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Preface

Purpose & Need

The ROADWAY DESIGN Il OpenRoads Designer (ORD) Manual is the fifth document in
a series of six training manuals released by the Tennessee Department of Transportation
(TDOT). Bentley’s ORD software is being adopted and implemented statewide by TDOT
as the new 3D modeling design software, which will ultimately replace both MicroStation
V8i and Geopak (SELECT Series 2). This manual provides an introduction to more
advanced workflows on the roadway and hydraulics side, such as civil cells, retaining
walls, earthwork, bridges/box culverts, ramp gores, special ditches, and channel
relocations.

For step-by-step instructions on creating a TDOT plan set in ORD utilizing the new
workflows and updated CADD Standards, refer to the TDOT Requirements for Model-
Centric Design document, which can be found on the TDOT CADD Support website under
ORD Resources. For standardized naming convention methologies for ORD files, refer
to the TDOT ORD File Naming Convention Standards document, which can also be found
on the TDOT CADD Support website under ORD Resources.

Disclaimer

The ROADWAY DESIGN Il Manual is developed based on OpenRoads Designer
CONNECT Edition 2022 Release 1, Version 10.11.00.115. The TDOT ORD workspace
(10.11.00.115_07.24.2023) complies with the latest CADD standards and should be used
in conjunction with this manual. It can be downloaded on the TDOT CADD Support
website under ORD Resources. If you have any technical issues or recommendations for
this manual, please contact TDOT CADD Support at TDOT.ORD@tn.gov.

Revisions

The ROADWAY DESIGN II Manual will be revised over time as a result of future ORD
software releases and procedural & workspace updates. All revisions will be documented
by WSP/TDOT and included on the Revision History page at the end of the manual.
TDOT CADD support will announce updated manual versions when they become
available via emailed announcements.

TDOT v
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Preface

ORD Training Manuals

The ROADWAY DESIGN Il Manual is one of six ORD training manuals available. Each
manual has its own icon and color associated with it, which are maintained throughout
the applicable manual and videos to help the user with wayfinding.

FUNDAMENTALS

OpenRoads Designer

[Formerly Microstation]

CONNECT Edition

SURVEY

OpenRoads Designer
[Replaces GEOPAK Survey)

CONNECT Edition

ROADWAY DESIGN |
YA =

CONNECT Edition

SUDA

OpenRoads Designer
[Replaces GEOPAK Drainage.

CONNECT Edition

ROADWAY DESIGN I

OpenRoads Designer

CONNECT Edition

OPERATIONS

OpenRoads Designer

CONNECT Edition

4o\ TDOT vi
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Chapter 1. Course Overview

Course Description and Objectives:

This course introduces users to the advanced design functionality of the OpenRoads
Designer (ORD) CONNECT software, which is Bentley’s current drafting and civil design
platform that is being adopted for use by TDOT.

At the conclusion of this course, participants will be able to:

1. Set up the recommended TDOT user interface.

2. Model advanced items including intersections, underpass slope protection, ramp
gores, and special ditches.

3. Leverage the advanced skills learned in the course exercises to model additional
project related scenarios.

The topics covered in this class are:

1. User Interface Customization 9. Underpass Slope Protection
2. Advanced Modeling 10. Ramps and Gores

3. Placing Pavement Markings 11. Box Culverts

4. Haul Roads 12. Special Ditches

5. Civil Cells 13. Channel Relocations

6. Template Drop Transitions 14. Earthwork

7. Retaining Walls 15. Item Types

8. Bridges

Target Audience:

This course is designed for Project Development staff, or anyone using the advanced
modeling tools for highway design. Chapters 4-11 are primarily focused on advanced
roadway tools, while chapters 12-13 are more focused on advanced drainage tools.
Chapters 3 and 14-16 are focused on generalized advanced topics.

Prerequisites:

e Familiarity with TDOT’s design policies, procedures, and standards.
e A working knowledge of Windows 10.
e Completion and full comprehension of the Roadway Design | (ORD) Manual.

TDOT 1
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Chapter 2. User Interface Customization

The Bentley MicroStation products have always been highly customizable with respect to
the workspace layout, and OpenRoads Designer (ORD) CONNECT Edition (CE) is no

differe

At the

1.
2.

In this

nt. This chapter covers how to set up the TDOT recommended user interface.

conclusion of this chapter, participants will be able to:

Customize the ORD user interface.
Set up the TDOT recommended layout in ORD.

exercise, we will create a new ORD file and go through the steps to set up the user

interface, as recommended by TDOT.

On an actual project, remember to use the TDOT ORD naming

= convention when creating all design files. The file names used in this
‘= manual serve as general guidance for training purposes only. The

Take Note!  procedures are intended to teach the necessary tools and TDOT’s ORD

1.

workspace. For more information, refer to the TDOT ORD File Naming
Convention Standards document.

Launch ORD CE - 2022 Release 1 and make sure the TDOT_Standards
workspace is active. If you have previously copied your 123456.00 INITIALS
workset (created in the Fundamentals (ORD) training) to the following location:
C:\ProgramData\Bentley\OpenRoads Designer CE 10.11\Configuration\
WorkSpaces\TDOT_Standards\WorkSets\, then skip to Step 8. If not, we will go
through the steps to create the workset. We will be using this same workset for the
duration of this manual. Note: If you are copying your workset over, make sure to
copy the 123456.00_INITIALS folder as well as the corresponding cfg and dgnws
files.

TDOT
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Chapter 2. User Interface Customization

2. The software should default to the RDWY_TEMPLATE workset. Click on the drop-
down and select Create WorkSet.

TDOT _Standards ~ RDWY_TEMPLATE ~
0

ROWY_TEMPLATE

STID_TEMPLATE '
STR_TEMPLATE

E“ SUDA_Training

SURVEY _Training

Recent Files

You haven't opened any fi

Browse

== Create WorkSet...

3. The Create WorkSet dialog will appear.
a. Type in the name 123456.00_INITIALS (enter your initials).

b. Select the RDWY_TEMPLATE as the template. This sets up the correct
sheet index folders per TDOT Roadway project standards.

c. Leave the Create Folders Only option unchecked and click OK.

Create WorkSet X

Name: | 123456.00_INITIALS

Description:

Template: RDWY_TEMPLATE v Create Folders Only

== Add a Custom Property =

Folder locations

Root Folder:
Design Files:
Standard Files:

Standards Subfolders:
ProjectWise Projects
Browse...

OK Cancel

G9.f TDOT 3
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Chapter 2. User Interface Customization

4. You will see a Cloning WorkSet window popup.

E’J Cloning Work5Set.,

Opening file

5. Notice your new project workset is now populated.

TDOT _Standards ~ 123456.00_INITIALS -~

Recent Files

6. Let’s now fill in the applicable workset properties. Open the Properties pull down
menu and select Advanced Properties.

Properties -

=== Advanced Properties

*—| See all WorkSet properties

7. Enter the following data and then click OK.
a. Federal Project # 1: F123456.00
b. State Project # 1. S123456.00

Edit WorkSet X

Name: | 122456.00 INITIALS \

Description:
Begin LM, | Enter value
End LM. | Enter value
Federal Project # | F123456.00
Property Label | Enter value
State Project #1 | 5123456.00

State Project #2 | Enter value

o Add a Custom Property =

G9.f TDOT 4
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Chapter 2. User Interface Customization

8. Now that we have created a workset, the applicable project folders have been
created on the C drive. Go ahead and move the provided class files to the
following location: C:\ProgramData\Bentley\OpenRoads Designer CE 10.11
\Configuration\WorkSpaces\TDOT_Standards\WorkSets\123456.00 INITIAL
S\dgn\. We will utilize them later in the class.

9. Create a new file and name it User Interface Preference. Select the TDOTSeed
2D.dgn and click Save.

File name: | |ser Interface Preference w~ | I Save I
Save as type: MicroStation DGN Files (*.dgn) w Cancel
Seed: |C:'-.F'n:-gram DataBentley " OpenRoads Designer CE 10.11 '-.Cu:u| Browse

10.In the upper left corner, make sure the workflow is set to OpenRoads Modeling,
if not already active.

ﬂ OpenRoads Modeling v - H I'._:::l f::: f ..‘5.’1
OpenRoads Modeling metry Site Corridors Mo

OpenRoads Drawing Production

B suvey it - O\

[[] Geotechnical @0 T|[&g0 - Explorer .
Reality Medeling

—— Drawing

B Drainage and Utilities

fae Struct!_lres . j ) E| = F:S,f, I;'“l

11.Now that the OpenRoads Modeling workflow is active, we will setup the
recommended TDOT user interface which will ultimately assist in more efficient
modeling efforts throughout this manual. Make sure the Explorer tool (Open
Roads Modeling >> Home >> Primary) is docked/pinned on the left side of the
screen. Note: It should automatically default to this location once opened.

=4 [Cigpt
Attach —
Explorer Tools» 5 - G -

Primary

5
-Lr?\ojruw of
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Chapter 2. User Interface Customization

12.To unpin the Explorer but keep it docked on the left side of the screen, click the
Unpin icon in the upper right corner of the Explorer header. This will allow you to
have a larger visible drawing window. However, it is recommended that the
Explorer stay pinned and fully visible during the modeling process.

& File

W Items

b Resources

| OpenRoads Model

E Sheet Index

%= Links

- OpenRoads Standards
Q@ P.

> ‘¥ Standards

> (¢ ¢| ¢ ¢ ¢ ¢

13.Next, go ahead and open the Properties tool (OpenRoads Modeling >> Home

>> Primary).
ﬂ OpenRoads Modeling ud @' & H l'._::g B::: ; éﬁ v
File Home Terrain Geometry Site Corridors Model Detailing Dra
I% s E v : v
= |Mone * | Default ' Q r"' -
2B

|| = r| = - = - Attach
[]o 32 0 =0 @0 £90 Explorer Tools - 5% v @ v

Attributes Primary

49§ TDOT
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Chapter 2. User Interface Customization

14.By default, it should dock/pin to the right side of your screen. If it does not, move
the location by left clicking and holding the grey Properties header. Then, drag it
to the pin box (outlined in red) on the right side of the screen and release. You'll
notice there are also pin boxes in the middle of the screen, which also work to pin
tools on the left and right sides.

8] Properties

To see properties something must be selected.

TDOT 7



Chapter 2. User Interface Customization

15.Now, let’s pin the Attributes to all tabs and workflows as opposed to just the Home
tab. Right click within the Attributes in the ribbon and select Pin/Unpin Group
>> Pin to all workflows.

= Mone T | Default ' O\ r E
== = . . - Attach
[]o =0 =0 @0 £90 BPIOrET ool - &
Attributes Primary
Explorer Associati
P v Elernent Template Association Default
VA File v Element Templat y
= ement Termplate i v 1l @0 D EI <)
@ Items v Level
' Resources G
¥ Line Style
OpenRoads
¥ Line Weight
¥ SheetInd
EEt Index ¥ Transparency
& Links ¥ Priority
OpenRoads Element Class
&) Q. ,@ .+ Pin/Unpin Group k Pin to all workflows
Seamh Customize Ribbon Pin to current workflow

[ % s -

TDOT 8



Chapter 2. User Interface Customization

16.Go ahead and pin the Primary tool group to all tabs and workflows using the same
method from the previous step.

E-=- k Ly T
Q = - 1 1
, ,
L | T 8y e
Explorer Attach Elernent Fence
Tools~ %55 ~ @ ¥ | Selection Tools ~
Primary Selection

Explorer

Attach Tools
Models

Reference

Level Manager
Level Display
Properties

More

Pin/Unpin Group
Group Button Size

Customize Ribbaon

¥ I Pin to all workflows I

" Fin to current workflow

17.Now that the large Primary group is pinned to every tab, you can remove the
simplified Primary tool group that was in most of the tabs by default. Right click
on any tool group and select Customize Ribbon.

Q

Explorer _,l'_ixttach

.H
B v

uk

r

E'.:

aols v
Primary

Explorer
Attach Tools
Muodels
Reference
Level Manager
Level Display
Properties
Maore
Pin/Unpin Group

Group Button Size

Ll |

SRR
{1 5}

Element
Selection

Customize Ribbon

TDOT



Chapter 2. User Interface Customization

18.Within the Customize Ribbon window, go to the Customize the Ribbon section
and right click on Primary (OpenRoads Modeling >> Geometry) and select
Remove. Notice that the folder is now marked out indicating the simplified Primary
tool group has been removed from the Geometry tab. Click Apply and then Close
the Customize Ribbon window. Click on the Geometry tab and notice only one
Primary tool group is shown. Note: You can apply this removal to other tabs if
desired. For now, we will leave the simplified properties shown on the other tabs.

Customize the Ribban:

T =2 ¥ 3 %

4 | | OpenRoads Madeling

> &
> &

4 [

Home
Terrain

Geometry

, CIE

b
b
b
b
b

s
s
s
s

= 5
=G
= H
= v'l
= L Add Mew Panel

+ Add Mew Group

Site Lo Add Mew Split Button

Corrii ; Add Mew Button

Mod; Lofe Add Mew Drop-down Button

Crraw

Properties

Label

Import Local Copy

Always Collapse

Visibility
Source

1

49§ TDOT

Department of
. [ransportation
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Chapter 2. User Interface Customization

19.Next, open the Feature Definition Toolbar (OpenRoads Modeling >> Geometry
>> General Tools >> Standards). Left click and drag the toolbar below the main
ribbon to dock it, as shown below. Note: This tool, as well as others, can also be
located by using the Search Ribbon in the upper right corner of the screen.

< Import/Export = e _af?
|45 Design Elements =
‘i Standards ¥ Toggles = v
‘W Set Design Standard

M Design Standards Toolbar

WP Set Feature Definition
IE_E Feature Definition Toclbar I

&  Match Feature Definition
P Civil Message Center

4D Set Element Information
HH Speed Table

E’J OpenRoads Modeling = A= H I'_::? f::: ’ ._g'] 5
m Home Terrain Geometry Site Corridars Madel Detailing Draw
= |Mone * || Default v L_. 5 E Te T
= 2 At[t- h & O
|| = r|[= = = * || Expl ach —
[]o =l =0 @0 &0 plarer Tools = hﬁ'@'
== Attributes == Primary
( _— @ ) 3
Iﬁa;’ |Nn Feature Definition |€ - 4 l’l‘-l A ﬁ?’ D_j /

11
I?dot:!-\ nt of

. [ransportation



Chapter 2. User Interface Customization

20.Now, open the Civil AccuDraw tool (OpenRoads Modeling >> Geometry >>

General Tools >> Civil Toggles). Left click and drag next to the Feature
Definition Toolbar to dock it, as shown below.

< Import/Export ~ e ) . |
[#} Design Elements ~ A }f = O

. . Ciwil Reports | Lines Arcs  Point
‘W Standards ~ Toggles = v v v -

General'l_:T:_ Civil Accudraw I
#°  Activate Rules

#  Deactivate Rules

| m@m %7 Remove Rules
O3 ]

E(J OpenRoads Modeling - M & H I'._::! I}::: * - ’ = s

Home Terrain Geometry Site Corridors Model Detailing Drawing

&= |Mone ™ | Default E Q r

- ﬂ.:l
=) || = 0 v|I|I=pnp - 0 v lqp v  Explorer Attach Ele
[= = = @ ¥ Tools ﬁ% m o, | gk

- Attributes - Prirary

er.;, |Nn Feature Definition w |€.+ ‘ l-’l'-l r-N d} o.a?

49\ TDOT 12
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Chapter 2. User Interface Customization

21.The Snap Mode toolbar should be docked by default. If not, you can switch to the
Drawing workflow and access it under Drawing >> Drawing Aids >> Snaps or
by searching for it in the Search Ribbon. Go ahead and dock it at the bottom of
the screen by left clicking and dragging the toolbar. Toggle on the Parallel Snap
option within the Snap Mode toolbar by right clicking within the toolbar.

Drawing Aids Content Mesh Collaborate

g @ Cin ~ e
B Rotate Set Default -
& Origin BF  Snmaps~ & X

Acculraw T Snaps s

Toggle AccuSnap
Mear Snap Point
Key Point Snap
Mid Point Snap
Center Snap
Origin Snap
Bisector Snap

Intersect Snap

v
v
v
v
W
v
v
v
v

Tangent Snap
Tangent Point Snap
Perpendicular Snap

Perpendicular Snap Point

Parallel Snap
Point On Snap
Multi-snap 1
Multi-snap 2
Multi-snap 3

Show All

List.. o—
S T L =T ‘.—J-

'-TEI|3|3|4|5|5|?|8

TDOT 13



Chapter 2. User Interface Customization

22.1f you switched to the Drawing workflow in the previous step, go ahead and switch
back to the OpenRoads Modeling workflow and open the Toggle AccuDraw tool
(OpenRoads Modeling >> Home >> Primary >> More). Left click and drag next
to the Snap Mode toolbar at the bottom of the screen. Note: The toolbar will

disappear if AccuDraw is toggled off and reappears if turned back on.

Q e E T
E| ~ a8y

Expl Attach
PO Tools -

Primary e

ek rFe--A

= LH ' '
ar '

' '

Lo—-d

Element Fence

= N
aE T % T Selection Tools -

Key-in

-h
,xlur,ﬂ‘\.&::' o_j /If} TDEEIEAccuDraw

17
el

-

Auxiliary Coordinates
Saved Yiews

Cells

Markups

Details

Window List

B O% @ X~ X oo

23.Lastly, open the Key-in tool (OpenRoads Modeling >> Home >> Primary >>
More). Left click and drag next to the AccuDraw toolbar at the bottom of the

screen.

Q L E'EE ~
| - @

Explorer Aftach

> IR
Tools~ #55 %‘ -
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Chapter 3. Advanced Modeling

This chapter will discuss the available tools within ORD that are used to control anything
modeled with a template drop.

At the conclusion of this chapter, participants will be able to:

1. Understand model control.
2. Locate and manipulate model control tools.

In general, roadway designers should not draw corridor and model elements by hand,
but rather use elements and constraints to force the model to react as desired. Model
control allows a user to manipulate a template to behave in certain ways in both 2D and
3D at the same time. The Model Control tools are located under the Edit and
Miscellaneous tools located here: OpenRoads Modeling >> Corridors (Figure 1).

if T ¥ o Define Target Aliasing ..g..
: o1
. Edits ﬁ il Corridor References ~ Im
Template Drop ™ fed 8 Corridor Clipping =

Edit Miscellaneous

The Model Control tools are discussed further below, including an example of each:

ﬁ Edit Template Drop: Used to make edits that affect the entire template drop.
Sy This is the easiest form of model control.

e Example: Changing the Horizontal Constraint on PSH_R from 4 feet
to 8 feet to accommodate a buffered bike line on the shoulder.

Create End Condition Exception (located under the Edits tool): Used to
N manually control or replace an end condition along the template drop. It is based
off a station range and can be either an override or a transition.

e Example: Deleting the end condition from the template where a large
cut exists, so you can model a proposed retaining wall.
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Chapter 3. Advanced Modeling

2]

N

Create Key Station (located under the Edits tool): Manually tells the software
to process a cross section (template drop) at a specific location. In general, the
template drop interval is 25 feet in tangent sections, and calculates off cord
lengths in curves, so this tool is used to control things between those drops.
Remember, everything between a template drop is an extrusion.

e Example: Making a template end condition target a box culvert
wingwall at the beginning and end of the wingwall.

Create Secondary Alignment (located under the Edits tool): Used to modify
the direction of cross section processing, so they are orthogonal to the
secondary alignment instead of the mainline alignment.

e Example: Processing an exit ramp cross section on an interstate.

Create Parametric Constraint (located under the Edits tool): To use this
tool, a label must be placed on a specific constraint in the template drop. Then,
specific values can be inputted to modify the template over a specific station
range.

e Example: Using the label LNA R Width to change the width of a lane
from 12 feet to 11 feet.

Create Curve Widening (located under the Edits tool): Runs on a preset
table based on design speed and curve radii.

e Example: Adding curve widening to accommodate certain design
vehicles.

Create Point Control (located under the Edits tool): To use this tool, a linear
element must be drawn that is not constrained or related to the elements drawn
by the template drop. This would create a recursive constraint.

e Example: Adding a turn lane at an intersection by controlling the
EOP_L point horizontally utilizing the feature definition Prop EOP -
CTRL and a range of 20.

Define Target Aliasing: Used to constrain end conditions to one another and
to prioritize the solution order of end conditions to multiple terrains or objects.

e Example: For driveways, tying the driveways end condition to the
proposed corridor first, and then the existing ground.
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Chapter 3. Advanced Modeling

Corridor References (Add/Remove): Must be linear elements that are not
it related or constrained to the corridor. These must be tied to the exact feature
definition that the template drop is searching for.

e Example: For Guardrail Terminal Pad Slope creation, the roadway
templates are set up on the EPD point with a horizontal feature
constraint to search for the feature definition (Pad Slope Line
Control). Once a linear element is drawn with this control and added
as a corridor reference, the model will automatically update and
follow the linear element.

Corridor Clipping (Add/Remove): Allows you to trim and mask parts of the
corridor based on other elements. Note: Only the 3D model is changed.

e Example: Clipping the mainline corridor for an intersection civil cell.

All model control feature definitions can be found under Linear >> Roadway >> Model
Control - 2D Plan.
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Chapter 4. Placing Pavement Markings

Within ORD, all pavement markings are drawn to scale with reference to the current
TDOT and MUTCD standards. This chapter will discuss how to place the new pavement
marking line styles, as well as, how to stencil them into the 3D model, if desired.

At the conclusion of this chapter, participants will be able to:

1. Place pavement marking feature definitions.
2. Stencil 2-D pavement marking elements into the 3-D model.

Pavement markings in ORD are set up using feature definitions to determine line styles
and placement, including arrows and symbols (Figure 2). All pavement marking feature
definitions are found under the Linear >> Pavement Markings folder. Within the folder,
there are five subfolders (described below) containing the pavement marking line styles,
which are all drawn to scale. These line styles align with the TDOT design standards and
are setup to print black for plan production. If the user intends to print full color, there are
pavement markings setup in the Linear >> Conceptual >> Pavement Markings folder.

Arrows & Symbols: Contains arrow and

eP? Mo Feature Definition symbol line styles that are setup to be
Explo 59 Linear ~ placed at set distances defined by TDOT
f & gen'al Sumlaar standard drawings.

E :tj DI:;:ET:E Contrast _Striping: Contains standard
¥ 1 @@ EPsC yellow and white striping line styles with
B EWITS black backgrounds, which meet the TDOT

"W Pavemert Harkings standards and spec that may be used on

I o B Arows & Symbols
- 5.8 Coriras! Stiping concrete surfaces.
& 4l Other . Other: Contains pedestrian crossing, stop
+-@ Rumble Strips & Stripes _— ] ]
E G Strping bar and yield bar line styles.
+-8 Profiles h Rumble Strips & Stripes: Contains

rumble strip and stripe line styles.
Striping: Contains all standard yellow and white striping line styles.

Pavement markings can be placed by using any of the horizontal geometry line tools.
They are not required to be shown in the 3D model and will be submitted as a separate
2D file and referenced into the corridor file(s) like all other supporting files. Therefore,
there is no need to profile pavement marking elements. If desired, 2D pavement markings
may be stenciled to the surface of the 3D model.
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Chapter 4. Placing Pavement Markings

In this
(mainl

1.

exercise, we will place the necessary pavement markings for the sample corridor
ine eastbound lanes and southern intersection approach only).

Open the ROAD-II-PM.dgn file within the dgn Chapter 4 subfolder. You should get
a WorkSet not found Alert, which will occur anytime you open a class file for the
first time since the files were not created under your unique workset. Select the
Use active Workspace “TDOT_Standards”, WorkSet “123456.00_ your
initials” option and then click Open. Note: Remember to select this option for the
other exercises in this manual when prompted.

. Make sure that the Default view is active in the lower left corner. The following

files should already be referenced in the 2D view.
e ROAD-II-PM-Alignments.dgn
e ROAD-II-PM-Corridor.dgn
e ROAD-II-PM-Terrain.dgn

Click Fit View to see all elements within the reference files. Make sure the existing
triangles are turned off on the terrain, if not already. The file should contain two
corridors, each with a different type of template. The intersection should contain
two civil cell T-intersections and curb ramp civil cells.
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Chapter 4. Placing Pavement Markings

4. Openthe View Attributes tool (OpenRoads Modeling >> View >> Presentation)
or CTRL + B and turn off the Constructions option.

las View Attributes - View 1 — =
View Mumber: 1 - l:ll.__II Eq
) Presentation E= M
Display Style: (Wireframe Dizpla)y) w
T ACS Triad C47 Fast Cells
E Background FiII
:-_g_ﬂ Boundary Display .:Eﬁ Gid
Camera kﬁ Level Overnides
Clip Back == Line Styles
Clip Front ?Line".*ﬂeight&
':3; Clip Volume El"ﬂarkers -
™ Constructions [ | Patterns
Diefault Lighting 0 Tags
Dimensions T Text
Datz Fields 14 Text Nodes
@ Displayset Q Transparency
MNamed Presentation ﬁ Height Field
22 Placement Point | ltem Types Text
Global Brightness: ‘- (
@ WView Setup v

5. Open the Level Display and turn off the DES - CORRIDOR GRAPHICS -
Controls, DES - CORRIDOR GRAPHICS - Design, DES - MODEL - Lines - Cut
Slopes, and DES - MODEL - Lines - Fill Slopes levels within the ROAD-II-PM-
Corridor.dgn file.

6. Now, we will place the lines that will go throughout the corridor. First, select the
PM - SSWL 6” feature definition (Linear >> Pavement Markings >> Striping).
Make sure to toggle on Use Active Feature Definition.

ssne Jet @ A /B
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Chapter 4. Placing Pavement Markings

7.

Open the Single Offset Partial tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Offsets and Tapers) and then select the EOP_R for the mainline
corridor. Key-in an Offset of 0’ and toggle on Lock To Start. All other settings can
remain as default. Then, snap to the intersection EOP with the Side Road corridor
to determine the End Distance. Note: Ignore the 6” Lines section (item type)
within the dialog box.

Parameters L3
Offset: [0.00
lIse Spiral Transitions
Mirrar ]
Remove Offset Rule [ ]
Distance N
Lock To Start
Start Distance (00 o0
Lock To End ]
[] End Distance [10+56.75 |
[] Length |1056.75 |
Feature Ll
Feature Definition lse Active Feature
Name |PM - SSWLE"
End Paramedess - <Alt> Lock To End
Distance:End Distance
21
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Chapter 4. Placing Pavement Markings

8. With the Single Offset Partial tool still open (OpenRoads Modeling >>
Geometry >> Horizontal >> Offsets and Tapers),select the EOP_R line that was
selected in the previous step. Snap to the other side of the intersection EOP line

as the start, and then toggle on Lock To End.

Parameters

Offset: [0.00
Use Spiral Transitions
Mirror ]

Remove Offset Rule [

Distance ~

Lock To Start ]

Start Distance |'I'I+51 27 |

Lock To End

End Distance 18+80.33

Length 729.06

Feature 4
Feature Definition Ize Active Feature
Name PM-sswLE" |

e .~

F Y | N B I

9. Next, open the Single Offset Entire Element tool (OpenRoads Modeling >>
Geometry >> Horizontal >> Offsets and Tapers). Set the Offset to 0 and select
the two civil cell EOP lines and the side road template drop EOP lines to create
the white striping on the sideroad. There should now be a total of 6 offset lines:
two on the eastbound mainline outside edge, two for the south civil cell EOP’s, and

two for the south sideroad corridor EOP’s.

TDOT
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Chapter 4. Placing Pavement Markings

10.To check if all lines are properly placed, turn off the EOP level (DES - MODEL -
Lines - Pavement Edge) within the ROAD-II-PM-Corridor.dgn reference file.
Note: The placement of pavement markings is done in the 2D model exclusively.
The placement of these lines in 3D will not be done until all pavement markings

have been placed.
S C
I | \ .

SN

"\ oL
. Complex Element: PM - SSWL 6 1
Feature: Linear\Pavement Markings'\Striping'PM - S5WL 67
Mo Active Profile ' Line
Level: DES - TR-CTRL FERM - Pavement Marking - White
—ltems—
& Lines

11.Go ahead and turn the DES - Model - Lines - Pavement Edge level back on. We
are going to place the inside yellow lines along the eastbound lanes of the mainline
corridor. First, locate the 5-lane section of the main corridor at the beginning of the
stationing. The first section of striping will be without the bi-directional markers.
Select the PM - DBYL 6” [RIGHT] feature definition (Linear >> Pavement
Markings >> Striping).

o4 [P -DeYLE" RIGHT) v e M A S S|
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Chapter 4. Placing Pavement Markings

12.0pen the Single Offset Partial tool once again. Set the Offset to 0’ and select the
start of the inside EOP for the eastbound side of the corridor. Extend this line 350’
(halfway) down the corridor.

Parameters -~
Offset: |0.00

Use Spiral Transitions

Mirror L]

Remove Offset Rule [

Distance -~

Lock To Start

Start Distance

Lock To End ]
End Distance |350.00

Length 1789.84

Feature .3
Feature Definition Use Active Feature
Name PM - DBYL 6" [RIGHT] |
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Chapter 4. Placing Pavement Markings

13.Now, select the PM - DBYL 6” + Bi-DM @ 80’ [RIGHT] feature definition (Linear
>> Pavement Markings >> Striping) and finish placing the remainder of the right
inside yellow lines along the 5-lane section. You can determine the start and end
location by entering 350’ in the Start Distance and 700’ in the End Distance.
Notice that the line style now has the bi-directional marker embedded.

Parameters L]
Offset: [0.00 |
Use Spiral Transitions
Mirror ]
Remove Offset Rule [
Distance L
Lock To Start ]
Start Distance |35I}.I}I}' |
Lock To End ]
End Distance |700.00 |
Length 350.00
Feature -~
Feature Definition Use Active Feature
Name |PM-DBTL 6" + Bi-OM @& 80" [RIGHT] |

14.Turn off the EOP level (DES - MODEL - Lines - Pavement Edge) within the
ROAD-II-PM-Corridor.dgn reference file to review the two lines just placed.

omplex Element: PM - DBYL 6" + Bi-DM @ 80' [RIGHT]
Feature: Linear\Pavement Markings\Striping\PM - DEYL 6" + Bi-DM @ 80' [RIGHT] .
No Active Profile | Line ~
Level: DES - TR-CTRL PERM - Pavement Marking - Yellow

Pavement Markers

RS ——
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Chapter 4. Placing Pavement Markings

15.Turn the DES - MODEL - Lines - Pavement Edge level back on and then select
the PM - SSYL 6” feature definition (Linear >> Pavement Markings >> Striping).
Open the Single Offset Partial tool once again (OpenRoads Modeling >>
Geometry >> Horizontal >> Offsets and Tapers) and select the inside EOP line,
starting at the end of the 5 lane section and ending at the beginning of the median
opening. Repeat the offset by starting at the end of the median opening and ending
at the end of the corridor.

16.Next, open the Single Offset Entire Element tool once again (OpenRoads
Modeling >> Geometry >> Horizontal >> Offsets and Tapers) and select the
two EOP lines from the median opening. Turn off the EOP level (DES - MODEL -
Lines - Pavement Edge) within the ROAD-II-PM-Corridor.dgn reference file to
review the four lines just placed.

\}
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Chapter 4. Placing Pavement Markings

17.

Turn the DES - MODEL - Lines - Pavement Edge level back on. We will now
place the side road centerline striping for the southern approach. Select the PM -
DSYL 6” feature definition (Linear >> Pavement Markings >> Striping). Use the
Single Offset Partial tool (OpenRoads Modeling >> Geometry >> Horizontal
>> Offsets and Tapers) and offset the centerline of the sideroad alignment.
Toggle on Lock To Start and key-in an End Distance of 2+80. Turn off the
centerline level (DES - CL - Proposed) within the ROAD-II-PM-Alignments.dgn
reference file to review the line just placed.

RSN
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Chapter 4. Placing Pavement Markings

18.

Turn the DES - CL - Proposed level back on. We will now place the lane markings
on the eastbound lanes of the mainline corridor. Select the PM - SBWL 6” + Bi-
DM @ 80’ feature definition (Linear >> Pavement Markings >> Striping). Open
the Single Offset Entire Element tool once again (OpenRoads Modeling >>
Geometry >> Horizontal >> Offsets and Tapers) and select the outside solid
white pavement markings placed earlier in the exercise for the base element. Set
the Offset to 12’.
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Chapter 4. Placing Pavement Markings

19.The side road (southern approach) is setup to have two lanes: a left turn only and
a straight/right turn. Select the PM - SSWL 8” feature definition (Linear >>
Pavement Markings >> Striping). Open the Single Offset Partial tool once again
(OpenRoads Modeling >> Geometry >> Horizontal >> Offsets and Tapers) and
select the centerline. Set the Offset to 12’ and set the Start Distance (Station
1+20) and End Distance (Station 2+80).

=\

I
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Chapter 4. Placing Pavement Markings

20.

Next, select the PM - SDWL 8” [2’-4’] feature definition (Linear >> Pavement
Markings >> Striping) and open the Variable Offset Taper tool (OpenRoads
Modeling >> Geometry >> Horizontal >> Offsets and Tapers). Select the Side
Road alignment as the reference. Set the Start Offset to 0’ and the End Offset to
12’. Set the Start Distance (Station 0+00) and End Distance (Station 1+20). Turn
off the centerline level (DES - CL - Proposed) within the ROAD-II-PM-
Alignments.dgn reference file to review the line just placed.
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Chapter 4. Placing Pavement Markings

21.Now, we will place the stop bar at the intersection (southern approach). Select the
PM - Stop Bar feature definition (Linear >> Pavement Markings >> Other). Open
the Line Between Points tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Lines) and place the stop bar between the double yellow centerline
and the right EOP, as shown below. After placement, you can select the stop bar
and adjust it using the Move handles, if necessary.
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Chapter 4. Placing Pavement Markings

22.Next, we will place a crosswalk across the southern approach of the intersection.
Selectthe PM - Cross-Walk Longitudinal feature definition (Linear >> Pavement
Markings >> Other). Using the Line Between Points tool, place the crosswalk,
as shown below. Note: The curb ramps have already been placed.
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Chapter 4. Placing Pavement Markings

23.Lastly, we will place a left turn arrow and the corresponding ONLY symbol on the
side road (southern approach). Select the PM - Left Turn Only feature definition
(Linear >> Pavement Markings >> Arrows & Symbols) and, using the Single
Offset Partial tool (OpenRoads Modeling >> Geometry >> Horizontal >>
Offsets and Tapers), offset 6’ from the double yellow marking. Set the start
location at the stop bar and end at the beginning of the turn lane. Notice how the
symbol is the correct distance from the stop bar. Note: If you start at the beginning
of the turn lane and end at the stop bar, the direction would be incorrect.

All intersection arrows and symbols are setup to be drawn from the
stop bar. This is because the TDOT standard drawings prescribe an
offset distance from the stop bar to place pavement markings.

v
v
v
+

Take Note!

24.The intent is that the user would utilize the tools in this exercise along with
additional feature definitions to fully create the proposed striping for a given project.
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Chapter 4. Placing Pavement Markings

In this exercise, we will stencil the pavement markings placed in the previous exercise
into the 3D corridor model.

1. Open the ROAD-II-PM-Corridor.dgn file within the dgn Chapter 4 subfolder. By
default, the 2D and 3D views should be open. Make sure that the Default-3D view
is active. Note: Stenciling will not work if elements are selected within the 2D view.

2. Attach the ROAD-II-PM.dgn file as a reference file using the Coincident World
attachment method. This file contains the 2D pavement markings added in the
previous exercise. Make sure the Default model is referenced, not the Default-3D
model.

3. Go ahead and change the workflow in the upper left corner to Visualization. Note:
If you make the 2D view active, you will not see the Visualization workflow.

E:] |GFIEHRDEE|S Medeling v v

ﬂ OpenRoads Modeling -
OpenRoads Drawing Production

€ Survey

[] Geotechnical
Reality Modeling

Crawing
@ Modeling

E“p|l‘u’isua|izatil:un
Crainage and Utilities

4. Open the Stencil 2D Elements on 3D Geometry tool (Visualization >> Home
>> Utilities).

@ & _$_ d v ;i 2

ks [il " Stencil 2D Elements on 3D Geomet
Render oy | Populate f. ENCi ements on eocrmetry I
Scene 0 L Stencil into 30 Reference

Rendering ™= Utilities LurnenkT




Chapter 4. Placing Pavement Markings

5. Within the Stencil Reference Elements dialog box, set the Reference To Stencil
From to ROAD-II-PM.dgn, Default. Make sure the other settings match what is
shown below. Then, left click anywhere within the 3D view to accept.

ﬁ Stencil Reference Elements — X

m R

Reference To Stencil From: |[ROAD-II-PM.dgn, Defau -
Surface Offset: | 0.021'
Tolerance: | 5.0000 mm
_____________ 1E
] Add To Level: |DES - CORRIDOR GRAPE -
[ 1 Apply Marking Material

6. Notice the pavement markings now show up on the surface of the 3D model.
Currently, Bentley has logged a defect where the surface offset is not applying. As
a workaround, open the references for the 3D model and change the stencil
reference Z value to 0.1 to create an offset from the surface. Note: The
construction display setting has been turned off in the screenshot below, which
can be accessed in the View Attributes tool.
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Chapter 5. Haul Roads

Occasionally, projects will require haul roads during construction. This chapter will
discuss how to model a haul road in ORD.

At the conclusion of this chapter, participants will be able to:
1. Model a haul road in ORD.

Haul Roads are in the form of template drops that are placed along geometry, like any
other corridor placement. The haul road must have both a horizontal and vertical
alignment. The HAUL ROAD template (Linear Templates >> TDOT Typical Sections
>> Construction) within the TDOT workspace provides a basic cross section which can
be edited by the designer, as necessary, for each individual project (Figure 3).

B Create Template — O X

File Edit Add Tools

Template Library Cumertt Template Display Closs
=4 C:\Program Diata \Benfley'OpenFlaa)  Name HALIL ROAD ® Compenents () Consiraints
Z= Poirt Mame List r T ]
-- Desarplion BD11TS 1 =] O Point Names
5] Components RDTITSIAT £ Dispiay
£ End Condiicrs ! ] Crsplay A Components

2 Lnear Teerplates
;I B Cudveris & Slab Bridges
2 Civll Cels
] Demveway
=1 Roundabout
] Shared Use Path
_] Sireams
-3 TDOT Typical Sections

ECPF L

EOP2 L

. EOP3 L BOT CL3 BOT

Library  Active Templabe =L adiDu il 4 »

Freview Tost

[ Mirrr [ Reflect
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Chapter 5. Haul Roads

In this exercise, we will create a haul road using the ITL template and geometry tools,
and then model the template to match the example project.

1. Open the ROAD-II-HR.dgn file within the dgn Chapter 5 subfolder. Make sure that
the Multi-Model Views view is active in the lower left corner. The following files
should already be referenced in the 2D and 3D views.

e ROAD-II-HR-Alignments.dgn
e ROAD-II-HR-Corridor.dgn
e ROAD-II-HR-Terrain.dgn (set terrain to active)

2. Locate the mainline alignment within the 2D model, which also has an attached
corridor, and then locate the haul road alignment on the southern approach to the
bridge (HR2). The haul road alignment should already have an active profile. Note:
If necessary, refer to Chapter 4, Exercise 4.4.9 and 4.5.9 in the Roadway Design
| (ORD) Manual as a reference for how to create the horizontal and vertical civil

geometry respectively.

\

3. Now we can attach a corridor to the haul road. Go ahead and turn off the ROAD-
[I-HR-Corridor.dgn reference file in the 3D view so we can easily see the haul
road alignments. We will now place a corridor on the HR2 haul road alignment.
With the 2D view active, open the New Corridor tool (OpenRoads Modeling >>
Corridors >> Create) and select the HR2 alignment. Set the corridor profile as the
Active profile and then select the Final Design feature definition.
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Chapter 5. Haul Roads

4. The Create Template Drop tool should automatically open. If it does not, open the
New Template Drop tool (OpenRoads Modeling >> Corridors >> Create).
Toggle on Lock To Start and Lock To End for the parameters. Then, open the
template options by clicking on the 3 dots to the right of the Template path name.

5. Select the HAUL ROAD template (Linear Templates >> TDOT Typical Sections
>> Construction) and then click OK. Click through the prompts to place the
template.

