRent
simplicity, toggle this option off.
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Survey Project Preferences

12/31/08
GEOPAK Survey uses a fA*.prjo projecKSdrviey e sim
and Project Manager for Road at the same time is not recommended.
1. GEOPAKSurvexx an be activated by selecting fAAppl
pull down menu. The ASurvey Tool Boxo and

Most of the samtools can be access from either the tool box or the menu bar. This
manual will use the menu bfarr the most part

i

Project Dataset Visualization Geometry DTM  Plans Preparations Tool Boxes

2. Several preferences need to be
setup. From the Survey menu
bar select

AProject>Prefer

Preferences dialog box should
open

3. Many of these preferences can
be imported by selecting
fiDef aul t Pickphe filed

Default
Project I Dataset I Visualization I Geometry I DTM
— Mame : Directory :
Settings o, Q
u
= C e g 8~ The
(Configuration Descnpﬂon
|
Job Mumber : Job Directory :
| 001 Q (o}
Global Warking Directory : |
Clc | Cancel |

ASASTANDARD\XM\

GEOPAKSurveyN D D O T . d\dtipedthe name of the dialog box changes from

iPreferences?o

t o

iDef aul t

Preferencesao.

4. Severah d e f prefdrenogs wilbe loadsuch as; Dataset>Linking Codes,
Visualization>Settings, and Visualization>Cross Sections. However you will need to

edit several Project preferences.

5. Sel ect the AProjecto tab n the
thee i s a selectiosw.panel Select fASetti
NDDOT Procedures foCalculating Final Earthwork Quantities 10
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6. Rename the pr ojﬁName(‘) from
untitled.prj to something more  pefaut

app“cable (example, Project I Dataset I Visualization ] Geometry I D™
i — Mame : Directory :
Hwy2__MP199.prj). _U_sually el a
there IS only one prj flle per . (Corfiguration Diescription :
working directory so the naming
convention isnoét ext““”e&IJf’NPi*#Wi
. . om [CAdunkc,
important. Select the Directory
and Job Directory. These Glabal Working Dirsctary : |

directories should typically be set
to the project working directory. o] [==1

Setting the global Working Directory is no
outside of GEOPAK Survey. Set the Job Number ferGi#K file. If you select a Job

Number for a GPK file that doesndét exi st,
Description is optional.

7. On the | eft side of the nbDefault Preferenc
panel.

10.Fill out the information for
User. The Name should be | pefut

your NDDOT ema” name Project I Dataset I Visualization I Geometry I DTM™
(example, fjcoldeaddb)y— “Fhe
CADD Standards Promote [';es.:n-mn:
using your email name I
because this name should be %
unique within the NDDOT.
Example, there could be more
than one person named _nJono

Ok Cancel
working on the same project. e | et |
Users sharing the same name at the same time within one project may cause
problems such as crashing and corruption of project manager filesT he #fA Ful |

Pazzword :

Nameo field should just be your full name
should be findo. T hisused insemefdes nated leytGEQAPAK. Co d e .
The descriptionisoptonaDon o6t wuse the password field. S

the user information has been set up.

11.The following settings (Dataset>Limg 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 EEEEEEEES

set under theé&™ipDataseto tab
within t he A LPPEeen ki IrPEl@EBi ] Visualization I Geometry I DTM
C 0 d e $]e} extprsion' Begin Line : |+ PC Curve : |}(PC Comtinustion |-
. . Data 5 . ’
The Linking Codes are End Line : |- PT Curve : [XFT Left Right : [XLR
also discussed in the gbs HlleH Beg/End Curve : [/ Curve Fit : [CF Front Back : [XFE
ontrol File
NDDOT CADD Reduction Close Figure : [1 PCC Curve : [XCC Up Down : [¥0D
Standards, Section 4.6. Configuration
¥ Store Linking Code as Point Description Duplicate Prefic - | XDU
[" Linking Code Is After Feature Comment Char: |
Ok | Cancel |

13.Under the :
AVi s ua*Setngst | O dekut
the standard nddot.smb Project | Dataset | Visualization | Geometry | oM
should be selected and the = SMD Feature File
ﬁ A p p | y F eatur | SSTANDARDWKMVGEOPAK survey'nddot smd Q.

w3 e St
Matcho shoul d|[Bgm afdarvat ed
The AApplgst Featur eg B . o
Matcho option all OﬁNu§esham§ansi ght
variations of a point code

names (example; BRK1,

BRKZand BRK3W|” a” be le Qancell
considered as break lines
ABRKO) .
l4Under the AVisuali zation>Cross Sectiono th

setup for existing ground.

155The Default Preferences must be resaved af
will be lost. Default Preferences are not the same as active Preferences. Default
Preferences are stored in a *.spd file. Active Preferences are temporarilyistanesc
file. Sel ect fADefault>Save Aso from the D
project default settings. Using the same names for the *.prj and the *.spd files is
recommend for intuitive file navigation.

16.Sel ect the NOKoeberrtocesf havetheen set up.
dialog box will close.
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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. WstiaM/0 s
are needdfor both existng and asuilt ground surfacesD T M @re often stored in files with a

~

n.

ti

no 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.

| f

Someone else has created avDfbr you. D T M @fsexisting ground for roadway
alignments are often created $yrveys and Phogipametry 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 cresgdsilt D T M6 So Field
personnel may be required to makebadt DTM.

