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_f{ &/ Module 2 ¢ Existing Terrain Models

About this Practice Workbook...

1 This PDF file includes bookmarks providing an overview of the document. Click on the
bookmark toquickly jump to any section in the file. You may have to turn on the
bookmark function in your PDF viewer, such as Adobe Reader.

1 The dataset used throughout thisoduleuses English unieand US Survey Feet

1 Each module in thiseriesis selfcontained. You can jump to any module and begin the
exercises.

1 This trainingnoduleuses theDOFUS North Carolin&VorkSpacend theR-2635C
(Trainng) Workset installed. It is very important that you select #t@rect WorkSpace,
WorkSet andesktop Icon/Disciplinéiture RoleNCDOT _Roadwayhen working the
exercises in this course.

1 Thetool tips and help were copied from the Bentley Online Help. See this link for the
complete list of tools and common usage.

OpenRoads Designer CONNECT Edition Help (bentley.com)

1 This workbook was written with the release of OpenRoads Designe®.00.91 (2020
Release ¥Jpdate9).

9 This workbook has been updated for OpenRoads Design£d. XX.XX2021L Releasel
Updatel0).
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5 5 Module 2 ¢ Existing Terrain Models

Overview

Open Roads Designer (ORD) utilizes Terrain Models in place of the GEOAPK TIN file. In the same
way GEOPAK uses TIN files for Existing and Proposed surfaces ORD uses Terrain Models for
Existing and Proposed surfaces. In this section we will review thelHRISERRAIN MODEL
(ETM).The Proposed Terrain Model creation and associated tools will be covered in additional
training modules.

The ETM is a 3D model of the existing ground surface that is storegCib&Nfile. When the
designer needs to utilize the existing ground surface for a design application (Contours, Vertical
Profiles, Modelsind CorridorsCross Sections, etc.) the DGN file that contains the ETM file is
attached as a reference file and the surface will be set to Active. This action, attaching the ETM
as a reference file and setting the surface to Active replaces all the operations in GKH@PA
required the user to patto and select a TIN file.

Forfinal designLocation and Surveys will supply the ETiMa 3D DGN Filand there will not

be any additional work required of the designer to begin using the ETM for dedigke the

GEOPAK TIN file that is supplied by Location and Surveys the user should not attempt to modify
or in any way change an ETM that is received from Location and Surveys.

There willbe situationsvhen an ETM from Location and Surveys is not avait@bihere more
coverage isequired,and the user needs to develop an ETM for a project. This could be because
the project data is still in the GEOPAK TIN format, the user receives additional data as an XYZ
text file, or the project is in the functional stage of designthere is a need faadditional

coverage outside the limits of the survey. In these instances, and other similar situations ORD
does supply tools that easilyl@v for the creation of an Existing Terrain Model.

Note:Locations and Surveys will be providing the Project design Existing Terrain Model as a 3D
dgn file. The section covers situations where the roadway designer may needaddiganal
coverage The roadwaydesigner should ensure they understand the source and quality of any
data they are using for design purposes. None of the methods, presented in this section, of
creating an Existing Terrain Model are meant to replace the Existing Terrain Model produced by
Location and Surveys.
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Terrain Ribbon Tab

Home Geometry  Site  Comidors  Model Detailing  Drawing Production  Drawing  Utities  Collaborate  View  Help  NCDOT Roadway
a @ v @ From File Aoo }h & Add Features S Edit Model Ch Q> B P g
q k & ns) S o'y e Im A é% 4@ /m# Label Terrain Contours

5 - 2| From Graphical Filter * ! Remove Features Edit Complex Model 2 Export To Fil
Element ==, - ’ Additional  Topo | Active & o & Transform | Points Calcylate Volumes Hydraulic Reporting Aquaplaning  Sight Rl

L Selection ‘= &g From Elements Methods *  Import * * %/ Change Feature Type £J Boundary Options *  Tools > Area Visibility =

A5 Label Terrain Spots

Primary Selection Create Edit Analysis Miscellaneous Labeling

TheTerrain Ribbon containgll the tools that will be required for the roadway designer to
create a basic terrain model and perform some simple analysis functions. The Ribbon is broken
into 7 sections.

Each Section will group together similar tools and tools that will be used together in a particular
workflow.

Insert video link that goes over the Terrain Ribbon

Page |6



Module 2 ¢ Existing Terrain Models

Primary & Selectin Tool Group

These two (2) groups are common throughti ribbors. To see all the tools in thesectionspse the

Home Ribbon. The other Ribbons include a partial group of the tools included in these two sections