Parameters -~
Lock To Start

Start 0+00.00

Lock To End

End e N 140
- uTUuLug

] Crop Interval |25_DDD |
Template |Unear Templates  TDOT Typical Sections’Construction HALL ROAD E”
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Chapter 5. Haul Roads

6. We must now create the bulb outs at the end of the haul road. Locate the bulb out
lines in the ROAD-II-HR-Alignments.dgn reference file.
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Chapter 5. Haul Roads

7. Select the Prop EOP - CTRL feature definition (Linear >> Roadway >> Model
Control - 2D Plan >> EOP) as the active feature definition and then use the Single
Offset Entire Element tool (OpenRoads Modeling >> Geometry >> Horizontal
>> Offsets and Tapers) with an offset of 0’ to copy the referenced bulb out lines
on the left side of the road, as shown below.
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8. Complex the copied bulb out geometry using the Complex By Element tool
(OpenRoads Modeling >> Geometry >> Horizontal >> Complex Geometry)
and select the three lines that were just offset. Make sure that the elements are all
complexed the same way. Name the complex element EOP_L - CTRL_HR2.

\_—

S\

et
b
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Chapter 5. Haul Roads

9. Next, open the Create Point Control tool (OpenRoads Modeling >> Corridors
>> Edit >> Edits) and select the HR2 corridor. Key-point snap to the start and end
points of the created geometry, which should correlate to the start and end points
of the point control for each side of the centerline. Do not snap to any element
drawn by the corridor, including using the intersection snap with elements
in the corridor. If necessary, it may be easier to snap to the geometry if you turn
off the DES - MODEL - Lines - Pavement Edge level, but it will need to be turned
back on to locate the EOP_L. When prompted to Locate Point, click the EOP_L
of the HR2 corridor and set the Mode to Horizontal. For the Control Type, select
Linear Geometry and then click on the created complex geometry when
prompted. Click through the rest of the prompts to accept.

Parameters L]
Lock To Start ]

[ Start 7+26.33 |
Lock To End ]

[ Stop 747255 |

Control Description | |

Point |EOP_L |
Mode | Horizontal |
Control Type | Linear Geometry |~ |
Flan Element |EOP_L-CTRLHR v |

Use as Secondary Alignment [

Priority | 1 |

Horizontal Offsets .3
Start [0.000 |
Stop [0.000 |




Chapter 5. Haul Roads

10.The EOP line should now follow the created geometry.

\

11.Repeat Steps 6-10 for the right side of the haul road. Once completed, you should
have two point controls.
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Civil Cells are pre-built cells intended to make standard and complex geometric
configurations easier and more efficient for designers to model. Civil cells are not like
traditional cells (e.g., STDS_NON-TRUE.cel, STDS_TRUE.cel, etc) that are placed with
the place cell tool, nor do they behave like cells used in past design software. This chapter
will discuss the basic steps and available tools to place and manipulate some of the civil
cells within the TDOT library.

At the conclusion of this chapter, participants will be able to:

1. Place civil cells within a model.

2. Manipulate civil cells using the control handles.

3. Manipulate civil cells by editing the template drops.
4. Place ADA curb ramp civil cells in a corridor.

A Civil Cell is an intelligent and manipulatable group of modeling elements that places in
both 2D and 3D, to model difficult, but repeatable items. Modeling elements would include
driveways, curb ramps, intersections, and others. Civil Cells are civil geometry tools that
allow users to place pre-built geometries into a corridor. The TDOT Civil Cell categories
that meet the applicable standards are the following: Abutment, Cul-de-sac, Curb
Ramps_lIslands, CurbRamps, Entrances, Intersections, Interstates, Median
Openings and Roundabouts (Figure 4).

Pick Civil Cell

- Abutment_TDOT dgnlib (Default)

- Cul-de-sac_TDOT dgnlib (Default)

- CurbRamps_lslands_TDOT dgnlib (Default)
- CurbRamps_TDOT dgnlib (Default)

- Entrances_TDOT dgnlib (Default)

- Intersections_TDOT dgnlib (Default)

- Interstate_TDOT dgnlib (Default)

- MedianOpenings_TDOT dgnlib (Default)

- Roundabouts_TDOT dgnlib (Default)

- [F ][] [ [ [ ] [ - [ [
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Chapter 6. Civil Cells

To work properly, civil cells require reference elements. When placing a civil cell, a prompt
will appear directing the user to select the appropriate line to place the civil cell along.
The reference lines serve as the base geometry of a civil cell. The next building block of
civil cells is the controlling geometry, which are dashed construction lines that serve as
the base geometry for 3D elements (Figure 5). Aimost all of these construction lines have
a profile and are ruled back to the reference lines. Changing offsets, profiles, and other
ruled geometry is how a civil cell's modeling elements are controlled to fit the users need.
The final elements of a civil cell are the 3D modeled elements, which come in two types:
Linear Templates and Surface Templates. Linear templates are placed on the
construction geometry to create 3D modeled elements and act the same way a template
works on a corridor. Surface templates work by having the construction geometry create
a terrain, and a surface template draping the terrain. All civil cells in the TDOT library are
highly modifiable to meet the constraints of a project and to stay within TDOT standards.

Complex Element: SR PSHCG CTRL L

Belongs To: TDOT T-INT C&G + G5 + SW CONT.

Feature: Linear\Roadway\Model Control - 2D Plan\5houlder\Shoulder - CTRL
Active Profile: SlopeOffset\ Line

Level: DES - TRAM - Shoulder Lines

Ref: 1 (ROAD-II-CC-Intersection Corridor.dgn)

Civil Cells are placed using the Place Civil Cell tool (OpenRoads Modeling >> Model
Detailing >> Civil Cells) (Figure 6).

. Create Civil Cell
#= Process Civil Cell

il Drop Civil Cell

2

Place
Ciwvil Cell

Civil Cells
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The creation of civil cells would be done using the Create Civil Cell tool (Figure 7), but it
is extremely difficult to create a civil cell that works well. The TDOT CADD staff will handle
any new civil cell creations in the future. If you have a suggestion, please submit it to the
TDOT CADD staff.

i [ Cicate Cvit call|

% Process Civil Cell

PI
civi?cceeu gL Drop Civil Cell

Civil Cells

The Process Civil Cell tool (Figure 8) will re-process a civil cell like the Process Corridor
tool. It updates the civil cell with any changes that have been made if it did not
automatically update.

_Jil4 = Create Civil Cell
- [-*- Process Civil Cell |

Place

Civil Cell ¥ Drop Civil Cell
Civil Cells

The Drop Civil Cell tool (Figure 9) will disassociate all geometry within the civil cell,
allowing each line to be selected individually. This is useful if the civil cell is going to be
heavily edited and modified. Once this tool has been used, elements will have to be
individually deleted. Therefore, itis recommended to not drop a civil cell after placement
unless absolutely required.

_Ju,_ g Create Civil Cell

B Process Civil Cell
Pl
u:ivi?cceeulé’é}z Drop Civil CEIII

Civil Cells

If you make an error when placing a civil cell, you will need to delete it.
vz Do not hit the UNDO button. Delete the civil cell in the Explorer or in
the Heads Up Display. If you hit UNDO, it is possible that ghost
elements, which are not easily selectable, will linger within the model.

Take Note!
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In this exercise, we will model a driveway and then place and manipulate a driveway civil
cell.

1. Open the Road-II-CC-Alignments.dgn file within the dgn Chapter 6 subfolder.
Make sure that the Default view is active in the lower left corner. The following
files should already be referenced in the 2D view.

e ROAD-II-CC-Corridor.dgn
e ROAD-II-CC-Terrain.dgn

2. Locate the driveway at Station 140+00. The horizontal geometry has been created,
but we will now need to create the vertical geometry.
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3. Make sure the existing terrain is active and then open the profile view of the
driveway centerline. Now open the Profile Intersection Point tool (OpenRoads
Modeling >> Geometry >> Vertical >> Profile Creation). In the plan view, select
the driveway centerline and then select the mainline EOP_L, PSHCG L,
CR_FLOWLINE_L, CR_BACK_TOP_L, SW_FRONT_TOP_L and SW_BACK_
TOP_L.

BH Open Profile Model | | —_ l"]—L 1 !.,..,w

7% Set Active Profile - i
Lines Curves Element Modify Complex
b~ Profile Creation = v v Profiles = v Geometry =
k™ Profile From Surface I

#= Cuick Profile From Surface

¥ Project Profile To Elerment
% Project Profile Range To Elerment

Project Extended Profile

v Profile Intersection Point
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4. Next, select the Prop VA Driveway feature definition (Linear >> Profiles >>
Roadway >> Proposed). Turn on the Key Point Snap and connect the points
using the Profile Line Between Points tool (OpenRoads Modeling >> Geometry
>> Vertical >> Lines). From the SW_BACK_TOP_L intersection point, draw the
first, second and third tangents, as listed below. The first tangent extension will
keep the vertical curve outside the limits of the sidewalk. Note: Per the TDOT
Driveway Entrances Manual, the maximum slope allowed for a proposed driveway
is 15%.

15° 1.5%
37.7% 14.95% (to intersect existing ground)
13.49° 1.72% (along existing ground)
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Chapter 6. Civil Cells

5.

6.

We need to insert vertical curves after the back of sidewalk. Go ahead and open
the Parabola Between Elements tool (OpenRoads Modeling >> Geometry >>
Vertical >> Curves >> Profile Curve Between Elements) and set the
Trim/Extend option to Both. Remember, per the TDOT Driveway Entrances
Manual the minimum K values for crest and sag vertical curves are 1 and 2,
respectively. Complex the vertical geometry elements and make sure the new
complex vertical profile is set to active.

Now, open the ROAD-II-CC-Corridor.dgn file within the dgn Chapter 6 subfolder.
Make sure that the Multi-Model Views view is active in the lower left corner. The
following files should already be referenced in the 2D view. Note: You should see
your driveway alignment in the referenced geometry file. Also, for an actual project,
the driveway civil cells should be in a separate file to keep the file size manageable.
Civil cells contain a lot of data and quite often slow files down.

e ROAD-II-CC-Alignments.dgn
e ROAD-II-CC-Intersection Corridor.dgn
e ROAD-II-CC-Terrain.dgn
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7. Next, we will place the applicable civil cell along the alignment. Open the Place
Civil Cell tool (OpenRoads Modeling >> Model Detailing >> Civil Cells).

il [ Create Civil Cel \ 2 @ ‘l

#- Process Civil Cell S
urrace Create

gl Drop Civil Cell Llnearﬁi'pmplate Templates = Closed Mesh Elements b

Civil Cells 30 Tools

8. Within the Place Civil Cell dialog box, click the 3 dots to open the Civil Cell folder.
Note: Give the software a minute to open.

& Plac.. — *

Parameters ~

Civil Cell Name I II

9. Select the TDOT DR RESIDENTIAL C&G civil cell under the Entrances_TDOT.
dgnlib and click OK.

Pick Civil Cell X

Abutment_TDOT dgnlib (Default) @ o
Culde-sac_TDOT danlib (Default) "1 0\ e
CurbRamps_lglands_TDOT danlib (Default)
- CurbRamps_TDOT danlib {Defautt)
Errtrances _TDOT danlib {Default)
- TDOT DR RESIDENTIAL/FIELD
TDOT DR COMMERCIAL LOWERED CAG
TDOT DR COMMERICAL C&G
-~ TDOT DR RES./COM. C&G NO SIDEWALK
TDOT DR RESIDENTIAL LOWERED C&G
TDOT DR RES./COM/ C&G LOWERED NO GS
... TDOT DR COMMERCIAL
- Intersections_TDOT dgnlib {Default)
- Interstate_ TDOT dgnlib {Default)
- MedianCpenings_TDOT dgnlib {Default)
- Roundabouts_ TDOT dgnlib {Default)

T T
Ll b L]

0K Cancel
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Chapter 6. Civil Cells

10.In the 2D view, follow the prompts and select the CR FLOWLINE (1), CR BACK
TOP (2), SW FRONT TOP (3), SW BACK TOP (4) and the DRIVEWAY CL (5).
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11.A 2D preview of the civil cell should now appear. You can switch the previously
selected reference line directions by clicking on the reference lines until the civil
cell preview looks correct. Right click to advance to the next prompt. Note: In this
exercise, the civil cell should look correct, but if the cell was placed on the other
side of the road, the reference lines would need to be reversed.

Select Elements to View Alternatives
(Reset to Skip)
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12. Select the corridor that will be clipped. For this exercise, it will only be the mainline
corridor. To confirm the clipping, make sure the corridor graphics are highlighted.
Right click, then left click to accept the civil cell placement. It should now be
viewable in both the 2D and 3D views, as shown below. Note: You can only clip
corridors that are in the active file. If the corridor was in a different file, you would
need to open that file and then clip the corridor.
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13.For this driveway civil cell, the software only models up to the back of sidewalk.
To complete the rest of the driveway model, we will need to place a corridor along
the alignment. We will use the orange controlling elements placed with the civil
cell to control the edges of pavement.
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14.Now open the New Corridor tool (OpenRoads Modeling >> Corridors >>

Create). Note that there are two horizontal alignments to select: DR2, which is
connected to the civil cell and only extends from the back of sidewalk to the end of
the alignment, and EXAMPLE DR, which is the complex horizontal geometry that

we created a profile for earlier in the exercise. Go ahead and select the EXAMPLE
DR alignment for the corridor.

15.0nce the alignment is selected, a prompt should appear asking to select the profile

of the element. The active profile will be set, so right click to accept the active
profile, and then left click to accept the name EXAMPLE DR.

16.The Create Template Drop tool should automatically open. If not, open the New

Template Drop tool (OpenRoads Modeling >> Corridors >> Create) and place
a New Template Drop on the corridor. Select the DR - RESIDENTIAL - CONC
template (Linear Templates >> Driveway) as the template drop.

ﬁ IJ‘RI |+ Copy Template Drop '. 2_‘“

b Import IRD
Mew Mew N Template
CorridorfTemplate Drop |\ Transitions = v

Create

Pick Template

=I- C:\ProgramData‘\Bertley \OpenRoads Designer CE 10.
-;---Components
+ End Conditions
= Linear Templates
+ Box Culverts & Slab Bridges
- Civil Cells
— Driveway
. ~DR-COMMERCIAL - ASPH.
.~ DR-COMMERCIAL - CONC.
i DR - RESIDENTIAL & FIELD - ASPH.
+ - Roundabout
+)- Shared Use Path
+ Streams
+- TDOT Typical Sections
+- TDOT Project Templates

OK Cancel
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17.For the template extent, start at the back of the sidewalk (Station 0+35.50) and
then extend to the end of the corridor.

18. Notice that the mainline corridor is overlapping with the driveway corridor. Open
the Add Clipping Reference tool (OpenRoads Modeling >> Corridors >>
Miscellaneous >> Corridor Clipping). Select the mainline corridor and then the
driveway corridor as the clipping reference. Right click to complete the clipping.

i.ﬁ | ? ¥ o Define Target Aliasing _.ﬁ._ %;- & +E' =
i * I 1)
Edit Edits ﬁ L7 SRmr iy RElEEEes = Create Calculate
Template Drop ¥ isd T Corrider Clipping = ” N
Edit #  Add Clipping Reference

'“_,: Remowe Clipping Reference

I Superelevation

19.Next, open the Define Target Aliasing tool (OpenRoads Modeling >> Corridors
>> Miscellaneous) and select the driveway corridor.

i.“! T @ Iﬂ; DeﬁneTargetAIiasingI:.ﬁ.:

Edit Edits ﬁ il Corridor References = Ig
Template Drop 7 it T Corrider Clipping =

Edit Miscellaneous
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Chapter 6. Civil Cells

20.Add Corridor - OLDR_OP2 and click Apply. Then, add Terrain Model - W14450-

02FDTM (the existing terrain) and click Apply and notice that the intersecting
corridors have been resolved.

E]

Target: <Active Surface> i

Surface or Commidor Aliases

Terrain Model - DRCLIP = Add -= Corridor - OLDR_QP2 Apply
Terrain Model - DR RAMP Terrain Model - Wi4450-02FC

Terrain Model - G5 L <- Remove Close

Terrain Model - SW L1
Terrain Model - G5 R

Move Up
Terrain Model - SW R
Corridor - CURE TRAM CT Move Down
Corridor - CR FLOWLINE |
1 b g '

lUze Closest

N
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21.We now need to add two corridor references to the driveway corridor from the
driveway ramp civil cell (area from the flowline to the back of sidewalk). Open the
Add Corridor Reference tool (OpenRoads Modeling >> Corridors >>
Miscellaneous >> Corridor References) and select the driveway corridor. Then,
select the DR EOP L CTRL1 line (under the left EOP line of the driveway) on the
driveway civil cell and right click to accept.

a-l:.f ? 9 @ Define Target Aliasing o E?- % W
7

— ' -1
= Edits _ﬁi i+ Corridor References B ot Caloulate

- E"‘
Template Drop et IIEITEPF Add Corridor Reference

Edit - Remove Corridor Reference  >uperelevation

22.Next, change the width of the DR EOP L CTRL1 line (under the left EOP line of
the driveway) from -6’ to -8’ by selecting the line. Edit the width in the orange
midpoint offset manipulator to revise both ends of the control line. The driveway
corridor should now move in conjunction with the width of the driveway civil cell.

TDOT 59



Chapter 6. Civil Cells

23.Repeat the previous two steps but select the DR EOP R CTRLL1 line instead of the
DR EOP L CTRL 1 line, and then change the width to 8’.

24.The corridor now needs to be adjusted to make sure the driveway cross slopes
mirror the profile grade of the mainline corridor. Open the DR EOP L CTRL1
profile. Note: This is only done so that the model aligns. A PDF set of plans will
not show this level of detail.
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25.Within the profile, there will be two lines: DR PROFILE EOP L is the current profile
of the driveway, assuming that the cross slope of the line is 0.00%, and VARIABLE
SLOPE L, which can be adjusted as a secondary profile of the line if needed. There
will also be a pink dot in the profile, which indicates the elevation of the sidewalk
back top of the driveway civil cell. Through an iterative process within the
VARIABLE SLOPE L properties, it has been determined that the slope of the
mainline sidewalk at this point is -2.22%.

26.Currently the driveway EOP’s do not intersect with the sidewalk back top of the
driveway civil cell. We will need to transition the driveway EOP’s profile to line up
with the sidewalk back top. Go ahead and select the Prop EOP - Driveway - CTRL
feature definition (Linear >> Roadway >> Model Control - 2D plan >> EOP).

Feature Definition Toggle Bar n

4 |Prop EOP -Driveway -CTAL v| ¥ |4l A ISF|
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27.Then, open the Profile By Variable Slope From Element tool (OpenRoads

Modeling >> Geometry >> Vertical >> Element Profiles).

BB Open Profile Model - i C

- ™~ /ﬁ* | - 4 Y T

4% Set Active Profile |_ - R
Lines Curves Element Modify Complex Transform

b Profile Creation = v v Profiles ¥ *  Geometry ¥

Vertical L Quick Profile Transition

|-£  Profile By Constant Elevation

Define Profile By Slope From Point

Profile By Slope From Element

Profile By Variable Slope From Element I

Profile By Vertical Offset From Elermnent

¢ Profile By 3D Element

28.Set the Slope Style to Linear, and then select the DR EOP L CTRL1 line in plan
view as the line we want to profile, which is located under the driveway EOP_L
(turn off the DES - MODEL - Lines - Pavement Edge level to make it easier to
select). Select the driveway centerline (EXAMPLE_DR) as the reference line. Set
the Start Slope to -2.22% (determined previously in the exercise) and the End
Slope to 0.00%. Set the Start Distance (Station 0+35.50) and End Distance
(Station 0+45.50), which is the transition range from the mainline slope to the
driveway cross slope. Click through the remaining prompts to create the profile.

Parameters L3

Slope Style | Linear e |

Slope Relative To Target [

Start Slope |-222% |

End Slope |0.00% |

[ Vertical Offset [0.00 |
Range ~
Lock To Start ]

Start Distance [0+35.50 |
Lock To End ]

End Distance |0+45.50 |
Feature ~

Feature Definition |Llse Active Feature |« |

Name | Diiveway EOP -CTRL |
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29.Notice that a new line within the DR EOP L CTRL1 profile now appears. The line
should be transitioning from the pink dot to the DR PROFILE EOP L profile.

30.Now select the VARIABLE SLOPE L profile line and open the Properties. Within
the properties under the Profile By Projecting 3D Element Slope Rule header,
change the Start Reference Distance to Station 0+10.00 and the Start and End
Slopes to 0.00%.

Profile By Projecting 3D Element Slope Rule ~

Slope Style Linear
Start Reference Distance  0+10.00
End Reference Distance 0+66_24

Start Slope 0.00%
End Slope 0.00%
Vertical Offzet 0.00°

Slope relative to target False

TDOT 63



Chapter 6. Civil Cells

31.Complex the projected line and the VARIABLE SLOPE L together to create a
new profile for DR EOP L CTRL1, and then set that line as the active profile.

32.For the slope to place properly, we need to create a point control. Open the Create
Point Control tool (OpenRoads Modeling >> Corridors >> Edit >> Edits) and
select the driveway corridor and then select the following settings.

a. Lock To Start: On

Lock To End: On

Point: EOP_L

Mode: Vertical

Control Type: Feature Definition

Feature Definition: Prop EOP - Driveway - CTRL (Linear >> Roadway >>
Model Control - 2D Plan >> EOP)

g. Range: -10.00

-~ o aooT

h. Priority: 1
i. Start: 0.00
j.  Stop: 0.00
Parameters -
Lock To Start
Start 0+00.00
Lock To End
Stop 1+01.74

Control Description | |

Point [EoP_L v
Mode |‘-Iertica| ot |
Control Type |Feature Definition w |

Feature Definition |P'rc:p ECQP - Driveway - CTRL «~ |

Range |-1 0.00 |

Priarity | 1 |

Vertical Offsets 3
Start [0.00 |
Stop |0.00 |
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33.When prompted to select point, select EOP_L on the driveway corridor and then
click through the rest of the prompts to accept. The driveway should now be flush
with the edge of the sidewalk on the left side.

34.Repeat Steps 24-33 for the right side of the corridor. The slope of the sidewalk for
the right side is positive 2.22%.

35.0nce both sides of the driveway have been updated, the driveway should now be
flush with the sidewalk.

OpenRoads Designer | CONNECT Edition

Department of
JULY 2023
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In this exercise, we will create an intersection with a civil cell and then modify the
intersection to add a turn lane.

1. Open the ROAD-II-CC-Intersection Corridor.dgn file within the dgn Chapter 6
subfolder. Make sure that the Multi-Model Views view is active in the lower left corner.
Notice there is a side road corridor between Station 125+00 and 126+00, which has
superelevation attached to it. You may turn on the ROAD-II-CC-Intersection
Superelevation.dgn reference file to view the superelevation.

2. First, we will place a T Intersection civil cell along the side road. Open the Place
Civil Cell tool (OpenRoads Modeling >> Model Detailing >> Civil Cells) and
select the TDOT T-INT C&G + GS + SW CONT. civil cell under the Intersections
_TDOT.dgnlib and click OK.

Pick Civil Cell

- [

- CurbRamps_lslands_TDOT dgnlib (Default)

- CurbRamps_TDOT dgnlib {Default)

- Entrances_TDOT danlib {Default)

- Intersections_TDOT dgnlib {Default)

- TDOT T-INT C&G + GS + SW STOP @ RAMP NO SHLD
- TDOT RAISED ISLAND CENTER

- TDOT RAISED ISLAND [LEFT]

- TDOT RAISED ISLAND [RIGHT]

- TOOT T-INT

- TOOT T-INT C&G + SW CONT.

- TOOT T-INT C&G + SW CONT. NO SHLDR

- TDOT T-INT C&G = GS + SW 5TOP @ RAMP

- TDOT T-INT C&G + GS + SW CONT. NO SHLDR

- TDOT T-INT C&G + 5W STOF @ RAMP NO SHLDR
- TDOT T-INT C&G + 5W STOF @ RAMP

- Interstate_ TOOT .dgnlib (Default)
+ MedianOpenings_TDOT dgnlib (Default)
+]- Roundabouts_TDOT dgnlib (Default)

£

TDOT
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Cancel
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3. Select the MAINLINE EOP (1), the MAINLINE PSHCG (2) and then the
SIDEROAD CL (3) to place the civil cell.

4. Make sure the placement looks correct by clicking on the control lines. In this
exercise, there should be no need to reverse the direction of the reference lines.
Right click to accept line directions. Next, select the Side Road corridor to clip and
then right click to accept. Lastly, left click to accept the civil cell placement.
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5.

Since referenced corridors cannot be clipped, we need to open the ROAD-II-CC-
Corridor.dgn file to clip the mainline corridor with the intersection civil cell.
Reference the side road corridor file (ROAD-II-CC-Intersection Corridor.dgn) if
not already referenced.

Open the Add Clipping Reference tool (OpenRoads Modeling >> Corridors >>
Miscellaneous >> Corridor Clipping). Select the mainline corridor and then
select the civil cell corridor graphics (which will turn purple) and right click to
accept.
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7. Now let's open the ROAD-II-CC-Intersection Corridor.dgn file back up. We need
to add a turning lane to the civil cell and the side road corridor. Within the
Explorer open the civil cell just placed under the OpenRoads Model tab
(OpenRoads Model >> Civil Cells >> Civil Cell TDOT T-INT C&G + GS + SW
CONT. >> Dependent Elements) and select the complex element SR EOP CTRL
L. The element will then highlight in the 2D view (only when the 2D view is active).
This element could also have been selected in the 2D view, but it would have been
a ghost element that would not be visible until it was hovered over.

- OpenRoads Model -

Q QL.

> Complex Element: INT PSHCG CTRL R

<, Active Profile: Shoulder CTRL1

b |* Profile: Shoulder CTRL

b o Active Profile: Intersection EOP - CTRL

»
< Active Profile: SlopeOffset

b 3 Complex Element: SR PSHCG CTRL L

I

I

<, Active Profile: Transition

.r'f Complex Element: INT EOP CTRL L

49\ TDOT 69
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Chapter 6. Civil Cells

8. There will be three element control handles (beginning, middle and end). To
change the offset of the entire element, update the middle width control value from

-12’ to -24’. Note: Updating the values at the beginning or end does not control the
whole element. It is instead treated as a transition. Also, you may have to reclip
the side road corridor using the Corridor Clipping tool that was used to clip the
mainline.

\!

9. Now, we will use a point control to add a turning lane to the side road corridor.
Select the Prop EOP - CTRL feature definition (Linear >> Roadway >> Model
Control - 2D Plan >> EOP) and set the feature to active.

&;’ Prop EQP -CTRL

TDOT
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10.0pen the Single Offset Partial tool (OpenRoads Modeling >> Geometry >>

11

Horizontal >> Offsets and Tapers). Offset a line 24’ from the side road centerline
with a length of 50’ starting where the civil cell ends (Station 10+93). Note: You
must select the side road centerline to offset and not the side road EOP, otherwise
this would be a recursive constraint because the EOP element is being placed by
the corridor we are trying to control.

.To complete the horizontal geometry, open the Variable Offset Taper tool
(OpenRoads Modeling >> Geometry >> Horizontal > Offsets and Tapers).
Snap to the end of the last offset and then add a 50’ taper from that point to the
intersection corridor EOP. Again, the offset reference must be the side road
centerline and not an element placed in the template drop.

Parameters L3

Start Offset  [-24.00 |
End Offset  [-12.00 |
Mirrar ]

Distance Ed

Lock To Start [
[ Start Distance [11+43.00 |

Lock ToEnd [
End Distance |11+93.00

Length |50.00 |
Feature .3

Feature Definition | Uze Active Feature

MName EOP -CTRL
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12.Go ahead and complex the horizontal geometry that you created for the turn lane.

al
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13.Next, open the Create Point Control tool (OpenRoads Modeling >> Corridors
>> Edit >> Edits) and select the side road corridor. Within the Create Point
Control dialog box, select the following settings (leave all others as default) and
then left click to accept the prompts.

a.

® 20T

Locked To Start/End: On
Point: EOP_L_CG

Mode: Horizontal

Control Type: Linear Geometry
Plan Element: EOP - CTRL2

J&-Zf?ii:?'i.:?'i? —
Parameters L
Lock To Start
Start 10+00.00
Lock To End
Stop 13+03.47
Control Description | |
Point [EOP_L CG v
Mode |H-:uriz-:ur|tal w |
Control Type |Unear Geometry o |
Plan Element [EOP -CTRL2 v
Use as Secondary Alignment [
Priority |1 |
Horizontal Offsets L]

Start [0.00

Stop [0.00

Department of
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14.The EOP should now follow the control line, as shown below. To clean up the
intersection, we will now move the sideroad template drop to Station 10+93.00,
which is where the civil cell ends.

15. Notice that the civil cell automatically lined up with the mainline PSHCG, but it did
not line up with the side road shoulder. To fix this, first locate the SR PSH CTRL
line. The easiest way to find the line is to locate the area in the curb return where
the line is hidden but is not underneath any other elements. Move the cursor to
where the arrow is pointing in the screenshot below so that the line appears and
then select the line.

Complex Element: SR PSHCG CTRL L

Belongs To: TDOT T-INT CG + G5 + 5w CONT.

Feature: LinearRoadway'Model Control - 20 Flan'Shoulder
Active Profile: SlopeQffset | Line

Level: DES - TRAN - Shoulder Lines
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16.0nce the line is selected, click the middle offset and change it from -2’ to 0’. Do
this for both the left and right SR PSH CTRL lines.
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17.Now, we will modify the grass strip on the intersection civil cell so that it will taper
down to match the side road corridor. Open the Create Parametric Constraint
tool (OpenRoads Modeling >> Corridors >> Edit >> Edits). Select the left
intersection civil cell linear template (not the shoulder template). Note: It might be
easiest to select the template drop that is as far from the EOP around the civil cell
for this selection.

Level: DES - CORRIDOR GRAPHICS - Design

T
77
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18.Within the Create Parametric Constraint dialog box, select the following settings
and then left click to accept the prompts.

® 2 6 T o

Start:

0+80.00

Lock To End: On
Constraint Label: Grass Strip_L Width
Start Value: -4.00
Stop Value: 0.00

Parameters ~

Lock To Start ]

Start |0+80.00
Lock To End
Stop 1+07.58

Constraint Label |Grass Strip_L Widt ~ |
Start Value |-4.I}I} |

Stop Value | 0.00 |

19.Repeat the previous step for the right grass strip (Grass Strip_L Width) by
selecting the right intersection civil cell linear template. The start station will be
0+92.00. Notice the updates once the Parametric Constraint has been added.
Note: Since the civil cell has two identical template drops on each PSH CTRL line,
the line and parametric constraint names are the same (i.e., the grass strip name
is the same for the right side template drop).
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Chapter 6. Civil Cells

20.Since the side road corridor is superelevated, the civil cell cross slope does not
automatically match the cross slope of the side road. Select the SR EOP CTRL L
line and then within the Properties, change the End Slope from -2.00% to 1.72%.
The civil cell and the side road cross slopes should now align. Note: It might be
easiest to select this line within the Explorer under the OpenRoads Model tab
(OpenRoads Model >> Civil Cells >> Civil Cell TDOT T-INT C&G + GS + SW
CONT. >> Dependent Elements).

Profile By Projecting 3D Element Slope Rule L3

Slope Style Linear

Start Reference Distance 0+00.00

End Reference Distance 0+75.00

Start Slope -2.00%

End Slope 1.72% |
ertica set ﬂ'ﬂ'ﬁ'

Slope relative to target False

21.The civil cell is now complete. If the mainline is not clipped correctly, go back to
the mainline file (ROAD-II-CC-Corridor.dgn) and reclip the corridor with the civil
cell.
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In this exercise, we will place five different ADA curb ramps within a model: four at an
intersection and one in the median.

1. Open the ROAD-II-CC-ADA Corridor.dgn file within the dgn Chapter 6 subfolder.
Make sure that the Multi-Model Views view is active in the lower left corner. The
following files should already be referenced in the 2D view.

e ROAD-II-CC-ADA Alignments.dgn
e ROAD-II-CC-ADA Terrain.dgn

2. Notice there is a mainline corridor with a 4-way intersection. Zoom in to the
southern approach with the side road corridor.

3. Select the Ramp CL - CTRL feature definition (Linear >> Roadway >> Model

Control - 2D Plan >> Sidewalk) and set it to active.

g/ | Prop EOP -CTRL v|e% M A S B
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4. Turn on AccuSnap and open the Line Between Points tool (OpenRoads
Modeling >> Geometry >> Horizontal >> Lines). Locate the southwest corner of
the intersection. Snap to the midpoint of the flowline (CR_FLOWLINE_L) and
then use the perpendicular snap to draw a line to the back of sidewalk (SW_BACK
_TOP_L). Then, extend that line further out in both directions with the Move tools
so that it bisects all lines in that corner of the intersection and extends past them,
as shown below. This centerline and all curb ramp centerlines do not need a profile
attached to them or will ignore the automatically created profile. The civil cell will
automatically profile the curb ramp.

TDOT 80



Chapter 6. Civil Cells

5. Now, open the Place Civil Cell tool (OpenRoads Modeling >> Model Detailing
>> Civil Cells) and select the TDOT MM-CR-5 BI-DR LOWERED CORNER civil
cell under CurbRamps_TDOT.dgnlib and click OK.

Pick Civil Cell X

=8 CurbRamps_TDOT dgnlib (Default) ~ @i ei |
- TDOT MM-CR-6 PARALLEL [LEFT]

- TDOT MM-CR-2.

- TDOT MM-CR-3.

- TDOT MM-CR-4.

- TDOT MM-CR-5 BI-DR [LEFT]

- TDOT MM-CR-5 BI-DR [RIGHT]

- TDOT MM-CR-5 BI-DR ALT [LEFT]

- TDQOT MM-CR-5 BI-DR ALT [RIGHT]

B TDOT MM-CR-5 BI-DR LOWERED CORNER

- TDOT MM-CR-5 5-DR LOWERED CORNER [LEFT]
- TDOT MM-CR-5 5-DR LOWERED CORNER [RIGHT]
- TDOT MM-CR-6 PERP. GRASS STRIP [LEFT]

- TDOT MM-CR-6 PERF. GRASS STRIP [RIGHT]

- TDOT MM-CR-6 PERP. SIDEWALK [LEFT]

- TDOT MM-CR-6 PERP. SIDEWALK [RIGHT]

- TDOT MM-CR-6 PARALLEL [RIGHT]

- TDOT MM-ZR-7 BLENDED [RIGHT]

- TDOT MM-CR-7 PARALLEL [LEFT]

- TDOT MM-CR-7 PARALLEL [RIGHT]

- TNOT MMLR-8 GS + RAN < 20 FT IRIGHTI N

oK Cancel

6. Follow the prompts and select the CR Flowline (1), CR BACK TOP (2), SW BACK
TOP (3) and then the Ramp CL (4), which is the line that was just drawn.

=y
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Chapter 6. Civil Cells

7. The civil cell preview should be close to what's expected but notice that the
detectable warning surface controlling lines are placed on the outside of the CR
flowline. This is because the cell was not built in this direction and therefore without
changing the reference lines, the cell would be broken when placed. Many of the
civil cells will still work when all reference lines are reversed.

(Reset to Skip)

’ Select Elements to View Alternatives

8. To fix the civil cell, we need to reverse all the reference line directions. Click on all
four of the orange lines to change their direction, and then the civil cell preview
should be correct.

Select Elements to View Alternatives
(Reset to Skip)

"'
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Chapter 6. Civil Cells

9. Go ahead and right click to the next prompt, which asks for the corridors that this
civil cell will clip. Select the intersection civil cell that this civil cell is placing on.
Right click to advance and then left click to accept the civil cell placement. Note:
For this curb ramp civil cell, only the intersection civil cell is being clipped. The curb
ramp cannot extend onto the mainline corridor since none of the reference lines
are from the mainline. Make sure to check that the ramp slopes tie back into the
intersection civil cell. In this exercise, the ramp towards the mainline does not
successfully tie back. The user will need to adjust the radius of the curb return or
extend the civil cell template drop along the mainline. We will leave the civil cell as
is for now.

83
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Chapter 6. Civil Cells

10. Currently, the ramp slopes of this civil cell are set to 8.33%, which is the allowable
maximum. To change this ramp slope, open the profile model by selecting the pink
dashed line (RAMP SLOPE CTRL). There isa RAMP SLOPE CTRL L and RAMP
SLOPE CTRL R along the back of the ramp on the left and right sides of the curb
ramp civil cell. To access the ramp control lines more easily, turn off all levels other
than the DES - TRAN - Sidewalk level.
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Chapter 6. Civil Cells

11.Let's open the RAMP SLOPE CTRL R profile to see how the profiles are created.
The arced line (1) is the base sidewalk profile from the intersection civil cell. The
pink dot is the intersection of the lowered ramp right line. The line extending up (2)
is the slope control line where the slope of this ramp is controlled. There is a third
line (3) that uses the intersection of the arced sidewalk line and the controlling line
to determine where the ramp stops. Many ramp profiles that are controllable are
set up like this, but some ramps have a more complex setup to ensure the civil cell
does not break.

L ]
]
‘Illlll]]]lllllllllll

12.Go ahead and change the slope of line 2 to 6%, which will update the slope of the
right ramp, and then turn all levels back on.
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13.Next, locate the northwest corner of the intersection. This curb ramp will not require
a ramp centerline. Open the Place Civil Cell tool once again (OpenRoads
Modeling >> Model Detailing >> Civil Cells) and select the TDOT MM-CR-6
PERP. SIDEWALK [LEFT] civil cell under CurbRamps_TDOT.dgnlib and click
OK. Note: Not all curb ramp civil cells need a designated centerline. In this
scenario, the civil cell can successfully build the curb ramps by simply knowing
where the mainline, the curb return flowline, and the curbs are located.

Pick Civil Cell X

- CurbRamps_TDOT danlib {Default) A g 9 ru

- TDOT MM-CR-6 PARALLEL [LEFT]

- TDOT MM-CR-2.

- TDOT MM-CR-3.

- TDOT MM-CR-4.

- TDOT MM-CR-5 BI-DR [LEFT]

- TDOT MM-CR-5 BI-DR [RIGHT]

- TDOT MM-CR-5 BI-DR ALT [LEFT]

- TDOT MM-CR-5 BI-DR ALT [RIGHT] T
- TDOT MM-CR-5 BI-DR LOWERED CORNER 1
- TDOT MM-CR-5 5-DR LOWERED CORMER [LEFT]

- TDOT MM-CR-5 5-DR LOWERED CORMER [RIGHT]

- TDOT MM-CR-6 PERP. GRASS STRIP [LEFT]

- TDOT MM-CR-6 PERP. GRASS STRIP [RIGHT]

- TDOT MM-CR-6 PERP. SIDEWALK [RIGHT]

- TDOT MM-CR-6 PARALLEL [RIGHT]

- TDOT MM-CR-7 BLENDED [RIGHT]

.. TDOT MM-CR-7 PARALLEL [LEFT]

- TDOT MM-CR-7 PARALLEL [RIGHT]

- TNOT MMLR-R GS + RADI < 20 FT IRIGHTI w

oK Cancel

14.Select the following reference lines in order: the intersection (curb return) CR
Flowline (1), the intersection (curb return) CR Back Top (2), the mainline CR
Flowline (3), and the mainline CR Back Top (4).
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Chapter 6. Civil Cells

15.The preview should be correct. Right click to advance, then select both the
intersection and the mainline corridors to clip. Right click to advance and then left
click to accept the civil cell. Note: Because these curb ramps have a [LEFT] or
[RIGHT], the preview should be correct. In this exercise, the left will work for the
top left (NW) and bottom right (SE), and the right will work for the top right (NE)
and the bottom left (SW).

16.Zoom in and notice that the sidewalks have been tapered and adjusted to meet
the back of the civil cell ramps. This is because the civil cell is built with the
maximum slope of 8.33% and the sidewalk needs to be widened to match the civil
cell max slope. Note: For all civil cells that have two ramps that wrap around the
radius, the civil cell will not work well if the ramps are two different slopes.
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Chapter 6. Civil Cells

17.Continuing clockwise, now locate the northeast corner of the intersection. Open
the Place Civil Cell tool once again (OpenRoads Modeling >> Model Detailing
>> Civil Cells) and select the TDOT MM-CR-7 BLENDED [RIGHT] civil cell under
CurbRamps_TDOT.dgnlib and click OK.