If field data was taken at regular intervalgansversely at specific stations, a DTM

may not be required. Cross Sections can be created directly from data files that
contain stdon, 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 sectionsstmatch the stationing for

the &-built cross sectionslf additional cross sections are needadtlitional field

data will need to be collected. Choosing to collect data at regular intervals in order to
directly create cross sections (skip creaarigifM) 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 theseD T M @rg often misinterpreted.

you dondét need t defollavkng step. Thafdlowyng procedareas s K |

discuss how to create a DTMBoth GEOPAK Road and GEOPAK Survey can be used to create
a DTM. There are variations dbth of DTM creations method®oth 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 usdibesalut it

requires more work to correct problems. Sometimes these problems are easier to correct by
graphical met hods and youol | end up extract
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Creating a DTM using GEOPAK Road

1. Create and or Open tldeawing DTM.dgn. For thisimplified DTM use the standard
s eed SISTANBARB\XM\seedNDDOTseed. dgno.

2

&
S L

o
o

2. SelectiApplicationss ROAD>DTM Toolso fr om t he mg
menu. The followingtool box will appear.

pull d o\

3. From the DTM tool box,elect theiDTM Menuwo  t (ibi®the icon
that looks like a data collectorlhe menu bar shown et should

o

appear. )
[T

JR(eTE e s
[

Setkings  Extract Build Edit Drape Load Reports  Analysis  Utilities

4, Sel &dracbX¥Zo f or m t h e .DOheNbllowiegdialogbaxrwill
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*_

Cortents 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 =l
4003 360727.929194 2332696885430  1500.6645535 +SW2 Resst |
None ¥| x v| x ¥| z v | LCodePCode v| _Neit>> |
¥ Apply Best Match Feature Code En Seliny | Linking Code _|

[™ Display Alert Box for Emors

Qutput File Format :  ASCII 'I

Frocess |

5. The input File is the filérom your total station survey equipmerit should have a
pointnumber, Northing, Eastingnd Elevation. The data may also contain Link
Codes, Point Codes a@mments.

6. The output file is the file thaBEOPAKwill create. Thi s f il e usually he
extension.l n proceeding st epstot hmnea kiied aat oA tfiinl 0e ow
fle. 1 n review, the survey ASCI Aasco file i
ndat o file which will t heYourllenamessbodldt o cr e
be something that you can recognize from the nairie.a god practice to use the
same name with different extensions for the creation of one surface (example:
pile4final.asc, pile4final.dat, pile4final.tin)You can use the File buttons to set these
and it should bstored in the working directory.
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7. Onceyouha@s et t he Al nput FRhedoments af thalinp@t@ait put Fi
should be similar to the one showrstep 4 GEOPAKIs particular in that the
Delimiter and the Comment Delimiter can not be the same. So you may need to edit
the file you got fromyour total statione, f or e x a mp lcemmthar e i s o
separates the Northing, Easting and Elevation dif@ that separates you
comments. Once you haselected your input file and delimitesglect the first line
of the input fileas shownn t he AContents of Fileo panel
line shouldappear above the buttons that Bakgned. 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 b 1ol
setup. Select tehe nFeature
Settingo butt OnN[fausca NEcall F € alplil € Onchainil
Settings Dial ogl|estsb ox ngeEh o u |l dsroT YES
open. From this dialog box, e o ot N
select AFil e>0plemo. ndith e s estott | n g SYEs =
for this dialog have been saved t0 c.yecoge [a5r R Lo -

?‘flle_ named Linking Code  None b DTM Control _Spot and Break ¥
ALIi mitted DTM_Features. aEJf_o.
This file can be copied from Add Modty | Delcte |

SASTANDARD\XM\GEOPAKSurvey This file should be reviewed to see if all
your pcodes are includedf they are not included you will need to add them.

0. I n the AExtract XYZo0 dialog box, make sur
toggle is on. This is ingrt because we number features to be identified and
addressed similar to unnumbered features (example, BRK, BRK1, and BRK2 will be
treated the same way)

~ \ . =101 |
100. From the AExtract XYZo di al B,laolx,—select
. egin Line : |+
button. Fill out the codes as shown. Erdlne: [

. Point On Curve |}{CF
11. From t he AEXxtr acchoosk th@Poocessi al 0 g eddu@ X7,

button. Cortinuation : [XCN
Close Figure : Il—
12. I f you havenotouamaysecayaanadlerthrbfodes, vy
are not using the point cod&ay OK to thealert, the PCode is not mandatory
GEOPAK will <creat e gelWeadotwsdExdorer td corlfire its You ¢c
creati on. After t he ndaXYdodialogbexcdndes been
closed.
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13.  The next step is tbuild thetriangles. _1o1 x|
This is done by choosing

ﬁBuiId>TriangIe:€) from the DTM menu Data File: | wSurvepDat=bPILEAFIMAL dat
bar. The following ba will appear. TIN File: [swSurveyData FILEAFINAL tin |~ &4

Digzolve Option:  Side "’l

14. The Data Filen this box is the name of

the file that you just created in the ideLenat; | 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
triandes. Your trianglegenerally 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
fASided and input a side length of 200. Once you have done this you want to choose
thefProces® button.

15 At this point yo ulhavencreatdddt DMy MieeseastepSwili n o f i |
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 discussé®w 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 ih#&taeak
linescan be visually reviewed before the DTM is creatéde intermediate step of eatting

the survey data into a drawing will allow for visually checking data for mssing break lines

and Boundaries

1. Create and or Open the drawing DTM.dgn. For this DXféation method the 3D
seed fileASASTANDARD\XM\seedt3 D  NDDOT s e e de reqgiredIf youi | | b
are modeling both existing (preconstruction) antbat (new) conditions, using two
different drawings (DTM_exst.dgn and DTM_asbuilt.dgn) is recommend@bis.
will simplify the process by helping to prevent existing elements frotingento the
asbuilt DTM and prevent abuilt materials from getting into the existing DTM.

2. Import survey levels. The easies way to do this is by opening a survey stg (select
ANDDOT>SelectSet t i ngs>Phot o>Topogo from the mai
the select settings dialog box that just opened.