#=? | abel Terrain Contours

S Label Terrain Spots

Labeling

#n? | abel Terrain Contours

JZ Label Terrain Spots

Labeling

#n? | abel Terrain Contours

JZ Label Terrain Spots

Labeling

#=? | abel Terrain Contours

S Label Terrain Spots

Labeling

7= | abel Terrain Contours

A5 Label Terrain Spots

Labeling

Home | Terain | Geomehy  Ste  Comidors  Model Detaling  Drawing Producion  Drawing  Utiites  Collaborste  View  Help  NCDOT Roadway
%, k G 00+ | 8 From File &j @ !EE £ Add Features ¥ Edit Model I:I;P > Exa A & % @ E
B v 2] From Graphical Filter * = 7Sy Remove Features B Edit Complex Model _ ¥~ i B LR 2 Export To File
| Additional  Topo | Active Transform | Points late Volumes Hydraulic Reporting Aquaplaning  Sight
Element Calculate 5 g Aq q
ac Selection Q From Elements Methods~  Import~ > Change Feature Type A Boundary Qptions *  Tools Area v > v v Visibility =
Primary Selection Create Edit Analysis Miscellaneous
Home | Terain | Geometry Ste  Comidors  ModelDetaling  DrawingProduction  Drawing  Utiities  Collaborate  View  Help  NCDOT Roadway
7 = | # From File 0.0 £ Add Features $ Edit Model - e P
R | & X BB o~
B - 22| From Graphical Filter * &4 Remove Features 9y Edit Complex Model = am=) O R P £ Export To File
| - Additicnal  Topo | Active Transform | Points Calculate Volumes Hydraulic Reporting Aquaplaning  Sight
Element == Calculate Y g Aq g g
B Selection = A From Elements Methods *  Import * v %/ Change Feature Type 4J Boundary Options = Tools * Area . . v " Visibility *
Primary Selection Create Edit Analysis Miscellaneous
Home | Terain | Geometry Ste  Comidors  ModelDetaling  DrawingProduction  Drawing  Utiities  Collaborate  View  Help  NCDOT Roadway
k 1+ | 8 From File 0.0 ? }%‘3 £ Add Features S Edit Model =" o& 1§1§' A ‘é% )% @ G
B v 22| From Graphical Filter + = T Iy Remove Features 9 Edit Complex Model v i s S e # Export To File
Element Additicnal  Topa | Active Transform | Points Calulate Volumes Hydraulic Reporting Aquaplaning ght
8 | Selection | A From Elements Methods *  Import * - Change Feature Type 4 Boundary Options *  Tools ¥ " hrea . . v " Visibility *
Primary Selection Create Edit Analysis Miscellaneous
Home | Terrai Geometry  Site  Comidors  Model Detailing  Drawing Production ~ Drawing  Utilties  Collaborate  View  Help  NCDOT Roadway
1+ & From File oo 2 £ Add Features S Edit Model (- 2 e 7
3 R 4 &z o~
Ba PV 5 3 orn 58 ™ = o '
E v 2| From Graphical Filt Rel Feat Edit Complex Model Export To Fil
Element LlfemCerifalilar ™ qimeig Topo | Active 4 Remove Feotures 8 Ecit Complx Modiel Transform | Points Calculate Volumes Hydraulic Reporting Aquaplaning B LS
e Selection & From Elements Methods*  Import~ - Change Feature Type Fal Boundary Options = Tools~ = Area = = = =
Primary Selection Create Edit Analysis Miscellaneous
Home | Terain | Geometry Ste  Comidors  Model Detaling  Drawing Producion  Drawing  Utiites  Collaborste  View  Help  NCDOT Roadway
k 1 B From File &; @ J{;} £ Add Features & Edit Model I:I;P ¢ + # ‘é% %
. e 2 ) At =D 4’-5&5 wof = .
B v 22| From Graphical Filter * ] Re Feat Edit Complex Model 3 — & Fil
\ e B8 From Graphical Aker = | ional Topo | Active 4 Remove Features 4 Edit Complex Mod Transform | Points late Volumes Hydraulic Reporting Aquaplanin Sight MIBciTEe
Element == Calculate Y g Aq g g
a Selection *==* Ay From Elements Methods ~  Import ~ & Change Feature Type &1 Boundary Options * Tools ~ Area v v . v Visibility *
Primary Selection Create Edit Analysis Miscellaneou
Home  Terain | Geometry  Site  Comidors  Model Detailng  Drawing Production  Drawing  Utilties  Collaborate  View  Help  NCDOT Roadway
- k 1+ ™ FromFile &%’ ? }z\j £ Add Features $ Edit Model - s T X ,é% ‘% @
W - 22/ From Graphical Filter ¥ B | V7 & Remave Festures @ Bt Complex Model - I Al i — £ Export To File
Element -, Additicnal  Topo | Active Transform | Points Calculate Volumes Hydraulic Reporting Aquaplaning  Sight
82 | Solection A% From Elements Methods *  Import = - Change Feature Type &) Boundary Options *  Tools = G e - - - J Visibility =
Primary Selection Create Edit Analysis Miscellaneous
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Module 2 ¢ Existing Terrain Models

(Table2-1) ImportantTools Used in Existing Terrain Models

-

Create a terrain model by importing from an external file. Numeroy
file formats are supported such as LandXML, Lidar (*.las), and leg

From File products (InRoads, GEOPAK, and MX).
Dynamict Lets you rotate a view interactively about a defined poit
(default is the center of the view at the active depth). As you rotate
*) the view, the elements rotate to let you see the result of the rotatig
Rotate View When you select Dynamic, a plus sign (+) appears in the center of
(Dynamic) active view to define the center of rotation. Prior to starting any

rotation, you can click on the plus sign and move it to redefine the
center of rotation.

i

Set Active

Sets the active terrain model file. The active terrain model is the
model which is displayed by default in profile models and is the
default target for corridor modeler.

Q

Explorer

Manage project data using the Explorer dialog.

@

Properties

Review or modify information about an element(s), such as its typ¢
attributes, andgeometry.
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Primary Tools Detailed Overview

ThePrimary group is a launch point for commonly used toditsthe Primary section the user
can access thExplorer, Attachment Toolfor References, Rasters, Point Clouds and Reality
Meshes,and Open theProperties DialogTheExploreris an important Dialog that the user will
reference throughout the design process.

* {?;} iy mp

@ v |5 Des
& sheaion D s
Primary Selection

Explorer

Browse and manage the content
within a file

Explorer >+ X
File

¢ Items

& Resources

" OpenRoads Model
Q Sheet Index

“’Eg Links

~ OpenRoads Standards

- Drainage and Utilities Model

€| € €| €| €| €| €] <

. Survey
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TheExplorerdialog provides access to many important details about the desigTfieeformat

is similar to the tasks pane MicroStation,but the Explorercontains much more information.
Each Tab will expand to show the user additional details. The File section will display styles,
each t element templates, levels and other basic information about the désegitachrab

will expand to show the usexdditionaldetails The File section will display styleiement

templates,levels,and other basic information about the design file.