18.Follow the prompts and select the intersection (curb return) CR Flowline (1), the
intersection (curb return) CR Back Top (2), the mainline CR Flowline (3) and the
mainline CR Back Top (4).

TDOT 88



Chapter 6. Civil Cells

19.The preview should be correct. Right click to advance, then select both the
intersection and the mainline corridors to clip. Right click to advance and then left
click to accept the civil cell.

20.Zoom in and notice once again that the sidewalks have been tapered and adjusted
to meet the back of the civil cell ramps. This is because the civil cell is built with
the maximum slope of 8.33% and the sidewalk needs to be widened to match the
civil cell.

89
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Chapter 6. Civil Cells

21.Continuing clockwise, now locate the southeast corner of the intersection. We will
now place the MM-CR-7 Parallel civil cell, which is the most complicated curb
ramp civil cell in the library. It requires 8 different reference line selections. Note:
This civil cell can only be used where the intersection curb return radius is relatively

small. If the radius is too large, the civil cell will break and not display correctly.

22.0pen the Place Civil Cell tool once again (OpenRoads Modeling >> Model
Detailing >> Civil Cells) and select the TDOT MM-CR-7 Parallel [LEFT] civil cell
under CurbRamps_TDOT.dgnlib and click OK. Note: This civil cell, as well as a
few others, do not show a preview within the Pick Civil Cell window. This is a bug

in the

software and Bentley has logged a defect.

Pick Civil Cell

TDOT

= CurbRamps_TDOT dgnlib {Default) -~ \f{ (5{ [
- TDOT MM-CR-6 PARALLEL [LEFT]

- TDOT MM-CR-2.

- TDOT MM-CR-3.

- TDOT MM-CR-4.

- TDOT MM-CR-5 BI-DR [LEFT]

- TDOT MM-CR-5 BI-DR [RIGHT]

- TDOT MM-CR-5 BI-DR ALT [LEFT]

- TDOT MM-CR-5 BI-DR ALT [RIGHT]

- TDOT MM-CR-5 BI-DR LOWERED CORMNER

- TDOT MM-CR-5 5-DR LOWERED CORNER [LEFT]

- TDOT MM-CR-5 5-DR LOWERED CORMER [RIGHT]

- TDOT MM-CR-6 PERP. GRASS STRIP [LEFT]

- TDOT MM-CR-6 PERP. GRASS STRIP [RIGHT]

- TDOT MM-CR-6 PERP. SIDEWALK [LEFT]

- TDOT MM-CR-6 PERF. SIDEWALK [RIGHT]

- TDOT MM-CR-6 PARALLEL [RIGHT]

- TDOT MM-CR-7 BLENDED [RIGHT]

- TDOT MM-CR-7 PARALLEL [RIGHT]

- TROT MMCR-R GS + RADI < 20 FT IRIGHTIT 7

OK

Cancel
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Chapter 6. Civil Cells

23.Follow the prompts and select the intersection (curb return) CR Flowline (1), the
intersection (curb return) CR Back Top (2), the intersection (curb return) SW Front
Top (3), the intersection (curb return) SW Back Top (4), the mainline CR Flowline
(5), the mainline CR Back Top (6), the mainline SW Front Top (7), and the
mainline SW Back Top (8).

24.The preview should be correct. Right click to advance, then select both the
intersection and the mainline corridors to clip. Right click to advance and then left
click to accept the civil cell.
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25.

26

r 6. Civil Cells

We will now change the ramp slope. First, turn off all levels other than the DES -
TRAN - Sidewalk level and then open the profile of the pink dashed line (SR
RAMP L CTRL).

Line: SR RAMP L CTRL

Belongs To: TDOT MM-CR-7 PARALLEL [LEFT]

Feature: Linear'Roadway'Model Contral - 20 Plan'Sidewalk\Sidewalk - CTRL
Active Profile: Sidewalk CTRLZ

Level: DES - TRAN - Sidewalk

.Go ahead and change the slope of the profile from 8.33% to 3.5%. Notice the ramp
has extended but the R side of the ramp is still sloped at 8.33%. This is because
of the complexity of the civil cell, where both CTRL element slopes will need to be
manually adjusted. The slopes need to be the same, but this civil cell is one of the
exceptions where the mainline and sideroad ramp slopes can be different.
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27.Repeat the same change in the profile slope for the SR RAMP R CTRL line and
then notice the update. Turn all levels back on to see the updated 2D geometry
after the adjustments to the civil cell have been made.

28.Next, locate the east median opening between the two CR-7 curb ramps placed
earlier in the exercise. With the Ramp CL - CTRL feature definition (Linear >>
Roadway >> Model Control - 2D Plan >> Sidewalk) still active, draw a geometry
line 6 feet off the back of the median opening nose, perpendicular to the EOP lines.

[
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Chapter 6. Civil Cells

29.0pen the Place Civil Cell tool one more time (OpenRoads Modeling >> Model
Detailing >> Civil Cells) and select the TDOT MM-CR-4 civil cell under
CurbRamps_TDOT.dgnlib and click OK.

Pick Civil Cell X

=} CurbRamps_TDOT danlib {Default) - @\ e< [
- TDOT MM-CR-6 PARALLEL [LEFT]

- TDOT MMLCR-2.

- TDOT MM-CR-3.

- TDOT MM-CR-5 BI-DR [LEFT]

- TDOT MM-CR-5 BI-DR [RIGHT]

- TDOT MM-CR-5 BI-DR ALT [LEFT]

- TDOT MM-CR-5 BI-DR ALT [RIGHT]

- TDOT MM-CR-5 BI-DR LOWERED CORNER

- TDOT MM-CR-5 5-DR LOWERED CORNER [LEFT]

- TDOT MM-CR-5 5-DR LOWERED CORNER [RIGHT]

- TDOT MM-CR-6 PERP. GRASS STRIP [LEFT]

- TDOT MM-CR-6 PERP. GRASS STRIP [RIGHT]

- TDOT MM-CR-6 PERP. SIDEWALK [LEFT]

- TDOT MM-CR-6 PERP. SIDEWALK [RIGHT]

- TDOT MM-CR-6 PARALLEL [RIGHT]

- TDOT MM-CR-7 BLENDED [RIGHT]

.. TDOT MM-CR-7 PARALLEL [LEFT]

- TDOT MM-CR-7 PARALLEL [RIGHT]

- TNOT MMLR-2 G5 + RANN < 20 FT IRIGHTI i

oK Cancel

30.Follow the prompts and select the top CR Flowline (1), the top CR Back Top (2),
the bottom CR Flowline (3), the bottom CR Back Top (4), and then the orange
Ramp Centerline (5).
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31.The preview should be correct. Right click to advance, then select the mainline
corridor to clip. Right click to advance and then left click to accept the civil cell.

32.

Notice that there is a clipping issue with the mainline (the vertical gray rectangle
on the top side of the curb ramp). To fix the issue, open the Place Shape tool
(OpenRoads Modeling >> Drawing >> Placement) and place a small shape
around where the clipping issues are in the 2D view. The shape should cover the
median flowline (blue line) across where the civil cell is.

Drawing Utilities iTwin View Help

!“-“E oo D+ vxc - C1 [
L /U /ﬁ_zjm,ﬂ, O

Fence - Place Place _ Arc
Tools* WY *  Smartline Line 125" [ Pplace Block

tion F'Iacemerlﬂ Place Shape I

ﬂ'ﬁf‘{f ’/+f£l"\f? L___j / —:T: %> Place Orthogonal Shape

(=) Place Regular Pelygon
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Chapter 6. Civil Cells &

33.Then, open the Add Clipping Reference tool (OpenRoads Modeling >>
Corridors >> Miscellaneous >> Corridor Clipping), select the mainline corridor,
and then select the shape that was just drawn. If the clipping does not go away,
adjust the shape until the clip works. This completes the placement of the curb

ramp civil cells.

g; There is an additional civil cell exercise in Appendix A.1, which involves
creating a Cul-De-Sac.
Take Note!
TN OpenRoads Designer | CONNECT Edition
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Chapter 7. Template Drop Transitions

Whenever a template drop (typical section) changes within a corridor, designers will have
to model the transition between the two template drops. This chapter will discuss the
applicable tools available to model transitions between template drops.

At the conclusion of this chapter, participants will be able to:

1. Create a transition from a 3-lane typical section to a 4-lane typical section with a
raised median.

Template drop transitions allow the model to accurately transition between different
template drops within the same corridor. The Create Transition tool (OpenRoads
Modeling >> Corridors >> Create >> Transitions) creates a transition between two
template drops (Figure 10). While this tool is useful for the more complicated transitions,
it is not the only way to transition between templates. The user may want to use an easier
transition method (e.g., point controls, parametric constraints or display rules) for certain
scenarios.

ﬁ . ,|: , 1 Copy Template Drop '. > ,
b Import IRD
Mew Mew - Template
Corridor Template Drop |l Transitions ~ =

w Create Transiticn I
At

Edit Transition

Transitions work by targeting points of the same name between the two template drops
selected. The template will automatically connect points of the same name when a new
transition is created. However, the transition will need to be edited due to one of the two
reasons listed below:

e There are new points being introduced or removed from one template drop to
another.

e The consistent points have horizontal and vertical constraints attached to them that
need to be removed, so the transition between the two templates functions
correctly.
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Chapter 7. Template Drop Transitions

The Edit Transition tool (OpenRoads Modeling >> Corridors >> Create >>
Transitions) allows the user to edit the transitions placed within a corridor (Figure 11).
The two main functions are to:

e Connect points from one template drop to the other that were not connected
automatically.
e Edit point constraints within the transition.

v - + , —+ Copy Template Drop >
ﬁ b Import IRD

Mew Mew » Template
Corrider Template Drop \f Transitions ™ r

VW Create Transition

J-,,-I Edit Transition I

Within the Edit Transition tool, the first window allows you to delete automatic links and
create new links between points in the two template drops (Figure 12).

B Edit Transition - 183+49.13 to 185+30.23 O X

Cancel

d=hoH-IOu < >
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Chapter 7. Template Drop Transitions

The second window within the Edit Transition tool is where points can be edited (Figure
13). Point constraints can be added and deleted. This window also serves as a preview
for how the transition will function. The slider at the bottom of the window can be moved
accordingly to view different cross sections within the transition.

B Edit Transition Midpoint - 183+49.13 to 185+30.23 O X

Cancel

L I A il o | < >

Transition
Start 1 End

[] Display Paint Names
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Chapter 7. Template Drop Transitions

In this exercise, we will create a transition from a 3LN to a 4LN typical section using the

transition tool. Then, we will use a surface template to model what the transition tool does
not create.

1. Open the ROAD-II-TDT-Corridor.dgn file within the dgn Chapter 7 subfolder.
Make sure that the Multi-Model Views view is active in the lower left corner. Notice
there is a corridor with three different template drops.

2. First, locate the area between the first two templates (Station 140+00.00 -
140+85.00) and then open the Create Transition tool (OpenRoads Modeling >>
Corridors >> Create >> Transitions).

. + : =t Copy Template Drop '. > :
ﬁ g Import IRD
Mew Mew = = Template
Corridor Template Drop Hrl Transitions ~ =

Ii) Create Transition I

*,# Edit Transition

3. Select the two template drops in the 2D plan view. The 2D and 3D model will both
render a transition. Notice that the pavement lanes are not transitioning, and the
curb and sidewalk are not aligning with one of the templates correctly.

49\ TDOT 100
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Chapter 7. Template Drop Transitions

4. To edit the transition, open the Edit Transition tool (OpenRoads Modeling >>
Corridors >> Create >> Transitions) and then select the transition handle.

ﬂ I_~,|gl 3 Copy Template Drop ™
: b Import IRD

Mew Mew - Template
Corridor Template Drop | Transitions ~ v

Vi Create Transition

J-,,-I Edit Transition I

Locate Transition

AN 00

Transition: 140+00.00-140+85.00
Level: DES - CORRIDOR GRAPHICS - Design
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5. An Edit Transition window should open. Within this window, you can zoom in and
out with the mouse wheel and see what points in the template have automatically
been linked to each other. This will happen if the points in both templates have the
same name. The bold crosses represent the points that have not been linked.

B Edit Transition - 140+00.00 to 140+85.00

6. Right click on one of the template ends and notice a Move Template prompt

appears. This allows the selected template to be moved around within the window
to see a better view of what is linking.

B Edit Transition - 140+00.00 to 140+85.00

+=LAH-10M
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Chapter 7. Template Drop Transitions

7. Zoom in and right click on any line and notice a Delete prompt appears. This is
how you would delete a link between two template points. For this exercise do
not delete any links that were already placed.

Delete A

8. To see what a point is or what a link is linked to, hover over the point or the line
and a text box will appear showing the description. Hover over some of the lines
and notice that all the lines are connecting to points that have the same name, as
shown below.

() oK

Cancel

Line:
TS-7A (3LM) CG, G5, SW - 4 LAYER -LMA4 | to T5-6 (4LN)
18' MEDIAN, CG, G5, SW - 4 LAYER -LMNA4 L

¢
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9. The recommended workflow for connecting points from one template to another is
to work from left to right, bottom to top. It is not necessary to connect every point,
but this enhances the ability to properly model a transition. To navigate the lines
more easily, it is beneficial to align the templates vertically to each other by right

clicking and selecting Move Template (reference Step 6). Go ahead and align
based on the screenshot below.
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Chapter 7. Template Drop Transitions

10.To create the new lane on the outside, connect the LNB5_L_BOT points on the 4-
lane template to the EOP5_L_BOT points on the 3-lane template. To do this,
select the LNB5 L _BOT point (bold), and then click the EOP5_L_BOT point to
finish the connection. Note: Only bold points will be able to be selected.

\j

LNB5_L_BOT

I
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Chapter 7. Template Drop Transitions

11.Repeat the process for the points above this line. The table below lists the points

that need to be connected.

EOP4 L
EOP3 L
EOP2 L

EOP1_L

EOP_L

TDOT
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Chapter 7. Template Drop Transitions

12.Next, connect the CR_FLOWLINE5 LM points on the 4-lane template to the
CL5_BOT points on the 3-lane template.
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Chapter 7. Template Drop Transitions B

13.Repeat the process for the points above this line. The table below list the points
that need to be connected.

4 Lane Template Point | 3 Lane Template Point

CR_FLOWLINE4_LM CL4

CR_FLOWLINE3 LM [ejK!

CR_FLOWLINE2 LM  [Nell
CR_FLOWLINEL LM Nekl

CR_FLOWLINE_LM CL

14.The left side of the template has been updated with links. We will now repeat the
steps for the right side. The table below list the points that need to be connected.

4 Lane Template Point | 3 Lane Template Point

CR_FLOWLINE5 RM  [{&i85
CR_FLOWLINE4 RM [{ei¥!
CR_FLOWLINE3_RM [{&ik!
CR_FLOWLINE2 RM [(ei¥
CR_FLOWLINEL RM  [(&i]
CR_FLOWLINE_RM CL
LNB5_R_BOT EOP5_R_BOT
LNB4_R EOP4 R
LNB3_R EOP3 R
LNB2_R EOP2_R
LNB1_R EOP1 R

LNB_R EOP R

OpenRoads Designer | CONNECT Edition
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Chapter 7. Template Drop Transitions

15.The final additional connections should be made in the four vertical areas shown
below.

16.Notice that several lines are not connected, and the median has not been
connected to anything. The median will be created later in the exercise. Click OK
and a prompt should appear saying that for the transition to properly apply,
constraints must be removed. Click OK.
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17.A new Edit Transition Midpoint window now appears in the Edit Transition tool,
which allows you to view the cross section of the transition and edit the points in it.
Notice at the bottom of the window, there is a slider that can be used to move from
the start to the end of the transition. If you move the slider, the template does not
change because the points are still constrained.

87 Edit Transition Midpoint - 140+00.00 to 140+85.00 O >

Y B
AN NG
oA NN

i*/l/l/” ‘\I\l

|/‘

N
\\'
g

N

+=LoH-IDO -

Transition
Stat 1 End

[] Display Paint Names
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18.Not all the points need to be unconstrained. Most are constrained to the point
above it. Therefore, only the points at the top of the template need to have their
constraints removed. Starting from the left, delete the constraints of SW_BACK _

TOP_L and then move towards the right across the top of the template. Right click
on the point and select Delete Both Constraints.

SW BACK TOP L
Add Mew Component

Edit Point...
Add Constraint

Delete Both Constraints

Delete Slope Constraint

Delete Horizontal Constraint

Test Point Controls
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Chapter 7. Template Drop Transitions

19. The model will start to look strange until all points are unconstrained, but you can
change the Transition slider to End to help with this. Unconstrained points turn
green to help keep track. If in doubt, delete the constraint and the point will follow
the links created in the last window.

B Edit Transition Midpoint - 140+00.00 to 140+85.00 d *

Cancel

/AN
A1 | NN
/ N

i
4 \

g e

+=LoH-IDOM
Transition
Stat 1 End

[] Display Point Names
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20.Now, as the slider moves from Start to End, the template should adjust to create
a median and a second lane in each direction.

B Edit Transition Midpoint - 140+26.94 to 142+82.25 O *

=L oH- 1B < >

Transition
Start I End

(] Display Paint Mames
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21.Click OK and the 2D and 3D models will update to fill in the lanes and align the
curb and sidewalk.

22.Next, we need to add a surface for the area that did not fill in from the transition
and add a median nose. Select the C&G Flowline - CTRL feature definition
(Linear >> Roadway >> Model Control - 2D Plan >> Curb and Gutter) and set
it active. Make sure Create 3D Automatically is toggled on.

gQ CAG Flowline - CTRL v |ﬂa ,’5.\ ;: od /




Chapter 7. Template Drop Transitions

23.0pen the Single Offset Partial tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Offsets and Tapers). Create a partial offset from the CL of the
corridor 7’ to the outside of the roadway, from the start of the 4-lane section (Station
140+85.00) to the end of the 4 lane section (Station 183+50.00). Do this on both
sides of the centerline.

24.Select the CTRL lines that were just placed and open the Properties. Within the
properties under the Profile By Projecting 3D Element Simple Slope Rule
header, change the Slope to -2.00%.

Profile By Projecting 3D Element Simple Slope Rule -~
B -2.00% |
Wertical Offzet 0.00"
Profile &djustment MNone
Paint Selection On Depending Al

TDOT 115



Chapter 7. Template Drop Transitions

25.Now, open the Variable Offset Taper tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Offsets and Tapers) and select the centerline. Set the Start
Offset to 0 and the End Offset to 7’. Set the Start Distance at the start of the
transition (Station 140+00.00). Snap to the flowline control for the end (Station
140+85.00). Repeat this process for the opposite side.
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26.Select the tapers that were just placed and open the Properties. Within the

properties under the Profile By Projecting 3D Element Simple Slope Rule
header, change the Slope to -2.00%.

Profile By Projecting 3D Element Simple Slope Rule

~
Lslope -2 .00% |
ertical Offset 0.00°
Profile Adjustment None
Point Selection On Depending All

27.Next, open the Line Between Points tool (OpenRoads Modeling >> Geometry

>> Horizontal >> Lines) and connect the two tapers at the median. The median
transition should now be a closed shape.
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28.Then, open the Create Terrain Model From Elements tool (OpenRoads
Modeling >> Terrain >> Create) and select the three lines that were just placed

to make up the closed shape in the median transition.

# From File

IQ From Elementsl

Create

£ Additional Methods ~
22| From Graphical Filter §& Topo Import ~

29.Within the Create Terrain Model From Elements dialog box, select the following

settings and then left click to accept the prompts.

a. Feature Type: Break Line

b. Edge Method: None

c. Feature Definition: Civil Cell
d. Name: Asphalt Transition

IE\OIT\ nt of

— [ransportation

6'?? Create Terr... —

Parameters

Feature Type |E=reak Line

Edge Method |Nn:|ne

Feature

Feature Definition |Ci1.ri| Cell

Name |;’-‘-.sphaft Transition
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30.Within the Explorer, right click on the Asphalt Transition terrain just created
(OpenRoads Model >> Terrain Models >> Civil Cell) and select Apply Surface
Template.

4 5By Terrain Madels
4 < Civil Cell

2

85 Properties

17 |
b -{E Corridors M Set As Active Terrain Model

€\ Lin

Linear Template 8 Export Terrain Model v

& surface Templates ﬁ? Add Feature

= Civil Cells % Remove Feature

i Superelevation v Templates v | A Apply Surface Template

.+ Cant #  Rules ¥ &% Apply Linear Template
> " Linear Geometry X Delete
> &2 3D Linear Elements . @  Zoom

¥ Points = Isclate
< Referenced Models Clear lsclate

E; Sight Visibility Sectic =§ Dietails

C’E Agquaplaning 8| Properties --
b S I

31.Select the SURFACE - 4 LAYER template (Linear Templates >> Civil Cells >>
Surface) and left click through the prompts to accept.

JFA

General *~

Template | Linear Templates Civil Cells*\SLURFACENSUURFACE - 4 LAYER
Lpply External Clip Boundary [

Feature L
Feature Definition |Disal:||e Linear Features ~ |
Name [NoLF |
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32.Review the 3D model and notice the median transition should now have a surface.

33.Next, select the Curb - CTRL feature definition (Roadway >> Model Control - 2D
Plan >> Curb and Gutter).

] ot [ A /[,

G9.f TDOT 120
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34.0pen the Simple Arc tool (OpenRoads Modeling >> Geometry >> Horizontal
>> Arcs >> Arc Between Elements). Select the C&G Flowline - CTRL bottom
taper in the median transition, and then the C&G Flowline - CTRL top taper in the
median transition. Snap to the end of the bottom taper to place the arc. Set the
Trim/Extend option to None.

3 " Offcets and Tapers = BH Open Profile Model
O Q ets and Taper \f&' fj p

1 R r . - .
) ) A Reverse Curves = ) 7% Set Active Profile
Lines = Arcs Point Modify  Complex )
= - * 2 Spirals - Geometry = | | Profile Creation =

= )
) Circle

¢~ Arc Between Points

Arc To Elerment L

Arc Between frcs

Are From Element .y 000 0 |

Arc Between Elements ' Ig:l Simple Arc I

i
1

I >

Complex Transition between &ny element and Arc

Spiral Arc Spiral
Taper Arc Taper
3 Center Arc
2 Center Arc

Arc Between Elernents
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35.Now, select the arc that was just placed and open the Properties. Change the
Quick Transition Method to Linear under the Profile By Two 3D Element
Transition Rule header.

Profile By Two 3D Element Transition Rule L3
Quick Transition Method Linear

36.Next, open the Apply Linear Template tool (OpenRoads Modeling >> Model
Detailing >> 3D Tools) and select the arc.

0\ 2 & > B &
Apply Surface Create 3D Create  WaNsverse
Linear F'-f'v!:_-jmp-latvs: Templates *  Clpsed Mesh Elements = cgnic Slope Tools ~

30 Tools

37.Select the Median C&G linear template (Linear Templates >> Civil Cells >>
C&G) and click OK.

Pick Template

[=)- C:\ProgramData'Bertley'OpenRoads Designer CE 10.11% A
-- Components
[#l- End Conditions
(- Linear Templates

-- Box Culverts & Slab Bridges

=) Civil Cells

E-CAG

-- DR C&G

- EOP LCAG

- EOP LCAG, GS

- EQP LCAG, SW

- EOP L SHLD, C&G

- EOP L 5HLD, C&G, GS, SW

- EQP L 5HLD, C&G, SW

- EQP L, C&G, G5, SW

- |SLAND C&G + SHLD.

- MEDIAN C&G + SHLD.

- RAMP CAG

- RAMP CUURB BACK

- RAMP CLURB BACK REVERSE v
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Chapter 7. Template Drop Transitions

38.Lock to Start and End and place the orange preview on the inside of the arc by
moving the cursor to the left, outside the arc.

Select Side - Reflect Option
Mirror - <Alt> Down To Select
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39.Click through the prompts to accept placement and notice the linear template
shows up in both 2D and 3D.

40.0pen the Line Between Points tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Lines) and draw a line from the inside edge of the linear template
to the other, snapping to the arc (CR_BACK_TOP_RM).
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The TDOT standard drawing for a raised median is crowned along the
centerline of the roadway. Therefore, we need to replicate the crown in
the profile of the line so that it matches up correctly with the template
drop. The end of the element in plan view is represented by where the
black area meets the dark grey area in the profile view. This area can
be snapped to with the Key Point snap if you hover over the imaginary
line between the black and dark grey area.

v
v
v
v

Take Note!

41.Go ahead and open the profile view of the line that was just placed. Using the Key
Point snap, draw a line from the left end of the horizontal purple dotted line and
snap to the end of the black area in the profile view. Before left clicking to accept
the snap to the end of the black area, tab through the inputs until you see the slope
input and key-in 4. This should lock the element into a 4% slope. Repeat this
procedure starting with the right end and key-in -4 this time for the slope.
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42.Now, trace the positive 4% line starting from the left end and terminating at the
intersection of the two 4% slope lines. Then, trace the negative 4% line starting
with a key snap to follow the element just created that terminates at the intersection
of the two 4% lines and key snhap to the right at the end of the -4% line. Lastly,
complex those two elements together. Note: It can be helpful to set the feature
definition to none before completing this step so you can easily tell the difference
between the controlling elements and the following elements.
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44.Next, we will create another terrain. Open the Create Terrain Model From
Elements tool (OpenRoads Modeling >> Terrain >> Create). Turn off the DES -
CORRIDOR GRAPHICS - Design and DES - MODEL - Lines - Curb Flowline
levels to make it easier to select the two lines. Select the Curb line with the new
profile and then select the CR_BACK_TOP_RM line.

Locate Mext Element To Add - Reset

Wwhen Done

45.Right click to accept those two lines, and then make sure the Feature Type is set
to Break Line, the Edge Method is set to None, and the Feature Definition is a
Civil Cell. Name the terrain Median Nose. Left click through the prompts to

accept.

J-?" Create Terr..  — *
Parameters L3

Feature Type |Break Line w |

Edge Method |N|:|ne w |
Feature »

Feature Definition |Ciuil Cell ol |

Name |Median Nose |
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46.Within the Explorer, right click on the Median Nose terrain just created
(OpenRoads Model >> Terrain Models >> Civil Cell) and select Apply Surface

Template.

4 < ROAD-II-TOT-Corridor.dgn (Default)
~ Alignments
4 % Terrain Models

4 <y Civil Cell
07 Properties
b Q Asphalt Transition s
M Set As Active Terrain Model
> Tﬂ Cornidors
e Export Terrain Model ’
> €\ Linear Template
Ps &  Add Feature
> M SurfaceTi lat
T Q Remove Feature
2k Civil Cell
soicr w  Templates » | 2 Apply Surface Template
i Siserelevation » Rules * €\ Apply Linear Template
P Cont X Delete

47.Select the SURFACE - CONC. MISC. template (Linear Templates >> Civil Cells
>> Surface) and left click through the prompts to apply the surface template.

Take Note!

TDOT
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There is an additional template drop transition exercise in Appendix B.1,
which involves transitioning from a 4-Lane with Median to a 3-Lane.
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Chapter 8. Retaining Walls

Retaining walls are a common component in roadway design. This chapter will discuss
how to model retaining walls in cut and fill scenarios, as well as, how to set up a template
to automatically place walls within a criteria-based model.

At the conclusion of this chapter, participants will be able to:

1. Place a retaining wall in a cut and a fill scenario.

2. Place a retaining wall within a template and use display rules to determine when it
is placed.

Within the TDOT workspace, retaining walls have been set up to run with two linear
templates: cut (Figure 14) and fill (Figure 15 on next page). Both templates meet the
criteria set forth in TDOT standard drawing W-CIP-1. The retaining wall templates do not
have sidewalks within them. They will be placed along a given corridor adjacent to
templates that already contain a sidewalk component or with templates where a sidewalk
is not required.

Curmrent Template Display Close
Name: ‘ngq cum | (@) Components () Constraints
Descrption:  [CAST IN PLACE RETAINING WALL -CUT | Display Point Names

Iz Tunnel Template [ Display All Components

RW_FRW @R TOP

L (GBK FR_TORBKBARKIGRE————"

W _BRCK _TOP

RV WL’Q_E_QEIEK K BOTOP / CALC.BO
FND_FR_TOP l?W_FT_FR_BOT Lw FT _BK B&I(L_EK_BGT FND_BK

END FR BOT o I END_BK_ROT

U ] S >
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Curent Template Display Close
Hame ‘W.c\pq (FILLY | (@ Componerts () Constraints

Descripton:  [CAST IN PLACE RETAINING WALL - FILL ] Display Poirt Names
s Tunnel Template [ Display Al Compenents

FND_-BK-TOH

FND_FR_BOT END -BK-BOT

=i oI & < >

There are two methods for placing retaining walls:

e Apply a linear template to the model. Then, create an end condition exception
to remove the original end condition from the model where the retaining wall will
be placed. This method will be shown in Exercise 8.3.

e Create a new linear template and use display rules to determine when a
retaining wall will be placed. This method will be shown in Exercise 8.4.

By default, both templates are set to target the existing ground and automatically adjust
the wall height and all associated dimensions as necessary. If the user wants more control
of the wall height, point controls can be used to manually override the point targeting
the existing ground.
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In this exercise, we will place two retaining walls (one cut and one fill) along a corridor
using the linear template tool.

1. Open the ROAD-II-RW-Corridor.dgn file within the dgn Chapter 8 subfolder.
Make sure that the Multi-Model Views view is active in the lower left corner.

Locate the large cut section directly after the PAGE side road alignment, around
mainline Station 127+00.00 RT.

2. Select the Retaining Wall - CTRL feature definition (Linear >> Roadway >>
Model Control - 2D Plan >> Barrier).

g/ |Retaining Wal -CTRL v | [ A S BT
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3. Next, open the Single Offset Partial tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Offsets and Tapers) and offset a line 1’ from the SW_BACK _
TOP_R within the large cut section (Station 26+40.28 to Station 30+13.51).

4. Now, open the Apply Linear Template tool (OpenRoads Modeling >> Model
Detailing >> 3D Tools) and select the line that was just placed.

N\ |2 & > B &
iD

Aﬁ"pl}r Surface Create Cregte  Iransverse
Linear Template] Templates *  Closed Mesh Elements*  Conic Slope  Tools ~

30 Tools

5. Select the W-CIP-1 (CUT) template (Components >> Walls).

Pick Template

=I- C:\ProgramData‘\BentleyOpenRoads Designer CE 10.11%Cor A
=8 Components
+- Curbs
- Median Barmiers
- MutliModal
- Pavement
- Sidewalks
- Walls
STD-11-1 PARAPET
- 5TD-1-155 DD
i W-CIP-1 (CUT) WY drain
e W-CIP-1 (FILL)
+- End Condtions
- Linear Templates
+ Box Culverts & Slab Bridges
+- Civil Cells
+- Driveway

][ e [ ]

Roundabout
Shared |lea Path A

0K Cancel
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6. Lock to start and end and place the orange object on the outside of the road and
click through the prompts to accept.

7. Next, open the Create End Condition Exception tool (OpenRoads Modeling >>
Corridors >> Edit >> Edits).

f \_? ¥ 06 Define Target Aliasing ..g..

, .
Edit Edits ﬁ {8+ Corrider References =
Template Drop = ¥ fed 8 Corridor Clipping =

Edit % CreateEndCnnditiu:unExceptiu:unI

Create Key Station

8. Select the mainline corridor and then select Right Override for where to apply the
End Condition Exception (ECE) to. Set the start and stop locations around the
start and end of the retaining wall. Try to get as close as possible but do not snap
to the line created.

5 Create End C... — >
Parameters ~
Mame |Hig|-rt Retaining Wall |
Apply ECE To [Right Ovenide v|

Start [126+25.00 |

Stop [130+00.04 |
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9. The Right Override window should open. Right click in space and select Delete
Components. Draw through the EC_CUT_TIE_R line and click OK, and then
notice the update in plan view.

JEC CUT_TIER
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10.Notice there is an issue with the gap between the mainline corridor and the
retaining wall at the start and end of the end condition exception. This is because
the mainline template will not start the end condition until the next template drop.
To fix this issue, open the Create Key Station tool (OpenRoads Modeling >>
Corridors >> Edit >> Edits). Select the mainline corridor and place the key
stations just outside the start and end of the retaining wall (approximate Station
126+24.50 and Station 130+00.54).

=

i“ T @ @ Define Target Aliasing o
- Edits T #8 Coridor References + I
i _.
Template Drop = ¥ isd T Corridor Clipping =

Edit '?  Create End Condition Exception

Create Key Station

11.Now, let’'s place a fill retaining wall. Locate the large fill section just before the
JACKSONTRAIL side road alignment, around mainline Station 191+50.00 LT.

~
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12.0pen the Single Offset Partial tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Offsets and Tapers) and offset a line 1’ from SW_BACK_TOP_L
within the large fill section (Station 90+63.81 to Station 92+25.73) using the
Retaining Wall - CTRL feature definition (Linear >> Roadway >> Model Control

- 2D Plan >> Barrier).

13.Next, open the Apply Linear Template tool (OpenRoads Modeling >> Model
Detailing >> 3D Tools) and select the line that was just placed.

— A AT
% : {1
Apply Surface Create 3D Create  WaNsverse
Linearﬁl'gmplate Templates *  Clpsed Mesh Elements = cgnic Slope Tools ~

30 Tools
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14.This time select the W-CIP-1 (FILL) template (Components >> Walls).

Pick Template

C:\ProgramData*Bentley OpenRoads Designer CE 10.11
i--COmponents

+ Curbs

+- Median Baniers

+1- MutiiModal

+ Pavemert

- Sidewalks

- Walls

- 5TD-11-1 PARAPET
.- §TD-1-155 D-D

- W-CIP-1 (CUT)

-

- End Condtions
- Linear Templates
- TDOT Project Templates

[

mn

oK Cancel

15.Lock to start and end and place the orange object on the inside of the road and
click through the prompts to accept.

—

16.Now, open the Create End Condition Exception tool (OpenRoads Modeling >>
Corridors >> Edit >> Edits).

if P @ © Define Target Aliasing o
o Edits X 8 cCoridor References ~ Im
i .
Template Drop . ™ tad T8 Corridor Clipping ~

Edit

?  Create End Condition Exception I

Create Key Station
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17.Select the mainline corridor and then select Left Override for where to apply the
End Condition Exception (ECE) to. Set the start and stop locations around the
start and end of the retaining wall. Try to get as close as possible but do not snap
to the line created.

&
Parameters Ll
Name |Leftt Retaining Wall |
Apply ECE To [Left Ovenide v|
[] Start 190455 02 |
[] Stop [192+24 59 |

18.The Left Override window should open. Right click in space and select Delete
Components. Draw through the EC_FILL_TIE_L line and click OK.
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19.1f there is still an issue with the gap between the mainline corridor and the retaining
wall at the start and end of the end condition exception, open the Create Key
Station tool (OpenRoads Modeling >> Corridors >> Edit >> Edits). Select the
mainline corridor and place the key stations just outside the start and end of the

retaining wall (approximate Station 190+54.52 and Station 192+25.49), which
should fix the issue.

iﬁ“ T ¥ o Define Target Aliasing :.ﬁ:
: L1
Edite ﬁ il Corridor References = Im
Template Drop = ™ kel ﬁ;‘,‘: Corridor Clipping =
Edit| -2

Edit

Create End Condition Exception

Create Key Station
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In this exercise, we will place a retaining wall template using Display Rules within the
corridor ITL. We will continue to utilize the same ROAD-II-RW-Corridor.dgn file.

1. Openthe Create Template tool (OpenRoads Modeling >> Corridors >> Create).
. ,‘: - 1 Copy Template Drop '. P ﬁ
ﬁ kg Import IRD
Mew Mew

N Template Edit
Corridor Template Drop |l Transitions ~ v Ternplate Drop

Create P‘-‘ Create Template I':Iit

g Import Template

——

= Display Template i

2. Underthe TDOT Project Templates folder, right click on the Templates subfolder
and select New >> Template. Name the new template TS-7 W/ Retaining Wall.

5 TOOT Project Templates
[ Components
[ End Conditions

Mew ¥ Folder
Cut Ctrl-X Template
Copy Ctrl-C

140
IE\OIT\ nt of

— [ransportation



Chapter 8. Retaining Walls

3. An empty template should now appear. Scroll up and select the TS-7A (3LN) C&G,
GS, SW - 4 LAYER template (Linear Templates >> TDOT Typical Sections >>

Undivided). Click on the template once so that the preview shows up in the bottom
left corner.

== T5-7 (ALN) C&G, SW - 4 LAYER
;
== T5-7B (3LN) - 4 LAYER
5 TOOT Project Templates

[ Components

[ End Conditions

5 Templates

b= TS-7 W/Retaining Wall

£

| Library  Active Template |

Preview:

4. Next, left click and hold in the bottom preview window and drag the template over
into the empty template. Click View Extent to see the full template.

L
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5. Right click within the Create Template window and select Change Template
Origin. Select the CL point and the template origin will change to CL.

6. Now, select the W-CIP-1 (CUT) template once (Components >> Walls). Make
sure the blue box in the preview window is drawn around the SW_BACK_TOP
point. Note: If the blue box is drawn around another point, go ahead and select the
SW_BACK_TOP point in the preview window.

Template Library:
{25 C\ProgramData*Bentley"OpenRoads Designer CE 10,11
EE Point Name List
23 Components
[ Curbs
[ Median Bamiers
3 MutiModal
[ Pavement
] Sidewalks
25 Walls
w= 5TD-11-1 PARAPET
== 5TD-1-155 D-D
W-CIP-1{CUT) W/ drain
= W-CIP-1 (FILL)
(21 End Conditions
[7 Linear Templates
23 TDOT Project Templates
[ Components
[ End Conditions
5 Templates
b=] TS-7 W/Retaining Wal

L4 >
Library  Active Template |

Preview:
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7. Once again, left click and hold in the bottom preview window and drag the wall
template component over into the main template. While holding the left click button
down within the template window, right click and select Reflect. Place the
retaining wall point on the SW_BACK_TOP_L point (highlighted in red).

EC-OFF- L
SHLD OFf#

| ~&G OFF L

3T\ /- BACK -IMPHRON 3 >
S\ /_BACK m:%;gﬁ&wm 7 5

————

Rl 1=

FND BK TOP \SAC SBEBDTFR _BOT _ FND FR. TOP
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8. We will now use Display Rules to control what does and does not show in the
template drop. We will make the retaining wall appear when the cut slope line is
longer than 12 feet and make the cut slope turn off. Likewise, when the cut slope
is less than 12 feet or if the template is in fill, the retaining wall needs to turn off.

Go ahead and select the Cut Slope_L component by double clicking it.

EELLFEK . TRRIWEBRRT TBF

FHIEOR
TIE L

EC OFF-L

o aHL
CE&G :_]FrHI_

9. Within the Component Properties window, click the Edit button next to Display

Rules.
Compeonent Properties *
Name: |Cut Slope_L |ﬂ Apply
[[] Use Name Overmide: Cut Slope L Close
Description: | | < Previous
Featurs Definition: w Mesh'Grading\Cut Slope Next >
Display Rules: |EC_OFF_|-E"—|_ | Clazsfications
Parent Component: Eo T L - ﬂ

[] Exclude From Top./Bottom Mesh

End Condition Properties
Target TYPe:| Terrain Model w

Priority: | 2

Temain Model: | w <hctives

| [ ] Benching Count:

Fillet Tangert Length: | 0.00

Offsets:

TDOT

Horizontal Vertical

Rounding Length | 0.00
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10.Next, click the Add... button at the bottom of the Component Display
Conditional Expression window.
B Component Display Conditional Expression O *

Conditional Expression for Cut Slope_L Component oK
EC_OFF_LEFT

Cancel

AND OR NOT { ) Selected Rule

Template Display Rules

Mame Type Expression Test Value
CR_L_OFF Horizontal CAG_OFF_L-PSHCG_L = 0.00
CR_R_OFF Horizontal CAG_OFF_R-PSHCG_R = 0.00
EC_OFF_LEFT Horizontal EC_OFF_L-SW _BACK TOP L = 0.00
EC_OFF_RIGHT Horizontal EC_OFF_R-5W_BACK_TOP_R = 0.00
Fule1 Vertical GBEK_BK_TOP -GBK_BK_BOT == 400
SHLD_QOFF_LEFT  Absolute Horzortal — SHLD_OFF_L - EOP_L = 0.00
SHLD_OFF_RIGHT Absolute Horizontal  SHLD_OFF_R-EQP_R = 0.00

£ >
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11.Within the Display Rule dialog box, select the following settings, and then click

OK.
a. Name: Cutlinedisplay

b. Type: Horizontal (Note: This option must be selected to see the additional

fields below.)
c. Between: GS L
d. And: EC_CUT_TIE_L
e. Greater Than: 12.00

Name: Cutlinedisplay
Description:
Type: Horizontal
Between: GS_L
And: EC_ CUT_TIE_L

> v|[1200

12.In the Conditional Expression for Cut Slope_L Component section, click the
AND then NOT button to add onto the expression.