3. Sel AmplicatibnSURVEY >Sur veyo. A ASurveyo menu
appear. Most of the tools from the menu bar and the tool box are the same. This
section will discuss GEOPAK Survey in termgloé menu bar

Survey (N |

Projeck  Dataset  Wisualization Geometry DIM  Plans Preparations  Tool Boxes

4. From the Survey menu bar select o] i
fProject>Newo. I'f you had previously
created a Survey Project for a NDDOT S Dero.ni
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 .
i . . Description :

(example: crossections for different

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 thaiu 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 filgob number that is used for alignments but you must be
certain that point names are not reused. Often it is easier antbsafeate a new
gpk file just for the dtm extractioriThe Job Numbe®99 often reference to a
temporary DTM file. The project description area is optional. Then click QKe
AProject Newo dialog box should close.

6. Confirmthatthéi Pr o] e c t s weressétup coerectty.eSee the section title
ASurvey Project Preferenceso.

7. From the Survey menu bar selecEHIE T =10 x]
ADat aset >Newo. TR oo X celOvt he

right should appear. Give the
data set a name (example:
Datal). The Description is

Description : |

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

0 p t | on a I . S e b DutpLthector_l,J H\de\tlatnln%demo §hw|t ealthur\;orkéasbl. Q
to AASCII|I File(s)o &Md=Froeess to
AXYZ to Coordinates . S e t5ourcp Fyyma - X¥Z to Coordinates

AOut put Directo 0 F"B“‘J”SE@
Working Directory (Asbuilt g
folder). Then pelect the ﬁDatas*et
Add Source File|Jto Listo button.,
Then pick the ASCII file that o | B |

contains your survegoordinate
daa. The panelontheot t om of t he fADataset Newo di al
you just selected. Next select the AOKO

8. Another dialog boxXYZ to Coordinatesshould appearThe Contents ofqur
ASCII file shouldappeaiin themiddle panelSet t he appropriate @AD
ASpaced or A, 0. Then select the first | in

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 |"

2002,3635677.8395590,2336643. 45832["] 1459 851 0330, +.-’-'-.S P1
2003,365669.6494820, 2336657 .5063100,1459.5483871 A5M

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 B IV Impart After Process
[~ Open Editor After Processing &I ¥ Store Elements into GPE,

¥ Process LeodePoode same as Flaw Data
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10.

11.

12.

13.

14.

What you should see happen is that the text of the line you chose appears above the
buttonthat sagnone. Your net step is to click on each of tlieoned buttonsand

choose the appropriate description for the text that is aboveittosb Itshould look

like the box above. You will need to keep hitting the next bar until you have a
description under eadleld of text.

Activate the options #Al mport After Proces:s
sel ect t he QThesareey das will de drawn mto your 3D drawing.

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 drawsungey

el ements that donét appear to be on the g
that have a negative or zero elevati@il element should appear as if they are on a
surface with realist elevations). The @ X
the drawing has been inspected and corrected. Problems with surveys and surveying
techniques are not discussed in this manual.

Sel ect DiMOOoMO>> f r om yt he
menu bar.From the DTM Tools select Extract 14 = 42 I
Graphics.

é.-.- 2 ExtractXyZ
wvz b

r»a
e, 3 Extract DEM

:;é 4 Extract Set Format

=1 Open as ToolBox

The dialog box to the right should B Extract G =10

appear. This dialog bdxtool is used File Name: | FITotter_advanced.dat Q

to create a fdato fF_litI.eE_fromvthe drawing
graphics. Provide a file name for the =~ *r —t=
dat file. This data file is usually ated _ - :
in two parts. One part extracts the Feh‘:'tu:: Ereaks_ = _ Stroking |
break lines and the other part extracts Sea::hetrite::aCtIDn

the points.In the first part of the
extraction
be set to i
part of the
option mustbede t o

File oper:  Append il

W  LvMames: |urface Conc Line Exst

e ﬁFIlreLvureber

eat eg ﬁ gEnln?s‘EEE E :
;N Sityles;
A
PPeRr dl'o ieights: |

The AFile Typeod can be™iBinaryo 5'r
AAscii 0. ABinaryo is small er and |[faster
but it can not be reviewed directly. An Matchl Dlsplayl Resst |
AAscii o file can be r

text editor. Th e o e ,ppeno QL i 10N
needs to be set fiC r e aa ertract the i

first group of features. In these

directions the first group of features wi

mu s t
second
Openo

OI—F
O MpEn

- D = =
S X
-~
-
©
(@]

v:ewed wi—th any

- |

NDDOT Procedures foCalculating Final Earthwork Quantities 19
Revised:12/31/08



spot s. Thi

15. Set the AS r
T ayo, end fARes

l i nes.
search criteria.

16.  After the search criteria is selected, sete¢te A Ext ract 0 opti on. I
as AView 10 be sure to adjust the Vview so
extract. If you are zoomed in and only see some of the pthiets pnlythose points
will be extracted.

17. Selecthe WA Appl y o b uti Pantswild bednpdrtedentohp dat fite.
18 Switch the AFile openoinéphhtanebdoopAppenta
(break lines). Reset the Search Criterid aelect symbology that matches the break

lines.

19. After the search criteria is selected, S e
be imported into the dat file.

200 ABoundarieso, fAVoidso and other fbUs;@t ur es
this tool. Close the AExtract Graphicsbo
21. Select ADTM>Buil d DEMZERErom Dat Filj€xs
from the Survey menu bag The ﬁRué)\Id
Triangleso dialog b oBeefiglfgebgredige, o
TIM File: |FtTotten_advancedd. tin @
22. Sele_ct the dat file cr_eatgd prev_iously 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 ADiIi ssol ve OpSiidoen oL et nog tAhSG dteocd tahned ns
of the side of aekired 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
ARevigewind Di splaying a DTMoO

24. Sel ect the AProcesso mextsdctomoftiisonamal eat e t he
iRevi ewing and Displaying a DTMOo
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Reviewing and Displaying a DTM

12/26/08

Once you have created existing ground andasi | t g r ¢oyowdwbuldxdnipare the
model s by having GEOPAK draw t hem. A drawing
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 \ail thispl

TIN Hull (boundary),Triangles andContours This drawing can be used to check the coverage.
The modelshould overlap and adequately tie to one another. The points should be dense
enough to represent the surfadde Contours from the existingaynd and the aluilt ground
should merge near the tie points.