Explorer v X
File v
v

¥ Items

&' Resources

> | ¢

. OpenRoads Model
Q@peL]

/. R-2635C_RDY_CMD_EXERCISE2.dgn (Default)

> 7 Alignments

4 @ Terrain Models
> < PT_Trangles
ﬂ{ Corridors

€\ Linear Template

v v

> A surface Templates
ks Civil Cells
@ Superelevation
L; Cant

b, " Linear Geometry

P &2 3D Linear Elements
¥ Points

P < Referenced Models
k.. sight Visibility Sections
E?;. Aquaplaning
7 ConicSlope

> Site Layout

& Sheet Index v
& Links v
. OpenRoads Standards

. Drainage and Utilities Model

<[ <] <

.. Survey
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’{ ﬁ Module 2 ¢ Existing Terrain Models

TheOpenRoads Model tab will display any ORD components that are in the Active file. In the
ETM file this will show the Terrain model. In later training modules this tab will be used to
display Corridors, Templates, C@éllsand other design elements. This Tab also allows the
user to quickly find the location of these elements within the File.

i@ File

¥ Items

| OpenRoads Model

P Sheet Index

> (¢ €| ¢ ¢

| OpenRoads Standards
(:' g -
|5€a.r'n": P| 2%
4 "W Standards
- Libraries
B Feature Definitions

Feature Symbologies
Annotation Groups
Annotation Definitions
Civil Cells

Design Standards
Terrain Filters

Survey Settings

v v v v v

Site Layout Settings
Utility Filters
4 [/ R-2653C-RDY-ETM.dgn (Default)

3 @ Feature Definitions

> W Feature Symbologies

> [ Annotation Groups

[ @ Annotation Definitions
W8 Civil Cells

> {8 Design Standards

[ @ Terrain Filters
{8 Survey Settings
{8 Site Layout Settings
[8 Utility Filters

|-/ Drainage and Utilities Model v

1 Survey v
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Note that the Terrain Element is named and that the name8B6ph_tin_040927 is based on
the name of the source data. All ORD elements will have a unique name, for some things the
name is important, naming elements during design is something that wibbered more in
later Modules. For this Terrain Model the Import Method and Source data are also identified.
4 Py Terrain Models
4 < ET_Contours and Triangles
4 A 12635¢_ph_tin_040927
& From File : Q\RA\11116-01\20 CADD\06 - Training Module Development\03-Modules\Module 02 - Existing Terrain Model\r2635c_ph_tin_040927.tin
By right clicking on an element in thisnenRoads Model tab the user can directly access
additional information about the element and apply various tool/operation to the element. In
the example of a Terrain Model, the model properties can be accessed, the model can be set as
Active, the model can be exported ainother format, because the source of the original data is
stored with the element the model can be updated from the source. The user can apply
templates, which will be more of a focus in the modelssgtion. Civil elements can be deleted
from this location and the user can also Zoom Directly to an element or isolate it for further
review.Existing Terrain Model files will have a limited number of elements in them, generally a
single terrain model, the display tools available in theenRoads Model tab will prove very
useful as other parts of the model are developed and the files contain hundreds or thousands
of design elements.
d LBy Terrain Maodels

4 < ¢ ET_Contours

( Properties

2
=]

P"- From File : 4 —xistinc
& Set As Active Terrain Model )
fﬁ Caorridors i
#  Export Terrain Model *
£ Linear Templat
A inear Template %2 Update from Source g
Surface Templates + Templates L
0o
= Civil Cells X Delete
7 Superelevation _, eETT
& |:_ t
o~ Can - |solate

/" Linear Geometry

= 3D Linear Elements

Clear |solate
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TheOpenRoads Standards Tab containgll the standards, those available in the workspace
and those that have been written into the DGN file.

The Standards available in the workspace are shown in Gray along with the location of the file
that contains the standards. The standards include Feature Definitions, Annotaérthand
Dimension StyleS'hese are all the NCDOT Workspace standards available to the user for use
during the design process. This screen capture shows the available Feature Definitions for
Existing Terrain models and the location of the DGNLIB file that contains those standards.

4 "W Standards

4 A Libraries
4 | Feature Definitions
4 [/ Feature Definition (NCDOT Features_Annotations_Levels Elem Temp.dgnlib (Default))
> " Alignment
4 %Terrain
4 g NCDOT
4 |gF Exist
 ET_Boundary
 ET_Contours
 ET_Contours and Triangles
 ET_Rock Surface
 ET_Thematic Height
_ ET_Thematic Slope
_ ET_Triangles
_ ET_Unsuitable Boundary
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5 2. Module 2 ¢ Existing Terrain Models

The design standards that have been used in the dgn file will be shown iV#ee. using
CONNECT and ORD when a standard is applied to an element, whether it is a feature definition,
an AnnotationGroup,or a Dimension Style or any other that standard, that standard is written
to the design file permanently. What this means is that another user can open a dgn file
without access to the workspace and still see the correct design standards. When using
MicroStationis a file is opened with the wrong workspathe most obvious clue is that the text
font is wrong. That is not the case with CONNECT and ldi@®that review of the same
Terrain group of the Feature Definitions section shows onlyEheContourEeature Definition.
That is because that is the only Workspace Standard Feature Definition that has been used in
the dgn file to this point.