B Component Display Conditional Expression

Conditional Expression for Cut Slope_L Component

EC_OFF_LEFT

AND OR NOT ( )

IE\OIT\ nt of

. [ransportation

Selected Rule
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13.Then, select the Cutlinedisplay rule at the bottom and then click the Selected
Rule button.

i " Component Display Conditional Expression

Conditional Expression for Cut Slope_L Component
EC_OFF_LEFT AND NOT Cutlinedisplay

AND OR NOT ( ) Selected Rule

Template Display Rules

MName Type Expression Test Walue
CR_L_OFF Horzantal CAG_OFF_L-PSHCG_L = 0.00
CR_R_OFF Horizantal CAG_OFF_R-PSHCG_R = 0.00

Horizontal GS_|L-EC_ CUT_TIE_L
EC_OFF_LEFT Horizantal EC_OFF_L-5W_BACK_TOP_L = 0.00
EC_OFF_RIGHT Horizantal BEC_OFF_R-S5W_BACK_TOP_.. = 0.00
Rule1 Vertical GBK_BK_TOP - GBK_BK_BOT == 4.00
SHLD_OFF_LEFT Absolute Horizontal  SHLD_OFF_L - EOP_L = 0.00
SHLD_OFF_RIGHT  Absolute Horizortal SHLD_OFF_R-EQP_R = 0.00

14.Click OK to close the Component Display Conditional Expression tool, and
then click Apply and Close to close the Component Properties window.

15.Now, click the Test... button at the bottom right of the Create Template window.

_E}EE’EFIL‘:RF{‘F'E’ITIBF-FE‘ DEP

B P

FMD _Fhf' JNHLRT_BF'._ BEBORR _TOP

\FND BK FOMD_FR_BOT
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Chapter 8. Retaining Walls

16.The Test End Conditions window should open. Click the Draw button on the right
and then move the cursor up the template. The cut line will disappear after the
EC_CUT_TIE_L is 12 feet away horizontally from the GS. Once tested, go ahead
and click Close in the Test window.

17.Next, select the Retaining Wall component (orange object) to open the properties.
Within the Component Properties window, click the Edit... button.

Component Properties X
Mame: |Hetaining Wall | ﬂ Apply
[] Use Name Ovemide:  Retaining Wall Close
Description: | | < Previous
Feature Definttion: ~  Mesh“\Structural\Retaining Wall - Cut .

ext >
Display Rules: | |
Parent Component: " ﬂ

[] Exclude From Top/Bottom Mesh Closed Shape

Vertex Fillet Tangent Lengths

Select points to ly fillet ta t length to:
e e —— Fillet Tangent Length:

Marne Tangent Length - | 0.00 |
RW _FR_BOT 0.00
RW_FT_BK_TOP1 0.00 | Apoly Tangentienah |
RW_FT_FR_BOT 0.00 v

£ >
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Chapter 8. Retaining Walls

18.We will add the first Display Rule to not show the retaining wall when the cut is
less than 12 feet horizontal. Within the Component Display Conditional
Expression window, click Add. Within the Display Rule dialog box, select the
following settings, and then click OK.

a.

® oo o

Name: retainingwallcutshow
Type: Horizontal

Between: GS_L

And: EC_CUT_TIE_L

Less Than: 12.00

Name: retainingwallcutshow OK
Description: | | Cancel
Type: Horizortal V
Between: GS_L s ﬂ
And: EC_CUT_TIE_L > ﬂ

< ~|[1200 |

19.We will now add the second Display Rule to not show the retaining wall when the
fill is more than O feet horizontal. Click Add once again, and within the Display
Rule dialog box, select the following settings, and then click OK.

a.

© oo o

TDOT

Name: retainingwallfillshow
Type: Horizontal

Between: GS_L

And: EC_FILL_TIE_L
Greater Than: 0.00

Mame: retainingwallfillshow oK
Description: | Cancel
Type: Horizontal >
Between: G5 L ' ﬂ
And: EC_FILL_TIE_L v| #|

5 w | (0.00
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Chapter 8. Retaining Walls

20.Next, create the Conditional Expression using the buttons, as show below: (NOT
retaining wallcutshow) AND (NOT retainingwallfillshow).

i " Component Display Conditional Expression

Conditional Expression for Retaining Wall Component
( HOT retainingwallcutshow ) AND { NOT retainingwalfillshow )

AND OR MNOT ( ) Selected Rule

21.Click OK to close the Component Display Conditional Expression tool, and
then click Apply and Close to close the Component Properties window. Test the
file and the retaining wall should only show up when the cut line is more than 12
feet horizontal, and it should not show up when in fill.
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Chapter 8. Retaining Walls &

22.Go ahead and close the Create Template window. When asked to make changes
to the ITL, click Yes. Note: This will save changes to the default TDOT ITL. It is
recommended to delete these templates and any others saved during this training
once completed with the manual. For an actual project, any ITL modifications
should be saved within the applicable project workset.

23.Lastly, open the Corridor Objects tool (OpenRoads Modeling >> Corridors >>
Edit).

ﬁ ‘i‘E i® Define Target Aliasing ﬁ
1 * I
. Edits E i+ Corridor References =
Template Drop 7 ..':u,tI T8 Corridor Clipping ~
Edit Miscellanecus
Corridor Objects
Corridor Objects

24.Select the mainline corridor and within the Template Drop tab, change the
template to the new template with the retaining wall.

Eﬂ Corridor Objects - OLDR_OP2

P h : e
Horzontal Mame Template Mame
Secondary Alignment
[ TODOT Project Templates' Templates'TS-7 W./Retaining
Key Station

Parametric Constraint
Point Control

Curve \Widening

End Condition Excephion

External Reference

Department of
. [ransportation
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Chapter 8. Retaining Walls

25.Let the corridor process and then look for locations where retaining walls have now
been automatically placed. If the retaining wall did not place correctly, delete the
template, and replace with the new template created.

26.Notice that the corridor cannot transition between the cut of the end condition and
the fill of the retaining wall before the next standard template drop. These
conditions would have to be fixed using Key Stations. If this level of detail is not
required in the 3D model, just update the plan view by drawing a line connecting
the cut and fill lines using the Prop End Condition - Fill Tie feature definition
(Linear >> Roadway >> Grading and Ditches).

TN htlu 152
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Chapter 9. Bridges

Until TDOT Structures fully migrates to OpenBridge Modeler (OBM), there are bridge
templates included in the TDOT ORD workspace (ITL) that will be utilized to fill the gap
in the ORD 3D model, which will aide in the roadway and drainage design. Ultimately,
structural bridge design will be done in OBM (which is compatible with ORD) and the 2D
detail sheets can be done in either OBM or ORD. This chapter will discuss how to use
ORD 3D modeling tools to create an accurate bridge representation (roadway surface
and bridge ends) to fill the gap.

At the conclusion of this chapter, participants will be able to:

1. Create a bridge model control file.

2. Create a bridge model file.

Place and modify a bridge template drop.

Create an approach slab file.

Place and modify an approach slab template drop.
Place bridge ends.

2 o

ORD does not contain the necessary tools to design the structural members of a bridge.
Instead, corridors and template drops are used to approximately place the bridge deck
and fill in the gap within the 3D roadway model.

The TDOT workspace has seven pre-built Bridge templates within the template library
(Figure 16). They are split into two folders based on the type of bridge barrier used:

25 TDOT Typical Sections

{24 Bridge e Bridge Railing: Use the criteria set forth in

%ﬂmem TDOT standard drawing STD-11-1 bridge rail
Approach Slab . .
= T5-1-T5-3 Approach Slab and include sidewalks.

EE d;::’;iim} Approach b e Single Slope: Use the criteria set forth in TDOT
=¢ T5-1A (2LN) BR - BRIDGE standard drawing STD-1-1SS bridge rail and
»= T5-6 (4LN) BR - BRIDGE do not include sidewalks.
s=¢ TS-6A (4LN) BR - BRIDGE
= TS-7A (3LN) BR - BRIDGE In addition to the Bridge templates, there are two

E}TQESSE'DETN}SS - pre-built Approach Slab templates within the
= T5-3 (4LN) 55 - BRIDGE template library (Figure 16) Thes_e will be used as a
= T5-5B (6LN) 55 - BRIDGE basis and should be modified to fit each model.
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Chapter 9. Bridges

In this exercise, we will create the controlling shapes that will be necessary to clip both
the bridge model and the approach slab model. This is most applicable when working
with skewed bridges.

1. Create a new file and name it ROAD-II-BR-Bridge CTRL. Select the TDOTSeed
2D.dgn and click Save. Note: Save this file under the dgn Chapter 9 subfolder.

File name: [ROAD-IF-BR Eridge CTR vl [ sae |
Save as type: MicroStation DGM Files (*.dgn) ~ Cancel
Seed: |C:'-.F‘n:ugramData'-.Bentle'_."-.OpenHDads Designer CE 1D.1'I'-.C|:|| Browse

2. Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method.

e ROAD-II-BR-Alignments.dgn
e ROAD-II-BR-Proposed.dgn
e ROAD-II-BR-Survey.dgn

3. In the ROAD-II-BR-Proposed.dgn reference file, turn off all levels other than the
following.

e DESIGN - TRANSPORTATION - Edge of Traveled Way
e DESIGN - TRANSPORTATION - Shoulder lines

4. In the ROAD-II-BR-Survey.dgn reference file, turn off all levels other than the
following.

e DESIGN - CENTERLINE - Proposed
e SURVEY - DRAINAGE - Bridges
e SURVEY - TRANSPORTATION — Roads
5. Inthe ROAD-II-BR-Alignments.dgn reference file, leave all levels on.
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Chapter 9. Bridges

6. Locate the bridge crossing in the middle of the project. Notice that the existing
bridge will be too small for the proposed SR99, resulting in the need for a new
proposed bridge over the intersection. The existing bridge is 119 feet long,
whereas the new bridge will be 274 feet long and will be slightly offset from the

crossing feature centerline.

. i ———

|

e
I
!
]
|
|
I
|
)

""""'"'-'—--—._l

7. Select the Clipping Boundary - Bridge feature definition (Linear >> Roadway
>> Model Control - 2D Plan >> Clipping).

éjl;? Clipping Boundary - Bridge - |€P‘f;? y 4 "’|"‘ r.&..\ , h,_j /
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Chapter 9. Bridges

8. Next, open the Single Offset Partial tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Offsets and Tapers) and select the 165 complex geometry
alignment. Set the offset to 100 feet and the length to 138 feet. Mirror the offset
and place the start at the intersection of the 165 and SR99 alignments and place
up station. Note: Make sure the cursor is above the crossing centerline.

'i

Iu-.u.l
I

I

I

I

|

I
I
I
I

I

]
i
|
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Chapter 9. Bridges

9. Repeat the previous step for the down station but make the length 136 feet. Place
the start at the intersection of the 165 and SR99 alignments, and then make sure

the cursor is below the crossing alignment to place the offset down station.

-F--E._—

157

TDOT



Chapter 9. Bridges
10.Now, open the Line Between Points tool (OpenRoads Modeling >> Geometry

>> Horizontal >> Lines) and connect the offsets to close the bridge shape.

e I-l.-l-llf 4 e g
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Chapter 9. Bridges

11.Next, we will create four more offsets. Select the 165 centerline as the base and
create a 25’ offset outward from the end of the last offsets.

12.Then, open the Line Between Points tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Lines) and connect the two offsets.

TDOT 159



Chapter 9. Bridges

13.Repeat this process for the other side of the bridge.

14.There should now be three shapes that are not complexed together: one bridge,
one approach slab at the beginning of the bridge, and one approach slab at the
end of the bridge. The additional 25 feet is for the approach slab template drop.
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Chapter 9. Bridges

In this exercise we will create a bridge model by editing an existing template in the ITL
and placing it in a file.

1.

2.

3.

Create a new file and name it ROAD-II-BR-Bridge Model. Select the TDOTSeed
2D.dgn and click Save. Note: By default, it should save in your dgn Chapter 9
subfolder. Also, a bridge model should always be built in a separate file.

File name: [ROAD-II-BR Bridge Model vl [ sae |

Save as type: MicroStation DGM Files (*.dgn) e Cancel

Seed: |C:'—-.P'n::gramData'-.Bentle'_."-.Open Roads Designer CE 10.11 '-.Ccu| Browse

Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method.

e ROAD-II-BR-Alignments.dgn
e ROAD-II-BR-Bridge CTRL.dgn (created in the previous exercise)
e ROAD-II-BR-Terrain.dgn

Go ahead and turn off the triangles for both the 2D and 3D models, if not already
off. Locate the bridge model control shapes within the model.
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Chapter 9. Bridges

4. Next, open the Create Template tool (OpenRoads Modeling >> Corridors >>
Create >> Template).

ﬁ p‘q —t Copy Template Drop '. 2_‘“ f
Mew Mew

kg Import IRD
N Termnplate Edit
Corridor Template Drop | Transitions ~ v Ternplate Drop

Create ¥ Create Template  dit

& Import Template

= Display Template

5. Underthe TDOT Project Templates folder, right click on the Templates subfolder
and select New >>Template. Name the new template TS-5B (4LN) SS - BRIDGE.

=5 TDOT Project Templates
[ Components
(7] End Conditions

Mew > Folder
Cut Ctrl-X el
Copy Ctrl-C

6. An empty template should now appear. Scroll up and select the TS-5B (6LN) SS
- Bridge template (Linear Templates >> TDOT Typical Sections >> Bridge >>

Single Slope). Click on the template once so that the preview shows up in the
bottom left corner.

7. Now, left click and hold in the bottom preview window and drag the template over
into the empty template area. Click View Extent to see the full template.

+=4aos-t & g
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Chapter 9. Bridges

8. Right click on the green CL point within the Create Template window and select
Change Template Origin.

SEE FMRTOPPLL SEB FEFRK_TROP

L BB, | ks 5K 4B

'BALC'\BCHUJM RM
BabppoBGTIMRNMLINA R

LNA1
) %@1 RM
. Eﬁﬁ@‘fﬁﬁg?& cL

bspit

B AR BKE@DTL L

9. Right click in space and select Delete Components. Then, click and drag to draw
through the components that need to be deleted. In this exercise, delete the
components linking the EOP and LNC on both sides of the template.

LB BASECBKLTOP_L
NHEHBASE FR TOR L

LSH‘I E

10.Go ahead and delete the EOPH1_L and EOPH1_R points from the template by
right clicking on the point and selecting Delete Point.
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Chapter 9. Bridges

11.Next, open the Point Properties for EOP_L and update the following Constraint

settings. Then click Apply and Close.
a. Constraint 1 (Parent 1): LNB_L
b. Constraint 1 (Value): 2.00%
c. Constraint 2 (Parent 1): LNB_L
d. Constraint 2 (Value): -12.00

Paint Properties >
e = 4 ]
[] Use Feature Name Ovemde: EOP | Close
Feature Definition: e
dway \Pavement Edges'\Prop ECP < Previous
Superelevation Flag
Mext =
Altemate Surface: .
Member of :
Shoulder Surface Course_L
Constraints
Constraint 1 Constraint 2
Type: Slope w Horzontal ~
Parent 1: LMB_L ) ﬂ LNB_L bl ﬂ
Parent 2: L] Rollover Values. ..
Value: [2.00% |[=] [TAm |E
Label: |EOF‘_L Slope v | |EO P_L Width “ |
[ Horizortal Feature Constraint berial Survey'Drainage’233-Dam or Spillway
TN hilu
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Chapter 9. Bridges

12.Right click on EOP_L and select Merge Points.

delete.

SRATELBK_BOT_L

TDOT

Audd New Component

Template Documentation Link..
Check Paint Connectivity...
Dielete Components

Change Termiplate Origin

Delete Constraints from All Points
Move Point

Edit Paint...

Add Canstraint

Merge Points

Delete Pomt

Delete From Carmponents (Make Mull)
Test Point Controls

Set Dynamic Origin

Select LNC_L as the point to

LAt

LNAY-E
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Chapter 9. Bridges

13.Now, open the Point Properties for EOP1 L and update the following
Constraint 1 settings. Then click Apply and Close.

a. Constraint 1 (Type): Slope
b. Constraint 1 (Parent 1): LNB1 L
c. Constraint 1 (Value): 2.00%

49§ TDOT

Point Properties et
P 7] 4 ]
[ ] Use Feature Name Cveride: EOP1 L Close
Feature Definition: »
wayPavement Edges*Prop EQOP1 < Previous
[ ] Superelevation Flag
MNext =
Altemate Suface: -,
Member of :
Shoulder Suface Course_L
Constraints
Constraint 1 Constrairt 2
Type: Slope o Haorizontal e
Parent 1: LNB1 L e ﬂ EOP_L i ﬂ
Parent 2: L] Rollover Values...
Value: | | = |-{I'.1]-IZII | =
Label: " e
| _— |
[[] Horizortal Feature Constraint Yeral Survey Drainage’233-Dam or Spillway

Department of
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Chapter 9. Bridges

14.Right click on EOP1_L and select Merge Points. Select LNC1 L as the point to
delete.

15.Repeat steps 11-14 for the right side of the template. Update the EOP_R point’s
Horizontal Constraint to positive 12.00 and the Slope to -2.00%. Once
completed, the template is now ready to be placed.

SESHFRTOPPLL

|

‘1\2 Bi-HBS L
D BOM RM

BafssRBOT RM— LNA R

'E LNA1 R
o EP L 68 H8_RM
Rk cus
SHA-£

[
EL‘.’B»’&ECEKBTLL

16.Click File >> Save As and name this ITL Civil Templates-TDOT I65SR99 Bridge.
The file should automatically save to the workset folder structure by default
(C:\ProgramData\Bentley\OpenRoads Designer CE 10.11\Configuration\
WorkSpaces\TDOT_Standards\WorkSets\123456.00 INITIALS\Standards\
Template Library\). Then, close the Create Template window.
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17.Lastly, open the New Corridor tool (OpenRoads Modeling >> Corridors >>
Create) and select the middle centerline (165). Right click for the active profile and
left click for the name of the corridor. Select the TS-5B (4LN) SS - BRIDGE
template that was just created (TDOT Project Templates >> Templates). Place
the start and end of the template at the extents of the blue dashed bridge control
shape (do not include bridge ends).

= If the bridge is skewed, the template drops must extend beyond the long
end of the skewed end of the bridge line, as shown below.

Take Note!
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In this exercise, we will create an approach slab model by editing a template within the
ITL and placing it in a file.

1. Create a new file and name it ROAD-II-BR-Bridge Approach Slab Model. Select
the TDOTSeed2D.dgn and click Save. Note: By default, it should save in your dgn
Chapter 9 subfolder.

File name: [ROAD-IF-BR Eridge Approach Slab Model v [ save |
Save as type: MicroStation DGN Files (*.dan) o Cancel
Seed: |C:'-.F‘n:ugram DataBentley " OpenFoads Designer CE 10.11 '-.Ccu| Browse

2. Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method.

a. ROAD-II-BR-Alignments

b. ROAD-II-BR-Bridge CTRL

c. ROAD-II-BR-Bridge Model (created in the previous exercise)
d. ROAD-II-BR-Terrain

3. Go ahead and turn off the triangles for both the 2D and 3D models, if not already
off. Open the Create Template tool (OpenRoads Modeling >> Corridors >>
Create >> Template).

. ,‘: : t Copy Template Drop | > : s‘
ﬁ kg Import IRD
New New Template Edit

Corridor Template Drop | Transitions ~ v Ternplate Drop

Create ¥ Create Template dit

ﬁ Import Termplate

= Display Template =
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Chapter 9. Bridges

4.

Click File >> Open and select the Civil Templates-TDOT I165SR99 Bridge ITL
saved from the previous exercise (C:\ProgramData\Bentley\OpenRoads
Designer CE 10.11\Configuration\ WorkSpaces\TDOT_Standards\WorkSets\
123456.00_INITIALS\Standards\ Template Library\).

We will now create a new template. Under the TDOT Project Templates folder,
right click on the Templates subfolder and select New >> Template. Name the
new template TS-5 (4LN) Approach Slab.

7 Components I
=7 End Conditions = Tunnel T
7 Linear Templates
— TOOT Project Templates
7] Components
7] End Conditions

en Mew Folder
= Ctrl-X el
Copy Ctrl-C
Paste Ctrl-V
Delete Drel
Rename F2

An empty template should now appear. Scroll up and select the TS-5B (6LN)
Approach Slab template (Linear Templates >> TDOT Typical Sections >>
Bridge >> Approach Slab). Click on the template once so that the preview shows
up in the bottom left corner.

Next, left click and hold in the bottom preview window and drag the template over
into the empty template. Click View Extent to see the full template.

L I i & ¢
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8. Right click within the Create Template window and select Change Template
Origin. Then, select the green BASE_MB_CL point.

SS_BARRIER_L_CTRL SS_BARRIER_R_CTRL

EE-—-...._ PSH_R

Pi R
=" 5w _BACK BOT R

NC4_R Bot
OP4 R _BOT
5SH4_R. BOT

9. Right click in space and select Delete Components. Then, click and drag to draw
through the components that need to be deleted. In this exercise, delete the
components in between the EOP and LNC on both sides of the template.

S5 BARRIER_L_CTRL

'BALAB‘ BOIMRM
T——_INAR

T INB R
R T LNC R
EOP_L EHI'B}BDE'DIM RM EOPR
PSHetm NA1_R l T PSH_R
| “'“"-—-_. NB1_R i

LCRA l S _INC1R
— NA4_F_BCT l OP1LR |
JOT L

NB4 R _BOT l e SW_BAC
o NC4 R-BOT L

L OP4_L_BOT
SEAFO T
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10.Next, open the Point Properties for EOP_L and update the following Constraint
settings like we did for the Bridge Model. Then click Apply and Close.

a. Constraint 1 (Parent 1): LNB_L
b. Constraint 1 (Value): 2.00%
c. Constraint 2 (Parent 1): LNB_L
d. Constraint 2 (Value): -12.00

11.Right click on EOP_L and select Merge Points. Select LNC_L as the point to
delete. Go ahead and update the following Constraint settings for EOP1_L, as
listed below, and then repeat the same Merge Points procedure for the EOP1_L
and EOP4_L BOT points.
a. Constraint 1 (Type): Slope
b. Constraint 1 (Parent 1): LNB1 L

c. Constraint 1 (Value): 2.00%
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Chapter 9. Bridges

12.Repeat steps 10-11 for the right side of the template. Update the EOP_R point’s
Horizontal Constraint to positive 12.00 and the Slope to -2.00%, if needed. Once
completed, the template is now ready to be placed.

SS_BARRIER_L_CTRL

L B0 BOW RM
e #_F_*#L B
- INB R
EQRbr iy ; g%ﬂﬂﬂ
PSH== T | EAHE_!__‘_I:IE]EL
= NA1_R
L BAEKTHD S NA4 R 80T

INBL—
= |

13.Click File >> Save and then close the Create Template window. Next, open the
New Corridor tool (OpenRoads Modeling >> Corridors >> Create) and select
the middle centerline (165). Right click for the active profile and then drop the
template that was just created. The start and end locations at each end of the
bridge are indicated below (approach slab control lines). You will have two
template drops: Stations 421+25.89 — 421+50.89 and 424+24.89 — 424+49.89.
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14.Now, attach the ROAD-II-BR-165 Corridor.dgn reference file using the
Coincident World attachment method. Notice how the bridge and approach slab
do not line up with the roadway.

15.0pen back up the ROAD-II-BR-Bridge Model.dgn file. Change to the Multi-
Model Views view in the lower left corner so that the 2D and 3D models are visible.
Open the Create template tool (OpenRoads Modeling >> Corridors >> Create)
and open the bridge template. Open the LNA_L point properties and change the
Horizontal Constraint to -30.23 and the Slope Constraint to 0.00%. Then click
Apply and Close.

Point Properties et
b gp
[] Use Feature Name Ovemide: |12 | —
Feature Definition: ~ Javement Lanes‘\Prop Lane Line & )
< Previous
Superelevation Flag
Mest =
Altemate Surface: .
Member of
Surface Course_1_L
Surface Course_L
Constraints
Constraint 1 Constraint 2
Type: Horizontal e Slope w
Farert 1: cL A ﬂ L o ﬂ
D R = allues
Value: -30.23 |[=] [0.00% |[2
Label: |LNA_L Width v| | v
[ Horizontal Feature Constraint Serial Survey'\Drainage’\233-Dam or Spillway

16.Repeat the previous step for LNB_L and change the Horizontal Constraint to
-42.23 and check that the Slope Constraint is set to 2.00%. Then click Apply and
Close.

17.Repeat the previous two steps for the right side of the bridge. The horizontal
constraints will be (+) and the slope constraints will be (-). Apply and Close each
change.
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18.0nce completed, Close and Save the template editor. Open the Synchronize
Template tool (OpenRoads Modeling >> Corridors >> Miscellaneous) and then
select the bridge corridor. Then, open back up the ROAD-II-BR-Bridge Approach
Slab Model.dgn file. The approach slab model must be edited to match the
constraints of the bridge. Within the file, open the Create Template tool (Open
Roads Modeling >> Corridors >> Create >> Template).

19.Next, open the LNA_L point properties and change the Horizontal Constraint to
-30.23 and the Slope Constraint to 0.00%. Then click Apply and Close. Note:
These point constraint changes will not look correct until after changing the
constraints on point LNB_L in the next step.

Point Properties et

b )+ o]

[] Use Feature Name Ovemide: |12 L

Close
Feature Definition: ~ 2gyement Lanes‘\Prop Lane Line A i
< Previous
Superelevation Flag
Mext =
Altemate Surface: -,
Member of :
Surface Course_1_L
Surface Course_L
Constrairts
Constrairt 1 Constrairt 2
Type: Horizontal w Vertical i
Parert 1: cL e ﬂ L " ﬂ
Walue: |-3[:..23 | = |-[}'.I]'I]I | =
Label:  [LNA_L Width v | v
[] Horizontal Feature Constraint ferial SurveyDrainage’233-Dam or Spillway

20.Repeat the previous step for LNB_L and change the Horizontal Constraint to
-42.23 and check the Slope Constraint is set to 2.00%. Then click Apply and
Close.

21.Repeat the previous step for the right side of the approach slab. The horizontal
constraints will be (+) and the slope constraints will be (-). Apply and Close each
change.
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22.Go ahead and close and save the template editor. Open the Synchronize
Template tool (OpenRoads Modeling >> Corridors >> Miscellaneous) and then
select the approach slab corridor. Note: The bridge alignments still do not line up
exactly, as the inside lane will need to be point controlled to follow the PGL line
like the mainline does. For this exercise, we will not set a point control.

23.We will now create a parametric constraint at the southwest corner of the bridge
starting at the beginning of the bridge and ending 7 feet before the beginning of
the bridge approach slab. The constraint will run for a total of 18 feet. Open the
Create Parametric Constraint tool (OpenRoads Modeling >> Corridors >> Edit
>> Edits) and select the bridge approach model corridor. Set the Start and Stop
Stations to 421+32.89 and 421+50.89, and then select the LEFT_BARRIER _
CTRL constraint and make the start and stop value 1.00. The bridge end will be
placed within the remaining 7 feet between the start of the concrete barrier and the
start of the bridge approach slab in the upcoming steps. Note: If this was a Bridge
Rail bridge, the distance would be 6 feet.

‘! :

24.Repeat the process for the additional three corners of the bridge, using the
RIGHT _BARRIER_CTRL constraint for the right side of the template. The Start
and Stop Stations will change accordingly on the north side of the bridge to
424+24.89 and 424+42.89.

25.0nce completed, we need to place the bridge ends at the end of each concrete
barrier. Temporarily turn off the ROAD-II-BR-165 Corridor.dgn reference file.

176
-[!-o?a?tlont of

. [ransportation



Chapter 9. Bridges

26.We now need to place the Right Start bridge end first (SE corner). Open the Point
tool (OpenRoads Modeling >> Geometry >> Horizontal >> Point).

2 _V QOffsets and Tapers ~
-
S Ol 5

-4 Reverse Curves =

Lines  Arcs QPoint) Madify  Complex
- ~ v = Spirals T v Geometry =
Horizontal

27.Within the Point dialog box, select the following settings.
a.
b.

TDOT

Elevation Mode: Plan Element

Reference Elevation Alignment: PSH_R (select the 165 corridor PSH_R
in plan view when prompted to Locate Elevation Plan Element (purple line
highlighted in the screenshot on the next page))

Elevation Offset: 0.00

Rotation Mode: Relative to alignment

Reference Rotation Alignment: PSH_R (select the 165 corridor PSH_R in
plan view when prompted to Locate Reference Element for Rotation)
Rotation: NO0'00°00” E

Feature Definition: Bridge End - SS - Right Start (Point >> Roadside
Barriers >> Bridge Ends)

Elevation »
Elevation Mode |F‘Ian Element ~ |
Reference Elevation Alignment |F‘5H_H ~ |
[ Elevation Offset [0.00 |
Elevation 72067
Rotation -~
Rotation Mode |Helati~.-'e to alignment ~ |
Reference Rotation Alignment |F‘5H_H ~ |
Rotation |NDD’DI}'I}D.I}"E |
Feature -~
Feature Defirition | Bridge End - 55 - Right Start |
Name | Bridge End - 55 - Right Start |
Description |S-GHC-4.5.E - Single Slope Bamier Wall - Right Start |
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28.Click through the prompts, and then data point with the intersection snap to place
the point at the intersection of the PSH_R and the end of the concrete barrier.

\.).‘

29.Repeat Steps 26-28 to place the bridge end in the remaining three corners, making
sure to use the corresponding feature definition for each orientation. Note: Start
and end are flipped for the Left side as the start/end is based on travel direction
(i.e., the SW corner will use the Left End feature definition).
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Note: The only remaining step would be to change the bridge slopes from 4.00% to
2.00%. This would be done by creating a parametric constraint of the PSH lines in the
main 165 corridor model. This parametric constraint would be 90 feet from the start
of the bridge to match the superelevation runout of the roadway. Note: For a
parametric constraint to work on the PSH values, the PSH slope constraint Rollover
values will need to be turned off (shown below), meaning a separate template drop
will be needed. Alternatively, a point control could be placed to control the shoulder

vertically.

Point Properties x
= P ]+ ]
[] Use Festure Mame Ovemide: PSH_L Close
Feature Definition: o
ay“Shoulders"Prop Shoulder Edge < Previous
[] Superelevation Fag
Mext =
Altemate Surface: -
Member of:
Graded Shoulder_L
Shoulder Surface Course_L
Constrairts
Constraint 1 Constraint 2
Type: Slope ~ Harizontal w
Parent 1: EOP_L v ﬂ EOP_L i ﬂ
Parent 2: E Rollover Values. .
Value:  [4.00% |[=] [1000 | [=
Label: |PSH_L Siope v | |PSH_L Width v|
[[] Horizental Feature Constraint ieariAenial Survey' Mlignment100-Centerine
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Chapter 10. Underpass Slope Protection

The TDOT standards for both Underpass Slope Protection and Bridge End Drainage
have been incorporated into the TDOT ORD workspace so that they can be properly
modeled in ORD via civil cells. This chapter will discuss how to place and manipulate the
applicable civil cells to accurately model this complex interaction between template drops.
Note: The civil cells are not a replacement for structural drawings. The Underpass Slope
Protection civil cells are meant to assist in the grading of slopes around underpasses.

At the conclusion of this chapter, participants will be able to:

1. Place an Underpass Slope Protection civil cell.
2. Edit the civil cell template drops to properly align with the slopes.
3. Place Approach Slab ditches on a corridor.

Underpass Slope Protection is developed and modeled in ORD using civil cells and
additional surface templates. There are five TDOT abutment civil cells, which are
aligned with TDOT standard drawings RDO1-SA-1 and STD-10-3 (Figure 17). If the bridge
is perpendicular to the roadway, only one civil cell is necessary (TDOT ABUTMENT
PERPENDICULAR). For any skewed scenario, there are two civil cells that handle left
skews and two civil cells that handle right skews (red boxes below).

Pick Civil Cell x

TI'_":IIT APFHOP.CH SLAB DITCH - TOP RIGHT '\
TOOT APFPJCI*.CH SmB ITCH - TOP LEFT 4
B AL D - BOTTOM RIGHT

TDOT APFRCIACH SLABR DITCH - BOTTOM LEFT i\
#- Cul-de-sac_TDOT dgnib (Default)
- CurbRamps_lslands_TDOT danils (Defail) =3
+- CurbRamps_TDOT dgnib (Defauk)

- Entrances_TDOT donlib (Default) 5

+- Intersactions_TDOT dgniib (Defauk) W
7 Interstate_TDOT donits (Default) '
+- MedianOpenings_TDOT dgnlib (Defaul)

#- Roundabouts_TDOT dgnib (Defauk)

DK Cancel
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Chapter 10. Underpass Slope Protection

To place an abutment civil cell, the user must first draw an abutment control line, which
represents the back of the abutment. This is for representation purposes only and the
abutment is assumed to have a thickness of 1°. The control line should be profiled so it is
at least 1’ below the proposed shoulder lines (PSH) of the bridge. At a minimum, the
control line should extend well beyond the PSH points of the roadway to avoid any issues
during placement. When placing the abutment civil cells, the left and right skew orientation
assumes that UPSTATION s to the right.

Once the applicable civil cells have been placed, ditches will need to be placed at the
end of the approach slabs. There are four TDOT approach slab ditch civil cells for the
placement of these ditches, which are aligned with TDOT standard drawing STD-10-3.
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Chapter 10. Underpass Slope Protection

In this exercise, we will place underpass slope protection using a civil cell. Note: This
exercise shows how to place and manipulate the civil cell. The grading outside of the civil
cell will not be covered and will not follow standards specified in STD-10-3.

1. Open the ROAD-II-USP-SR99 Corridor.dgn file within the dgn Chapter 10
subfolder. Make sure that the Default view is active in the lower left corner. Locate
the south end of the bridge in the middle of the project, where the bridge meets
the abutment.

\

2. Select the Abutment - CTRL feature definition (Linear >> Roadway >> Model
Control - 2D Plan >> Bridge) and toggle on Create 3D Automatically.

g | Abutment -CTRL v | |l A S|
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Chapter 10. Underpass Slope Protection

3. Using the Near Snap Point snap, open the Line Between Points tool (Open
Roads Modeling >> Geometry >> Horizontal >> Lines) and draw a line from the
PSH_L line (near snap the PSH_L line) at the SW corner of the bridge across to
the PSH_R line. Use the Perpendicular Snap to shap to the PSH_R line. Then,
using the orange handles on the line, drag the ends of the line outside the PSH
lines at least 10 feet on each side.

Enter End Point
'! !! Parameters:Distance | [REREEY|
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4. Next, open the profile view of the abutment control line just drawn. If drawn
correctly, the line should have a profile elevation around 720.50°. The abutment
civil cell is created so that the abutment control line is 1’ below the PSH elevations.
With the same feature definition still active, create a new profile line 1’ below the
current profile line using the Profile Line Between Points tool (OpenRoads
Modeling >> Geometry >> Vertical >> Lines) and set the new profile to active.
Note: This elevation controls the top of the abutment and will need to be modeled
for the bridge being designed.

e B B B B B O O R B R I O O B O L I B O B O e

5. Return to the Default view and then open the Place Civil Cell tool (OpenRoads
Modeling >> Model Detailing >> Civil Cells).

e Create Civil Cell
#= Process Civil Cell

. Drop Civil Cell

Civil Cells
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6. Within the Place Civil Cell dialog box, click the 3 dots to open the Civil Cell folder.
Since the abutment control line will be perpendicular to the bridge, selectthe TDOT
ABUTMENT PERPENDICULAR civil cell under the Abutment_TDOT.dgnlib and
click OK.

Pick Civil Cell X

=|- Abutment_TDOT .dgnlib (Default) \:1 \:1 [
- TDOT ABUTMENT RIGHT UPSTATION

B TDOT ABUTMENT PERPENDICULAR

- TDOT ABUTMENT RIGHT DOWNSTATION

- TOOT ABUTMENT LEFT DOWNSTATION

- TOOT APPROACH SLAB DITCH - TOP RIGHT

-- TDOT APPROACH SLAB DITCH - TOP LEFT

- TDOT APPROACH SLAB DITCH - BOTTOM RIGHT
- TDOT APPROACH SLAB DITCH - BOTTOM LEFT
- TDOT ABUTMENT LEFT UPSTATION

- Cul-de-sac_TDOT dgnlib {Default)

- CurbRamps_|slands_TDOT dgnlib {Default)

- CurbRamps_TDOT dgnlib {Default)

- Entrances_TDOT danlib (Default)

- Intersections_TDOT .danlib (Default)

- Interstate_ TDOT danlib (Default)

- MedianOpenings_TDOT danlib {Default)

- Roundabouts_TDOT dgnlib (Defautt)

n

e O O e O O O Y O

oK Cancel

7. Inthe 2D view, follow the prompts and select the Abutment CTRL (1), PSH_L (2)
and the PSH_R (3). Note: This cell works in both left and right directions. The
selection order for the other side abutment placement would be the PSH_R line
and then the PSH_L line.
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8. Now, adjust the direction of the reference lines, if needed. In the civil cell preview,
the small red CTRL lines need to be outside the PSH lines and towards the bridge.
Note: You should not need to reverse the reference line directions for this civil cell.
Also, the screenshot has been rotated counterclockwise so that the PSH_L line is
at the top of the screen.
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9. Right click to reset and then left click to place the civil cell.

10.This civil cell contains seven different template drops that will be placed within the
civil cell. Each template drop will need a target alias added to continue with the
modeling. Make sure the DES - CORRIDOR GRAPHICS levels are turned on.
Note: The screenshot has been rotated back to due north.
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11.Next, open the Define Target Aliasing tool (OpenRoads Modeling >> Corridors
>> Miscellaneous) and select the template drop that is parallel to the 165 corridor
at the bottom of the screen (Abutment Tie In Right).

ANE N

Locate Corridor

Linear Template: Abutment Tie In Right
Linear Templates\TDOT Typical Sections'Bridge\Abutment
Level: DES - CORRIDOR GRAPHICS - Design

12.Add Corridor - SR99 and Terrain Model - MU065-04 Survey DTM as target
aliases for the templates that parallel the 165 corridor (Abutment Tie In Right and
Abutment Tie In Left).

;:_-J

Target:

<Active Surface>

Surface or Corridor

Terrain Model -
Terrain Model -
Terrain Model -
Terrain Model -
Terrain Model -
Terrain Model -
Terrain Model -

Terrain Model -

4

NT . Add ->
NT

NT <- Remove
NT

Ramp3 Gi Move Up
Ramp2 Gi

Ramp1 Gi Move Down
Ramp3 G:

4

Aliazes

Corridor - SR99 Apply
Terrain Model - MUDG5-045u

Close

Use Closest

13.Using the same Define Target Aliasing tool, select the following template drops
in order from bottom to top and add Corridor - SR99 to each one: Abutment Nose
Right, Abutment Gravel Right, Abutment Main, Abutment Gravel Left, and
Abutment Nose Left. Note: If necessary, you can turn off the reference files to

select the template drops more easily.

gp\§ TDOT
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14.0nce all seven template drops are aliased, the abutment is almost complete.

| _

15.Now, a parametric constraint needs to be added on the PSH_R side of the
abutment to tie the 165 slope to the abutment slope. Open the Create Parametric
Constraint tool (OpenRoads Modeling >> Corridors >> Edit >> Edits). Select
the Abutment Tie In Right corridor.