1. This process assumes that the DTM menu bar is lcaadgou are in the DTM
drawing If thisis notsoseesteps-B f rom ACreati ng Wdsin@i gital
GEOPAK Roaé .

2. Sel ¢GAD>DTM

Feature8 from t # Load DTM Fratures o ] A
menu bar. Theox to the 2=

right will appear. Set the ~LoadFie TiN ¥ | [FtTotten tin Q Load
fiLoad Filed button to ey Pleemices

ATINO, and tken go Load: Estent "I I~ Display Only " Graphic Group

search for the tin filefor
your project. GEOPAK

Feature Lewvel Color |'weight| Stule | Dig =

. : h ajor Lines Contour 2 Indes Line 4 2 0 0OW
time so these steps will MajorLabel  ContourZlndesline O 0 0 ON

have b be repeateﬁbr inor Lines Contour 2 [ntmdt .. a 1 0 0OM j
each surfaceSet the

Load: 0 optijon to = v
E x t eTarh aff.the
Di splay Onllyo opt
I f the ADiIispltay On
option is turned on the elements displayed will only be temporary. They will not be
saved with the drawing Next under thé-eature items make sure the Dagpls on

for only the TrianglesTin Hull and Contours To do thisyou can double click on
theline that says TrianglesDo the same for the TINull and Contour lines. The

light bulb icons to the right can also be usath on and off the display of a feature.

Triangles TIM 2 Triangles Line 2 I 0 L%
can only draw features TIN Hul Gind Line 1 4 o oM _| ¢
for one tini surface at a Cantours - oM "

v

ot 3t N

-
~
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3. Unique symbology for the different elemergspecially for the levelxan simplify

your review of the Atino. Levels can be
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 Tin Hull Line 2 2 2 0
Major Lines | Contourl Index 2 2 0 Contour 2 Index 4 2 0
(Contours) | Line Line
Minor Lines | Contourl 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 FEILIGICINNONTS O =10 |
such as intervals and labels _Eie
mayneed to be adjusted for = LoadFie: TIN__¥| [FiTctientin Q Load |
your specificproject. The - Display Preferences
el evati on @ Ranlegeentf Blf Diglafrg [ Graphic Group
(Sontours ne\eds to be set or Feature | Level | Color ['weight| Style | Dis =
AReado. Triangles TINZTrangesline 2 0 0 oN | %t
TIN Hull Grnd Line 1 4 0 oM ot
>. Once the Symbo!ogy IS Se,.,t b ajor Lines Contour 2 Index Line 4 2 0 0OM v
¢ h o o s keoad tutton. i Major Label Contowr 2lndesline ©0 0 0 oON @
You should see triangles, MinorLines  Contour 2Intmdt... & 1 0 ON ¥
boundaryines (Tin Hull) Minar Interval: [1.000  Major Interval: [10.000
andcontourson your Smooth:  Maone vIFhagistratiu:un: 0000 Minimum Area: [0.000

MicroStation screen. If yoU | Range | Minimumz: [1342.846  Masimum 2.
d o trsé€e yor DTM use the
AFi t Vilewo tool
MicroStation

6. Repeat the proceeding steps for the other DTM if neeS8eg@arate drawings are
recommended for each DTM. Presently ther
used in a survey such as break lines and spaots.

7. OncebothDTMs ar e drawn you wil/| probably need
on and off levels to clegrcompare tin models.
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Review DTM by Analysis of Profiles

11/13/08

0

This tool can be used to cut profiesoss sections fromommer mor e DT MO s . Thi s
several profilewvery 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. Ifthisisnotso,seestep81 f rom ACreating a Digital
GEOPAK Roado.

. . M .

2. Sel Amalysisirofiled f r'gm =l
the DTM menu bar. Thieox ——
to the right will appearThere |$
are three icon at the top of the | [Tzs [Fesus [ Lovel ] Color [Weight] Style | Biract |
dialog box thashow different ﬂ
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 | ¢ egens
select the ATIN TI}GC) for the
profile. Just to the right of the
ATIN Fileo filed is a symbol ogyexdmpld:t on t
Level =oProfil e #avellstylemByLdvel, $VeighByLavael)l or =By

4. After the TIN File has been =
selected and the symbology set, ™
add the profile to the selection | | &g
by using the nAiAda—Eist_—t+temo

A ) VOE eature Level TCoIor M‘agﬁ Sg:le| Extract |
buttonon the right side of the TN RTotientin Profle #TLne  ByLv Bylv Bylv 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
CreateLegendl
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_ # ] =101
5. S el e cRrofiléeFhree fiier e BeCc € O

icon. Set the scale for the @

profile and grid preferences.

Scale Elevations Stationing
Horizontal: [40.000 Minimum: [0.000 Minimum: [0.000
Wertical: ’W Maximum: IW Maxdimum: ’W
Resst Vertical | Resst Stations |
Horizontal Grid Vertical Grid
WV Major Interval: | 100.000 ¥ Major Interval: [5.000
[~ Minor Interval: [25.000 [~ Minor Interval: [1.000
Major Symbology: || EE— Major Symbology: || EE—
Minor Symbology: | E— Minor Symbology: | E—
Major Teot: [EEERTS Major Teat: [WHRCELST=]

6. Sel e cQreatePhreo ffi =€ 0
icon. There are two dE= B Gure S (7500
methods to cut a profile.
The fASel ect =
identify a previously drawn
element such as a liroe
line string to cut the profile
from, or use
El ement 0 but tg
temporarily draw a line or
line string to cut the profile
from.