4 "W Standards

> I Libraries
4 [8 R-2653C_RDY_ETM.dgn (Default)
4 | Feature Definitions
/" Alignment
4 J%Terrain
4 v NCDOT
4 v Exist
~ & ET_Boundary

The Explorer will be used throughout the design process and the user will quickly become
accustomed to how and when to use it.
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Create DGN file for Existing Terrain Model

In this exercise, you will learn how to create Existing Terraiklodel (ETM) by importing data
from one of three sources. iImostprojects Location & Surveys will provide an ETM, but there
will be some instances, where an ETM is not available or additional coverage is required.

This file creation exercise is outside tBmjectWiseplatform and intended for Training use
Only. For file creation standards refer to Training Module 1.

Create a New ETM dgn file

1.0pen ORD through the NCDOT Roadway desktop icon
This Icon will open th®OTFUS North Carolinavorkspace using the NCDOT and
Roadway standards. Other desktop icons will use the Sam€&US North Carolina
workspace but open with different standards from different units.

>

NCCOT
Roadway

2.Workspace/Workset/File Location
A. For detailed information on Workspaces, Worksets and File Locations see Training

Module 1¢ File Management

B. For this training Module
Workspace = DOUS North Carolina
Workset =R-2635C (Training)

OpenRoads Designer CONNECT Edition

DOT-US North Carolina '~ R-2635C (Training) -
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3.Create New File

Q

New File

4 File Location
A. For more detailed information on Folder Structure and File Locations see
Module 1¢ File Management (VERIFY MODULE TITLE)

B. For this taeining module path to
C:\NCDOT Training \ Roadway \ Training -RD_R-2635C\ Module 2 - Existing Terrain
Model\ Roadway \ Design

5.File Name

The filename should follow theiP RDY ETMdgn Standard
R2635C RDYETMdgn

O0b203S UGKEINELE DB @KS dzasS 2F aGuye GKFG g1 a
standard. This is due to compatibilityequirementswith ProjectWiseSee Module 1
for further details)

File name: |R-2635C-RDY-ETM.DGN v \ Save

Save as type: MicroStation DGN Files (*.dgn) v Cancel

Seed: S:\Share\WorkSpaces\WS-23\Configuration\Organization-CivilNCDOT\Seed\Seed3D - Eng Browse
6.Seed File

For Exiting Terrain Model dgn files the user shaul#VAY Select the 3D seed file.

The existing terrain is a 3D object and is always a 3D object, the existing terrain is
made up of 3D elements and can only be described with 3D elements. It is true that
in ORD a 2D dgn files will include a 3D model, somethingntitidie shown in more
detail in other Modules, and although it is possible to use a 2D seed file the resulting
terrain would be created in an additional 3D model. This can cause confusion and
mistakes when the ETM is used as a reference file during later design operations.

9 The seed file ig Seed3D¢ English Design.dgn

a Seed2D - English Design 4/2/2024 9:17 AM Bentley MicroStation ... 376 KB
. I . . . .
g‘) Seed?2D - English Rail Design 4/2/2024 9:17 AM Bentley MicroStation ... 226 KB
a Seed3D - English Design 4/2/2024 9:17 AM Bentley MicroStation ... 357 KB
. I . . .
g‘) Survey - English Design 4/2/2024 9:17 AM Bentley MicroStation .. 359 KB

ALWAYS USE A 3D SEED FILE FOR EXISTING TERRAIN MODELS
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Import a Geopak TIN File

In this exercise, you will learn how to import an existing GEOAPK TINdikate an ORD

Existing Terrain ModeThis may be required if the projectakler,and the user wants to
convert it to an ORD project or if the surveys were completed before the use of ORD

Import a Geopak TIN File

1.Startthe From File tool
The From Filetool is located in theCreate Sectionof the Terrain Ribbon

Geometry Site Corridors Model Detai

A @

2| From Graphical Filter ~
* Additional  Topo
£ From Elements Methods ™  Import~™

Create

From File

Import Terrain Model From File

2.Select the Geopak TIN file
A. Set the file type to GEOPAK TIN (*.tin)

B. Path to the training directory.

C. Select the tin file2635c_ph_tin_040927.tiand click Done.

NCDOT Training\Roadway\Training-RD_R-2635C\Module 2 - Existing Terrain Model\Roadway\Design'

V‘ QFrmy E
Date modified

/\ Name
[ r2635¢_ph_tin 040927 tin 3/9/2021 2:44 PM

& Select Files To Import - C X

Look in: ‘ Design

Home

Desktop

Libraries

This PC

]

Network

File name: ‘r2635t:,ph,tm7040927.tm ~ Done
Files of type: GEOPAK TIN (* tin) v Cancel
v Options
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3.Import Terrain Model dialog
This dialog will appear, this dialog will be very similar with only minor changes based

on what type of file has been selected to import.

ﬂ Import Terrain Model(s) — O X
Global Options
] X &J Terrain Models ~
~-[@r2635¢_ph_tin_040927 Append lo existing Terrzin Model
Terrain Model to append to
Projection ~
Target EPSG:102719
TargetDescriplion NAD 1883 StatePlane North Carolin
TargetUnits US Survey Foot
File Options
Feature Definition ~
Feature Definition Terran\NCDOT\ExistET_Contol v
Filter ~
Source File Units Unknown &
Triangulation Options ~
Import Options Import Terrain Only =
Geographical Coordinate Systems ~
Source None
Source Description
Source Units
Import

CANCDOT Training\Roadway\Training-RD_R-2635C\Module 2 - Existing Terrain Model\Roadway\Design\r2635¢c_ph_tin_040927 tin
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S — |
4 Surface List

A.
B.

The pane in the left will show the name of the DINTINsbeing imported.