Linear Ternplate: Abutment Tie In Right
Linear Templates\TDOT Typical Sections'\Bridoel&butment ‘Ybutment 2:1 Grass Slope
Level: DES - CORRIDOR GRAPHICS - Design
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16.Within the Create Parametric Constraint dialog box, select the following settings
to change the slope of the end conditions and then left click to accept the prompts.
This will cause the end condition to disappear. Note: The screenshot has been
rotated to show the entire abutment.

a. Lock to Start and End: Toggle On

b. Constraint Label: EC_FILL_TIE_SLOPE
c. Start Value: 50%

d. Stop Value: 25.00%

17.Repeat the previous step and create a parametric constraint on the PSH_L side
of the abutment. Set the Start Value to 50.00% and the Stop Value to 33.33%.

18.For this exercise, we will not place the abutment civil cell again on the right side
of the bridge. For future reference, remember that the selection of the PSH
reference lines will be reverse for that side.
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19. Lastly, we need to draw a clip shape around the south abutment that will clip the
SR99 corridor so that the end condition does not continue under the abutment.
Open the Place Shape tool (OpenRoads Modeling >> Drawing >> Placement
>> Polygon Tools) and draw the shape that is selected in the screenshot below,
which clips the SR99 corridor where it is under the abutment or the road.

.

!
i
i
!
i
1

20.Then, open the Add Clipping Reference tool (OpenRoads Modeling >>
Corridors >> Miscellaneous >> Corridor Clipping) and select the SR99 corridor.
Select the clipping shape that was just drawn to clip the SR99 corridor and that will
complete the left side underpass slope protection. Note: This would also have to
be done on the right side of the bridge as well if the user placed the other civil cell.
Also, this will not change the 2D model end condition boundaries, only the 3D
model. TDOT CADD Support website under ORD Resources

For details on how to place other TDOT Civil Cells, please refer to the
vz individually recorded videos provided on the TDOT CADD Support

website under ORD Training Material >> ORD Civil Cell Tips and
Take Note! \/ijeos.
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In this exercise, we will place an approach slab ditch at each of the four bridge corners
using civil cells. Note: This exercise shows how to place and manipulate the civil cell. The
grading outside of the civil cell will not be covered and will not follow standards specified
in STD-10-3.

1.

2.

Open the ROAD-II-USP-165 Corridor.dgn file within the dgn Chapter 10 subfolder.
You should get a Compact Database alert twice asking if you want to proceed.
Click No both times. By default, the triangles should be turned off in both the 2D
and 3D models. Note: The alert will appear when opening any ORD file that
contains drainage and utilities data. If you receive this alert in other exercises, go
ahead and click No.

Compact Database

The application is about to compacd database, do you want
to proceed?

Mote: You can control how frequently this message is

displayed by going to Tools-= Options and configuring the
“Compact database after” option.

Within the Default view, rotate the view so that the 165 mainline stationing runs left
to right, with the EOP_L being at the top. We will need to locate the bottom left
corner of the bridge. The ditch civil cells are set up to work when upstation is left
to right in plan view. Note: The bottom left corner of the bridge approach slab is
located on the right side of the corridor alignment.

s -
-
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3. Select the Matchline - CTRL feature definition (Linear >> Roadway >> Model
Control - 2D Plan >> Matchline) and toggle on Create 3D Automatically. Note:
A controlling line must be placed to define the location of the civil cell. The naming
convention of the civil cells relate to the location of the ditch relative to the bridge
and the current view.

g/ | Matchiine - CTRL et @ A /[

4. Open the Line Between Points tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Lines) and draw a line just left of the end of the 165 template drop
from the top of the view to the bottom of the view. Make sure this line crosses the
corridor PSH line and Tie Slope line. Also, make sure the line does not cross
template drops. With Create 3D Automatically on, a profile will be associated
with the control line. This profile does not need to be modified and is not used by
the civil cell.

Y Start at Top
of View

- I\

el [ at Bottom
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5. Next, open the Place Civil Cell tool (OpenRoads Modeling >> Model Detailing
>> Civil Cells). Within the Place Civil Cell dialog box, click the 3 dots to open the
Civil Cell folder. Select the TDOT APPROACH SLAB DITCH - BOTTOM LEFT
civil cell located under the Abutment_TDOT.dgnlib and click OK.

Pick Civil Cell X

pr 1 O O e O O O O

- Abutment_TDOT dgnlib {Default)

o]
A0
!

- TDOT ABUTMENT RIGHT UPSTATION

- TDOT ABUTMENT PERPENDICULAR

- TDOT ABUTMENT RIGHT DOWNSTATION

- TDOT ABUTMENT LEFT DOWNSTATION

- TDOT APPROACH SLAB DITCH - TOP RIGHT

- TDOT APPROACH 5LAB DITCH - TOF LEFT

- TDOT APPROACH 5LAB DITCH - BOTTOM RIGHT
- TDOT ABUTMENT LEFT UPSTATION

& TD0T APPROACH SLAB DITCH - BOTTOM LEFT —_—

- Cul-desac_TDOT dgnlib {Default)

- CurbRamps_lslands_TDOT .dgnlib {Default)
- CurbRamps_TDOT .dgnlib (Default)

- Entrances_TDOT dgnlib (Default)

- Intersections_TDOT dagnlib (Default)

- Interstate_TDOT danlib (Default)

- MedianOpenings_TDOT dgnlib (Default)

- Roundabouts_ TOOT dgnlib {Default)

oK Cancel

6. In the 2D view, follow the prompts and select Ditch CTRL (1), PSH_R (2) and the
FILL_TIE_R (3).

EC_
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7. Right click to skip direction of reference lines and then select the 165 corridor to
clip. The ditch should now be placed, as shown below.

8. Zoom in to the bottom of the civil cell and locate the orange matchline handle
slightly offset from the tie slope line. Changing the location of this handle changes
the breakline of the civil cell and allows it to match the standard drawing, where it
can move up to 5’ from the end of the ditch. Note: You can select the outside lines
on the civil cell and profile them to match the slopes of the fill, if desired.
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9. You would repeat Steps 4-8 to place the approach slab ditches on the other three
corners of the bridge, using the appropriate civil cell for each corner of the bridge.
Note: The arrows below show the direction to draw the matchline control line to
work correctly with the applicable civil cell, from the top of the view to the bottom
of the view.

Bottom
Left

--=,..=—.I | &

Nl
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Ramp and Gore modeling requires complex interaction between multiple template drops
or corridors. Due to the complexity and constraints, these scenarios will not be placed via
civil cells. Instead, this chapter will discuss the necessary tools to accurately model the
ramp and gore interaction with the mainline alignment.

At the conclusion of this chapter, participants will be able to:

1. Model a ramp gore with geometry tools.
2. Override two corridor end conditions to follow a single ditch control line.

Ramps and gores will be modeled using a combination of template drops and surface
templates. Within the default TDOT template library, display rules are present, which
allow certain template components to be turned off, thus enabling two templates to
converge onto one-another. Three different display rules have been created for ease of
modeling gores and other scenarios:

e EC@PST OFF: Turns off the end condition at the Graded Tie In point. This is a
simple on/off and does not have different hidden elements.

e EC OFF: Turns off the end condition and modifies the graded shoulder, so it is a
straight cut down from the edge of the 2’ graded shoulder (Figure 18). This display
rule does have hidden elements that are turned on.

EC@PST_OFF L

SHLD _CFF_L
EC_OFF L
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e SHLD OFF: Turns off the end condition and the shoulder at the Edge of
Pavement (Figure 19). For templates that have stepped asphalt layers, those
components will be turned off and new components without the stepped layers will
be turned on.

SHLD OFF L

SHLD_COFF R

EBRsLL
Iy e —

- e ———
EQP3 L1
EOP4 L1 -

GF’S L 2CT1

The actual gore area will be created using a surface template (Figure 20). The graded
area behind the paved gore, but prior to the mainline and ramp end condition connection
point, will be filled in using another surface template. Then, the ditch line will be carried
from the graded area behind the gore to the end of the ramp and targeted by both the
mainline and ramp corridors.
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Chapter 11. Ramps and Gores

In this exercise, we will use a variety of modeling tools to create a ramp gore on an exit
ramp.

1. Open the ROAD-II-RG-165 Corridor.dgn file within the dgn Chapter 11 subfolder.
Make sure that the Default view is active in the lower left corner. The following
files should already be referenced in the 2D view.

e ROAD-II-RG-Alignments.dgn

e ROAD-II-RG-Proposed.dgn

e ROAD-II-RG-Ramp Corridor.dgn
e ROAD-II-RG-Terrain.dgn

2. Locate the ramp in the lower right corner of the interchange. Note: The ROAD-
lI-RG-Proposed.dgn file is a 2D SS2 file that will serve as a reference for what we
will be recreating in ORD.
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3. First, we need to create an auxiliary lane for the entrance into the ramp using a
Point Control. Select the Prop EOP - CTRL feature definition (Linear >>
Roadway >> Model Control - 2D Plan >> EOP). Note: For these next steps,
Create 3D Automatically does not need to be on.

| Prop EOP -CTRL v|g% M A ST

4. Next, open the Single Offset Entire Element tool (OpenRoads Modeling >>
Geometry >> Horizontal >> Offsets and Tapers) and select the edge of
pavement in the 2D SS2 model. Set the Offset to 0’ and left click to accept.
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5. Now, open the Create Point Control tool (OpenRoads Modeling >> Corridors
>> Edit >> Edits). Select the 165 corridor and then select the following settings.

a. Start: 402+00.00 (start of corridor)

@ ~ooo0wT

Stop: 413+90.46 (start of ramp geometry)
Control Description: Blank
Point: EOP_R

Mode: Horizontal
Control Type: Linear Geometry
Plan Element: EOP - CTRL (Note: This is the point control line created in

the previous step. The 2D references may need to be turned off to see this
point control line.)

TDOT
Department of
. [ransportation

O

O

Start
Stop

Parameters
Lock To Start

Start

Lock To End

Stop

Control Description
Point

Mode

Contral Type

Flan Element

O

[402+00.00

O

|413+90.46

\EOP_R

s |

| Horizontal

| Linear Geometny

s |

|EOP -CTRL

s |

Use as Secondary Alignment [

Priarity

Horizontal Offsets

K

0.00

0.00
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6. Click through the prompts to accept the point control. Then, open the Create Key
Station tool (OpenRoads Modeling >> Corridors >> Edit >> Edits) and add a
key station at 413+90.47 near the transition to create a smooth break. The auxiliary
lane on the mainline (165) corridor has now been created.

7. Next, we need to turn the mainline corridor shoulder off. Open the Create
Parametric Constraint tool (OpenRoads Modeling >> Corridors >> Edit >>
Edits) and select the 165 corridor. Then, select the following settings.

a. Start: 413+90.47 (end of the ramp alignment)
b. Stop: 416+43.93 (end of the rounded end of the gore)

End Station
<Alt> Lock To End

Parameters:Stop | EliErsk K
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c. Constraint Label: SHLD_OFF_RIGHT

d. Start/ Stop Values: 0.10 (Note: The value can be anything other than 0 to
turn off the shoulder.)

J8 CreatePar.. — x

Parameters L3

Lock To Start ]

Start 413490 47 |
Lock To End ]

[] Stop [416+4393 |
Constraint Label |SHLD_OFF_RIGH v |
StartValue  [0.10 |
StopValue  [0.10 |

8. Go ahead and open the Create Key Station tool once again (OpenRoads
Modeling >> Corridors >> Edit >> Edits) and add a key station at 416+43.94 to
create a clean break where the shoulder turns off.

. 00
SNYy1 *IAVg dl
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9. Now, open the ROAD-II-RG-Ramp Corridor.dgn file within the dgn Chapter 11
subfolder. This file is blank other than the attached reference files. We will be
placing two templates on the ramp: the concrete ramp itself and the asphalt tie
from the mainline corridor through the gore.

10.First, we will place the concrete portion of the ramp. Open the New Corridor tool
(OpenRoads Modeling >> Corridors >> Create). Within the Create Corridor
dialog box, select the Final Design feature definition and name the corridor
Ramp3. Select the ramp geometry, right click to accept the active profile, and then
left click to accept.

ﬁ I__,‘g =3 Copy Template Drop ™
kg Import IRD
Mew Mew . Template
Corridorf Template Drop Transitions ~ -

Create

11.Within the Create Template Drop dialog box, select the TS-4 RIGHT (1LN) -
CONC. template (Linear Templates >> TDOT Typical Sections >> Undivided).
Set the Drop Interval to 25.00’. Place the start of the template at the start of the
nose of the gore (Station 502+51.09) and then lock to the end of the alignment.

Start Station
<Alt> Lock To Start

Parameters:Start | EIERIE
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12.Notice that the concrete ramp has now been placed based on the extents selected
in the previous step.

13.Before placing the asphalt template drop, we need to set a point control on the
mainline corridor. Select the Prop EOP - CTRL feature definition (Linear >>
Roadway >> Model Control - 2D Plan >> EOP), if not still selected.

g/ |Prop EOP -CTRL -] g€ quﬂufﬂ\f 7 /
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14.To assist in locating snaps, go ahead and turn all levels off other than the following.

DES - CL - Proposed
DES - MODEL - Lines Pavement Edge

DESIGN - TRANSPORTATION - Edge of
Traveled Way

DESIGN - TRANSPORTATION - Shoulder
Lines

DESIGN - TRANSPORTATION - Text

DES - MODEL - Lines Pavement Edge
DES - TRAN - Edge of Traveled Way

15.Next, open the Single Offset Partial tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Offsets and Tapers) and then select the EOP_RM for the
mainline corridor. Key-in an Offset of 24’ from the start of the ramp alignment until
the ramp starts to split off. You can snap to the start of the EOP curve in the ROAD-
lI-RG-Proposed.dgn reference file. In this scenario, the distance is approximately
68.5’. Note: The EOP_RM line should be on top of the Northbound alignment. You
can turn off the DES - CL - Proposed level in the ROAD-II-RG-Alignments.dgn
reference file, if necessary, so that it is easier to select the line.
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16.With the same Prop EOP - CTRL feature definition still set, open the Variable
Offset Taper tool (OpenRoads Modeling >> Geometry >> Horizontal >>
Offsets and Tapers). Select the ramp alignment and snap to the line just created.
Then, snap to the 16’ dimension in the ROAD-II-RG-Proposed.dgn reference file.
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17.0nce completed, complex the two lines that were just created and then turn on all
levels in the active file.
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18.Now, open the New Template Drop tool (OpenRoads Modeling >> Corridors
>> Create).

e —+ Copy Template Drop -2}:
———

Yt Import IRD

Ternplate

Corridorj Template Crop \i Transitions

Create

19.Select the TS-4 RIGHT (1LN) - 4 LAYER template (Linear Templates >> TDOT
Typical Sections >> Undivided). Then, select the ramp corridor and place the
template from the start of the ramp alignment (Station 500+00) to where the
concrete ramp begins (Station 502+51.09).
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20.Next, open the Create Point Control tool (OpenRoads Modeling >> Corridors
>> Edit >> Edits). Select the ramp corridor and then select the following settings.

a.
b.
c.
d.
e.

f.

g.

Start: 500+00.00 (start of asphalt template)

Stop: 502+51.09 (end of asphalt template)

Control Description: Blank

Point: EOP_L (ramp)

Mode: Horizontal

Control Type: Linear Geometry

Plan Element: EOP - CTRL (geometry created for the plan element)

21.Click through the remaining prompts and notice that the EOP_L now follows the
control line.
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22.Now, open the Create Parametric Constraint tool (OpenRoads Modeling >>
Corridors >> Edit >> Edits). Select the asphalt ramp template and then select the

following settings.
a. Start: 500+00.00 (start of asphalt template)
b. Stop: 502+51.09 (end of asphalt template)
c. Constraint Label: SHLD_OFF_LEFT
d. Start/ Stop Values: 0.10
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23.We need to match the outside shoulder width of the mainline corridor. Go ahead
and open the Create Parametric Constraint tool once again (OpenRoads
Modeling >> Corridors >> Edit >>Edits) and create another parametric
constraint along the entire asphalt template (Station 500+00.00 to Station
502+51.09). This time, however, set the Constraint Label to GSH_R_Width and
set the Start / Stop Values to 12.00 and 8.00, respectively.

49\ TDOT 212
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24.1n addition to the shoulder transition, we need to transition the standard ditch
depth. The ditch depth for the 165 mainline is 3.5’ but the ditch depth for the ramp
is 4.17°. Create another parametric constraint using the DITCH_Depth R

constraint label to transition the ditch depth across the asphalt ramp with the Start
/ Stop Values set to -3.50 and -4.17, respectively.

= L

25.Next, we will model the gore between the templates. Go ahead and turn off the
ROAD-II-RG-Proposed.dgn reference file.

49\ TDOT 213
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26.0pen the Create Parametric Constraint tool once again (OpenRoads Modeling
>> Corridors >> Edit >>Edits). Select the ramp corridor, and then select the
following settings to adjust the left end condition within the concrete template.

a. Start: 502+51.09 (start of the concrete template)

b. Stop: 503+01.09 (Note: The length of the gravel shoulder at a minimum
must be long enough so that the mainline graded shoulder, which extends
down to meet at the subgrade, is above the same point on the ramp
template drop. In this scenario, 50 feet was added to the start station.)

c. Constraint Label: EC_OFF_LEFT

d. Start/ Stop Values: 0.10

TN Department of

. [ransportation
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27.Now open the Create Key Station tool (OpenRoads Modeling >> Corridors >>
Edit >> Edits) and add a key station at 503+01.10 (right after the end of the
parametric constraint) to close the missing part of the template.

/

28.0nce completed, open back up the ROAD-II-RG-165 Corridor.dgn file. Confirm
that the ROAD-II-RG-Proposed.dgn reference file is turned off. It will not be
needed for the remainder of the modeling.

29.Next, we will repeat the parametric constraint steps for the mainline corridor. Open
the Create Parametric Constraint tool (OpenRoads Modeling >> Corridors >>
Edit >> Edits) and select the mainline corridor. Then, select the following settings.

a. Start: 416+43.93 (start of the shoulder)
b. End: 416+93.93 (add 50’ to the start)
c. Constraint Label: EC_OFF_RIGHT

d. Start/ Stop Values: 0.10

/ | __
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30.Now, open the Create Key Station tool (OpenRoads Modeling >> Corridors >>
Edit >> Edits) and add a key station at 416+93.94 (right after the end of the
parametric constraint) to close the missing part of the template.

31.We will now draw the controlling lines for the two surface templates we are going
to create. Open the ROAD-II-RG-Ramp Corridor.dgn file once again. Select the
Special Ditch - EDGE - IN - CTRL feature definition (Linear >> Roadway >>
Model Control - 2D Plan >> Special Ditch).

E-5pec:ial Ditch - EDGE - IN- CTRL |¢'; .* ,E't., f - /

OpenRoads Designer | CONNECT Edition
JULY 2023
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32.Next, open the Single Offset Partial tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Offsets and Tapers) and then select the GSH_L for the ramp
from the start of the concrete template. Key-in and Offset of 0’ and make the end
of the line at the end of the parametric constraint.
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33.Repeat the previous step for the PSH_R line on the mainline corridor.

34.Within the feature definition toolbar, make sure Create 3D Automatically is still
toggled on. Open the By Angle From Element line tool (OpenRoads Modeling

>> Geometry >> Horizontal >> Lines >> Line From Element).

0 O ?} Elﬁﬁ'set: and Tapers * \j’J 7,}’

A Reverse Curves =

&
Lines &rcs  Point
v v = =L Spirals *

Line Between Points

Line To Elerment L
M¢  Line Between Arcs

Line From Element L

[ Chamfer Between Points

TDOT
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Modify  Complex
- Geometry =

Simple Line From Element
Spiral Line From Element

Curve Line From Elerment

By Angle From Element I

Line From Element
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35. Select the offset line drawn in Step 32 and snap to the end of the offset for the start
point. Key-in a 90° skew and click the end of the offset again. Then, select towards
the other corridor to draw the line. Repeat the step for the offset line drawn in Step
33 to create the two lines shown below. Note: Since the yellow GSH lines lie on
top of the offset lines, you can turn off the DES - MODEL - Lines - Shoulder Edge
level in the ROAD-II-RG-165 Corridor.dgn reference file, if necessary, so that it is
easier to snap to the offset lines.
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36.Now, use the geometry handles and the intersection point snap to drag the handles
of the two lines and snap to each other. Then, complex the two perpendicular
elements that were just drawn from left to right.

[

37.Next, open the profile of the complex element just drawn and then open the
Profile Intersection Point tool (OpenRoads Modeling >> Geometry >> Vertical
>> Profile Creation). In plan view, select the ditch line that was just drawn
(complexed) in Step 36 and then select the two offset ditch lines that were created
in Steps 32 and 33. Two pink dots should show up in the profile of the ditch line.
Note: The automatically generated profile lines shown below do not matter. We
will create new profiles in the upcoming steps.
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38. Since the slopes of the gravel shoulders are 6:1, go ahead and draw a profile line
from each pink intersection point that slopes downwards at a 6:1 (16.67%) slope.

39.Now, draw two new lines that follow the first two lines drawn in the previous step,
to create a V ditch and then complex the two lines and set the line to active. Note:
The automatically drawn 3D lines might still be in the 3D model. You can delete
those lines now, if necessary.
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40.Next, we need to draw the break line for the center of the graded area. Open the
Variable Offset Taper tool (OpenRoads Modeling >> Geometry >> Horizontal
>> Offsets and Tapers). Select the mainline GSH_R line and then select the
intersection of the horizontal complex geometry that was created in Step 36 as the
start of the new control line. Then, place the end of the new control line anywhere
near the middle at the end of the two ditch edges towards the gore area.

41.0nce drawn, open the profile of the taper element and then open the Profile
Intersection Point tool (OpenRoads Modeling >> Geometry >> Vertical >>
Profile Creation). Select the taper and then select the horizontal complex
geometry to show the pink profile intersection point. Open the Profile Line
Between Points tool (OpenRoads Modeling >> Geometry >> Vertical >> Lines)
and draw a line from the pink dot to the other end of the profile that was drawn
automatically. Then, set the profile geometry line to the active profile.
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42.Now, we need to model the asphalt gore before placing any templates. Select the
Prop EOP - CTRL feature definition (Linear >> Roadway >> Model Control - 2D
Plan >> EOP). Note: Make sure Create 3D Automatically is still toggled on, which
will save some profiling steps for the upcoming lines.

4 |Prop EOP -CTRL v|g% | A S Y|

43.0pen the Single Offset Partial tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Offsets and Tapers) and then select the EOP for the mainline
corridor and start at the intersection of the mainline and ramp EOP lines. Key-in
an Offset of 0’ and end the offset at the start of the shoulder line. Then, repeat for
the ramp corridor.
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44.Next, open the Single Offset Entire Element tool (OpenRoads Modeling >>
Geometry >> Horizontal >> Offsets and Tapers) and offset the two EOP - CTRL
lines. First, offset the mainline EOP CTRL line 10°. After placement, open its

properties and set the Slope to -4.00%. Then, offset the ramp EOP CTRL line 4’
and set the Slope to 2.00%.

45.Now, we need to create the curved nose of the paved gore. Open the Simple Arc
tool (OpenRoads Modeling >> Geometry >> Horizontal >> Arcs >> Arc
Between Elements). Select the two EOP - CTRL lines that were offset in the

previous step and then place the arc near the end of the shoulder lines. Set the
Trim to Both.
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46.Next, open the create terrain From Elements tool (OpenRoads Modeling >>
Terrain >> Create) and select the following settings.
a. Feature Type: Boundary
b. Edge Method: None
c. Feature Definition: Civil Cell
d. Name: Gore Asphalt
47.Then, in the 2D View, in a clockwise direction, select the gore nose, the Ramp
EOP - CTRL line, and the Mainline EOP - CTRL line. Right click to accept and
then click through the remaining prompts to create the terrain. Note: Turn off all
levels except the DES - TRAN - Edge of Traveled Way level to make it easier to
select the three lines.

IMainline
EOP -
CTRL

Ramp EOP -
CTRL
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48.Go ahead and open the Explorer and locate the Gore Asphalt terrain under
OpenRoads Model >> ROAD-II-RG-Ramp Corridor.dgn (Default) >> Terrain
Models >> Civil Cell. Right click on the terrain and select Templates >> Apply

Surface Template.

4 I ROAD-I-RG-Ramp Corridor.dgn (Default)

~ Alignments

B % Terrain Models
4 / Civil Cell

GareAq:lEﬂl

> il corridars @] Properties
N Linear Template #3  SetAs Active Terrain Model
& Syrface Templates 'h\ Export Terrain Model
== Civil Cells 4 Add Feature

& Remove Feature

7 Superelevation
s Templates » &  Apply Surface Template

4y Cant
#  Rules b SN Apply Linear Template

b . Linear Geametry

49.Select the SURFACE - SHOULDER template (Linear Templates >> Civil Cells
>> Surface). Toggle off Apply External Clip Boundary and then click through the
remaining prompts to apply the surface template.

TDOT 226

Department of
— [ransportation



Chapter 11. Ramps and Gores

50.Now, open the create terrain From Elements tool once again (OpenRoads
Modeling >> Terrain >> Create). Select the exterior ditch lines and the nose
elements in a clockwise direction, but do not select the center ditch line.

51.Set the Feature Type to Boundary, the Edge Method to None. Set the Feature
Definition to Civil Cell and the terrain Name as Gore Aggregate.
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52.0pen the Explorer once again and locate the Gore Aggregate terrain under
OpenRoads Model >> ROAD-II-RG-Ramp Corridor.dgn (Default) >> Terrain
Models >> Civil Cell. Right click on the terrain and select Templates >> Apply
Surface Template.

53.Select the SURFACE - AGGREGATE template (Linear Templates >> Civil Cells
>> Surface). Toggle off Apply External Clip Boundary and then click through the
remaining prompts to apply the surface template.

54.Lastly, we need to add the break line down the middle of the surface. Right click
on the Gore Aggregate terrain once again in the Explorer and select Add
Feature. Select the center ditch line drawn and then right click to accept. Set the
Feature Type to Break Line and then click through the remaining prompts to
accept. Notice that the ditch has been added to the surface and the modeling of
the ramp gore is complete.

OpenRoads Designer | CONNECT Edition
JULY 2023
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In this exercise, we will target a ditch and merge the end conditions of two corridors. We
will continue to utilize the same ROAD-II-RG-Ramp Corridor.dgn file.

1. Inthe 2D view, select the Shoulder - CTRL feature definition (Linear >> Roadway
>> Model Control - 2D Plan >> Shoulder) and make sure Create 3D
Automatically is toggled on.

&.:? Shoulder - CTRL b |€P{f ’+K“A‘\ ;sf".. o-—j /

2. Next, open the Single Offset Partial tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Offsets and Tapers) and select the GSH_L for the ramp. Key-
in an Offset of 0’ and toggle on Remove Offset Rule. Select the start of the line
right after the end of the gore aggregate surface and the end of the line at the end
of the template. Do not snap to any lines on the gore aggregate or this will make
a recursive constraint later. Note: If preferred, the user could offset from the
alignment and change the slope instead of removing offset rules, which would not
cause a recursive constraint.
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3. Now, select the Special Ditch - CL - CTRL feature definition (Linear >> Roadway
>> Model Control - 2D Plan >> Special Ditch).

g | Special Ditch -CL-CTRL v of [l A S|

4. Go ahead and open the Single Offset Partial tool once again (OpenRoads
Modeling >> Geometry >> Horizontal >> Offsets and Tapers) and select the
Shoulder - CTRL line. Key-in an Offset of -25.24’ and toggle off Remove Offset
Rule. Place the start of the line near the large cut section in the north portion of
the ramp corridor but remember do not snap to anything within the corridor.
Place the end of the line at the end of the ramp corridor.
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5. Next, open the Variable Offset Taper tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Offsets and Tapers) and select the Shoulder Control line. Set
the start of the line near the ditch line of the gore aggregate. Do not snap to the
ditch line created in the previous exercise but you can snap to the ditch line just
drawn.

6. For both ditch lines placed, change the offset Slope to -16.67% in the properties
of the horizontal line and then complex the ditch lines together. Once completed,
open the profile of the complex line. Go ahead and complex the two profile lines
and set the complex profile to active.
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7. Open back up the ROAD-II-RG-I65 Corridor.dgn file and then open the Add
Corridor Reference tool (OpenRoads Modeling >> Corridors >>
Miscellaneous >> Corridor References). Select the mainline corridor and then
select the complex ditch control geometry to add the corridor. Right click to accept.

@ Define Target Aliasing ol @- £ W
- - I [id]

i+ Corridor References =

IIIE* Add Corridor Reference

- Remove Corridor Reference Superelevation

-,

reate  Calculate

- L i

8. Now, open the Create End Condition Exception tool (OpenRoads Modeling >>
Corridors >> Edit >> Edits). Select the mainline corridor and then select the
following settings.

a. Name: Mainline End Condition
b. Apply ECE To: Right Override
c. Start: 416+93.94
d. End: 421+13.11

9. A Right Override window should open. Double click on the EC_Fillslope 6:1_R
end condition component.
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10.Change the End Condition Properties Target Type to Feature Definition Both.
Change the Feature Definition to Special Ditch - CL - CTRL (Linear >>
Roadway >> Model Control - 2D Plan >> Special Ditch). Then click Apply and

Close.
Name: [EC_Filslope 61 R | #| Apply
[ Use Name Ovenide: EC_Fillslope 6:1_R Close
Description: |Fi||s|-:u|:ue E:1 | < Previous
Feature Definition: w Mesh'Grading"Fill Slope Next >
Display Rules: | | ER.. | [Qasshications
Parent Component: Graded Shoulder R v ﬂ

[ ] Exclude From Top/Bottom Mesh

End Condition Properties
Target TfI"F'E:IFeature Definition Both VI Priority: |5

Feature Definition: IV sl Ditch - CL - CTHLI Benching Count:
Fillet Tangent Length:|[;._[;.[;. | > Datum

Herizontal Vertical
Offsets: ||]._[;.[;. | |[;._[;.|]. | Rounding Length |[;._|}[;.

11.Next, double click onthe EC_FILL_TIE_6:1_R point.
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12.Toggle on End Condition is Infinite. Then click Apply and Close.

Point Properties >
Name: [EC_FILL_TIE 61 R v ﬂ [ Aeey |
lse Feature Mame Ovenide: |EC_FILL_TIE_H | —
Feature Definition: +itches\Prop End Condition - Fil Tie .
< Previous
[ ] Superelevation Flag
Mext =

Altemate Surface: e |

End Condition Properties

Check for Interception Member of:

Flace Paoint at Interception EC_Filslope 6:1_R
d Condttion is Irfinite

[ ] Do Met Construct

Constraints

Constraint 1 Constraint 2
Type: Mone b MNone P

[ ] Horizontal Feature Constrairt

F arge:

TN RElU
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13.Click OK in the Right Override window and the end condition should now follow
the ditch line.

j"""'“ll—!\!-—.'.

b

i
=

11 5

14.0pen back up the ROAD-II-RG-Ramp Corridor.dgn file and then open the Add
Corridor Reference tool (OpenRoads Modeling >> Corridors >>
Miscellaneous >> Corridor References). Add the ditch line as a corridor
reference to the ramp corridor by selecting the ramp corridor and then the ditch
line created.
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15.Now, open the Edit Template Drop tool (OpenRoads Modeling >> Corridors >>
Edit) and select the concrete template drop. Then, select the Back Slope 2:1 L
component.

16.Change the End Condition Properties Target Type to Linear Both. Then click
Apply and Close.

Component Properties x
Name: [Back Siope 2:1 L |ﬂ Apply
[] Use Name Ovenide: Back Slope 2:1_L
Description: | | < Previous
Feature Definition: e Mesh'Grading"Cut Slope -

et =
Display Rules: | | Edit...
Parert Component: Graded Shoulder_L v ﬂ

[] Exclude From Top/Bottom Mesh

End Condttion Properties
Target T'_.fpel Linear Bath | Pricirity: |3

Linear Tanget:: |v Target Both | Benching Count:

Filet Tangent Length: | 0.00 |

Horizontal Vertical
Offsets: |[;._|}[;. | ||}_[;.[;. | Rounding Length |[;._[;.[:- |

17.Repeat the previous step to change the Target Type to Linear Both for the
remaining cut components on the left side of the template.
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18.Next, select the EC_Fillslope 6:1 L component. Change the End Condition
Properties Target Type to Linear Both. Then click Apply and Close.

Component Properties x
Name: [EC_Filslope 6:1 L | #| Apply
[] Use Name Ovenide: EC_Fillslope 6:1_L
Description: |Fi||s|u:u|:ue g1 | < Previous
Feature Definition: v Mesh*Grading"Fill Slope

Mext =
Display Rules: | | Edit...
Parent Companent: Graded Shoulder L e ﬂ

[] Exclude From Top/Bottom Mesh
End Condition Properties

Target TWE:IIJnear Bath VI Priarity: ||3
Linear Target:: ~ Tanget Both | Benching Count: |

Fillet Tangert Length:|[;..[;.|} | Mo Diatum
Horzantal Vertical
Offsets: |[;._|}[;. | ||}_[;.[;. | Rounding Length |[;._[;.[;. |

19.Repeat the previous step to change the Target Type to Linear Both for the
remaining fill components on the left side of the template.
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20.Click OK in the Edit Template window and the end condition of the ramp corridor
should disappear.

238
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21.Now, open the Define Target Aliasing tool (OpenRoads Modeling >> Corridors
>> Miscellaneous) and select the ramp corridor. Change the Target drop-down
option to Target Both. Select the SP CL - CTRL2 line and click Add and then

Apply. Note: If nothing shows up, toggle on Show all linears in the bottom left
corner of the window and find the ditch line in the list.

el
Target: I Target Both -
Linear Geometry 2d:Vertical Profile Aliases
SP CL - CTRLZ:SP CL - CTRL I Apply
<- Remove Close
Move Up
Move Down
® Show external references Usa Closast

Show all linears
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22.Notice that the ramp corridor end condition now follows the ditch line drawn.
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Chapter 12. Box Culverts

Box culverts can be hydraulically analyzed within ORD. This chapter will discuss how to
hydraulically analyze and model box culverts and wingwalls in 3D.

At the conclusion of this chapter, participants will be able to:

1. Run hydraulic modeling for a box culvert.

2. Build an accurate 3D model of a box culvert.

3. Use parametric constraints to accurately model wingwalls for the box culvert.
4. Add the box culvert model to the roadway file.

The hydraulic capacity determination of a box culvert follows the culvert design
procedure per Chapter 6 of the TDOT Drainage Manual. This manual provides the various
types of box culverts utilized on TDOT projects. Box culvert design calculations may be
performed using other approved software programs such as HY-8 and HEC-RAS,
depending on the complexity of the model. However, ORD is more beneficial for sizing
box culverts. If the structure is part of an overall storm drain network or if the upstream
and downstream channel flows need to be modeled together, other software is better at
modeling these complex calculations. Currently any culvert with a design Q greater than
500 cfs should not be modeled in ORD and should be recommended to TDOT Hydraulics
or appropriately modeled in other software. Note: This chapter does not cover floodplain
cross section evaluation.

Within ORD, there is a 2-step process for box culvert design and inclusion on the plans:

1. Perform the hydraulic calculations and design a box culvert size that would safely
convey the stream flows and meet the hydraulic design criteria.

2. Model the proposed box culvert for inclusion in both the 2D plans and the 3D
model.
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In this exercise, we will utilize roadway design files and an existing drainage model file
that crosses the roadway geometry to create the proposed box culvert alignment.

1. Create a new file and name it ROAD-II-BC-Drainage Model. Select the

TDOTSeed 2D.dgn and click Save. Note: Save this file under the dgn Chapter 12

subfolder.
File name: [ROADIFBC Drainage Model vl [ sae |
Save as type: MicroStation DGM Files (*.dgn) e Cancel
Seed: |C:'-.F‘n:ugram Data*Bertley OpenRoads Designer CE 10.11%Co | Browse

2. Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method and then

click Fit View.
ROAD-II-BC-Geometry.dgn

e ROAD-II-BC-165 Corridor.dgn

e ROAD-II-BC-Survey.dgn
e ROAD-II-BC-Terrain.dgn (set the terrain to active)
3. First, zoom in to the northern part of the project and notice there is an existing 190’
long 8’ x 8’ box culvert within the dashed blue circle crossing I-65. In this exercise,
we will be placing the proposed box culvert alignment at this location.

I
|

e
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4. Next, click Fit View and zoom in to the northern end of the 1-65 profile, referenced
in the ROAD-II-BC-Survey.dgn file (approximate Station 456+69.50). Notice the
existing box culvert and the applicable drainage data which is important for
proposed box culvert design. The key elevation we will utilize is 705.93 ft, which
is the existing roadway elevation at the top of the existing culvert, or the top of the
catch basin that drains into the box culvert. It is also important to notice the existing
clearance above the box culvert relative to the roadway.

BO¥ CULVERT
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5. It is also important to factor in the proposed corridor updates at the box culvert.
For this exercise, the 1-65 corridor at the box culvert has a slope correction on the
western side and a lane taper (additional width) on the eastern side. We need to
evaluate whether the existing box culvert is too short to accommodate the new
roadway slopes and if the structure is sized correctly to handle the existing flows.
Also, the existing ground cover around the box culvert should also be understood.
In this case, a Perennial stream is crossing the interstate.
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6. Based on the review, the stream alignment shouldn’t need to change, even if the
box culvert needs to be upsized or extended. Go ahead and select the RCBC -
Centerline feature definition (Linear >> Roadway >> Drainage >> RCBC).

&1-} RCEC - Centerine

e |éP{*% o + r&‘\ ;;'.'

od

7. Now we will draw a preliminary centerline for the stream using the existing start
and end points. Open the Line Between Points tool (OpenRoads Modeling >>
Geometry >> Horizontal >> Lines) and draw the centerline from the top invert at
691.77 to the bottom invert at 689.98. Name the element STR-5 RCBC.

TDOT

245



Chapter 12. Box Culverts

8.

Make sure that the terrain is set to active, and then open the STR-5 RCBC profile
in View 4 and notice that the profile represents the roadway over the stream CL.
This profile confirms the direction of flow along the stream since the left side of the
roadway is higher than the right side. The proposed box culvert will be placed from
upstream to downstream at the lowest elevations and at the two ends of the
roadway cross section.

Within View 1 (Default view), attach the ROAD-II-BC-Existing Drainage.dgn
reference file, and then go back to View 4 (stream profile). Open the Create 3D
Cut tool. Set the Placement Method to Full Profile and left click to accept. Note:
Typically, TDOT Survey will provide the existing Utility.dgn file, which will contain
the existing box culvert model.

B View 4, Profile - 5TR-5 RCBC
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10.Notice the existing box culvert model is now displayed along with the proposed
roadway. It seems that the box culvert might not be long enough on the right side
unless the roadway is re-graded.

I

I

1*.

I
111111[“11’“

|
|

| —/
I

11.We need to determine the maximum height available for a new box culvert should
the current size be deemed insufficient. This scenario has a maximum of 16.7’
available. Assuming a 6” curb lip and 10” ST value, the max standard height of
this structure could be 14’. We will confirm the size of the box culvert in the next
exercise.
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In this exercise, we will lay out a box culvert, and then analyze the hydraulics so we can

correctly size it for the proposed flows. We will continue to utilize the same ROAD-II-BC-
Drainage Model.dgn file.

1. Turn off the ROAD-II-BC-Existing Drainage.dgn reference file. Select the Default
view in the lower left corner and then switch to the Drainage and Utilities workflow
in the upper left corner.

2. Open the Place Node tool (Drainage and Utilities >> Layout >> Layout).

» O ={ Place Lateral () Place Pond

+ |
@ ¥ D\“:" [ Place Gutter

Pl Pl Insert Pl .
NSEEE N,:,a;; ﬂ;ge .;:,:,na,jﬁit ] Place Catchment Place Land Use Area

B Place Low Impact Develo...

Layout

3. A warning will display asking if you want to proceed with embedding files for
Drainage and Utilities projects in the design file. Click Yes and give the software
few seconds to load the drainage standards from the library.

Create Drainage and Utilities project

This action will embed files for Drainage and Utilities projects
in the design file. Proceed?

4. You should get a Compact Database alert asking if you want to proceed. Click
No. Note: It is recommended to always click No unless the database (i.e., the
drainage dgnlib) has been updated and needs to be compacted.

Compact Database

The application is about to compact database, do you want
to proceed?