7. After the horizontal
alignment for the profile has
been selected, the
AExtracted Profile Viewdo should have been
place the profile in the drawing. The profile will be attached to theocand it can
be placd 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 S
from Digital Terrain Models

urface Volumes

03/24/06
1. This process assumes that you have existing abdiadDTME and that the DTM
menu bar is loaded. Ifitisnseesteps-B from ACreating a Digi!l
Model o.
=10
2. Choose theAnalyS|s>_\/qumeS)_from the DTM LE;a'lgul ggethg)dsndpoinww |
Menubar. The following box will appear. T T
Calculation: TIN ta TIN vI
3. The Prismoidal method should beleced. The From TIN: [yDat="FILEA0RIG.tn | A
Calculation option button should be sefifdN to To TIN: [Data'FILEAFINAL fin | Q
TINO. Thefifrom TINO should be youexisting tin .
file name and th&To TINO should be your final tin |- "=fenee [Rangsi|
file name. e
Cut: [ 1.000 Fill: [ 1.000
4. Make sure that your AVol|lwmwe Cal cul ationsao
box is expanded to show all the options. There is an "ok
arrowtriangle in the lower right area of the dialog Area: @
box to see the expanded options. Process |
5. Draw a polygon arouhthe area you want to comparé=Z" =101xj
volumes. The polygon should be contained within [ zatuateniieties - " e
both of your DTMs. It is important to draw and save{?alfulanmdulp“iG Arons |
your boundary polygon incase you need to reproduce Calculstion: _TIM ta TIN |
GEOPAKo6s Exact Calcul at | @omi[DasFlEDRGm D
Ta TIM: [yDatavPILEAFINALin
6. I n t he expanded areetai a)rfsl.c‘IUS?hqa%e: A V%anlgej: me Cal cu
di alog box seOupattoABQlle opt i.on to N
Fileo. The ASCII File name should have the same | use Factors:
path of your project file and you should give it a file | o [0 i [7000
name that you can recognize from the narSelect Cut Volume - 0.000 LY
. . Fill Valume : 263,747 C
the Option fAUse Booundaar y Gena fatrcyrS €l ect t he
you drew in Step 5. — l.ﬁ.lea:135.4838‘( A
— Outpu
v Dutput To ile: _Create File "|
7. Select théiProcess button. You should see Volume |I_P||_I|j.:4t_l:l\,f;|1mjitt:” i a
Calculations for, Cut Volume, File Volume, Balance, View..._|
and Area. Remember the volumes may or may Not - Boundary Selection
include aggregate and pavemeifhis is dependent |7 UssBeunday: _ Place | _Sekct |
on when the survey was m®. The volume data is ™ Volmes By Region: _ Resiors |
stored in the AOThsfilecan T QU ASC] | I eo.
be reviewed with the GEgFm Dlumeljolygr"ngex Editoro

theNOTEPAD application

Frocess |
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Storing a Horizontal Alignment (Chain)

11/20/08

If you are calculating earthwork from cross sectioms @ 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 arecalculating earthwork for a roadway armehgparing aglesigned quantities with as
built quantities a horizontal aligrent should already be storedam existingGPK file.

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

This section assumes that only a veimple alignment is needed for a borrow, waste, or
stockpilesite. Thissimplealignment wil consist ofonly a line with a start and end point. This
alignment must extend beyond the affected site (longer than the earthwork area). This alignment
shouldrun 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 coswehras intersecting cross sections and
centroid adjustments.

This section discusses how to store an alignment GEOPAK u s i mphictohdé ofdo$tsor e
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
surfa@ 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 poiapresenting the
beginning of the stationing and the second point representing the end of the
stationing.

4, Open t he i Sdalogbexbgselactiny i C g ol
AAppl i RAQADPGeoNetryr St or e  Gr aggtigsl CSO.

You might have to change the element option from Job Mumber |
APoti 0 to AChaino within UduekESt ore Graphic
box. T rone N

0P|
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5. Fill out the dialog box. The dialog box to the right =t ae g qu. . ] 51
shows some typical values. The Job Number is thesgtings

numberofthemaiGEOPAK dat abase. j;yfg Mm@t
worry if it doesndt exi Sfaa¥fefNo GEOPAK wi

you for i tatollowingstepaThd on i N o [ [Eorord
NfOperator Codeo should E’eg%ning'ﬂnh%s wi | |
standardize files created by GEOPAK. Chain Beginring Station [0+00

names should descriptiwv | i ke ABorrowlo,
or APilelod. Point ﬁumb—gEEﬂer—e—gmib—yl the Di
As-builts shouldbe between 140004999. These e [

point numbers have been standardized incase design S

elements need to be merged into théaigt GPK.

The beginning point should be a point that has not been stored in GEOPAK. If you

have other information in this GPK fil@u 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 youCOGOredefine key is active it will erase the point that is already
stored or if the redefine key is not izetit will not store the new point.

6. Change the button on the bottom of the di
El ement 0. Note that the AStored button i
Button. Then select and accept the element yow drestep 3 (double click on it).