ORD allows the user to import multiple files at a time, this will not merger the files
they will be imported independently. The resulting DGN file will contain two

surfaces This may be useful if the designer wants to impofils and then merge

them into single Terrain Model using additional tools. In most cases the designer will
only import a single file at a time.

a Import Terrain Model(s)

[Ea] X [aa)

..... s r2635¢_ph_tin_040927

5.Rename

A.

Page |19

At this point the user can rename the model. As discussed in the section on the
Primary Tools all ORD civil elements will get a name. This is the name that will be
shown in the Explorer dialog and will be a way for the designer to readily identify
design elements. The Existing Terrain Model is a civil element and will have a name.
The name of this element is not critical (for some element the name is important)
but the user should select something that readily identifies the source data.

In most instances the name will automatically be taken from the source file name
and will be sufficient. Ifiot, the user should rename the Terrain Model to something
more appropriate.

ﬂ Import Terrain Model(s)

[mal > [aa)

-[r2635¢c_ph_tin_040927

Rename Terrain Model
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6.Terrain Models
A. Thissection will be grayed out because there are no other Terrain models in the dgn
file. This will be the appropriate setting fanostcases. Most of the time the
designer will only need to have a single surface in a file at a time. Combining Terrains
through theEdit Complex Modetool will be covered later in this Module.

Terrain Models ~

Append fo existing Terrain Model
Terrain Model to append to
B. If the user opened a file with an Existing Terrain model already in the file and
imported another set of sourcdata,the option to append to the original Terrain
Model would be available.
C. If the original file contained multiple Terrain models the user could select which
model to Append to.

Terrain Models E

Append to existing Terrain Model

Terrain Model to append to |_rEE-35-:_LID}'-.H

D. Itisimportant to know thatAppendis the only option available and this is not the
same action aMerginga surface. When Appending a surfadghe data points
from both source files are used to create the surface. When merging data sources
only the data from the merging model is used in areas of overlap. The results of each
operation can be dramaticalljifferent, and the user should understand how they
work. Ingeneralthe more reliable method is to import files one at a time and then
use theEdit Canplex Modeltool described later in this Module to combine the
Terrains.
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7.Projection

A. The projection is the Project Datum. For the State of North Carolina this is currently

NAD 1983.

B. Thissection willbe grayed out and withow EPSG:10271%he seed files contained
in the roadway workspace are set to the correct coordinate system, when using the
NCDOT Seed files for a NCDOT project there will not be an option to change the

DATUM
Projection N
Target EPSG:102719
TargetDescription NAD 1883 StatePlane North Carolin
TargetUnits US Survey Foot

C. If the user were using a seed file that did not have the DAEdliMhen the
Projection section would need to be set to the correct Project DATIH. can be
done by accessing the DATUM library by selecting the box next tdaheoption.
This is not a common task required by the NCIDE¥EF,but the option is available.
Custom project specific DATUM can also be created and selected with this option.

9]
Global Options.
&8 > [u) Terrain Models -
Br2635¢_pn_tin_040927 Append to existing Terrain Modeal
Temain Modsl to append to
Projection -
NA
File Options
Feature Definition -~
Featurs Definifion TerrainNCDOTERSIET_Conlot
Filter -
Souron il Units Unknown
Triangulation Options -
Impait Optons import Tersin Only
Geoaraphical Coordinate Systems -
Sou None:
Import
CANCDOT Training\Roadway\Training-RD_R-2635C\Module 2 - Existing Terrain Model\Roadway\Design\r2635¢ ph tin 040927.tin
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sl Image Projection - O X

Library Search

- Kansas

i Kentucky
' Louisiana
i Maing

T Maryian

d
chus

&0 Mentana
i Notraska

& Nevada

i NewHampshire:
£ New Jersey

£ NewMexco

+ New York

North Carciina
@ NC - NAD27 Narth Carolina Stale Plane (FIPS 3200), US Foot
@ NCEIF - NADB3 North Carolna State Plans, US Fool

@ NCB3 - NADBA North Garolna State Plane, Meter

@ NCB32011F - NSRS11{NADE3/2011) North Caroina, US Foot
@ NCBX2011 - NSRST1{NADE32011) North Garolina, Meter

@ NSRS07 NCF - NSRS 2007 North Car Plan
@ NSRSO7.NC - NSRS 2007 North C

@ EPSG.32010 - NADZ7 / North Carolina
@ EPSG:32119 - NADS3 | Noy

{2 North Dakota
i Ohio

i Oklahoma

F( Oregon

+ Pennswvania

Cancel



8.Filter

Module 2 ¢ Existing Terrain Models

A. Thissection will allow the user to identify the source units of the TIN file if known
B. This section could be used to Import a Metric source file into an Imperial DGN file.

Filter

Source File Units

Unknown

~

Millimeters
Centimeters
Meters
Kilometers
Inches

Feet

Miles

US Survey Feet

C. .The NCDOT Seed File uses US SurveyifRbetsource dataverein Meters or

& Design File Settings

Category
Active Angle
Active Scale
Angle Readout
Axis

Civil Formatting
Color

Fence

Grid

Isometric
Locks

Snaps

Stream

Views
Working Units

Linear Units
Format:
Master Unit:
Sub Unit:
Accuracy:

MU

US Survey Feet
US Survey Tenths
0.1234

Advanced Settings

Resolution:
Working Area:
Solids Area:
Solids Accuracy:

-

-

Label: °
Label:  TH

Custom

10000 per Distance US Survey Foot

1.70591E+08 Miles
1 Miles

5.27999E-08 US Survey Feet

Focus Item Description

Select category to view.