Mote: You can control how frequently this message is
displayed by going to Tools-> Options and configuring the
“Compact database after” option,

Yes
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5. As a reminder, the previous two steps are only seen when creating a drainage
model in a new file. All drainage modeling tools will now open the first time in this
file. Go ahead and open the Place Node tool again and select the following
settings. Note: The nodes in this part of the model are just used to facilitate the
hydraulic analysis. The box culvert model with wingwalls that is accurate to TDOT
standards will be created in Exercise 12.5.

a. Feature Definition: Begin Box Culvert (Node >> StormWaterNode >>
Endwalls >> Cross Drains >> Box Culverts)

Name Prefix: Begin Box Culvertl
Elevation is the Invert: Toggle on

d. Elevation: 691.77 (should match the same elevation as the begin invert in
the survey)

e. Rotation Mode: Absolute (you can ignore the rotation angle)

Feature L)
Feature Definition Begin Box Culvert w
Mame Prefix Begin Box Culvert 1

Elevation L

Elevation is the Invert [

Elevation 6951.77
] Wertical Offset 0.00
Baseline Reference L
Bazeline Reference ]
Rotation L
Rotation Mode Absalute w
[] Raotation NS0-00'00.0"E
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6. Right click to Type an Elevation and then snap to the start of the box culvert
alignment drawn in the previous exercise to define the headwall. Left click to
accept the node location on the upstream side. Then, left click again to accept the
rotation mode and then left click to accept the rotation. Note: For this node, the
rotation angle is insignificant since it is circular.

3.00.00.00N

otation:Rotation | SRS _
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7. Repeat the previous two steps to place another node on the downstream side of
the box culvert. Select the End Box Culvert feature definition and set the
Elevation to 689.98. Once the second endwall has been placed, hit ESC to clear

the tool.

Sy
Tod

I iINV—691.TT
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8.

9.

Next, let’s place a box culvert between the two endwalls. Open the Place Conduit
tool (Drainage and Utilities >> Layout >> Layout). We will be analyzing the
existing 8’ x 8’ culvert to see if it is sufficiently sized to convey the proposed flows.

@ 0{0 D:D w4, Place Lateral () Place Pond
- I Place Gutter B Place Low Impact Develo...

Pl Pl Insert] Pl .
Ng;i N,:,a,;:s ﬁ;ede .:,:,:dc,fit ] Place Catchment Place Land Use Area

] [+

Layout

Select the RCBC feature definition (Conduit >> StormWater >> Culvert Pipes
>> Proposed) and set the Description to 8x8. Note: If the 8x8 option is not
available under the Description drop-down, close the file and clear your user
preferences.

o Place Link Betw... — oo
Curve Variables -~
[ Pull 0.03 |

[ 1 Segment Length |2_4.4 |

Parameters ]
[ Slope |0.00% |
Feature ~
Festure Definition  |RCBC v|
Name Prefix [RCBC |
Type Conduit Catalog
Descnption |E:.;E e |
TDOT 252
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10.Select the upstream and downstream nodes as the Start and End nodes
respectively to place the conduit. Notice that the width of the box culvert is
represented by the double lines (wall) and is seen because the active file’s 3D
reference file is turned on.

If the box culvert is a 3-sided box or a box culvert with a natural channel,
vz the user will need to use this feature definition but change the
manning’s n for the scenario in the box culvert utility properties.

Take Note!
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11.Go ahead turn off the ROAD-II-BC-Drainage Model.dgn (Default-3D) and the
ROAD-II-BC-Survey.dgn reference files, and you should only see the centerline

of the proposed box culvert.

12.Within the Explorer under the Drainage and Utilities Model tab, notice that the
drainage features are now populated. Note: Refresh the Explorer if they do not
appear.

4 ¢ ¢ Drainage and Utilities Model
4 < » ROAD-II-BC-Drainage Model.dgn , Default
4 ¢ Modes
.+ Begin Box Culvertl
.+ End Box Cubvert
I <, Conduits
~ Drainage Area

BH Profile Runs

13.The following steps discuss how to input flows to this culvert. For hydraulic
analysis, this exercise obtains the design flows from USGS StreamStats. As an
alternative, you can calculate the runoff draining to this culvert using regression
equations mentioned in the TDOT Hydraulics Manual (Tennessee Hydraulic
Memorandum — 02). A TDOT survey file would also provide the drainage area
for each culvert. You would need to calculate the Time of Concentration, if relying
on ORD to calculate the runoff. Note: Refer to Exercise 5.11.1.5 in the SUDA
(ORD) Manual on how to input Time of Concentration or calculate composite Tc
values. Once flows are determined, it is recommended to check the Q50 < 500 cfs
constraint.
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14.The Design Storm (Q10, Q25, Q50 or Q100) for which the box culvert will be sized
depends on several factors, such as whether the roadway is owned by TDOT or
local jurisdiction, or if the crossing is in a FEMA Zone. You will need to follow the
TDOT Hydraulics Manual and Chapter 4 of the TDOT Drainage Manual to
determine the Design Storm Event. For this exercise, the box culvert will be
designed for a 100 Year storm.

15.The design storm flows and the contributing drainage area for the current crossing
have been obtained from USGS StreamStats. For reference, the contributing
drainage area and the Q100 (cfs) are provided below. Note: It is assumed that the
designer is familiar with obtaining flow stats from the StreamStats website or by
other methods. If not, refer to Exercise 3.5.1 in the SUDA (ORD) Manual.
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16

17

? Peak-Flow Statistics

Peak-Flow Statistics Parameters [MultiVariable Area 3 CDA LT 30.2]

Parameter Code Parameter Name Value Units Min Limit Max Limit
CONTDA Contributing Drainage Area 0.38 square miles 0.173 30.2
CSL10_85 Stream Slope 10 and 85 Method 108.22 feet per mi 2.12 132

Peak-Flow Statistics Flow Report [MultiVariable Area 3 CDA LT 30.2]

Pll: Prediction Interval-Lower, Plu: Prediction Interval-Upper, ASEp: Average Standard Errer of Prediction, SE: Standard Error (other -- see

report)

Statistic Value Unit PIl Plu ASEp Equiv. Yrs.
50-percent AEP flood 120 ft*3/s 70.8 235 35.2 2.2
20-percent AEP flood 212 ft*3/s 117 385 34.9 2.7
10-percent AEP flood 271 ft*3/s 148 497 35.4 3.5
4-percent AEP flood 347 ft*3/s 186 648 36.4 4.5
2-percent AEP flood 406 ft*3/s 213 772 37.4 5.2
1-percent AEP flood 464 ft*3/s 239 901 38.6 5.8
0.2-percent AEP flood 598 ft*3/s 291 1230 40.5 7

Peak-Flow Statistics Citations

.From this data, we can determine that the box culvert will need to accommodate
464 CFS without overtopping the roadway to meet a 100 Year flood. Also, we meet
the 500 CFS constraint, so would not need to send this culvert to TDOT Hydraulics.

.Itis recommended to compare the area obtained from USGS to the area provided

by TDOT Survey to ensure that they are not vastly different. The highlighted area
below represents the area contributing to this culvert location. Notice that the
drainage area boundary closely matches the boundary obtained from USGS
StreamStats shown in Step 15.
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18.Within the Explorer under the Drainage and Utilities Model tab, right click on
the Begin Box Culvertl node and select Utility Properties. Under the Drainage
tab, scroll down under Flows and key-in the 100 Year flow of 464.00 CFS. Note:
If the Utility Properties do not populate, close the Explorer and then re-open to
refresh.

» Design
Design Structure Elevation? True
Conduit Cover at Node (Minimum) (f) 0.00
Conduit Cover at Node (Maximum) (ft) 0.00
v Flows
I Flow (Known) (cfs) 464 00 |
Inflow (\Wet)

19. Next, within the Explorer under the Drainage and Utilities Model tab, right click
on the RCBC1 conduit and select Utility Properties. Under the Drainage tab,
scroll down under Physical (Culvert) and set the Is Culvert? field to True. The
remaining fields will then appear. Since the box culvert will have wingwalls, we
need to set the Culvert Headwall and Culvert Endwall fields to 30° to 75°
wingwall flares. Note: If the utility properties do not open using the method in this
step, select the conduit in plan view and then open the Utility Properties from the
ribbon (Drainage and Utilities >> Utilities View >> Element Views).

2 thsical Iw
ls Culvert? True |
|lpstream Headwall Definition T Iz Conduit
T — R TR ]

0.500

Downstream Endwall Definition Ty Iz Conduit

T —— R ]
0.000

20.Now, we need to analyze the box culvert hydraulic capacity using the most
applicable option. Open the Scenario Manager tool (Drainage and Utilities >>
Analysis >> Calculation >> Scenarios).

i Alternatives

SCenarios Ed Options

I|: Scenario Manager I

~= Scenario Comparison
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21.Expand the 2 Year HEC 22 Analysis - Shelbyville folder and right click on 100
Year HEC 22 Analysis - Shelbyville and select Make Current, which will add a
red check mark next to the scenario. Close the Scenario Manager once you are
done.

&4 Scenarios - >
Drainage

(- X =l B-~-wv ES38%E & Fseach @
2 Year HEC 22 Design - Knoxville

2 Year HEC 22 Design - Chattanooga

2 Year HEC 22 Design - Clarksville

2 Year HEC 22 Design - Shelbyville

2 Year HEC 22 Design - Lebanon

2 Year HEC 22 Design - Lawrenceberg

2 Year HEC 22 Design - Johnson City

2 Year HEC 22 Design - Manchester

2 Year HEC 22 Design - Jackson

2 Year HEC 22 Analysis - Chattanooga

2 Year HEC 22 Analysis - Clarksville

2 Year HEC 22 Analysis - Shelbyville

10 Year HEC 22 Analysis - Shelbyville
25 Year HEC 22 Analysis - Shelbyville
B0 Year HEC 22 Analysis - Shelbyville
100 Year HEC 22 Analysis - Shelbyville
B Year HEC 22 Analysis - Shelbyville
2 Year HEC 22 Analysis - Lebanon

2 Year HEC 22 Analysis - Lawrenceberg
2 Year HEC 22 Analysis - Johnson City

2 Year HEC 22 Analysis - Manchester

2 Year HEC 22 Analysis - Jackson

2 Year HEC 22 Analysis - Knoowville

2 Year HEC 22 Design - Cookeville

2 Year HEC 22 Analysis - Cookeville

22.Next, open the Compute Scenario tool (Drainage and Utilities >> Analysis >>
Calculation >> Compute) and let the software compute the selected scenario.

€2 Validate

1 Calculation Summary

Compute
- l".,:il Motifications

@ Compute Scenario I

'ﬁfi Compute Hydrology
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23.A GVF-Rational Calculation Summary has now been generated. Go ahead and
close the window. You likely will see a Civil Message Center open on either the
side or bottom of the screen. Go ahead and close that as well for now.

:}g GVF-Rational Calculation Summary x
Scenario
Label: 'IDD ‘Year HEC 22 Analysis - Shelbyville |
Storm Event
Rainfall Alternative Label: |'|fH]' ‘Year Shelbyville |
Global Storm Event: Shelbyville - 100 Year
Return Event: |'H:H} YEArs

Caleulation Executive Summary

=3> Info: Subsurface Metwork Root: End Box Culvert1
»»»> Info: Subsurface Analysis iterations: 1
»»»> Info: Convergence was achieved.

Show this dialog after Compute Messages ... Report Details... Close Help

24.Now, let’s create a profile along the box culvert so we can view the hydraulic grade
line (HGL). First, deselect Use Active Feature Definition within the Feature
Definition Toolbar, which will allow us to select the correct feature definition for
the Profile Run. Within the Explorer under the Drainage and Utilities tab, right
click on Profile Runs and select Utility Run From Links.

4 < Drainage and Utilities Maodel
4 < ROAD-|I-BC-Drainage Model.dgn , Default
I+ < Modes
I+ <, Conduits
<, Drainage Area
g%; Hydraulic Runs to Qutfall
“3F  Utility Run From Links
Display HGL/EGL
#  Lock - Deactivate All Rules

49\ TDOT 259
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25.Within the Create Profile dialog box, select the Prop Storm Sewer feature
definition (Linear >> Profiles >> Profile Runs >> Design) and set the Node Draw

Type to Box.

£ Create ProfileRun  — >
Parameters S

Name Profile Run

Mode Draw Type  |Box b
Feature Ea

Fesature Definition Prop Storm Sewer o

Mame Prefix |F‘n:||:| Stomn Sewer Profile Run |

26.Select the box culvert conduit as the first link and then right click to reset. The
traced profile should be highlighted in orange.

Pick Mext Link to Add to Profile Run.
Reszet to Finish.
.
27.Notice that a profile run has now been created within the Explorer. Before we open

the engineering profile, go to File >> Save As and create a copy of the current dgn
file. We will then work in the copied file for the next few steps. Note: The need to
copy the file is due to a defect in 2022 Release 1, where after opening the
engineering profile, the file becomes unusable beyond that point (i.e., cannot be
re-opened). If you are using 2022 Release 1.1, Bentley has resolved this issue so
there is no need to copy the file.

28.1n the copied file, right click on Profile Run and select Open Engineering Profile.
This profile is shown along the pipe length and not along the project’s alignment.

4 HH profile Runs

“ _ Profile Run EH Open Profile Model I

> % Depends On
<, RCBC

Open Analysis Profile

I,,_.:._ Open Engineering Profile
I Display HGL/EGL
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29.In the Engineering Profile window, review the Nodes, Conduit, Ground
Elevations, Inverts, etc. to verify if the inlets and pipe are connected correctly in
the direction of flow, along the box culvert. The blue line represents the hydraulic
grade line (HGL). This profile shows that the box culvert is currently not over
topping the roadway and is able to handle the flows. This also shows that the
existing culvert is correctly sized for the 100 Year flow reaching the box culvert.
Note: If the culvert was sized incorrectly, you would need to change the size of the
box culvert until it successfully conveyed the flows.

710.00

705.00

700.00

695.00

690.00

635.00

Beqgin Box Culvertl
69177

End Box Culvertl
68993

-0+50.00 0+00.00 0+50.00 1+00.00 1+50.00 2+00.00

30.Furthermore, you can open the Flex Tables tool (Drainage and Utilities >>
Analysis >> Analysis Views) and review the results.

Flex
Tables

4!""‘-‘ =

‘ =7

L =p

Selection Clueries
Sets

Analysis Views

TDOT
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31.Within the Flex Tables window, double click on the Conduit Table-TDOT flex
table under the Drainage tab.

& J FlexTables - X

Lkilities DOrainage
O-X=fE-96
EIIE Tables - Hydraulic Model

b @ Catch Basin Table-TDOT

-« i MH-JB Table-TDOT

-..[7] TDOT Report

[7] Endwall Table-TDOT

t @ Catchment Areas Table-TDOT
..... [F=] Tables - Shared
#-[[F] Tables - Predefined

32.Scroll over to Velocity (ft/s) and notice that the outlet velocity is 16.75. This is
below the TDOT max velocity of 20 ft/s and would require significant treatment at
the outlet to mitigate downstream erosion. Refer to Chapter 6 of the TDOT
Drainage _Manual for further details regarding velocity limits. Since this flow is
above 12 fps, an energy dissipater would be needed. Refer to Chapter 9 of the
TDOT Drainage Manual for further details on energy dissipaters. Note: For this
exercise, will ignore the need for energy dissipaters.

Velodty
(ft/s)

16.75

33.In addition, within the RCBCL1 Utility Properties, the HGL elevation is shown
under Results (Upstream Structure). From here we can confirm that the
hydraulic grade (692.95) is lower than the roadway elevation and the 100 Year
flow will not overtop the roadway.

* Results {Upstream Structure)
0.000
0.00
0.00
12.31
236
0.500
1.18
655.30
Begin Box Culvert1
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34

35

36

.Now that we have looked at all the hydraulic data, open back up the main ROAD-

[I-BC-Drainage Model.dgn file. Note: You can delete the copied file since it
cannot be re-opened now.

.Lastly, we need to size and layout the wingwalls for the proposed box culvert,
according to the TDOT standard drawings. Designers will need to locate the
applicable standard drawing for their proposed box size (STD-17-51 — STD-17-
168). For this exercise, go ahead and open STD-17-53, which is the applicable
standard drawing. From this drawing, we need to pull the following information by
selecting a maximum fill height. In this scenario, the box culvert will have around
10’ of fill, so we will use the following dimensions:

e ST (Top of Slab Width): 9”

e SB (Bottom of Slab Width): 9”

e WT (Exterior Wall Width): 8”

e BW (Out-to-Out Width): 9.33’
.Then, we need to locate the applicable wingwall standard drawings for the
proposed box culvert based on the structure skew and the slopes of the proposed
roadway at all four corners of the box. The wingwall standard drawings are STD-
17-11 — STD-17-14. For this exercise, the box culvert is at a 90-degree skew to
the proposed roadway, so STD-17-11 is the applicable standard drawing. The
proposed roadway has 4:1 slopes and the box height is 8’. However, that is the
cell height and not the box height. Our box is under about 17’ of fill, so we need to
include the height of edge beam as well. From STD-17-7 we can determine that
the height of the edge beam is 1’. We need the height of the edge beam and the
ST dimension to calculate the height of the wingwalls, which equates to 9.75’ (8’
+9” +1°). To be conservative, we will round up and use a 10’ value for the length
of the wingwalls.
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37.From STD-17-11, we need the following highlighted dimensions. Note: For
scenarios requiring a 1’ embedment per Chapter 6 of the TDOT Drainage Manual,
ensure that the proposed box culvert and wingwall heights account for this
embedment. Likewise, the proposed inverts need to be adjusted 1’ down from the
hydraulic inverts to place the box correctly.

4:1 SLOPE
H W h CONCRETE REIMNF. STEEL

(C.Y. (LBS.)

4| T7.25| 2.50 5.1 T16
4.5 8.23] 3.00 6.4 786
5| 9.00| 3.25 7.9 B96
5.5| 10.00] 3.50 9.4 1,067
& 11.00| 4.00 11.1 1176
B.5| 12.00] 4.25 12.8 1,265
7| 12.75] 4.50 14.9 1,611
7.5 | 13.75] 5.00 17.9 1,779
Bl 14.75] 5.25 20.1 1,915
8.5| 15.75] 5.50 22.4 2,119
9| 18,50| &.00 25.7 3,136
89.5| 17.50] &.25 28.4 3,257
10| 18.50] &.50 Ji.3 3,584
10.5| 19.50( 7.00 35.5 3,869
11 20.50] 7.25 39.8 4,321

e H (Fill Height): 10’
e W (Wall Length): 18.50°
e h (Wall Height): 6.50’

38.Now, select the TL - RCBC - Outside element template (Design >> Roadway -
3D Template Points >> Drainage >> Box Culverts).

& TL-RCBC - Outside ~

NE

=

TDOT
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Attributes
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39.0pen the Place SmartLine or Place Line tool (Drainage and Utilities >>
Drawing >> Placement) and draw a 190’ line down the centerline of the box.
Then, offset this line 4.00’ on both sides of the centerline, which represents the
inside width of the box (8.00’). Once completed, go ahead and delete the centerline
that was just drawn. Note: The inside dimensions will be used since that is what
controls the wingwall templates in the following exercise.

I L)
A0 R

40.Using the same line tool from the previous step, connect the ends of the box culvert
to create a closed shape. Note: The shape does not have to be complexed. It is

only used as a guide for the modeling.

Inl
i
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41.Next, we need to draw the wingwalls. According to STD-17-10 (Typical Corner
Detail), the wingwalls have a 1’ lip that extends out from the box, as shown below.
Note: This 1’ extension is not included in the wall length we located in Step 36.

1
45° (TYP)

EXCEPT 30" ON

LONG CORNER

FOR 45 SKEW

EXPANSION JOINT
WHEN REOUIRED.

[ BEGIN WINGWALL
| SLOPE

- T~ \ |
BEGINNING — ~_\ /
OF WINGWALL - -
" skew/”
T { S NOTE: THIS PORTION OF THE WINGWALL

SHALL BE LEVEL WITH THE TOP OF
CURB (OR TOP OF SLAB WHEN NO
CURB IS USEDM.

.

o\ o -
2\ _— /
| o ra
r— ;
OUTSIDE EDGE CONTROL POINT —/

SIDE
OF SLAB AND CURB
INSIDE FACE OF /

EXTERIOR WALL

OUTSIDE FACE OF
EXTERIOR WALL

TYPICAL CORNER DETAIL

42.Now, draw 1’ extensions outward from the ends of the box on all four corners.
Note: Only the two on the left are shown in the screenshot below.

43.The skew angle is with respect to the roadway centerline. We need to draw the
wingwalls at 45° angles from the box culvert skew. To do this, rotate the view along
the length of the box culvert, if not already rotated. The wall length should be 18.50’
from the 1’ extension. Open the Place Line tool (Drainage and Utilities >>
Drawing >> Placement). For the upper left wingwall, draw a 18.50’ line at a N45W

angle.
6@' Place Line — e
Length: | 18.50 x)
Angle: | N4SW
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44.Repeat the previous step for the remaining three wingwalls, keying in the
applicable angle.

HiINIERII

ElN i

45.Since we know that the existing box inverts work, we will need to create a profile
for the box culvert. Open the STR-5 RCBC profile and delete the 3D cut if it is still
present, by hovering over the 3D cut border and selecting the red X in the heads-
up display. The profile should just have the active terrain in it. Select the RCBC -
Centerline feature definition (Linear >> Roadway >> Drainage >> RCBC).

46.Go ahead and switch back to the OpenRoads Modeling workflow. Turn on Civil
AccuDraw for the profile and then open the Profile Line Between Points tool
(OpenRoads Modeling >> Geometry >> Vertical >> Lines). Key-in the Start and
Stop values for the box culvert inverts.

a. Start: 0+00, 691.77
b. End: 1+90, 689.98’

47.Set the profile to Active and then the drainage portion of modeling a box culvert is
complete. We have now set up the plan view layout to model the box culvert in 3D.
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In this exercise, we will create a box culvert per TDOT standards and make the necessary
updates to incorporate it into the 3D roadway model.

1. Create a new file and name it ROAD-II-BC-Drainage Structures. Select the
TDOTSeed 2D.dgn and click Save. Note: Save this file under the dgn Chapter 12

subfolder.
File name: | ROAD-I-BC-Drainage Structure o | | Save |
Save as type: MicroStation DGM Files {*.dgn) ~ Cancel
Seed: |C:'-.F‘n:ugram Data“BertleyOpenRoads Designer CE 10.11 '-.C-:ul Browse

2. Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method and then
click Fit View. Zoom in to the location of the box culvert created in the last exercise.

e ROAD-II-BC-Drainage Model.dgn (created in previous exercise)
e ROAD-II-BC-165 Corridor.dgn
e ROAD-II-BC-Terrain.dgn (set terrain to active)

1l

3. Within the ROAD-II-BC-Drainage Model.dgn reference file, turn off all levels other
than the DES - MODEL - Lines - RCBC - Centerline level. Locate the box culvert
centerline and then open the Apply Linear Template tool (OpenRoads Modeling
>> Model Detailing >> 3D Tools).

{a
‘ﬂ‘ﬁ'}jl}r Surface Create Cregte  Iransverse
Linear Template] Templates *  Closed Mesh Elements > Canic Slope  Tools ~

D2 & > B &
iD

30 Toals
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4. Next, select the centerline of the box culvert and then select the RCBC - Single
template (Linear Templates >> Box Culverts & Slab Bridges). Toggle on Lock
To Start and Lock To End. Make sure that the reflection shape is placed on the
bottom of the screen so that the point names will be on the correct side. Left click
through the prompts to accept placement. Note: For a scenario involving a 3-sided
slab bridge, there are three RCSB templates in the same ITL folder that operate in
the same way as the box culvert templates.

I

5. The linear template that was just placed needs to be modified to fit the dimensions
of the proposed 8’ x 8’ box. We will edit the template to match what was created

TDOT

in the last exercise. For this scenario, reference STD-17-53. Note:

If the 3D

modeling is being done by someone other than the hydraulic engineer, the
information from the applicable standard drawing should be given to the 3D
modeler.

Cell Width (Interior Cell Height): 8
Cell Height (Interior Cell Width): 8
ST (Top of Slab Width): 9”

SB (Bottom of Slab Width): 9”

WT (Exterior Wall Width): 8”

BW (Out-to-Out Width): 9.33'
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6. Now, open the Edit Template Drop tool (OpenRoads Modeling >> Corridors >>
Edit) and select the box culvert.

_ﬁ(C BC_WD_CTRL

4CBC.ST_CTFCEC. ST 10) RCBC ST TOP.CL RCBC_ST_TOP.R JRCBC_WT_CTRL
FCHC_HT c:j:Tl!g;_grR B UN TOP_L RCBC_ST BOT CL R&_@ll—'{fiﬁﬂtilsﬂ'%mﬁ

_ﬁf_Ef_. SB. CTRL |
RC ILEDHI(]\ED'F—‘II.DIEOI L _jfiC.EC CL L PREORCBSHIBIEDT 0P R

L{CBC SB OUT BOT L RCBC SB QUT BOT Cf L)CEC SB_OUT_BOT_R

7. Notice the five yellow points. These points are only constrained in one direction
and control the point described. Update the vertical constraint to 0.75 for the
following two points by double clicking on each one individually. Once the update
is made for each point, click Apply and then Close.

e RCBC_SB_CTRL
e RCBC_ST CTRL

8. This template happens to be set up as an 8’ x 8’ box so the other three yellow
point constraints are already correct. The height would be controlled by
RCBC_HT_CTRL, the width would be controlled by RCBC_WD_CTRL and the
structure width would be controlled by RCBC_WT_CTRL. Click OK within the
Editing Roadway Designer Template Drop window and it will automatically
close. The model will re-process and you should see the updates. Note: All these
points can also be controlled by parametric constraints.

9. Turn off the ROAD-II-BC-Drainage Structures.dgn (Default-3D) reference file.
Within the ROAD-II-BC-Drainage Model.dgn reference file, turn on the DES -
MODEL - Lines - RCBC - Outside Edge level. This will show the 2D outline of the
box that was drawn during the hydraulic analysis. We will use this to help model
the wingwalls properly. Note: In this exercise, the box culvert is at a 90° skew. If it
was at any other skew, you would need to create a clip shape to clip the 3D model.
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10.Next, we need to draw the control lines for the wingwalls. Select the WingWall -
CTRL feature definition (Linear >> Roadway >> Model Control - 2D Plan >>
Drainage).

&._,-Q’ WingWall - CTRL v |g{? e “’I“A .y /

11.0pen the Line Between Points tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Lines) and trace over the lower left 2D wingwall that we drew in the
previous exercise. Then, complex the two elements drawn going away from the
box culvert.

12.Repeat the previous step for the other three wingwalls.

NI

IlI_llI“lll_Illﬂ

(I
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13.Now, open the profile of any complex element just created. The profile of this line
will control the bottom of the wall, above the footing. To find the bottom of the box
culvert, create a 3D cut. Select the Corners placement method and then draw an
area so that the proposed box culvert shows up sufficiently on the left side of the

profile.

14.In order to snap to a 3D cut, open the Level Display. Right click on the ROAD-II-
BC-Drainage Structures.dgn, Default-3D reference file and toggle on Snap.

Level Display - View 4
I:.|'—l|_'| Eﬂ View Display 4
e [B]  toore - i =] [ -

= ROAD-I-BC-Drainage Structures.dan Profile
+-l8 Ref, ROAD-II-BC-Dra Open Dialog

Attach...
Detach

v Display

e

v Locate

Mame Update Levels

TDOT

efault-30
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15.Next, we need to create a level profile line for each wingwall footing that the
template will follow. Open the Profile Line Between Points tool (OpenRoads
Modeling >> Geometry >> Vertical >> Lines) and snap to the beginning of the
box culvert bottom (second bottom grey line). Set the Slope to 0% and then snap
to the end of the profile. Set the profile to active. Note: The upstream right
wingwall profile is shown below. The profile elevations are labeled which match
the inverts of the box culvert.

I
|
|
|
I
k] IIII'I [

3 +
i :
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16.Repeat Steps 13-15 for the other three wingwalls. The profiles for each wingwall
are shown below in the following order: Upstream Left, Downstream Left, and

Downstream Right.

|
|
|
|
|
|
|
|
!
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17.0nce completed, we now need to place the linear template drops for each
wingwall. Open the Apply Linear Template tool (OpenRoads Modeling >>
Model Detailing >> 3D Tools) and select the Wingwall template (Linear
Templates >> Box Culverts & Slab Bridges) template.

Pick Template

=+ C:\Program Data“Bentley OpenRoads Designer CE 10.11%
+ - Components
+ End Conditions
= Linear Templates
=|- Box Culverts & Slab Bridges
- Edge Beam Fill < 36"
- Edge Beam Fill = 36"
- RCBC - Double
- RCHBC - Single
- RCBC - Triple
- RCSE - Double
- RCSB - Single
- RCSB - Triple
2 Wingwall

18.Select the upstream right wingwall geometry to apply the template. Toggle on
Lock To Start and Lock To End and then click through the prompts to accept.
When prompted which side to place the template, select towards the center of the
box culvert.

Select Side - Reflect Option
Mirror - <Alt= Down To Select

19.Repeat the previous step for the other three wingwalls.
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20.We need to reference both STD-17-11 and STD-17-15 to determine the applicable

dimensions for the wingwalls. These will be input as parametric constraints in

the following steps.

e From STD-17-11 (4:1 Slope):

o H (Fill Height): 10’
o W (Wall Length): 18.50°
o h (Wall Height): 6.50°

o ST:9
e From STD-17-15:

WALL DIMENSIONS
DESIGN
SECTION
DESIGN
HEIGHT BASE TOE W HEEL D
1 4J_U|: EJ_SII 1!_3" 11I1 ?II gll
2 EF_U_II 3i_9|l lﬁ_Ell IJ-DI! 1:_3u gn
3 Br_Dn 4fﬂ_?ll IJ_Bh ll_lh IJ_IDII 9"
4 IGJ_DH 5 i_? i lr_llll 1r_2|| 2 r_Ell 9"
5 12°-0" | &'-7" | 2'-2" | 1"-3" | 3'-2" 11"

21.Now we need to edit the wingwall template that was placed and set the base
height for the wingwall. Open the Edit Template Drop tool (OpenRoads
Modeling >> Corridors >> Edit) and select one of the wingwalls. Then, double

click on the yellow WW_HEIGHT_CTRL point.

WW Bl aK BEIBER CTRL

Zoom In

YW WD TH- CTHL

VW HEEL T(C
WW HEEL BOT

TDOT

H P TREEE TR

AW EIITBOTWW TOE TOP
WW_TOE_BOT
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22.Update the vertical constraint to 9.75 (8’ box height, 9” top structure height, 1

curb lip from STD-17-8). Once the update is made, click Apply and then Close.

Repeat for the other three wingwalls.

Mame: |WW_HEIGHT_CTHL w | ﬂ
[ Use Featurs Name Ovemide: WiW_HEIGHT CTRL
Feature Definition: ~  Linear\Roadway\DNC\Draft DNC

] Superelevation Flag

Altemate Suface: -
Member of
mnRlSlEIS
Constraint 1 Constraint 2
Type: Wertical w None
Parent 1 lww_cL_BOT v #]
Walue: 575 | =
Label: WW HEIGHT CTRL v

Horizontal Feature Constraint berial Survey.Drainage’233-Dam or Spillway

TDOT
Department of

. [ransportation
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23.For each wingwall, there will be four parametric constraints to control the
wingwall and match the TDOT standard drawing specifications. Open the Create
Parametric Constraint tool (OpenRoads Modeling >> Corridors >> Edit >>
Edits) and select one of the wingwall templates to create the first parametric
constraint. To create the height control, use the WW HEIGHT CTRL constraint
label. The Start station should be 2’ from the end of the box culvert and the Stop
station is the end of the wall. Set the Start and Stop Values to 9.75 and 6.50

respectively.

Jfé Create Par... — b ¢
Parameters -~
Lock ToStart [

Start [0+02.00
lock ToEnd [
Stop 0+19.50
Constraint Label |WW HEIGHT CTF v |
SrtValve 975 |
SopValve  [650 |

24.Then, repeat the previous step for the other three wingwalls.

25.Next, create the remaining three parametric constraints for each wingwall based
on the table below. For each constraint, toggle on Lock To Start and Lock To

Constraint Label Start Value | Stop Value

WW TOE CTRL 1.92 1.50

m
>
o

WW WIDTH CTRL -1.17 -1.00

WW HEEL CTRL 2.50 1.25

OpenRoads Designer | CONNECT Edition
JULY 2023

TN Department of

. [ransportation
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26.0nce completed, your box culvert model should look like the screenshot below.

Note: The 3D view has been rotated and the 165 corridor reference has been
turned off.

27.Now, we need to add the edge beam along the top of the box culvert. To do this,
select the Curb - CTRL feature definition (Linear >> Roadway >> Model Control
- 2D Plan >> Curb and Gutter). Make sure Create 3D Automatically is toggled
on. Open the Line Between Points tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Lines) and draw a line along the top of the box culvert snapping to
the WW_BACK_TOP lines from each wingwall. Repeat for the other side of the
box culvert. Note: Make sure that Create 3D Automatically is toggled on so that
the upcoming steps will work properly.

N ]
e
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28.Next, open the Apply Linear Template tool (OpenRoads Modeling >> Model
Detailing >> 3D Tools) and select the Edge Beam Fill > 3’-6” template (Linear
Templates >> Box Culverts & Slab Bridges). Select the control line just drawn
and toggle on Lock To Start and Lock To End. Select to place inside the box and
then repeat for the other side of the box culvert.

29.The box culvert model is now complete. The last item we need to do is target the
slope lines to the new box culvert model. Go ahead and open the roadway corridor
file (ROAD-II-BC-I65 Corridor.dgn) and attach the ROAD-II-BC-Drainage
Structures.dgn file that was just created. Within the drainage structures file, turn
off the DES - CORRIDOR GRAPHICS - Design level.

30.Select the WingWall - CTRL feature definition (Linear >> Roadway >> Model
Control - 2D Plan >> Drainage). Make sure Create 3D Automatically is still
toggled on.

4 |WingWal -CTRL v| ¥ [ A S BF|
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31.We will create a complex geometry for the 165 corridor to target. First, open the
Single Offset Entire Element tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Offsets and Tapers). Set the Offset to 0 and then offset the WW _
BACK_TOP line on both wingwalls, and the CURB_BACK line on the edge
template. Note: In this exercise, we will only show the upstream side, but the
process would be the same for the downstream side.

32.0pen the Complex By Element tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Complex Geometry) and set the Method to Manual. Complex the
three elements that were previously drawn, from the bottom of the screen to the
top, with the purple arrow pointing upwards for all elements. Note: In general,
complex elements do not have to connect. In this scenario, it's not an issue that
the complex element is still 3 separate elements. This step is done so that the
corridor has a single element to target in the following steps.
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33.0pen the profile of the complexed element, and vertically complex the elements
that were automatically drawn.

34.Now, open the Create End Condition Exception tool (OpenRoads Modeling >>
Corridors >> Edit >> Edits) and select the 165 corridor. Name it Box Culvert Left
and set the Apply ECE To option to Left Override. Note: When setting the Start
and Stop stations, do so right at the start and end of the wingwalls but do not
snap to the wingwalls. Your stations may vary depending on where you clicked.

6@'
Parameters L3
Hame |Eh:u:-: Culvert Left |
Apply ECE To [Left Ovenide |
Start [456+51.94 |
Stop |456+87.17 |
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35.A Left Override End Condition Exception window should appear. Double click
on the end condition component and change the Target Type to Linear Both and
the Linear Target to Target Both. Then click Apply and Close. Click OK to close
the Edit Template window.

Name: | EC_Fillslope 4:1_L | ﬂ Apply

[] Use Name Ovemide: EC_Fillslope 4:1_L Close
Description: |F|||s|-:||:ue 4:1 | < Previous
Feature Definition: w Mesh'Grading*Fill Slope Nesxt
Display Rules: | | [Edt... | [0 esfications
Parent Component: Graded Shoulder_L e ﬂ

[] Exclude From Top./Bottom Mesh

End Condttion Properties
Target Type) | inear Both w

Fillet Tangert Length: | oo Mo Datum

Horizontal Vertical
Offsets: ||}_[;.[;. | |[;._[;.|} | Rounding Length |D.I}D

Pricirity:

Benching Count: |

-
¢

Linear Target::
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36.0nce the Edit Template window closes, you may notice that the end condition
disappears completely or perhaps nothing changes. There are a few more steps
in order for the corridor to target the complex element. Open the Add Corridor
Reference tool (OpenRoads Modeling >> Corridors >> Miscellaneous >>
Corridor References) and select the 165 corridor and then target the WingWall -
CTRL complex geometry that was drawn.

Locate First Reference

Complex Element: Wi CTELS

Feature: Linear\Roadway'\Model Con
Active Profile: W\ CTRL \ Line Sinr
Level: DES- MODEL - CTRL-2D-V
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37.Next, open the Define Target Aliasing tool (OpenRoads Modeling >> Corridors
>> Miscellaneous) and select either the End Condition Exception or the 165
Corridor graphics. Change the Target drop-down option to Target Both. Select
the WW CTRLY line that was just added as a reference and click Add and then

Apply.
ﬂ
Target: I Target Both V I
Linear Geometry 2d:Vertical Profile Aliases
<- Remove Close
Maove Up

Mowve Down

® Show external references Use Closest

Show all linears

38.The corridor still may not look correct. This is because the end condition is only
targeting the element at every 25’ template drop. You would need to open the
Create Key Station tool (OpenRoads Modeling >> Corridors >> Edit >> Edits)
and select the 165 corridor. Then, place a key station at each location where the
wingwall changes direction. Note: Additional key stations may be needed
compared to what’s shown.
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Special ditches and ditch lining materials are prevalent in roadway design. This
chapter will discuss how to hydraulically analyze and modify ditch configurations and then
how to implement the designed configuration into the roadway model.

At the conclusion of this chapter, participants will be able to:

1. Verify the hydraulic capacity of standard and special ditches.
2. Modify ditch components and roadway templates.

Roadside ditches are typically designed to carry the runoff from the proposed roadway
width, which drains to both sides from the crown of the roadway. A ditch that is placed at
a fixed offset from the roadway alignment and that runs through most of the project length
is considered a Template Ditch or a Standard Ditch. These ditches should already be
present in any 3D roadway model. The pre-configured ditch is set by the TDOT standard
drawing that is being referenced. If the designer determines instead that a non-standard
ditch needs to be used as a project standard, the modifications need to be made in the
standard template drop for that project.

If using the standard sod/grass treatment, the designer would need to change the
constraints on the EC_DITCH_CL point to reconfigure the standard ditch in the template
drop. If the ditch lining treatment needs to change, you would follow the steps in Exercise
13.4.

If the designer still determines that a different ditch configuration or treatment is needed
within the corridor, a Special Ditch will be needed.
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Within the default TDOT template library (ITL), there are both Ditch in Cut and Ditch in
Fill special ditch components (End Conditions >> Ditches >> Special Ditches) (Figure
21). These components can easily be added to any project template as necessary. Simple
modifications can be made to the horizontal, vertical or slope point constraints to create
any ditch configuration required.

Template Library:

5 C\ProgramDiata"\Bentley OpenRoads Designer CE 10.11Configuration

EE Point Mame List
[ Components
5 End Conditions

[ Cut

5 Ditches

=2 Fill

TDOT
Department of
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(] Atemate Lining Materials
] Special Ditches

5 Ditch in Cut

»={ Trapezoidal Ditch Concrete L

»={ Trapezoidal Ditch Concrete R

»={ Trapezoidal Ditch Cther L

»={ Trapezoidal Ditch Cther R

»={ Trapezoidal Ditch Rip Rap L

»={ Trapezoidal Ditch Rip Rap R

»={ Trapezoidal Ditch Sod L

»={ Trapezoidal Ditch Sod R

»={ Trapezoidal Ditch Turf Reinforcement L
»={ Trapezoidal Ditch Tudf Reirforcement R

5 Ditch in Fil

»={ Trapezoidal Ditch Concrete L

»={ Trapezoidal Ditch Concrete R

»={ Trapezoidal Ditch Cther L

»={ Trapezoidal Ditch Cther R

»={ Trapezoidal Ditch Rip Rap L

»={ Trapezoidal Ditch Rip Rap R

»={ Trapezoidal Ditch Sod L

»={ Trapezoidal Ditch Sod R

»={ Trapezoidal Ditch Turf Reinforcement L

»=¢ Trapezoidal Ditch Turdf Beirforcement B
i Standard Ditches
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In this exercise, we will analyze input flows in a ditch from the approximate high point to
the approximate low point. Note: For this exercise, it is assumed that the user has prior
knowledge of basic hydrology / hydraulics principles and has reviewed the SUDA (ORD)
Manual.