7. After you have accepted the elemetfiine, the | & 5t o ] 7
AStoreo button should bee® me enabl ed. Se
store button to save the alignment into the main GPK  .job Mumber [007
data base. Operator Code W

Chain__| [Bomowl

Beginning Point | 14000
Beginining Station | 0+00

|0 Element | Store |

Single Element I

8. An ALERT boxmayappeaif the GPK filei AJob Numlerodoe s n 6t exi st . ClI
AYeso0 button if you wish to create the da

9. You will also be prompted fomefi | np ut F iUseehedBfautnreide provided
(J0010oND.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 (jobOO1.gpk or Align_*.dgn).
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10. At this point the alignment should be storadSEOPAK.The following steps are not
required to storan alignment. However i$ good to review your work and confirm
that the alignment is in GEOPAKOpen COGO by selectingipplications>
ROAD>GeometryCoordinate Geometey f r om t he mau. n pul | dow

11. A fiCoordinate Geomet B0 box shoul &l open.

Confirm or fill in theyfid@p NombeT 0o and
AOperator Codeo fields T-h.;?—”Project Nan
. e Job Nurmber: |00
and 0 Sfieldgaee ogtianal fields used for o Er_ <
GEOPAK Reports. Then PEPEl} {he FAOKO
button. Subject: |
k. | Cancel |
122 The mai n f Co ogporipnastye 0] x|

Geometryo box . gleosmet g g re n

From this dialog box, select RE=# &k + &/ & ¢ (& & @~ &RD &
ﬁ T OO0 I S > N av | g a t; (0); A ﬁ v Efdefi@ ﬁemeorart\u’ishizﬂ h V"mj Erowsel
pull down menu. sa12 v|ggse  v| «| <] > »|

COGO Keyir: | |

13. The ANavigatoro dialog bCEEEhoul dospen.
you review the elements that are in your gpk file. Changeéss Tesk
t he AEI ement 0 The glignenent namefi C h & iXrfdid ¢ F @

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

Feature
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gNavigatnr(I]lll)

Seleck  Tools

14.  Select the alignment name. Then select the .
iPrint/ Describe Element o Si%‘chi#.

15, The main ACoordinate Geometryo box shoul d
informaion 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 " 1,147,424 3768 E 2.147 446 1541 Sta 0+75 .15
Ending chain BORROW]l description LI

16. Afteryouhave reviewed this information, <cl| 0seEe
box. An AAlertodo dialog box will dfpen, as

you are just reviewing the GPK you carntexithout saving the session.

17.  If something is wrong with the alignment stored in GEOPAK, you will have to repeat
previous stepslf you are going to correct elements previously stored in GEOPAK,
make sure your redefine button is on in COGR&definitian of Elements can also be
turned on from the ACoordinate Geometryo
AUser >Preferences>Redefinition of EIl ement

NDDOT Procedures foCalculating Final Earthwork Quantities 30
Revised:12/31/08



18.  If you want to delete elements out of the GEOPAK = =0 x|

database, you can use the@GBOGO fiNavigator
ADel et e bEtbnedmitantd sbep 1% "ﬁ@j_d “REDY

Element ;. Chain "I

Feature
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Drawing Cross Sections

10/17/06

There areseveral 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 ®ctions by Station Offset Elevatidiile (*.soe)

2. Cross Sections by XYand StationFile (*.xyz or *.cor) The points surveyed in this
file are usually collected at nAregul ar o i
transversally across the road. This $hould not be confused with XYZ files used to
create a representative DTiNlwhich points are collected at irregular intervals

3. Cross Sections baw Field Data (Station, Offset, Height of Instrument and Raw
Rod Readings) This method is used when eél®nic data collection tools are not
available. Data was collected by a field book. This method is sometimes used with
A9DO surveys. Creating cross sections by
someone has to ke all the field data into a tefile.

4, Cross Sectins fromSurfaces (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-joffset elevation offset elevation offset elevation
XS station {)offset elevation-{joffset elevation offset elevation offset elevation

One |l ine canot contain more than 6 nmshekdectt s an
create another line with the same station.

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

1. Open your cross section drawing. See the
This drawing is probably a neivempty drawing that you had to create.

2. SelectApplicationsSURVEY >Sur veyo. A ASurveyo menu
appear.Most of the tools from the menu bar and the tool box are E1e

- . . . - x
same. This section will discuss GEARSurvey in terms of the _ =
menu bar, so you could close the Survey bm. L, e
Survey {f A4 Qs £V
* 13
Project Dataset  Wisualization Geometry DTM  Plans Preparakions  Tool Boxes A ﬁ+
HbEr pu-#
e
3% 1A
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3. From the Survey menu bar select |0 x]

AProject >Newo. I f you d__previogusly
. Marne : | survey.pr

created a Survey Project for a NDDOT

project, you WOUId Se'ect Open' You can Crirechary : IHZ"lelfCliECE"lSDDDEEEE.DEE"'.‘:".SBL” a

add multiple cross seot 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 | Concel |
refers to the area you are working with.
Set the Working dectory to thesame
directory thatyou 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 optiorien T

cick OK. The fAProject Newo dialog box should

Dezcription :

4. From the Survey menu bar select _1ox

fiDataset N e wThe box to the
right should appear. Give the data - cEn s

set a name (example: Datal). The = Deseieion:]

Description is optional. Set the Data Source: _ASCI Filefs) ¥ || SOE to Cross-Section ¥ ¢
AData Sour ce®)too OutAeSuClE o ErazedoeaspuiLT Q,
an d p rocess 1t o0 ﬁ S O E t [O Use @a:ret r@neSiz Sutput sub-directany
Sectionso. Set tSthtg an'gt QI]H t; [lessl'éetlinn
Directoryo to your WorKimg FiIe[s]tnUse:l@
Directory (Asbuilt folder). Then
select the fnDat aslet Add Source Fi l»x
t o Li s tThenlpicktthe o n . 1+
ASCII file that contains your station ¥
offset elevation survey dat The ok | _ Cencel |
panel on the bottom of the fnDataset
Newo dialog box should show the file you
Button.
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Another dialog box (SOE to CreSection) should appeai.he contents of your asci
file shouldappear in the middle pannel Set the appropriate fAD

ASpaceo0 oseleckthe fosst lineTohdata. It should become highlighted.