Edit

Miles the user could specify those units and the import process could convert the
data to US Survey Feet

Cancel

D. In this example the units in the source TIN file are unknown so select unknown. It is
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Filter

Source File Units

Unknown

always the responsibility of the user to know the quality and the format of the
source data. Both of which can have a significant impact on the Existing Terrain
Model.
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9. Feature Definitions

A. Thissection will allow the user to select the initial feature definition. This will control
the display properties of the surface as well as other properties. Feature Definitions
are included in the NCDOT workspace and are an integral part of ORD. They are
redJ2yaArotsS F2NI I £ NBHS LING 2F (GKS aGLyGSTt €
Feature definitions will be a prominent subject in other Modules. For an Existing
Terrainchanging the Feature Definition after the surface has been imported is an
easy tisk that wilbe covered later in this module

B. Setthe Feature Definition t&T_Contours

Feature Definition A
Feature Definition TerrainNCDOT\ExistET_Contol ™ |
— Terrain
.- NCDOT
— Exist

----- & ET_Boundary

----- :

----- & ET_Contours and Triang
----- @ ET_Rock Surface

----- & ET_Thematic Height

----- & ET_Thematic Slope

10. Triangulation options
A. Forthis section set the option tdmport Terrain Only

Triangulation Options ~

Import Options Import Terrain Only i

B. The Import Features and Import Batiptions should only be used by advanced
users. For roadway designer importing a surface from another data source Import
Terrain Only is always the best selection

C. Features in the context of a Terrain model refer to breaklines, boundaries, voids,
islands etcThese are the details in a Terrain model that control the triangulation.
Forexample points separated by a break line will not be triangulated, and
breaklines are generally placed at crown points, shoulder points and other locations
to define achange in a constant slope.

D. For aGeopaKTIN file specifically the features will be included in the original TIN and
therefore will be included in the import process, and additional features could
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create significant errors. For other data sources the origin of the features, and what
they represent is likely to be unknown, and the inclusion into the import process
may cause significant errors.

It is the responsibility of the user to understand the source data and the quality of
the Terrain model created by the various methods.

11.Geographical Coordinate Systems

A.

This section iBke the Projection Section. If the user knows the DATUM of the source
data,then it can be selected here. The selection dialog will be the same as the
Projection entry.

This will be used to reproject data from one Datum to another. The source DATUM
should be noted when the source data is collected.

For thisexample the DATUM of the source data and the new DGN file are the same
and thesourcecan be set tdNone

Geographical Coordinate Systems ~

Source None

Source Description

Source Units

12.Select Import to begin the process of importing the file

Import

13.Close the dialog and select Fit View
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14.The surface with a boundary element and contours should be displayed.
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_—
15.By zooming in the user will see a yellow dashed line that represents the boundary of
the ETM. Tha I 22 NJ O2y (i2dz2NB o6 Af f L
YAY2N) O2y G 2dzNB g Aff ¥

0S RAaALI @SR AY
0S RAALX &SR MQ Ayl
The contour intervals, colors, line styles, weights, and text settings are all controlled

|_ 4
by the Feature DefinitiokT _Contourthat was selected during the Import process.

/
/ -
/ ™~
/
/
J N
’// \\\
// ~ -
/ A
_ AN
/ 3 7 N
S 4’ ' I§
. S.00 .
o AN N\
S \\\ .\.
~ ;
|
\\
S —380.0 \
S o ‘ — : I \\
ol \
) \ \
/ \ AN
/ AN \\

~
{ N
\ -
\u
\
\
\
\
\
\

16. Note that this is a 3D file. In later Modules the user will see how a 3D model is created
3D view controls to review the contours.

in a 2D file but in this module the Default model will be 3D and the user can use the
A. 3D View control will be a much more common part of the design process using ORD
view and not a 2D view.

than it was using Geopak. The designer will often review design elements in a 3D

B. When rotating a 3D view it is often helpful to set the rotation point, this is the point
in 3D space that will be the center of the view rotation.
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C. SelectRotate View

D.

E.
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View Rotation: Rotate View

Set the Method tdynamic

4‘?" Rotate View — p4
Method:  Dynamic 7
I fI NBS atfdzaé aevozft gAff | LIJISFNXP DNI o

center of the symbol.

3800

Snap tathe location of an element that will be the center of rotation. In this
example snap to a point on one of the contour lines. Left click to set the rotation at
that location. It is important to snap to an element to set the Z elevation correctly
for the rotation point.

[fl
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G. Left click again to begin rotating the view, and left click again to stop rotating the

GASod® ,2dz oAttt aSS GKS atfdzaé aevozt adl

RN

" - - —E= A,

H. This may take some practice to get used to but will make using and manipulating 3D
views much easier.

17.Set Active Surface

A. At thisstage,the Existing Terrain Model has been created in3BeETM file The
last step is to set the surface to Active by selectiagjve from the Edit section of
the Terrain Ribbon and selection the ETM Boundary.

B. Setting an Active surfacelike the Geopak procedure of selecting a TIN file. Active
surfaces can be Existing or Proposed. In the case of an Existing Terrain Model a user
will set the surface as Active in order to design a profile, the Active surface will be
displayed as the existinggind. When designing theorridor, the Active surface
will be used as the target for corridor elements. The Active surface will be displayed
as the existing ground when creating cross sections.

C. TheSet Activecommand can be used to select the correct surface from a file that
contains multiple surfaces. Similar to selecting from various TINs in Geopak for
different operations.

D. Setting an Active Surface is not necessary for the creation of an ETM file, the tool is
included in the Terrain Ribbon and is something that the designer will need to
understand how to do for many other design operations.