1.

Create a new file and name it ROAD-II-SD-Drainage Model. Select the TDOT
Seed2D.dgn and click Save. Note: Save this file under the dgn Chapter 13
subfolder.

File name: [ROADIFSD-Drainage Model v [ save |
Save as type: MicroStation DGN Files (*.dgn) ~ Cancel
Seed: |C:'-.Pn:|gram Data“Bertley OpenRoads Designer CE 10114 Ca | Browse

Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method and then
click Fit View.

e ROAD-II-SD-Alignments.dgn
e ROAD-II-SD-Corridor.dgn
e ROAD-II-SD-Terrain.dgn (set terrain to active)

Before we create a utility model, let’s look at the proposed profile. Switch back to
the Drainage and Utilities workflow. Open the Open Profile Model tool
(Drainage and Utilities >> Utilities View >> Drawing Views) and select the
mainline centerline. Scroll to the approximate area between Stations 147+00.00
and 165+00.00.
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4. Notice the low point of the profile is around Station 152+00.00. There is another
low point around Station 164+00.00 and a high point around Station 162+50.00
Essentially, all the flow from Station 162+50.00 will collect at the low point at
Station 152+50.00 since there will be a proposed outfall at this location. Go ahead

and minimize the profile view for now.

5. Next, we will analyze this area to see if the standard template ditch can handle this
flow. Open the Place Node tool (Drainage and Utilities >> Layout >> Layout).
A warning will display asking if you want to proceed with embedding files for
Drainage and Ultilities projects in the design file. Click Yes and give the software a
few seconds to load the drainage standards from the library. You should get a

Compact Database alert asking if you want to proceed. Click No.

6. Go ahead and open the Place Node tool again and select the following settings.
a. Feature Definition: Ditch Begin 1ft (Node >> StormWaterNode >> Ditch

Nodes)
b. Name Prefix: Ditch Begin 1ftl
c. Elevation is the Invert: Toggled on
d. Elevation: Unchecked (value will be determined in the next step)
e. Rotation Mode: Absolute (any rotation)
f. Rotation Mode: Absolute (you can ignore the rotation angle)
&
Feature -~
Feature Definition |D'rtch Begin 1ft d |
Mame Prefix |D'rtch Begin 1ft1 |
Elevation -~
Elevation is the Invert
[ Elevation [554.95 |
[ Vertical Offset [0.00 |
Baseline Reference N
Baszeline Reference ]
Rotation L
Fotation Mode |;'1‘-.I:-5|:|||_rte W |
[] Rotation [N90°0000.0"E |
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7. Select the proposed corridor as the elevation reference and then place the node
on the north side along the roadway ditch CL (blue dashed line), at approximate
Station 162+50.00. Do not snap to the Ditch CL, because if the ditch location
changes in the template, the nodes will lose the location, and attempt to snap to a
different ditch in a different area of the corridor. Left click to accept the rotation
mode and then left click to accept the rotation. Note: For this node, the rotation
angle is insignificant since it is circular. Also, for this exercise, the approximate
location is sufficient.
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8. Repeat the previous step to place the ditch end node. Select the Ditch End 1ft
feature definition (Node >> StormWaterNode >> Ditch Nodes) and place the
node on the north side along the roadway ditch CL, at approximate Station
152+70.00. Once placed, hit ESC to clear the tool. Note: The low point is around
Station 152+00.00 as previously mentioned, but in this case, placing the ditch end
node right at the end of the proposed ditch around Station 152+70.00 will allow the
node to utilize the terrain more accurately.

9. Now that the begin and end ditch nodes are placed, we need to draw the ditch
conduit that the software will use to analyze. Since the alignment is curved, a
simple connection line between the begin and end nodes will not work. We need
to first place change nodes at the vertices of the ditch centerline to approximate
its curve. To determine the vertices, we will use the drawing tools to approximate
the ditch centerline from the corridor model. Note: This is an interpolation. The
more data points or vertices you use, the better the curve approximation will be.
For this exercise, 5 vertices should be enough.
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10.0pen the Place Node tool again (Drainage and Utilities >> Layout >> Layout).
Select the Ditch Change 1ft feature definition (Node >> StormWaterNode >>
Ditch Nodes) and then select the proposed corridor. Place a change node five
times along the proposed ditch CL at the locations shown below (approximate
Stations 155+00.00, 155+80.00, 156+60.00, 160+30.00, and 161+50.00).
Remember, do not snap to the Ditch CL.

11.Before placing conduit between the nodes, we need to confirm the standard ditch
configuration from the proposed corridor cross sections. Switch back to the
OpenRoads Modeling workflow. Open the Open Cross Section View tool
(OpenRoads Modeling >> Corridors >> Review >> Dynamic Sections). Select
the proposed corridor and open in any view. Note: If you select the alignment
instead, the temporary dimension labels in the upcoming steps will not work.

12.Next, open the Place Vertical Temporary Dimension tool (OpenRoads
Modeling >> Corridors >> Review >> Dynamic Sections).

= v e

Dynamic 3D Drive Corridor
sections ™ Thrgugh Reports~

" Open Cross Section View
T=  Locate Station Via Datapoint
# Edit Station

Place Horizental Temporary Dimension

I_-' Place Vertical Ternporary Dimension I

Remove All Termporary Dimensicns
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13. Select the dynamic cross section view and then select the start point, end point
and dimension location. For this exercise, we want to dimension the vertical
height from the subgrade tie-in point to the bottom of the V-Ditch, which should
equate to 1.61°. In general, ditch flow should always be below the subgrade
elevation. We have a max depth of 1.6’ in the standard template ditch. The top
width is 12.8’ with 4:1 side slopes. Go ahead and close the dynamic cross section
view. Note: The dimension will not work on end conditions if the terrain is not set
to active. The dynamic cross section for Station 100+00.00 is shown below for
reference.

14.Now, switch back to the Drainage and Utilities workflow. Open the Place Conduit
tool (Drainage and Utilities >> Layout >> Layout). Select the V Ditch - User
Input feature definition (Conduit >> StormWater >> Ditches >> Standard V
Ditches) and leave the Description as No Description Selected.

% Place Link Betw.., — e
Curve Variables L3
[ ] Pull 0.03

[] Segment Length 244

Parameters -
[] Slope 0.00%
Feature L3

Feature Definition W Ditch - User Input g

Mame Prefix W Ditch - User Input 1

Type |User Defined Conduit
Description Mo Descriptions Selected
Rise 0.3ft

Span 0.3/
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15.Go ahead and place conduits between each node in the direction of flow starting
at Station 162+50.00 and going towards Station 152+70.00.

Curve Variables ~

0 Pl
[ Segmen Lont

Parameters
[ Slops

Feature

Feature Definition \ Ditch - User Input ~

Name Prefix  Ditch - User Input 1

Type User D

Description Mo Descriptions Selecteq
Rise 0.3

Span 0.3

16. Next, open the Utility Properties for the first ditch conduit. Under the Drainage
tab, scroll down to Physical and notice that the Rise (ft) and Span (ft) are 1.00
and 1.00 respectively. We need to update the values to match the standard ditch
for the template. Update the Rise (ft) to 1.61’ and the Span (ft) to 12.80°. Notice
that a Manning’s n value of 0.030 corresponds to the Grass surface of the ditch.
Note: If a Concrete material is chosen, the Manning’s n value will be 0.013.

Phy sical

User Defined Conduit

M/ A,

Tangular Channel
=i | gl
Rage () 1.E1 I
Span (B 12 80

—

Humber of Barrals 1
Rowghness Typs Single Roughness
Manring’s n 0.030

Use Local Conduit Description?

TDOT

False
Triangular Charnel - 12 B0x 1614
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17.Repeat the previous step for the remainder of the ditch conduits placed. Note: The
user input conduit may not update the size in the 3D model.

18. Lastly, we need to define a catchment area and input a defined acreage and time
of concentration, so we can run the analysis. Open the Place Catchment tool
(Drainage and Utilities >> Layout >> Layout). Turn off the ROAD-II-SD-
Corridor.dgn reference file.

@ ". ? =f, Place Lateral {J) Place Pond
- &\0 = Place Gutter B Place Low Impact Develo...
Place Place Insert Place
Mode Modes Mode Cu:unduitl@ Place Catchmentl
Layout
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19.Within the Place Catchment dialog box, select the following settings.

a.
b.

Method: Pick Points

Feature Definition: Bare Earth - Steep (Drainage Area >> Catchment >>
Rural)

Name Prefix: Catchment

5(-?” Place Ca.. — >
Parameters L

Method [Pick Paints v|
Feature ~

Feature Definition |Bare Earth - Steep | |

MName Prefix |Cat|:hmerrt |

20. Left click to accept the Method and then draw a complete shape anywhere near
the ditch begin node around Station 162+50.00. Right click once the shape is
complete. Note: Your shape does not need to match exactly. It can be any closed
shape with any area. The drawn area will be ignored, and we will input a pre-
determined drainage area value.

TDOT

Select Next Vertex
f zReset> To Complete

296



Chapter 13. Special Ditches

21.Select the Ditch Begin 1ftl node as the Outflow and the existing terrain
boundary as the Reference Surface.

22.0nce the catchment area is placed, use the Element Selection tool to select the
drainage area, and notice that it shows a link to the outflow node (Ditch Begin
1ft1).
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23

.Open the Utility Properties for the Catchment and select the following settings.
a. Use Scaled Area?: False
b. Area (User Defined) (acres): 15.260
c. Area Defined By: Single Area
d. Time of Concentration (min): 8.530

v  <Generl> ~
1310
Label Catchment1
Motes
GI5-IDs <Collection: 0 tems >
Hyperlinks <Collection: 0 tems:
DrainageAreatCatchment RuralBare Earth - Steep
v  <Geometry>
Geometry <Collection: 4 tems:
0.0z
Use Scaled Area? False
Area (User Defined) (acres) 15.260
+ Active Topology
|z Active? True
» Catchment
Outflow Element Ditch Beqin 1ft1
Delineation Type Manual
Inflow (Wef)
Inflow (\wiet) Collection <Collection: 0 tems:
+  Runoff
Runoff Method Rational Method
Iﬁ'.rea Defined By Single Area |

Runoff Coefficient I:ﬁationalj 0.500

0.500
Tc Input Type |Iser Defined Tc
Time of Concentration (min) 3.530

8.530

24.Now that the flow is entered, let’s run the model and analyze the results to make
sure the ditch has enough hydraulic capacity. Open the Scenario Manager tool
(Drainage and Utilities >> Analysis >> Calculation >> Scenarios).

)= i Alternatives

|| 5y Options
ScenarinsEd .

-

IE Scenario Manager I

= Scenario Comparison

TDOT
Department of
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25.Expand the 2 Year HEC 22 Analysis - Lebanon folder and right click on 25 Year
HEC 22 Analysis - Lebanon and select Make Current, which will add a red check
mark next to the scenario. Close the Scenario Manager once you are done.

&4 Scenarios — >
Drainage

(- X = B-v B3%E & Fseach @

2 Year HEC 22 Design - Knoxville

2 Year HEC 22 Design - Chattanooga

2 Year HEC 22 Design - Clarksville

2 Year HEC 22 Design - Shelbyville

2 Year HEC 22 Design - Lebanon

2 Year HEC 22 Design - Lawrenceberg

2 Year HEC 22 Design - Johnson City

2 Year HEC 22 Design - Manchester

2 Year HEC 22 Design - Jackson

2 Year HEC 22 Analysis - Chattanooga

2 Year HEC 22 Analysis - Clarksville

2 Year HEC 22 Analysis - Shelbyville

2 Year HEC 22 Analysis - Lebanon
- 10 Year HEC 22 Analysis - Lebanon
=%
- 50 Year HEC 22 Analysis - Lebanon
- 100 ‘Year HEC 22 Analysis - Lebanan
o b Year HEC 22 Analysis - Lebanaon

2 Year HEC 22 Analysis - Lawrenceberg

2 Year HEC 22 Analysis - Johnson City

2 Year HEC 22 Analysis - Manchester

2 Year HEC 22 Analysis - Jackson

2 Year HEC 22 Analysis - Knowville

2 Year HEC 22 Design - Cookeville

2 Year HEC 22 Analysis - Cookeville

26.Then, open the Compute Scenario tool (Drainage and Utilities >> Analysis >>
Calculation >> Compute) and let the software compute the selected scenario.

@ €2 Validate
1 Calculation Summary

Compute
- l".,:il Motifications

@ Compute Scenario I

'ﬁfi Compute Hydrology
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27.A GVF-Rational Calculation Summary has now been generated. Go ahead and
close the window. You likely will see a Civil Message Center open on either the
side or bottom of the screen. Go ahead and close that as well for now.

ag GVF-Rational Calculation Summary x
Scenario
Label: | 5 Year HEC 22 Analysis - Lebanon |
Storm Event
Rainfall Alternative Label: |25 Year Lebanon |
Global Storm Event: Lebanon - 25 Year
Return Event: |25 YERNS

Calculation Executive Summary

=»3% Info: Subsurface Metwork Root: Ditch End 1ft1
=222 Info: Subsurface Analysis iterations: 1
=»»> Info: Convergence was achieved.

ﬂ Shaow this dialog after Compute Messages... Report Details... Close Help

28.As a review, open the Utility Properties for one of the ditches. Under the
Drainage tab, scroll down to Results and notice that the Is Surcharged? field is
True. This confirms that the ditch is not sufficiently sized to handle the required
capacity. If you review the other ditch segments, you will see the same result.

v Physical
_eng 296.93
v Resulis
Calculation Messages <Collection: 3 tems>
1591.2
1.00
5.69
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In this chapter, we will not review the Engineering Profile. As

M discussed in Exercise 12.4, opening the Engineering Profile will cause

z= the file to become corrupt and un-usable beyond that point (i.e., cannot

Take Note!  be re-opened). If the user needs to look at the Engineering Profile, save
a copy of the file and then create the Profile Run in the copied file.

29. After reviewing all ditch segments, we know that a 1.61’ depth, 12.8’ top width, 4:1
V-ditch does not adequately convey the flow between Stations 152+70.00 and
160+50.00. This confirms that the standard ditch for the template will not suffice.
We will create a special ditch in the following exercises.
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In this exercise, we will assume that the hydraulic analysis has been completed for a
standard ditch and that the result is that we need to change the lining material but keep
the same size.

1. Open the ROAD-II-SD-Corridor.dgn file within the dgn Chapter 13 subfolder.
Make sure that the Multi-Model Views view is active in the lower left corner and
then switch back to the OpenRoads Modeling workflow.

2. Open the Create End Condition Exception tool (OpenRoads Modeling >>
Corridors >> Edit >> Edits). Select the proposed corridor and then select the
following settings. Note: For this exercise, we will use Station 153+00.00, even
though eventually we will want the ditch to start at Station 152+50.00. Remember,
we only used Station 152+70.00 for the drainage model to have the templates to
assist us with placing the end node. We need to place the ditch in an area where
the template is currently in cut and not transitioning or in fill. Therefore, we will
start at Station 153+00.00. Later in the exercise, we will alter the end condition to
allow the ditch to start at the true end point (Station 152+50.00).

a. Name: Ditch Left
b. Apply ECE To: Left Override
c. Start: 153+00.00
d. Stop: 162+50.00

e
Parameters L3
MName |D'rtch Left |
Apply ECE To [Left Overide v|

Start [153+00.00 |

Stop [162+50.00 |
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3. Within the Left Override window, delete the existing end condition components.

W#C DITCH CL L

TDOT 303



Chapter 13. Special Ditches

4. After deletion, there should be a blue ghost line highlighting the end condition
shown. Now, expand the template folder and select the Turf Reinforcement L
template (End Conditions >> Ditches >> Alternate Lining Materials). The
template should appear in the preview window in the lower left corner.

File Edit Add Tools

Template Library:

— C:\ProgramData‘\Bentley"OpenRoads Designer CE 10.11%Corfiguratii

== Poirt Mame List
(] Componerts
— End Conditions
7 Cut
— Ditches
— Altemate Lining Materials
= Concrete L
== Concrete R
= Other L
= Other R
»= Rip Rap L
»= Rip Rap R
7= Turf Reinforcement L
= Turf Reinforcement R
(O Special Ditches
(O Standard Ditches
2 Fil
(7] Linear Templates
(O] TDOT Project Templates

<
Library ~ Active Template |

Preview:

)E

TDOT

Current Template

MName: |TS—?B (3LN) - 4 LAYER

Description: | ROT1TS7B4LCTLRT

s Tun

nel Template

Display
(@) Components () Constre

Display Paint Names
[] Display Al Compaonents
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5. Drag and drop the template component onto the main template, snapping to the
subgrade tie point (PST_L). Note: These template components have display rules
hiding certain components. After placement, turn on Display All Components to
see what is hidden.

EC SP DITCH CL L

6. These ditch components are all drawn with a 2:1 slope by default. These will
require editing to match the standard template ditch with 4:1 slopes and a 1.61’
depth from subgrade tie point. Switch to the Active Template tab so that we can
select the points.

Librany || Active Template
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7.

8.

Open the EC_DITCHEDGE_OUT_L point properties and change the Slope
Constraint to -25.00% (4:1). Then click Apply and Close.

Next, open the EC_SP_DITCH_CL_L point properties and change the Slope
Constraint to 25.00% (4:1). Also, change the Vertical Constraint to -1.61,
referenced to the PST_L point. In the Name drop-down, select
EC_SP _DITCH_R_CL_L. Notice how the feature definition changed to Prop
Special Ditch Centerline Reverse. This feature definition will create the ditch
directional arrow in plan view to be in the opposite direction of the roadway
stationing, therefore pointing in the correct flow direction. Click Apply and Close.

Point Properties x
Name: EC_SP_DITCH_R_CL ~| 4| [ Aol
[] Use Feature Name Ovemide: EC_SP DITCH CL L Close
Feature Definition: ~ 3 Special Ditch Centerline Reverse] :
< Previous
[ ] Superelevation Flag
MNext =
Altemate Surface: " |
Member af:
TRM_L
Constraints
Constraint 1 Constrairt 2

Type: Slope e Vertical i

Parent 1: PST L w ﬂ PST_L bl ﬂ

Parent 2: L] Rollover Values. ..

Walue: 5. 00% = -1.61 =

Label: [EC_DITCH_CL L Siope | | v

[[] Horizontal Feature Constraint berial Survey'Drainage’233-Dam or Spillway
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9. Lastly, open the EC FILL _TIE L point properties and change the Slope
Constraint to 25.00% (4:1). Then click Apply and Close.

E{; FILL TIE_L

"EC DITCHEDGE OUT IEZDWCHEDGE iIN L

EG SP DITCH CL_L
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10.Click OK to close the End Condition Exception Editor and process the changes.
This completes the necessary updates to match this new template component to
the standard ditch configuration. The corridor model should look like the
screenshot below.

G9.f TDOT 308
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In this exercise, we will apply a grass feature definition to the trapezoidal ditch and re-
compute the scenario for assessment relative to the roadway.

1. Open back up the ROAD-II-SD-Drainage Model.dgn file within the dgn Chapter
13 subfolder that was created in Exercise 13.3. Make sure that the Default view is
active in the lower left corner and then switch back to the Drainage and Utilities
workflow. Select each ditch segment and delete them. We will replace them with
aspecial ditch. Note: Ditch sizing would be an iterative process. For this exercise,
however, the size has already been determined.

2. Open the Place Conduit tool (Drainage and Utilities >> Layout >> Layout).
Select the Ditch Trap - Grass feature definition (Conduit >> StormWater >>
Ditches >> Special Ditches). Set the Description to 4:1--2ft (B)-2ft(H) and then
replace the conduit runs between each ditch node. Note: (B) equates to width of
the base and (H) equates to depth.

4% Place Link Betw... — ht
Curve Variables L3
[ Pull 0.03

[] Segment Length 244

Parameters L]
[] Slope 0.00%

Feature L]
Feature Definition Ditch Trap - Grass e
Mame Prefix Ditch Trap - Grass1
Type Conduit Catalog
Description 4:1-2ft (B)-2ft(H) e
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3. Next, the scenario needs to be re-computed. Open the Compute Scenario tool
(Drainage and Utilities >> Analysis >> Calculation >> Compute) and let the
software re-compute the selected scenario. A review of the conduit Utility
Properties should show False for the Is Surcharged? field for all conduits now.
This means that the 2ft (B) and 2ft (H) ditch with a 4:1 slope is adequately sized
for the flows.

+ Hesulis
Calculation Messages <Collection: 0 items:
|s Surcharged? False

525

4. Lastly, you would then need to review the velocity and shear stress to determine
the appropriate lining material for the special ditch. Refer to Chapter 5 of the TDOT
Drainage Manual for this determination._For this scenario, the computed shear
stress would be over 2Ib/sf, so a permanent turf reinforcement would be needed
to protect against erosion, which we will incorporate in the next exercise.

5. In conclusion, the special ditch drainage model from Station 162+50.00 to

152+50.00 will be a trapezoidal 2’ flat bottom ditch with a 4:1 foreslope and
backslope with a 2’ depth below subgrade.

310
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In this exercise, we will place a special ditch template within the roadway model and then
place the ditch centerline that will be used on the plan sheets.

1. Open back up the ROAD-II-SD-Corridor.dgn file within the dgn Chapter 13
subfolder. Make sure that the Default view is active and then turn off the ROAD-
[I-SD-Corridor.dgn (Default-3D) reference file.

2. We will first place an end condition exception on the left side of the corridor from
Station 152+50.00 to Station 162+50.00. Remember, we already placed an end
condition exception in this area in Exercise 13.4 and because we are using the
same file, we do not need to do re-do it. However, we do need to change the start
station of the end condition exception to Station 152+50.00. In the 2D view, select
the brownish yellow rectangle above the template drop that represents the limits
of the end condition exception. Change the start station to 152+50.00.

3. Next, open the Edit End Condition Exception view. This can be done in various
ways: by hovering over the end condition exception in 2D view, by right clicking
on the end condition exception in the Properties view, or by navigating to the end
condition exception section in the Corridor Objects tool.

Edit End Condition Exception
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4. Toggle on Display All Components in the top right corner. Delete all the end
condition components. Then click OK and the software will process the changes.
Notice there are now no end conditions present within the station range. We will
not place the new template within the End Condition Exception tool.

Display
(® Components () Constraints

Display Point Names

I Display All Components

i 1 ;
RS~ O i i it

5. Now, switch back to the OpenRoads Modeling workflow. Open the Single Offset
Partial tool (OpenRoads Modeling >> Geometry >> Horizontal >> Offsets and
Tapers) and select the mainline centerline. Key-in any Offset other than 0. The
Start and End Distance should be 152+50.00 and 162+50.00 respectively. Note:
It is recommended to use an offset distance between 30 and 50. This is just a
dummy element used to provide snap points for the next step, so setting the feature
definition or anything else is not critical, since we will delete this element later.

e

312
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6. Next, open the Apply Linear Template tool (OpenRoads Modeling >> Model
Detailing >> 3D Tools) and select the left subgrade tie point line (PST_L) in the
2D view. It is the outermost purple line, as shown below.

Complex Element: PST_L

Belongs To: OLDR_OP2

B Fcature: Linear\Roadway'Pavement Edges\Prop Subgrade Tie Point
Active Profile: ProfileByTemplate \ Line
Level: DES - MODEL - Lines - Pavemnent Edge Hinge

7. Select the Trapezoidal Ditch Turf Reinforcement L template (End Conditions
>> Ditches >> Special Ditches >> Ditch in Fill).

Pick Template

=|- C:\ProgramData"Bentley OpenRoads Designer CENConfigural s
+ - Components
- End Conditions
- Cut
-} Ditches
*f---AItemate Lining Materials
- Special Ditches
- Ditch in Cut
=1 Ditch in Fill
rapezoidal Ditch Concrete L
rapezoidal Ditch Concrete R
rapezoidal Ditch Other L
rapezoidal Ditch Other R
rapezoidal Ditch Rip Rap L
rapezoidal Ditch Rip Rap R
Trapezoidal Ditch Turf Reinforcement R
+|- Standard Ditches
+- Fill
]

1. linear Temnlatee

<

oK Cancel

8. For the Start and End Station, snap to the ends of the dummy element created in
Step 5.
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9. Place the orange object on the outside of the template and left click through the
prompts to accept.

Select Side - Reflect Option
Mirror - <Alt> Down To
Select

—__

10.The template has now been placed in the model. Go ahead and delete the dummy
element created in Step 5. Now, we need to edit the template to match the
proposed special ditch configuration. Open the Edit Template Drop tool
(OpenRoads Modeling >> Corridors >> Edit) and select the special ditch
template drop.

11.Remember, the proposed special ditch configuration is a trapezoidal 2’ flat
bottom ditch with a 4:1 foreslope and backslope with a 2’ depth below subgrade.
Open the EC_DITCH_IN_L point properties and change the Vertical Constraint
to -2.00. Change the Slope Constraint to 25.00% (4:1). Then click Apply and
Close.

12.Now, open the EC_SP_DITCH_CL_L point properties and notice the Horizontal
Constraint is set to -1.00. The ditch configuration has a 2’ bottom ditch, so the
centerline should be halfway between EC_DITCH_IN_L and EC_DITCH_OUT L,
or 1.00. Using the Name drop-down, change the name of the point to
EC_SP DITCH_R_CL_L to get the ditch flow arrow to be in the opposite direction
of stationing.

EC DITCH QUT L EC SP DITCH R CL L EC_DITCH IN_L
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13.Next, open the EC_DITCHEDGE_OUT _L point properties. Change the Slope
Constraint to -25.00%. Then click Apply and Close.

14.0nce updated, your ditch should match the designed special ditch. Click Test in
the lower right corner to see how this end condition operates. Then, click Draw
and move your cursor up and down to simulate change in the existing terrain.
Close the window once you have reviewed.

15.Click OK to process the changes. Note: You should see a gap near the ends of
the special ditch. Adding key stations on the mainline can reduce this gap. Finding
the right key station placement to fill the gaps is an iterative process. Currently,
key stations cannot be placed on linear templates.

16.Now, open the Create Key Station tool (OpenRoads Modeling >> Corridors >>
Edit >> Edits) and add key stations at 152+49.99 and 162+50.01. The gap should
then fill in. Note: Gaps less than 0.1’ are common and required in modeling
scenarios where template drops, template components and constraints are
changing. Designers should use discretion and engineering judgment to determine
when a model has gaps that are negligible. Knowing exactly where templates
change can be helpful and placing key stations .01’ from a change can fully
eliminate gaps in models.
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In this exercise, we will project the special ditch onto the roadway profile and then view it
in profile view.

1. Open the ROAD-II-SD-Alignments.dgn file within the dgn Chapter 13 subfolder.
Make sure that the Multi-Model Views view is active in the lower left corner. Attach
the ROAD-II-SD-Corridor.dgn reference file using the Coincident World
attachment method.

2. Select the Prop VA Special Ditch - Left feature definition (Linear >> Profiles >>
Drainage >> Proposed).

&:Q Prop VA Special Ditch - Left w~ |€P{f ~ "’I"‘ ,—'&q\ __fs%";. o-—j /

3. Open the profile model of the mainline centerline. Then, open the Project Profile
to Element tool (OpenRoads Modeling >> Geometry >> Vertical >> Profile
Creation).

HH Open Profile Model |_ ‘_

5 Set Active Profile
Lines Curves

|~’_“ Praofile Creation = T =
k™ Profile From Surface

#=  Cuick Profile From Surface

'I| ¥ Project Profile To Element

Project Profile Range To Element
Project Extended Profile

" Profile Intersection Point

4. Select the special ditch centerline in plan view (Station 152+50.00 to Station
162+50.00) and then select the mainline centerline. Open the roadway profile
view, if not already open, and you should now see the special ditch profile
projected onto the roadway profile.
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5. The next logical step would be to annotate the special ditch profile using the
Annotate Element tool. However, the annotation group selects all vertical breaks
and places many labels since the profile is a graphical line. Note: You do not need
to place annotation yet. The screenshot is only shown as an example.

6. To fix the annotation issue, we need to first draw in the special ditch profile
manually by using the vertical geometry tools. Go ahead and trace over the
projection with lines and parabolas and then complex it. Once drawn, delete the
projection. Note: Since the alignment that we drew had no VPI points, the VPI
labels will not appear on this alignment. The screenshot below is a best guess for
the geometry based on the roadway profile.

7. You could annotate the alignment here using the Element Annotation tool, but
the annotation would look incorrect unless the exaggeration is set to 1. It is
recommended that the labeling for the special ditch profile be done in the mainline
profile drawing model.
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8. Now, open the ROAD-II-SD-Mainline Profile.dgn file within the dgn Chapter 13
subfolder. By default, the OLDR_OP2 - Profile 1 Views drawing model should be

active.
Mame Podel
(D Default Q1 Default
(L1 OLDR_OP2 - Profile 1 [Sheet] Views [ OLDR_OP2 - Profile 1 [Sheet]
(L1 OLDR_OP2 - Profile 1 Views [ OLDR_OP2 - Profile 1

9. Open the Annotate Element tool (OpenRoads Modeling >> Drawing
Production >> Annotations >> Element Annotation). Toggle on Override
Annotation Group and then select the Special Ditch LT Profile Annotation
Flow Downstation annotation group (Profile >> Linear). Neither Parameters
option should be toggled on. Note: Notice there are three other annotation groups
for special ditches. The reason we selected this annotation group is because the
ditch is on the left side of the alignment, and the ditch is flowing downstation,
relative to the mainline alignment.

4% Annotate Element — et
Parameters ~
All Elements in Model |
All Drawing Models |
Override ~

COwverride Annotation Group

Annotation Group Special Ditch LT Profile Annotation Flow Downstation |-
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10. Click through the prompts and then select the special ditch profile. Once selected,
right click to complete the annotation. Notice the directional arrow and the slope
label that were placed on the special ditch. Also notice that there are no VPI labels
due to how the profile was drawn. Note: The annotation group only labels grade
breaks, not transitions between a line and a parabola.

11.To add the Begin/End labels, open the Civil Labeler tool (OpenRoads Modeling
>> Drawing Production >> Labels). Under the TDOT - Design - Profile folder,
select the Special Ditch Begin LT and Special Ditch End LT labels. Note: Only
the End Ditch label is shown below for reference. The special ditch is labeled in
the direction of stationing, hence the End Special Ditch notation.

vz Refer to the Roadway Design | (ORD) Manual and Requirements for
Model-Centric Design for profile annotation.

Take Note!
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Chapter 14. Channel Relocations

Channel Relocation design follows the natural stream design procedure per Chapter 11
of the TDOT Drainage Manual. This chapter will discuss the modeling procedure for a
proposed channel relocation, using a pre-created alignment and profile.

At the conclusion of this chapter, participants will be able to:

1. Model a relocated channel.
2. Incorporate side drains into the relocated channel.

Channel relocations will be modeled using template drops, which will need to be
modified by the designer to match the proposed channel cross section. This chapter will
not discuss the process to hydraulically size and align the proposed channel relocation.
Chapter 13 (Special Ditches) may be referenced within this manual or Chapter 11 of the
TDOT Drainage Manual for that information. This chapter only covers how to model a
proposed channel configuration after it has been hydraulically designed.

The process for creating and storing a channel alignment and profile follows the same
procedures as creating and storing a roadway alignment and profile.
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Chapter 14. Channel Relocations

In this exercise, we will use pre-created channel relocation geometry and create a
template along the channel alignment to model a channel relocation.

1. Create a new file and name it ROAD-II-CR-Stream Relocation Model. Select the
TDOTSeed 2D.dgn and click Save. Note: Save this file under the dgn Chapter 14

subfolder.
File name: | ROAD-ILCR-5Stream Relocation Madel e | | Save |
Save as type: MicroStation DGM Files (*.dan) v Cancel
Seed: |C:'-.F‘n:ugramData'-.Berltle'_."-.OpenHDads Designer CE 'ID.'I'I'-.C:::| Browse

2. Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method.

e ROAD-II-CR-Corridor.dgn

e ROAD-II-CR-Drainage Model.dgn

e ROAD-II-CR-Existing Drainage Features.dgn

e ROAD-II-CR-Geometry.dgn

e ROAD-II-CR-Stream Relocation Geometry.dgn
e ROAD-II-CR-Terrain.dgn
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Chapter 14. Channel Relocations

3. Activate the terrain and locate Station 440+00.00. Notice that an existing stream
(STR-2) runs in the middle of the corridor between Stations 435+00.00 and
442+00.00. Within the ROAD-II-CR-Drainage Model.dgn and ROAD-II-CR-
Stream Relocation Geometry.dgn reference files, notice that the proposed
relocated stream alignment has already been drawn and that there is a proposed
storm drain crossing under the new alignment. Note: The proposed relocated
stream alignment is determined based on ROW requirements, the topography of
the terrain and the desire to keep the natural flow patterns.

WLy AREA
30ERd SF,
@.704 AC,
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4. Before we model the stream, let’s review the proposed stream typical section,
which is shown below for reference.

STREAM 2

TYPICAL CROSS-SECTIONS - *C4/B4c" TYPE

STA 437+50 - 443+25
4 225 4° 225 4
— '

! H
P!
i !
i
il
i !
i !
i |

L
P
o
Do
Lo
o
o
by
I

- . I . -
O oa— - L
0

=

= THALWEG LOCATION
TYPICAL RIFFLE

NOTE: RIFFLE CROSS-SECTION IS SYMMETRICAL

TIE BACK TO EXISTING
GRADE AT 2:1 - 3:1 SLOPE
(TYPICAL)

5. Open the Create Template tool (OpenRoads Modeling >> Corridors >> Create
>> Template). Select the STREAM CHANNEL template (Linear Templates >>

Streams) and then right click and select Copy.

_ Linear Templates

7] Box Culverts & Slab Bridges

7] Civil Cells

7] Driveway

7] Roundabout

— Streams

= H A M
3 TDOT Typical Set Active
] TDOT Project Ten

Cut
Copy
Paste
Delete
Rename

TDOT

Template Documentation Link...

Ctrl-X
Ctrl-C
Ctrl-Y

Del
F2
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6.

|

Scroll down to the TDOT Project Templates folder. Right click on the folder and
select Paste. The STREAM CHANNEL template should now be shown. Note: It
is recommended that all templates used in a project should be saved in the project
specific template library (ITL). Also, every template should be copied from the
TDOT standard templates down to the TDOT Project Templates folder, so the
original templates are not unintentionally modified.

Double click on the STREAM CHANNEL template under TDOT Project
Templates. This default template has a slope table on either side that goes from
6:1 to 2:1. As a reminder, the typical section referenced in Step 4 indicates that
the slopes should be either 3:1 or 2:1 but does not provide additional guidance for
that switch. Therefore, we will need to use engineering judgment to set a switch
for those slopes. We also need to remove the 4:1 and 6:1 slope components from
the template.

\\

\\‘;\\

-."\‘_\

S\, STRM TOP OUT L 78 TOP_OUT R
N STRM TOP LSPIM T

\5_ _Fém'IJ_EED R
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8. Go ahead and delete the 4:1 and 6:1 slope components on both the left and right
sides by right clicking on the component, selecting Delete Component, and then
drawing a line through the components.

Add Mew Component

Template Documentation Link...
Check Point Connectivity...
Delete Components

Change Termplate Crigin

Delete Constraints from All Points

Edit Component...

Inzert Point
Add Point
Insert Arc

Unmerge Component Points

Set Component Display Rules

Delete Component

Set Dynarnic Crigin

9. Next, open the EC_CUT_TIE_3:1 L point properties. The Horizontal Constraint
should be -11.00 by default. When a horizontal or vertical constraint is present with
an end condition table, it means that specific end conditions will be used up to that
point. Because we deleted the 6:1 and 4:1 end conditions, the 3:1 end condition is
now the first end condition. Therefore, a 3:1 slope will be used for the first 11 feet
and then a 2:1 slope will be used for anything beyond 11 feet. Designers can
manipulate these constraints to get an end condition that satisfies the requirements
for a given project. However, for this exercise, keep the default distance. Go ahead
and close the Point Properties window.
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10.Now, we need to set the channel constraints to match the typical section. By
default, the stream bed is 4’ wide, so we do not need to change the STRM_BED L
or STRM_BED_R points. Open the STRM_TOP_L point properties and set the
Horizontal and Vertical constraints to -2.25 and 0.90, respectively. Then click

Apply and then Close.

Constraints

Constraint 1 Constraint 2
Type: Harizortal w Vertical e
Farert 1: STRM_BED_L v ﬂ STRM_BED_L v ﬂ
Value: |_2_25 I = II}.H-D I =
Label: |STHM TOP WIDTH LEF ~ | |5THM HEISHT CTRL v|
[L] Horizontal Feature Constraint iearAerial Survey' Mignment'100-Centerdine

11.Next, open the STRM_TOP_R point properties. The Vertical constraint is set to
match the left vertical constraint by default. If required, you could override that
value here. For this exercise, the channel has the same height on either side of
the centerline. We still need to change the Horizontal constraint to 2.25 to match

the left side. Once updated, click Apply and then Close.

Constraints

Constraint 1 Constrairt 2
Type: Horizont=l w Vertical e
Farent 1: STRM_BED R w ﬂ STRM_BED_R = ﬂ
Value: 2 95 /=] |-ISSTRM_TOP_L}S(STRM | [=
Label: |STRM TOP WIDTH RIGI | |STRM HEIGHT RIGHTC v |
(] Horizontal Feature Constraint wearherial Survey ' Wignment® 100-Centedine
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Chapter 14. Channel Relocations

12.To complete the template updates, we need to update the top of stream points.
Open the STRM_TOP_OUT_L point properties and set the Horizontal and
Vertical constraints to -4.00 and 0.00, respectively. Then click Apply and Close.
Repeat this step for the STRM_TOP_OUT_R point, setting the same constraints
to +4.00 and 0.00, respectively. The template should now match the proposed
typical section. Save and Close the template library once you have finished.

\.STRM'I_ STAMOUIPLL STRM FTAMETOR -OUT R

ST N BN BED R

13.Now, we will create a New Corridor using the stream centerline. Open the New
Corridor tool (OpenRoads Modeling >> Corridors >> Create). Within the Create
Corridor dialog box, select the Preliminary Design feature definition and name
the corridor STRM 2. Select the proposed stream centerline, right click to accept
the active profile, and then left click to accept.

14.Within the Create Template Drop dialog box, toggle on Lock To Start and Lock
To End. Set the template Drop Interval to 15.00. Select the template we
previously created (STREAM CHANNEL) and click OK. Left click through the
prompts to accept. Notice that the stream model crosses two driveways, which
means that side drains are needed under each driveway. We will add the side
drains in the next exercise.
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15.Go ahead and clip the stream corridor by the two driveway corridors using the Add
Clipping Reference tool (OpenRoads Modeling >> Corridors >>
Miscellaneous >> Corridor Clipping). Once clipped, the 3D model should look
like the screenshot below. Note: Only one of the driveways is shown.
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Chapter 14. Channel Relocations

In this

exercise, we will model the drainage structures needed to connect a stream under

driveways or other roadway appurtenances. We will assume that the correct pipe size
has already been calculated for this exercise and will not perform any hydraulic
calculations.

1.

Open the ROAD-II-CR-Drainage Model.dgn file within the dgn Chapter 14
subfolder. Make sure that the Multi-Model Views view is active in the lower left
corner. Attach the ROAD-II-CR-Stream Relocation Model.dgn reference file and
then switch to the Drainage and Utilities workflow.

We first need to place the endwalls on each side of the first driveway. Open the
Place Node tool (Drainage and Utilities >> Layout >> Layout) and select the
EW-Straight Round 30-90 feature definition (StormWaterNode >> Endwalls >>
Cross Drains >>Straight >> Round >> 187-30”; Skew 90).

» o]

=4 Place Lateral () Place Pond
HH od :
L [ Place Gutter B Place Low Impact Develo...

Place §Place Insert Place
Mode [Nodes Mode Conduit <] Place Catchment

Layout

Go to the first driveway at approximate Station 438+20.00 and place an endwall
on the left side of the driveway near the side slope tie-ins. Select the stream
centerline as the elevation reference. Toggle on Elevation is the Invert to place
the endwall at the elevation of the stream alignment (STREAMREALIGN1). Set
the Rotation Mode to Relative to Alignment and then select the driveway
alignment as the reference element for rotation. Set the rotation angle to be 90°
from the driveway alignment. Repeat this process and place an endwall on the
right side of the driveway.