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

Delimiter Space vI [ Plot Elevation Text :

0+50.00 -21 1001.7 -13 1005.7 0 1005.950 13 1005.7 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 |

d  Meut:: | Chain |Bg55m o
W Load A5CI Dialog On D ataset Open
Process |

What you should see happen is that the text of the line you chose appears above the

buttonthat sag none. Youmext step is to click on each of tfigone buttons and

choose the appropriate description fortidne that is above the buttoft should look
like the box above. You will need to keep hitting the next bar until you have a

description under each settekt.

Select the chain for the cross sections. This alignment must have been previously

stored into GEOPAK.

Select the API mthe Par@metiero but c8H i
upper | eft cwCrsr of [tthe _fASOE |
Sectiono dialog box. [HWWH‘Bt h&tEa Ty al og
Parameters)h;)uld appear. The typlcal Diztance Between Cross Sectiu:uns_—
parameters are as Sh&Hqunlatﬁmthere:alﬁﬁﬂ_ﬂlﬂ_ght
forget to set the ACKH i El e
Symbology: 06 button. LF"‘?"F'EW_L” iCr Sec
El ement Symbol ogyo shdt'd b 5E't'°a'jng1c or di
the NDDOT CADD Standards. Cross Section Element Symbology : =
5
Symbalogy
I Gind Line Exst [~ |
Color: [ & =l
Shyle: | ------ 2 =l
Weight: | 2 =l
Cancel |
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9. After the -BB®OLESeotiConsésdialog box has bee
AProcesso button.

10. AnAiAl erto dialog boxes may appear. - Thi's
Sections in the drawing is presently open. This should be your-Sez$®n
drawing. Select OK.

~ . < . Decimal Yal e
11. A fADecimal Valueo di aPouyayig may Al so apop
if data with no decimals were encountered. Mumeric: values were found that contain

Read the dialog box and enter an appropriate o decimals Enter the number of =~
decimal places to aszume for all numenic

value (typically n000) .waueswitnddLirB: BySntinh 2 @=C t OK.
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 cress
sections. S e e Ctrines ss eSmthid guiderffgdbinesdtielp g
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 sirfar 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 amdnstesio
exist in one file and it must be delimitetf.there are text strings that are not directly used such
as the abbreviation ASTAO0O (not the value itse

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

In step 4, the pr ocEESICpNtdhe set¥ o fAixyz
toCrossSecti ono inste-ad o0 fame:@@OEC4 o]l Cr os s
Sectionso. 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
cor i
X
+
+
0k | Cancel |
y Y2 to Cross-Section User:User Dataset: Data2 - >
In step 6, you O
will have to |
. File [F:\Project 30002269 065445 UIL T esecT.oor | 2 " Plot PCodes Plot Paramsters
setup the fields _
Delimiter Space "l [ Plot Elewvation Text :

f o Northing,
EaSti ng =100 M 1144153.45462497 E 2140039.0971 14346 ELEY 1153. 30000000 ST4& 0+00.00

o =101 N 1144165 44575307 E 2140039 55234033 ELEY 1153 40000000 5T 0+00 00
Elevation, and 102 N 1144155, 43098256 E 2140040 32100337 ELEY 115350000000 5Ta4 0+00.00

St atinstead O |:103M 1144130.42725544 E 2140040.51 316393 ELEY 1154.40000000 5TA 0+00.00 =]
of ASt at Ruha0a1143  ELEV 115330000000 STA 0+00.00

Offset, and ' v v| None - | | T -
Elevat | g <O<F'rev| Reset | Mot » I Chain W Q

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

This process i s si miCloss Bectiorms byt XtY2£ang Stagion iBile u s

However addition steps are needed to mestheaw data. This section will discuss how to use

COGO to convert raw field book informati
t h €rosA Sections by XYZ and Stationléle secti on can be used

Electronic dataallection 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 chairname ### OUT Xs.Xyz

HI elevation

GL station rodreadingdistance rogreading distance receading distance
GL station rodreading distance reckading distance reckading distance
END GROUND

END

Example:

GRO BASE0114100 OUT XSECICOR

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 0125 004.2 13 003.90

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+400.00 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 011.983 014.2 77 014.2 73 013.1 66 011.6 62

GL 08+00.00 RT 0Q.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 0®4004.5 0

END GRO

END
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In the example file:

AGROUNDO o r Is th&derondand to begin a ground based calculation

ABASEOL1" Is the chain name (alignment) that resides in the GPK file in the
working directory

fil14100" Is the beginning poimumber 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
(BASEO1) otherwise they could be overwritten!

AOUT O Tells the COGO run to send dataato output file

A XS ECGORS Is the name of the output file produced. You can change the
AXSEC1" part to anything you want

AHI 1163. 10" Describes the height of instrument used in the field book cross
sections

AGL O |l s the command f oralcdd@eéa®ds Ground

AEND GROO Ends the ground calculation

Thed ati oni ng i s t ygranand and thenthe nodgreating end diskance from
centerline are added. Subsequent shots are described with rod reading and offset until the station
data is ompleted. The program does not require +ggns before entries, as long as the
centerline shot is entered with a A0". I f da
preceded by a ARTO or ALTO suffix.

Note: Be sure not to have more thénhcharacters 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 ma&SL Il text file. The file should be
named **001.IND, where 001 relates to the GPK file in yaarking directory éxample:
JOB001.GPK)

Once the data has been created, a MicroStation session is initiated in a directory containing the
projectdos GPK file. A COGO session is activa
COGO and ffRenaddh.e fBEDRAK reatesan @ sCORpoints 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 statoordinates from our input dat&o create
cros sections fr om tCOnosssSectioasby XYZ eaed Statloreliles e ct i on A
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Cross Sections from Surfaces (DTM)

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

If this process is used for a borrow, waststockpilesite you can have GEOPAKalw 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 crossections. There may be several xsec_*.dgn and G&K fYou may
need to review AAAREADMEO files in the de
find the required files.