E. SelectActive A Set Active

Terrain Geometry Site Corridors Model Detailing Drawing Pro

o 1~ & From File % @ @ & Add Feat

2 F Graphical Filter ~ A3 R
Sl Additional  Topo Active % emove

= A% From Elements Methods ¥ Import~ ¥ %/ Changel
ction Create -1% Set Active
|@ Clear Active
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F. Atthe prompt to select a surface Left Click on the yellow dashed boundary element.
That completes the process of setting an Active surface.

Locate Terrain Model to set
as Aclive

Terrain Model: r2635¢_ph_fin_0400827
Boundary
Level: E_NCDOT_Terrain_Model_Contour_Major ((none))

18.The process of creating the ETM file that will be used throughout the project is now
complete. There are no additional steps required to begin using the surface to design
profiles and models or create cross sections and develop quantities.

Y =
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Import XYZ Data

In this exercise, you will learn how to import an ASCII Text file containing XYZ Data to create an
ORD Existing Terrain Mod€@RD also has the capability to import XYZ data in the form of an
ASCII Text file, another common data source used by roadway designers. This process is very
similar to Importing a Gguek TIN file.

Import XYZ Data

1.Create a New DGN
Using the steps outlined i@reate File section make a nevdgn file using the 3D
seed file and the filename2635C RDYETM XYZdgn

2.Start the From File Tool
Begin by selecting thierom Filetool in the Create section of theTerrain Ribbon.

Geometry Site Corridors Model Detai

@w From File % @
%|

=#| From Graphical Filter ¥ -
Additional  Topo
A@ From Elements Methods ¥ Import ~

Create

From File

Import Terrain Model From File

3.Select the XYZ Data
A. The file selection dialog will lodke same
B. Change the File Type ®8YZ (*.xyz)
C. Path to the Training Module folder.
D. Select theXYdata filer2635_ph_xyz_04092%yz

File name: 2653¢c_ph_xyz_040927 v Done
Files of type: XYZ (" xyz) ~ Cancel
g Options
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1 TheXY4lata source should be formatted as X (easting) Y (northing) z(elevation)
in rows separated only by a space.

E  r2653c ph xyz 040927.xyz X +

File Edit View

2030130.736 726843.548 331.844
2030132.068 726823.471 332.764
2030133.23 726806.002 333.43
2030134.054 726768.132 334.024
2030134.099 726786.528 334.004
2030136.191 726755.461 333.198
2030136.535 726737.184 327.993
2030136.922 726740.63 327.649

4.1mport TerrainModel Dialog

A.
B.
C.
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This dialog will be very similar to the Geopak TIN Option
In the left pane the file that will be imported is shown.
The Terrain Models and Projection sections under Global Options are the same as

the Import Geopak TIN.
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5.Filter
A. The Filter section is different. In addition to the source units option a new option for

Filter is available. This will allow the user to remove points based on tolerances to
reduce the number of points and the size of the file in a dense grid.

B. There is dilter by TINoption

File Options
Filter Tin v
Z Tolerance 0.1000
Granularity Coarse i
Reinsert Points )
TestFilter
Source File Units Unknown i
C. And a filter byTILEoption
File Options
Filter ~
Filter Tile v
Z Tolerance 0.1000
Minimum Tile Points 5
MaxTileDivisions 4
Start Tile Length 10.0000
TestFilter
Source File Units Unknown h
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Both options function in a similar way. They are used to Filter the total number of
points based on user specified criteridhey will look at all the points identifying

points that are within a specified horizontal distance and within a specified elevation
difference. For these point groups one or more of the points will be eliminated.
When points are close together horizontaind close to the same elevation

removing some of those points will have a very small impact on the Terrain surface.
This is espeally useful when working with XYZ data and LIDAR data where the
points may be within a few feet of each other. The user will lose satnaracyput

the size of the Terrain Model will be significantly smaller. As will all ETM tasks the
user needs to understand the data source quality and what import options may do
to degrade the quality of that dat&ee the LIDAR section for more examples of the
Filter options
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E. Unless working with extremely large files, in which case the user may consider using
multiple Existing Terrain Model dgn filebj4 setting should be generally set to
None.That will ensure thatesulting Terrain model is as close to the original source
data as possible.

File Options
Feature Definition TerraintNCDOTExist\ET_Cont *
Filter ~
Filter None ~
TestFilter
Source File Units Unknown i

6.FeatureDefinitions
A. The Feature Definition should be setEd@ ContourdAgain,this is the initial setting
and can be easily modified by the user later.
File Options

Feature Definition TerraintNCDOT\ExisttET_Cont ~

7.TriangulationOptions
A. Under Triangulation Options the edge method should be sé&a.
B. Triangle Length with a maximum lengthvofo 1 ®n n Q

Triangulation Options -
Edge Method Max Triangle Length e
Maximum Side Length 150.0000
Import Options Import Terrain Only =

1 Maximum Triangle Length is used for surface where data may be separated by
space that has not been surveyed. The white area between the two portions fo
this surface. The actual length needs to be determined by the user.

‘_‘\

1 There is an option faNoneor Remove Sliverdll three of these options work
the same in ORD as they did in Geopak. The user should select the option that
produces the most desirable result.
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1 Remove slivers will remove triangle where two sides are significantly longer than
the other side. This is useful for surfaces that follow projects on a horizontal
curve. And will help eliminate some of the errors on the inside of the curve.
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1 There is also an option for None. This will not automatically eliminate any
triangles. This options is only applicableptojects that have very even and
regular spacing with minimal horizontal curvature. Importing the data with the
None option gives the following result. Note all the contours on the outer edges
of the surface connecting areas that should not be connected.
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Reviewing the same two areas previously displayed shows Triangles that were
eliminated by the Max Length and Sliver Option

1 For this project the beSt method is Max Triangle Length.
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C. Set Import Options témport Terrain OnlyThis is the same option used for
importing TIN files, Features should only be imported if the user is certain of the
features and generallgin option that will be selectedy more advanced users.