2. Determine the location of the Amiilt surface model *.tin file. This is a filethat

field personnel typically havi® create athis stored in the Abuilt folder. If you

need to create this file, see the section
3. Copy the working cross secti®from Design into the Aduilt folder. Then open the

copied drawing in MicroStationDelete everything except existifigreconstruction)
ground, void ground lines and the green cross section reference cells. You could
redraw both existing (preconstruction) ground antw@k ground from the tin files.
However the same green cross section reference cells should béviostdikely

you will want to compare the atesigned cross sections with thebasit cross
sections by referencing the-dssigned cross sections into thebadts. If you use

the same green cross section reference cells the reference files shoailtclaental.

4. | f you havenét copied the GPHKtfdder), e i nto vy
make sure to set your ACOGO Preferences:
fol der See the AGEOPAK User Preferences

NDDOT Procedures foCalculating Final Earthwork Quantities 39
Revised:12/31/08



5. Sel e c icatiGnAROAD>Cross —iEfx

Sections>Draw Cross Sections File Edt Update Options

from Surfaceso f yobgus 07 Bl eChaneeein =ip u | | Diaw |

0S S [™| DF Origin
ul d open.

down menu. The AaDraw Cr
Sectionso dial ogxscﬁ’lfilﬁu'iémlsho
— Pattern
6. Select the appropriate Job Number I Existing Orly v

and Chain for the Cross Sections.
Use the cross section baseline
chain. TheCross Section baseline
chain may be different than the
roadway alignmenthain. Review

the green cross section cell to Sedle
determine the baseline chain. See | Heiizonta: [10.00000
the picture below. Wertical: [10.00000

Spacing
Horizontal: | 1000000
Yertical: | 500.0000

Mumber of %5 by Colurnn; | 40

CLRLE>

7. There should be two tabs iumftaties odi alYog b
be on the AXS Cellso tab. Near the middl]l
there is a fAiPatterno panel . Pattern | in
obtained. Set the patt er ningtwdl gbhteineross o Al n

sections at only the locations that the designer used.
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GE’s 0 . _oix

Ne xt set t he t E‘D*‘JIW Croiss 5zckions
Near the bottom of the dialog _Fie Edic Updste Options
box there should be a panel for JebNumber: [001 =] Chain: [FREBML =] Draw |

surface ADetail so. Sel ect t hel bFoin
as-built TIN File. Set the 5 Cells | Sutaces |
AMet hodo too A TS|@ikais=meQ
t h e ﬁ T y p e 0 t o NN RSP ADLake?in Lw: Level 3 Ij.:.;'11_, I,,.::;,;'-., Triangles
The Display Settings for the
As-built ground should be
according to the CADD P
Standardmr Ground LJI’IES: . TIM File:‘|H:\Prniect\SDDDE2ES.DEE Q
Leve l = AGrn d Li ;n'é'ﬁapﬁiangles vI Type:  Line Sking vI
COIOr =1 ~ Dizplay Settings Filter T olerances
StY|e =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 dsuilt ground I Elevation B ¥ Heid
butthe color should be white
A0oO. After setting these detail s,
select the AAdd Surfaceo button. Thi s bu

The surface information should appear in the middle panel.

Select the ADrawo bnudt tcoonr nienr tohfe tuhpep efirD rraiwg
dialog box. GEOPAK should draw the-lsilt surface.

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

Thi

process is simil ar -btilotoAsDesigned CorgpariGod® ss Sec

Themain differences are yostart 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 tHaudsfolder.
2. Determine the location of the existing aasebuilt surface models*.tin files. These
files are typically created by field personnel and are stored in tiikdolder. F
you need to create these§ils ee t he section fACreating a L
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3. Sel ect nA p p | | ¢ FHEE D= =10 ]
Cross Sections>Draw Cross File Edt Update Options
Sections fr onrthe S usttufeene &l gt [Efiupy =l _ Daw |

main pull down menu. The I~ OF O
~ 5 Cels l)Sulfaces |« .
ADraw Cross Sect.i ns'o dialog
box should open. [ Fattem
By Station "I
. Beqin Statior: [1788+17.76
4. SeleCt the approp_nate JOb End Station: | 2308+74.18F 2
Number and Chain for the Cross Increment | - [50.0000
Sections. eft ffset: [200.0000
Right Offzet: |ZDD.EIEIDD
5. There should be two tabs in this
di alog box; fXS[*ce SBore d
~ N Horizgptal | 10.00 DDl Ho'zonal:|2DDD.DDD
n S . t i Y o Ve%cab 10.00000 b = Qertiuljal: |1DDD.DDD
t h € n X ﬁb %dr ﬂhs o il MHumber of XS by Calurin: IED
mi ddl e of the ADraw Cr oss
Sectionso dialog box there is a
APatterno panel. Pattermn H—re—s

indicate where cross sections should be obtained. Set the pattern tagdeyto

Statiord .Complete the datéor the patterrof the cross sectionsh& increment sets

how often a cross section will be cut from a surface. The Left and Right Offgsts

be long enough to extend past the earthwork ates better to have these offset

longer than what is need rather than to sharhorizontal andrertical scale of 165
common. Thi s s cal ewhaniplinted oy iraditonay shaets. alTheo u t
spacing of the cross sectiosests how far apart the cross sections are drawn. Set this
spacing so that you have a least 500 feet between ekefmamt different cross

sections.If you draw your cross sectioasetoo close, GEOPAK mawgot be able to
distinguish which drawing elements belong with which cross section.

6. Next set the tab to ASurfaceso.
Near the bottom of the dialog
box there shoulthe a panel for
surface ADetail so. Select the
asbuilt TIN File. Set the
AMet hodd to ATri a
the ATypeo to ALI
The Display Settings for the
As-built ground should be
according to the CADD
Standards for Ground Lines:
Level =i me&Go nd L
Color=1
Style=0
Weight = 2

gl eso. Set
e

n
n Stringso.
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