Triangulation Options A
Edge Method Max Triangle Length d
Maximum Side Length 150.0000
Import Options Import Terrain Only e

1 (Note the Import XYZ function will use XYZ data to create a Triangulated Irregular
Network. The is the same principal used to build a GEOPAK TIN file but this is not
a TIN file, this will be an Existing Terrain Model)

8.Geographical Coordinate Systems
UnderGeographicaCoordinate Systems the source should be séf@se For more
detailed information on the Geographical coordinate system see the Import TIN
section of the Training Module.

Geographical Coordinate Systems ~

Source None

Source Description

Source Units
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Module 2 ¢ Existing Terrain Models

9. After importing the surface,you should see almost the same information that the
Import GEOPAK TIN procedure produced.
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10. Compare TIN and XYZ Method

A. Attach ther-2635C RDYETMdgnfile as a reference and zoom in on a smaller area.

B. It should be noticeable that the contours displayed by the two surfaces line up in
most areas but there are areas where there are differences. This is because the
Import XYZ function only brought in tiéY Zdata with no features

C. The Import TIN procedure brought in a TIN that was created with breaklines.

D. The file created with no features, the XYZ files shows contours that were made
between the closes three points and sometimes crossed over the crown line and
shoulder line of the roadway. This is the kind of error that the user needs to be
aware of when crating an ETM. While this may be acceptable for some Conceptual
design it is certainly not acceptable for roadway plans.

E. Thebest surface will be an Existing Terrain Model received from a surveyor. An ETM
created from a TIN file will be lower in quality that an ETM file and using XYZ will
produce the lowest quality ETM and should be used with caution.

o

q"b
/

AN

o8t :

A -~ 285.0'

0082

T, 187

Import LIDAR Data

In this exercise, you will learn how to import LIDAR Data to create an ORD Existing Terrain
Model. LIDAR data comes in several forms, AS{Allata files are an older format, the new

format is a *.las file. This is a Binary format that is the new standard and the highest quality and
most readily available data. ORD has thpabilityto directly import a *.las LIDAR dataset.

LIDAR data files can be véayge,and care should be taken to use the smallest dataset possible
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to meet the needs of the project.

Due to the size of these files and the amount of time it takes to process this section will not
include a live training demonstration. These instructions are only for reference

The roadway designer should understand that there are various sources of LIDAR data with
various levels of accuracy and it is up to the individual designer to understand the data that is
available. The resulting ETM will only be as good as the underlgtag d

Import LIDARData

1.Create a New DGN

Using the steps outlined in Create File section make a new a dgn file using the 3D
seed file and the filename2635C RDYETM LASdgn
2.Start the From File Tool

Begin by selecting the From File tool in theeate section of theTerrain Ribbon.
Select theFrom Filetool in the Create Section of the Terrain Ribbon

Geometry Site Corridors Model Detai

@w From File % @
LA El

2| From Graphical Filter ~ -
Additional  Topo
@ From Elements Methods ¥ Import~

Create

From File

Import Terrain Model From File
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3.Select the LIDAR Data
A. Change the File type tadar (*.las)

B. Path to the Training Module folder and select the LAS data file
r263%_LIDAR.las

File name: 12653¢_LIDAR v Done
Files of type: Lidar (*.1as) ~ Cancel
A4 Options

(Note : Due to the size of LIDAR data files the process of opening the Import Terrain
Model(s) dialog can take several minutes)

4. Import Terrain Model Dialog

A. In the left pane on the Import Dialog there will be an option for Ground and
Wireguard.

B. Check Ground and Wireguaid this downloaded.IDARJata,the pavement surface
has been separated from the existing ground and classified as WireduB@R
data has the capability of being separated into individual point groups and it is the
dza Srdkpo@sibility to understand the groups and ensure that the correct selections
are being made.

ﬂ Import Terrain Model(s)

E# X [a)

=@@r2653c_LIDAR
- Ground

- @ wireGuard

5.Global Options
The TerrairModels selections and the Projection Selections sections of the LIDAR
import dialog are the same as the TIN and XYZ section and function the same way.
6.Filter
A. The filter section provides thesar the ability to reduce the number of LIDAR points
and make the file size much smaller.
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B. This will eliminate some of the data and should be used with caufibis. is a
section of theETM created with LIDAR data and the Filter Option set to None. The
LIR2AYGA FNBE OSNE Of2asS G23SUKSNI pQ 2Nt Sas
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C. This is the same section of the ETM created with the Tile filter option. Using the
parameters below th& est Filtertoll shows the reduction in pointwhich can also
been seen in the ETM

Feature Definition | Filter Results x
Feature Definition No Feature Definition i

Filter ~ Number of Points Before : 1521279
Filt i Number of Points After : 919950

>
e L[ Percentage Reduction : 40
Z Tolerance 0.1000
Minimum Tile Points 5
MaxTileDivisions 4 0K
Start Tile Length 10.0000
¥ =
TestFilter

Source File Units Unknown =
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D. This is the same section of the ETM created with the TIN filter option

Feature Definition A | Filter Results X
Feature Definition No Feature Definition i
Filter -~ Number of Points Before : 1521279
Filt Ti . Number of Points After : 660889
fiter n Percentage Reduction : 57
Z Tolerance 0.1000
Granularity Coarse ~
Reinsert Points C] 0K
TestFilter
Source File Units Unknown = -

This produces a similar result to the Tile Option.
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