A Y
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4. Then, place the endwalls for the second driveway using the same process in Steps
2-3.

5. Next, openthe Place Conduit tool (Drainage and Utilities >> Layout >> Layout).

D:D =%, Place Lateral {2 Place Pond
[~ Place Gutter B Place Low Impact Develo...

+
| | od_
Place Place Insert)] Place
Mode Modes Mode JConduit]<Z] Place Catchment

Layout

6. Selectthe Side Drain RCP feature definition (Conduit >> StormWater >> Culvert
Pipes >> Proposed). Place a 30” RCP connecting the endwalls under both
driveways to complete the relocated stream model. Note: You should place
conduit in the direction of flow, which is opposite the mainline stationing.
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Chapter 15. Earthwork

Earthwork is a critical component of any roadway design. The earthwork tools available
within ORD continue to evolve with every software release. This chapter will discuss the
current procedure to calculate earthwork for a TDOT design project.

At the conclusion of this chapter, participants will be able to:

1. Run earthwork with two layers: topsoil and existing pavement.

The earthwork functionality in ORD allows the user to calculate the amount of cut and
fill required in a model. ORD determines whether to include a mesh in the earthwork
calculation based on the Volume Options tied to each Mesh and Terrain feature
definition (Figure 22). Some of the volume options are further explained below.

Feature Definition

MName
Description
Mame Seed

Item Type

ltem Type

Mesh

Surface Featur TC - Rock Surface

VG Ty Substrata

Cut Factor
Replaced Fea
Include Cut In

TDOT

Existing Rock Surface
Existing Rock Surface
Existing Rock Surface

Pay ltem 203-01.29

Unsuitable
Custom

Design: Most meshes fall in this category.
Included as a final feature of the model.

Substrata: Use when creating subsurfaces
other than the normal cut or fill (e.g., rock
surface).

Unsuitable: When earthwork is run, the
volume will not be included in the earthwork
cut/fill volume. Assumed to be removed during
construction.
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Chapter 15. Earthwork

Within the default TDOT template library (ITL), there is an EX EOP + TOPSOIL template
and a TOPSOIL ONLY template (Figure 23). The first option allows for the exclusion of
the existing pavement and topsoil from the cut values whereas the second option allows
for the exclusion of the topsoil only. These templates need to be placed along the existing
alignment. Then, the Existing EOP lines should be referenced, so the templates will
automatically follow them. Utilization of point controls would then be needed to set the
topsoil edges to the edge of the cut and fill lines (horizontally and vertically).

§§ Both the existing pavement and topsoil will follow the surface of the
active terrain rather than the design corridor.

Take Note!

B Create Template = o *
File Edit Add Tools
Template Libwary Cument Template Cusplary Chs
=4 C\ProgramData’\Bertley'OpenFoads Des  Name £X EOF + TOPSOIL (%) Componerts () Constraints
— ki
= e fame Lis Diescripiion Plols Exsting EOF and Top Sol for Guariities [] Cusplary Poirt Names
| Comparsrits
] End Candtions [ Display A Components

= Linear Templabes

| Biooe Cusbverts & Slab Bridges

=] Civl Cells

1 Drivewsy

;l Rourdaboud

Z1 Shared Liss Path

21 Semaers

=3 TDOT Typical Sections
_] Bridge
*] Constaction
1 Dnaded

-E!: EOP :rnmu

) Unavaied
;l TOOT Project Templates
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Chapter 15. Earthwork

In this exercise, we will run earthwork for a proposed model with a surface terrain and a
sub-surface terrain.

1.

Open the ROAD-II-EW Corridor.dgn file within the dgn Chapter 15 subfolder.
Make sure that the Multi-Model Views view is active in the lower left corner and
then switch back to the OpenRoads Modeling workflow. The following files should
already be referenced in the 2D view.

e ROAD-II-EW-Alignments.dgn

e ROAD-II-EW-Survey.dgn

e ROAD-II-EW-Terrain.dgn (set terrain to active if not already active)
Open the Edit Template Drop tool (OpenRoads Modeling >> Corridors >> Edit)
and select the mainline template drop. Make sure that all the left and right cut and
fill tie points have the Use Feature Name Override option toggled on. Also, make
sure the left and right feature override name is set to CONSTRUCTION LIMIT_L
and CONSTRUCTION LIMIT_R, respectively. This allows the template drop to

connect the cut and fill tie lines into one line. Note: The EC_CUT_TIE_4:1 L point
properties are shown below as an example.

Cument Template Display oK
Name TS-78 (3LN) - 4 LAYER (® Components (O Constraints

: Cancel
Description:  [RD11TS7BALCTLRT Display Point Names

R [[] Display All Components

Point Properties X

Name CUT TIE 4:1 <] #| [ Aoply
Jig Use Feature Name Overmide: |CONSTRUCTION LIMIT L 1

Feature Definition v ches\Prop End Condgion - Cut Tie
M [ Superelevation Flag

N Altemate Surface:

End Condtion Properties

¥ [ Check for Interception Member of: )
Back Slope 4:1_L

Close

< Previous

Next >

J Place Point at Interception
[] End Condition is Infinite
[ Do Not Construct

Constraints

Constraint 1 Constraint 2
Type: Siope v Vertical v
Parent 1:  [EC DITCH.CLL v 4| |ecomcHeLL v 4
Parent 2: O

Value: -25.00% = |15.00 =
Label [EC_CUT_L Slope ‘
[ Horizontal Feature Constraint feria Survey\Drainags\233-Dam or Spillway
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3.

Now, open the ROAD-II-EW-Existing Corridor.dgn file within the dgn Chapter 15
subfolder. The following files should already be referenced in the 2D view. Note:
This file contains a complex element for the existing centerline (EX CL), and lines
that define the existing EOP using the EX EOP feature definition. All lines were
copied from an SS2 survey and converted to featurized lines.

e ROAD-II-EW-Alignments.dgn
e ROAD-II-EW-Corridor.dgn
e ROAD-II-EW-Terrain.dgn (set terrain to active if not already active)

First, we need to create a new corridor along the existing centerline (EX CL). Open
the New Corridor tool (OpenRoads Designer >> Corridors >> Create). Within
the Create Corridor dialog box, select the Earthwork feature definition.

ﬁ I_,‘Q 1 Copy Template Drop ! z_r_l
kg Import IRD

Mew Mew - Template
Corridorf Template Drop Y Transitions ~ ”

Create

Select the EX CL alignment as the Corridor Baseline. Right click to select the
active profile of the EX CL, which is the existing terrain. Then, change the Name
of the corridor to Unsuitable Material.

Within the Create Template Drop dialog box, toggle on Lock To Start and Lock
To End. Set the template Drop Interval to 25.00. Select the EX EOP + TOPSOIL
template (Linear Templates >> TDOT Typical Sections >> Existing) and click
OK. Left click through the prompts to accept. Note: The template placed along the
EX CL will be narrow.
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7. Let’'s examine the template drop that was just placed. Open the Edit Template
Drop tool (OpenRoads Modeling >> Corridors >> Edit) and select the earthwork
corridor that was just created. Notice there are three lines that follow the surface
of the terrain. The red line represents existing pavement and has a 1’ depth. The
brown lines represent topsoil and currently have a 3” depth. These can be
changed within the Component Properties. For this exercise, leave the default
values as-is and then close the Edit Template Drop tool. Note: The Existing
Pavement component properties are shown below.

Component Properties

E [Esisting Pavement

[[] Use Name Overmide: Existing Pavement Close

Description: |
pt < Previous

Feature: Definition: w Mesh*Existing"Existing Pavement Next >

Display Rules: |

Classifications

Parent Component:
[ ] Exclude From Top/Bottom Mesh

Cweray/Stripping Properties

Top option: Follow Surface ~ | Atemate Bottom Surface:

Bottom option: Follow Surface o | W |
Componert Depth: |[;._[;.|} | Label: | - |
Surface: <Actives « | []5tripping Component

Surface Depth: [1.00 | Label: |Ex Pavement Depth v|
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8.

TN

The EX_EOP points in the template are searching for lines with the same feature
definition. Open the Add Corridor Reference tool (OpenRoads Modeling >>
Corridors >> Miscellaneous >> Corridor References). Select the Unsuitable
Material corridor and then select the Existing EOP lines. Right click to close the
tool. The template drop should now match the existing EOP lines. Note: If your file
crashes during this step, see Step 9 for an alternate point control method to control
the corridor.
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9. You can skip this step if the previous step worked. Open the Create Point Control
tool (OpenRoads Modeling >> Corridors >> Edit >> Edits) Select the
Unsuitable Material corridor and then select the following settings. Click through
the remaining prompts to accept. Then, repeat the point control for the right point
(EX_EOP_R).

a. Lock To Start: Toggle on

b. Lock To End: Toggle on

c. Control Description: Blank

d. Point: EX_EOP_L

e. Mode: Horizontal

f. Control Type: Linear Geometry

g. Plan Element: Existing EOP_L (Note: Must be selected in plan view.)
Parameters -~
Lock To Start
Start 0+00.00
Lock To End
Stop 103+58.01

Control Description | |

Faint |EX_EOP_L v
Mode |H-:uriz-:ur|tal s |
Control Type |Unear Geometry |+ |
Flan Element |E:-:i5ting EOP_L [w |

Use as Secondary Alignment [

Priority | 1 |

Horizontal Offsets £l
Start [0.00 |
Stop [0.00 |
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Chapter 15. Earthwork

10.Next, we will point control the edge of topsoil to be removed. Open the Create
Point Control tool (OpenRoads Modeling >> Corridors >> Edit >> Edits).
Select the Unsuitable Material corridor and then select the following settings.
Click through the remaining prompts to accept.

a. Lock To Start: Toggle on

b. Lock To End: Toggle on
c. Control Description: Blank
d. Point: TS R
e. Mode: Both
f. Control Type: Linear Geometry
g. Plan Element: CONSTRUCTION LIMIT_R (Note: Must be selected in plan
view.)
Parameters ~
Lock To Start
Start 0+00.00
Lock To End
Stop 103+58.01

Control Description | |

Point [Ts_R |
Mode [Both |
Caontral Type |Unear Geometry w |
Plan Element [CONSTRUCTION LIMIT_f~ |

Use as Secondary Alignment [ ]

Priarity |1 |

Horizontal Offsets -~
Start [0.00 |
Stop [0.00 |

Vertical Offsets -~
Start [0.00 |
Stop [0.00 |

11.Repeat the previous step to create a point control on the left side. Selectthe TS_L
point and click on the CONSTRUCTION LIMIT_L line. The topsoil should now
follow the surface to the edge of the cut and fill lines.
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Chapter 15. Earthwork

12.Now, we will create an existing rock terrain with the assumption that the rock
surface is 5’ below grade. Create a new file and name it ROAD-II-EW-Rock
Surface. Select the TDOTSeed3D.dgn and click Save. Note: Save this file under
the dgn Chapter 15 subfolder.

File name: [ROADIFEW-Rock Surace v [ sae |

Save as type: Micro Station DGM Files {*.dgn) w Cancel

Seed: |C:'-.F‘n:|gram Data*Bertley OpenRoads Designer CE 10.11%Ca | Browse

13.Delete the embedded cells in the file and then attach the ROAD-II-EW-Terrain
.dgn reference file. Then, click Fit View. We are going to apply a simple offset of
the original existing terrain to create the top of the rock surface. Open the Create
Delta tool (OpenRoads Modeling >> Terrain >> Create >> Additional

Methods).
‘% Qq Add Feature:

# From File %‘m

2| From Graphical Filter Remove Feal
£ From Graphical Filter Additional  Topo Active A
.Q From Elements Methods * Import = v <+ Change Feat

Creats é Create By Text Interpolation
v g%

Create Terrain Model From Ascii File

Create From Point Cloud
Create Clipped Terrain Model

Create Complex Terrain Model

Create Delta

Create Corridor Alternate Surfaces

» q2Ply > »

Create Terrain Model from Design Meshes




Chapter 15. Earthwork

14.Within the Create Delta Terrain Model dialog box, select the following settings.

a.
b.

Delta Method: Terrain Model to Plane

First Terrain Model Surface: WI4450-02FDTM (select terrain boundary in
plan view)

To Plane: 5.00
Feature Definition: Civil Cell (under the Terrain folder)
Name: Existing Rock

4% Create Delta Terrain Model — >
Parameters -~
Delta Method | Terain Modelto Plane |
First Terrain Model Surface |WI445D—D2FDTM w |
To Plane |5.|}D |
Feature ~
Feature Definition |Ciuil Cell s |
Name |Existing Rock |

15. Left click to accept and notice a new existing rock terrain surface has now been
created 5’ below the original existing terrain. Within the new terrain, go ahead and
turn off the triangles, if not already off.

TDOT
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16.Next, we need to create a mesh. Open the Create Closed Mesh tool (Open
Roads Modeling >> Model Detailing >> 3D Tools).

" 3
0\ 2l |> A &
Apply Surface 3D Create  Ifanswverse
.inearq'gmplate Templates ~ [Closed Mesh | Elements = Conic Slope Tools ~

17.Within the Create Closed Mesh dialog box, select the following settings. Note:
The depth should be project specific so ensure that the depth is deep enough
encompass all cut needed for a project. Since we do not have a lot of major cut
areas in this example, it does not have a large depth.

a. Method: Element to Depth

b. Depth: 10.00

c. Feature Definition: Existing Rock Surface (Mesh >> Existing)
d. Name: Existing Rock Surface

Parameters L
Use Fence
Method |Element to Depth ~ |
Depth [10.00 |
Feature Definition |Existing Rock Surface ~ |
Mame |Existing Rock Surface |

18.Left click to accept the Method. When prompted for the Top Surface Element,
select the Existing Rock Surface terrain created earlier in the exercise. When
prompted to select the Boundary Surface Element, select the offset terrain. Left
click through the remaining prompts to accept.
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19.Create a new file and name it ROAD-II-EW-Earthwork. Select the TDOTSeed
2D.dgn and click Save. Note: Save this file under the dgn Chapter 15 subfolder.
This file will be used for the earthwork shapes, which are generally quite large.
Due to the size, it is recommended to create the shapes in a separate file so they
can be referenced separately from other models.

File name: [FOADIFEW Earthwork v [ sae |

Save as type: Micro Station DGM Files {".dgn) w Cancel

Seed: |C:'-.F‘n:ugram Data"Bertley"OpenFoads Designer CE 10,114 Co | Browse

20.Attach the following reference files using the Coincident World attachment
method.

e ROAD-II-EW-Alignments.dgn

e ROAD-II-EW-Corridor.dgn

e ROAD-II-EW-EXxisting Corridor.dgn
e ROAD-II-EW-Rock Surface.dgn

e ROAD-II-EW-Terrain.dgn (Set this terrain to active, which will also create a
3D model)

21.Now, the cut and fill volumes can be run. Open the Create Cut Fill Volumes tool
(OpenRoads Modeling >> Terrain >> Analysis >> Volumes).

s - T L Y

Points alculate Wolumes Hydraulic Reporting  Agquaplaning Sight
v Lrea v v v ' Visibility

" Create Cut Fill Volumes I

ﬁ Analyze Volume

342
{-I-?\O:r‘ of

— [ransportation



Chapter 15. Earthwork

22.

23.

The Cut and Fill feature definitions should already be set. Toggle on the Compute
Unsuitable and Compute Substrata options. This will calculate the existing
pavement and excludes the topsoil from the cut and fill calculations. It also includes
the existing rock layer as a separate cut volume. Since the Existing Rock Surface
feature definition is set to have the substrata volume option, the software will
know that the mesh is the substrata.

&8 Create Cut...  — x
Parameters -~

Cut Feature Definition |‘-I|:|Iumes -Cut w |

Fill Feature Definition |‘-I|:|Iumes - Fill W |

Compute Unsuitable
Compute Custom ]

Compute Substrata

The earthwork will take some time to process, so be patient. Once completed,
open the Open Cross Section View tool (OpenRoads Modeling >> Corridors
>> Review >> Dynamic Sections). Select the mainline corridor and then scroll
through using the directional arrows at the top of the window, which is the easiest
way to view the results in a particular area. The cut volumes do not include topsail,
whereas the fill volumes do. The earthwork volumes also calculated the cut into
the rock section separately from the normal cut section. In addition, the existing
pavement volume was calculated separately to determine what volume will and
will not need to be replaced with fill.

Section cut graphics

Existing Rock Surface (Remowved)

Level: DES - MODEL - CPNT - Rock Surface
Ref: Default-30 (ROAD-1I-Ew-Earthwark . dgn)

TDOT 343



Chapter 15. Earthwork

ORD runs significantly slower once earthwork shapes have been
M placed in a file. It is recommended to hold off running earthwork until
z= the end and not model anything significant with these shapes in the file.
Take Note! If necessary, you can delete the earthwork shapes while making
changes to the model and then re-run the earthwork. To delete the
shapes, you must select the shapes in the 3D view or the cross
section. If you run the earthwork again, a prompt will appear asking if
you want to delete the previous results. This means that deleting

shapes is not necessary to re-run the earthwork.

24.The earthwork can now be placed into the cross sections and an End Area
Volume Report can be created, which will be used for TDOT earthwork quantities.
Go ahead and create a new file named ROAD-II-EW-XS.dgn. Select the seed file
TDOT2DSeed Master File.dgn.

File name: [FOADIEWXS vl [ Save |

Save as type: Micro Station DGM Files {".dgn) w Cancel

Seed: |C:'-.F‘n:|gram Data“Bertley OpenRoads Designer CE 10.11%Ca | Browse

25.Make sure the Default-3D view is open and then attach the following reference
files using the Coincident World attachment method to the 2D Default view.

e ROAD-II-EW-Alignments.dgn

e ROAD-II-EW-Corridor.dgn

e ROAD-II-EW-Earthwork.dgn

e ROAD-II-EW-Existing Corridor.dgn

e ROAD-II-EW-Rock Surface.dgn

e ROAD-II-EW-Terrain.dgn (Set terrain to active)
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26.0pen the Place Named Boundary tool (OpenRoads Modeling >> Drawing
Production >> Named Boundaries >> Named Boundary). Select the Civil
Cross Section option and the XS 10H 10V drawing seed. Then, select the
proposed mainline alignment and toggle on Start and Stop Location. Make sure
that the Create Drawing option is toggled on at the bottom and then click through
the prompts. Note: OLDR_OP2 is the Name of the proposed mainline alignment.

6'?" Place Marned Boundary Civil Cross Section — >

=7 e=f§]. fJITII

Drawing Seed:

Detail Scale

Group:

Mame:

Description:

Start Location:
Stop Location:
Left Offset:

Right Offset:

Interval:

Vertical Exaggeration:
Top Clearance:
Bottom Clearance:
Elevation Daturn Spacing:

Event Point List:

TDOT

X5 10H 10V
=10
(New)
OLDR_OP2

100+00.00
203+52.47
-150,000000
150,000000
50,000000
1.000000
20,000000
10.000000
10.000000
(Mone)

Include Event Points Only

[] Include Control Points
[] Backward Facmg

[+ Show Dialog



Chapter 15. Earthwork

27.Within the Create Drawing, click OK to accept all default settings. By default, the
software should open to the last sheet model. Switch back to the Default model
and open the End Area Volumes Report tool (OpenRoads Modeling >> Home
>> Model Analysis and Reporting >> Civil Analysis).

S < > TH"-_
'::-_. S 5 LY o &I

Reports Civil Corridor Dynamic Terrain
- Analysis* Reports~ pjgn View  Import~

Me Analyze Point

Analyze Between Points

Calculate Area

> B i b

Analyze Volume

109

L e
Le

I Y b

Inverse Points

Analyze Trace Slope

Analyze Pond

Elernent Component Cuantities

Create Cut Fill Velumes

Cuantities Report By Mamed Boundary

Mass Haul Diagram

B D

End Area Volumes Report

r
Al

Cross Section Report
3D Drive Through

AR

Compute Pond Volurnes

G B ¥

Elevation Difference Grid

TDOT 346



Chapter 15. Earthwork

28

.Within the End Area Volumes Report dialog box, select the OLDR_OP2 named
boundary group that was just created. Left click to accept. Since there are no
exceptions, right click to complete. The software will then process the Named
Boundaries. The End Area Volume Report should automatically open (within the
Bentley Civil Report Browser). Note: By default, the cut/fill volume columns are
in cubic feet. You can click Tools >> Format Options and toggle on Convert to
Cubic Yard, as well as other format updates, as necessary.

End Area Volume Report

Report Created: Thursday, March 30, 2023
Time: 4:05:47 PM

Cross Section Set Name: OLDR_OP2
Alignment Name: OLDR_0OP2

Input Grid Factor: Note: Allunits in this report are in feet, square feet and cubic vards unless
specified otherwise.

Baseline @  ---------- L Fill - - oo Mass

Station Factor Area Volume Adjusted Factor Area Volume Adjusted Ordinate
100+00.00 R1  1.000 160403 0.00 0.00 1.000 0.000 0.00 0.00 0.00
100+50.00 R1  1.000 176.730 312.16 31216 1.000 0.236 022 0.22 311.94
101+00.00 R1 1.000 64.332 223.21 22321 1.000 0.086 0.30 0.30 534.85
101+50.00 R1  1.000 138.637 187.93 187.93  1.000 1.059 1.06 1.06 T21.72
102+00.00 R1  1.000 145.067 26547 26547 1.000 1.223 2N 21 985.08
102+50.00 R1  1.000 145310 274 42 27442 1000 2171 314 314 1256.36
103+00.00 R1  1.000 170.262 2894 .97 29497 1.000 1.792 3.67 J.67 154766
103+50.00 R1  1.000 172845 31769 317.69  1.000 0.213 1.86 1.86 1863.50
104+00.00 R1  1.000 153.624 302.29 302.29 1.000 0.390 0.56 0.56 216523
104+50.00 R1 1.000 165378 29537 29537 1.000 0.235 0.58 0.58 246002
105+00.00 R1 1.000 147.757  289.94 289.94  1.000 0.229 0.43 043 274953
105+50.00 R1  1.000 97.034 226.66 226.66 1.000 0.597 0.76 0.76 297542
106+00.00 R1 1.000 66.394 151.32 151.32  1.000 1.506 1.95 1.95 312480

106+50.00 R1  1.000 32.183 91.27 9127 1.000 25673 2617 2517 313091
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29

30

.Next, we will annotate the cross sections with the EAV table. Switch to any of the
XS Drawing Models. Open the Annotate Drawing Model tool (OpenRoads
Modeling >> Drawing Production >> Annotations >> Drawing Model
Annotation). Within the Annotate Drawing Model dialog box, toggle on All
Drawing Models, which will place the table at every cross section. Click the
ellipses next to Annotation Group and select XS EAV Table (Cross Section >>
Drawing).

Parameters .3

Al Drawing Models

Annotation Group |>{S EAV Table |

.Left click twice to accept the settings and notice that the cut/fill annotation has now

been added to the lower right corner of the cross sections. Note: At this time, the
EAV table only shows the standard cut volume and will not include the Rock
Surface cut volume. Reference Station 126+50.00 for an example. For more
accurate quantities, the user can open the Quantities Report By Named
Boundary tool (OpenRoads Modeling >> Home >> Model Analysis and
Reporting >> Civil Analysis). Regardless, TDOT requires the use of the EAV
report for overall earthwork quantities.
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Item types allow for the assignment of TDOT pay items and other fields to design
elements within the 3D model, thus aiding in estimated quantities. This chapter will
discuss the current item types that have been setup in ORD and how to use them.

At the conclusion of this chapter, participants will be able to:

1. Understand how item types work and the current applications of pay items.

Item types are used to link fields into easily exportable fields, whether automatically
calculated or not. They will not replace the current TDOT estimated quantities process,
nor will they create the TDOT Estimated Quantities excel spreadsheet. They serve as the
first step in making this process more efficient for designers and add the ability to export
pay items to excel.

Currently, there are three reasons for item types being used in the TDOT workspace:
TDOT pay items, exporting to shapefile, and parcel annotation. Many feature
definitions have been setup with attached item types, which will be applied automatically
once utilized. However, all other TDOT pay items in the library can be linked to any
element in a model. This gives the user flexibility when modeling different elements
relative to the TDOT pay items.

In the future, the model and the attached item types will hold all
vz guantities necessary for bidding, which can then be reviewed and
updated accordingly within ORD and the applicable Bentley platform.

Take Note!

The Item Types tools can be accessed here: OpenRoads Modeling >> Utilities >> Item
Types (Figure 24). Note: The arrow in the lower right corner opens the Item Type Library.

V. v L '_=| v
Vv T X |Lmm VS
Asset  Attach Detach Picklist Import/Export
Manager Item  Item

ltem Types

Asset Manager: Uses customizable excel files to apply item types to meet a
user’s needs. There is a single excel sheet (Shape Export.xIsm) set up in the
TDOT workspace for exporting into shapefiles: Organization-CiviNTDOT _
Standards\Asset Manager\. Exercise E.1 will utilize this tool.
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Chapter 16. Iltem Types

Attach Item: Allows a user to attach item types to any element in a file. This
Yy will be used when users need to attach one or multiple item types to a single
file or to a selection set.

N Detach Item: Allows a user to remove item types from any element in a file.
X The user can remove based on item type or by selection set.

= Picklist: Used within item types and are stored in the TDOT_Pay Items
= Lookup.xIsx file. Note: Currently, the picklist tool is empty since the pick lists
are stored in the excel file.

Import/Export: Allows a user to import item types from excel files or export item
types from the dgn into excel spreadsheets.

All TDOT item types are broken down by the first 3 numbers of a given pay item. Each 3
number group has its own folder (library). Item types within those folders are broken down
into different individual item types based on software limitations. Some folders have many
different item types, whereas some only have one that encompasses the entire folder.
Most item types require a drop down to select the individual pay item contained in that
item type. This drop down is set up within the item type and is stored in an excel file
(TDOT_Pay Items Lookup.xlsx) located in the TDOT workspace: Organization-
CiviNTDOT _Standards\Dgnlib\ltem Types\. The excel file does not contain every TDOT
pay item but does contain those that would be used for design.

For some item types, the Description field is a drop down (Figure 25), meaning there is
only a single pay item tied to the item type. The fields shaded in grey will populate once
an item type is attached to an element.

&4 Attach ltem d

Edit Common Properties

Text Style: | &= Style (none) v

o Properties

Select Al 2 Selected  Clear P A
S22 201 . Description REMOVAL OF ASBESTOS A
2202 Pay Item i
Removal Units v
Removal of Asbestos - Description Length s
Removal of Asphalt Pavement Ares o
Remcwval of Buildings - Description Details #
Remeoval of Median Barrier - Descri Footnotes oA

Removal of Pipe - Description
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For other item types, the Pay Item field is a drop-down (Figure 26). These are more
concise item types that often only have one description or have different units. The
designer will need to know which pay item to select so that the other fields populate
correctly. Any item type that needs to have a supplemental description will have a —
Description on the end of the item type name and will have an additional field called
Supplemental Description to allow the designer to place the additional description of
the pay item.

& Attach ltem *

Edit Common Properties

Text Style: | &= Style (none) r

0 Properties
Select Al 2 Selected  Clear ke
S22 Survey . Description vl
=201 Pay ltem 202-01.05 T A
=202 Units i
Remaval Suplemental Des rd
Removal of Asphalt Pavement Footnotes s

Remaoval of Buildings - Description

If aline is selected, the Length field will populate. If a shape is selected,
v= the Area field will populate. If a mesh is selected, the Volume field will
populate. Not all item types will have these three fields linked to them.
Take Note! |t js dependent on the units that are contained in the item type. The
Footnotes and Details fields, however, are at the bottom of every item
type and allow the user to add supplemental information that is linked
to the element (e.g., converting volume units in the Details field).
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Chapter 16. Iltem Types

In this exercise, we will explore the item type fields within the element properties and then
attach an item type and export the active item types within the model.

1. Openthe ROAD-II-IT-Corridor.dgn file within the dgn Chapter 16 subfolder. Make
sure that the Multi-Model Views view is active in the lower left corner. The
following files should already be referenced in the 2D view.

e ROAD-II-IT-Geometry.dgn
e ROAD-II-IT-Terrain.dgn

2. In the 3D view, select any asphalt mesh on the roadway and notice in the
Properties that an item type is already attached (Asphalt Concrete Surface).
The Description field is currently set to (None) but needs to be updated so that
the Pay Item and Units fields populate. Note: This exercise utilizes the westbound
travel lane for screenshots and calculations.

Asphalt Concrete Surface L3
Description (None)
Fay ltem
Units
Length
Area
Wolume 12343 46 Cu’
Footnotes
Details

3. Next, click the Description field drop-down arrow and select ACS MIX (PG64-22)
GRADING D. Note: Once this option is selected, the Pay Item and Units fields
automatically update.

Asphalt Concrete Surface L
Description ACS MIX({PG6E4-22) GRADING D

Fay ltem 411-01.10

Lnits TON

Length

Ares

Yolume 12343 46 Cu.’

Footnotes

Details
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4.

Go ahead and select the mesh below the asphalt surface and notice that a different
item type is attached. Click on the Description field drop-down arrow and notice
there are different options compared to those for the asphalt surface. For this
exercise, we will only calculate the top asphalt mesh.

Let’s add the calculated value for the asphalt concrete surface. Reference Chapter
7 of the TDOT RDG (7-411.01) to see the calculation.

7-411.00 ASPHALTIC CONCRETE SURFACE (HOT MIX)

7-411.01 COMPUTATIONS FOR ASPHALTIC CONCRETE SURFACE (HOT
MIX)

The computed quantity for asphalt surface mixtures is as follows:

Compacted volume (C.Y.) x Density (Lb./C.Y.) =T
2,000 Lb./ Ton cons

OR

Area (S.Y.) x Density (Lb/SY-in) x Compacted Thickness (in.)

2.000 Lb./ Ton =Tons

By default, the item type volume is in cubic feet. We need to convert to cubic yards
and then use the first conversion above to get Tons. The density for PG64-22
Grading D is found on Table 7-2 in Chapter 7 of the TDOT RDG (3816 |b/CY).

12343.46 CF b
- CF * 3816W
cY T = 872.27 tons ~ 873 tons
2000 —
ton

Then, update the Details field of the item type by keying in 873 Tons. Note: Your
value will vary depending on which asphalt mesh you selected.

Asphalt Concrete Surface .3
Description ACS MIX{PGE4-22) GRADING D

Pay ltem 411-01.10

IInits TON

Length

Ares

Volume 12343 .46 Cu’’

Footnotes —_—
[ostziis 873 Tons |
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8. Now let’'s manually attach an item type to a single element, which can be done in
the 2D or 3D model view. Open the Attach Item tool (OpenRoads Modeling >>
Utilities >> Item Types).

v |7
Asset JAttach
Managerf ltern

Xl = ¥

Ve
Detach Picklist Import/Export
[tem
[temn Types P

9. Within the Attach Item window, notice the different item type libraries on the left
side. The ones that are already used in the file (303, 307 and 411) will show as
active and appear at the top of the list.

E’J Attach [tem

Text Style:

k=t Style (none) v

t Al

Selec

1 Selected  Clear

L A A T T

TDOT
Department of

. [ransportation

1 Sha

“ If you want to attach item for "Seeding’, please
Click here

pe Export

Bt Survey

&2 201

354
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10. Scroll down to the 801 item type library and select the Seeding item type. Click
the Description field drop-down arrow and select SEEDING (WITHOUT MULCH).
We will leave all other fields as-is but you could add footnotes or details if desired.
Note: You can select as many item types as desired to attach to an element.
However, the same item type cannot be attached to the same element multiple
times.

&1 Attach ltem X

Edit Common Properties

Text Style: | &= Style (none) v

Properties
JO p
Select All 1 Selected Clear P A
o4 52718 a .
Description SEEDING (WITHOUT MULCH) v 1
g 2721
Pay ltem 4
g 2740 .
Units f]
[+ S22 760
. 2301 Length i
Seeding Area ol
Water Footnotes il
[+ G803
[+ SEr 805
g 52806
b S2900 v
4 b
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R

11.Next, we need to select the element in the model to

attach the item type to. Select

the cut slope on the north side of the road in the 3D model and then notice that
the Seeding item type is added to the properties. Close the Attach Item window

once completed.

Department of
JULY 2023

General -~
Element Description Back Slope 4:1_L
Level DES - MODEL - CPNT - Grass
Color [ 8
Line Style o
Weight = 2
Class Primary
Templats (None)
Transparency 0
Feature A
Feature Defimtion Cut Slope
Feature Name Back Slope 4:1_L
Civil Quantities Ll
Top Sloped Area 258644 18 5q.°
Flanar frea 250734 26 5q.°
Component Layer -~
Description
Start Station 0.000000
End Station 9876.860000
Yolume Option Design
Seeding ~
Description SEEDING (WITHOUT MULCH)
Fay tem 80102
nits UNIT
Length
Lrea
Footnotes
Details
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12.Let’s add the calculated value for seeding. Reference Chapter 7 of the TDOT RDG
(7-801.03) to see the calculation.

Total area of seeding (Sq. ft.) x number of effective
phases of the sequence of construction
1,000 (Sq. ft.)/unit

=Total seeding (UNITS)

13.By default, this item type is attached to a mesh without a volume. Within the
selected mesh properties, look under Civil Quantities and take note of the Top
Sloped Area, which equates to 258644.18 Sq.’ for the selected element. You'll
notice that two areas are shown: Top Sloped Area and Planar Area. The Top
Sloped Area looks at the 3D top surface (considering slopes), while the Planar
Area only looks at the 2D top view. This means that the values will be slightly
different depending on how varying the slopes are within the mesh. If the entire
element had a slope of 0%, the two areas would be the same. Note: The Top
Sloped Area cannot handle vertical faces. In general, the software has issues with
vertical faces, so it is recommended to avoid them, and instead use a near-vertical

slope.
Civil Quantities 3
Top Sloped Area 258644 18 Sq.'
Flanar Lrea 250734 26 S5q.°

14.To convert the area to Units, simply divide the area by 1,000 per the equation in
Step 12 and then multiply that value by how many phases of construction the
seeding will be needed for. Assuming one phase for this exercise, the value would
be 258.64. Update the Details field of the item type by keying in 259 Units

(rounded).

Seeding ~
Diescription SEEDING (WITHOUT MULCH)

Pay [tem 80102

IInits UNIT

Length

Area

Footnotes

MDetzils 259 Units |
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15.Now let’s look at the export process. Open the Import/Export tool (OpenRoads
Modeling >> Utilities >> Item Types).

2 O, =l W&

v s X L—Q S
Asset  Attach Detach Pick Jimport/Export

Manager Itemn  Itermn  List

[temn Types

16. Select the Items icon and the Export option. We will only export the Active Model
but, if necessary, you could export all models. Leave the other settings as-is. Click
the ellipses next to Export To and browse to any location on your computer where
you wish to save the separate exported excel files for each 3-digit item type library.
Once selected, click Export. Note: It is recommended to create a folder for the
export so that all files are contained in an easily accessible location.

¥t Item Type Import/Export =

L/ ltems L) Libraries

Import '@ Export

Active Model E
Sort Properties © | Match Item Type "
Selection Type : | All N
Export To ¢
Cancel

17.0nce the export is complete, notice there are multiple excel files named after each
active item type library. Go ahead and open one of the excel files and you should
see a Header tab and then the applicable Item Type tab(s).
B2 303.xlsx Within the Item Type tab(s), you should see the pay item, unit
B3] 307.xlsx and all other fields attached to the item type.
B33 411.xlsx
E33) 801.xlsx
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Appendix A. Civil Cells

In this exercise, we will place a cul-de-sac civil cell at the end of an alignment.

1. Open the ROAD-II-CC-Corridor.dgn file within the dgn Appendix\Appendix A
subfolder. Make sure that the Multi-Model Views view is active in the lower left
corner and locate the KELSEYGLEN side road (approx. mainline Station 156+50).
A civil cell should be placed on the alignment at the intersection.

2. Open the Place Civil Cell tool (OpenRoads Modeling >> Model Detailing >>
Civil Cells) and select the TDOT CUL-DE-SAC civil cell under the Cul-de-sac_
TDOT.dgnlib. For the cul-de-sac center point, we need to select the end of the
side road centerline. Do not select the actual centerline but rather the end tick mark
using the intersection snap. Click through the remaining prompts and notice the
civil cell placement.
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3. Select the cul-de-sac civil cell and notice there are several civil cell handles
available: circle radius and approach width.

—
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4. To connect the two civil cells, place a corridor along the side road and attach the
TS-2 (2LN) C&G, SW - 4 LAYER template from the default TDOT template library
(ITL) (Linear Templates >> TDOT Typical Sections >> Undivided). Then, place
the template in between the cul-de-sac civil cell and the T-intersection civil cell,
as shown below, to complete the process.
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In this exercise, we will create a transition from a 4LN to a 2LN typical section using the
transition tool. Then, we will use surface templates to model what the transition tool does
not create.

1. Open the ROAD-II-TDT-Corridor.dgn file within the dgn Appendix\Appendix B
subfolder. Make sure that the Multi-Model Views view is active in the lower left
corner.

2. Locate the second transition between Station 183+50.00 and 185+25.00 and then
open the Create Transition tool (OpenRoads Modeling >> Corridors >> Create
>> Transitions).

EE‘H p‘g =3 Copy Template Drop ™
: kg Import IRD

Mew Mew = Template
Corridor Template Drop "|rl Transitions = r

X

\ ) Create Transition
|
Il

Edlit Transition

3. Select the two template drops in the 2D plan view. The 2D and 3D model will both
render a transition, but only for the EOP and the paved shoulder.
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4. To edit the transition, open the Edit Transition tool (OpenRoads Modeling >>
Corridors >> Create >> Transitions) and then select the transition handle.

ﬂ I_~,|gl 3 Copy Template Drop ™
: b Import IRD

Mew Mew - Template
Corridor Template Drop | Transitions ~ v

Vi Create Transition

J-,,-I Edit Transition I

5. For this exercise, the transition will have linear templates applied to the shoulders
that include paved shoulders. Therefore, delete the PSH1 L and PSH2_L lines.

6. Repeat the previous step for the right side and delete the PSH1_R and PSH2_R
lines.

TDOT 364



Appendix B. Template Drop Transitions &

7. Now, working from left to right, bottom to top, connect the respective LNB of the
4-lane template to the EOP of the 2-lane template. Then, connect both the LNA
and CR_FLOWLINE of the 4-lane template to their respective CL of the 2-lane
template. Complete this for both the left and the right points. The table below (and
on the next page) lists the points that need to be connected, from left to right,
bottom to top.

4 Lane Template Point | 3 Lane Template Point

LNB5 L _BOT EOP5_L_BOT

LNB4_L EOP4_L
LNB3_L EOP3_L
LNB2_L EOP2_L
LNB1_L EOP1_L
LNB_L EOP_L
LNA5_L_BOT CL5_BOT
LNA4 L CL4
LNA3_L CL3
LNA2_L CL2

LNA1_L CL1

@)
—

LNA_L

ozl =Ro/RIN=-NYINN CL5 BOT

CR_FLOWLINE4_LM CL4

CR_FLOWLINE3 LM  [eJk!

CR_FLOWLINE2 LM Ne¥
CR_FLOWLINEL LM  [Nelkl
CR_FLOWLINE_LM CL

CR_FLOWLINES_RM CL5_BOT

OpenRoads Designer | CONNECT Edition
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4 Lane Template Point | 3 Lane Template Point

CR_FLOWLINE4 RM [Jejii]

CR_FLOWLINE3_RM CL3

CR_FLOWLINE2 RM [Ne¥

CR_FLOWLINEL RM  [ejil

CR_FLOWLINE_RM CL

8
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8. Once the left and right points have been connected, the transition should look like
what is shown below.
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9. Click OK to move to the next window and then click OK again if a reminder
appears. Right click on the top points and delete both constraints. The model will
now convert the four-lane with a median down to a two-lane as you slide the
transition slider from Start to End.

Add Mew Component

Edit Point...
Add Constraint

Delete Both Constraints

Delete Horizontal Constraint

Delete Slope Constraint

Test Point Contrals

11.Next, open the Apply Linear Template tool (OpenRoads Modeling >> Model
Detailing >> 3D Tools) and select the EOP_R line.

(v
Apply Surface Create Create  ansverse
Linear ﬁl'gmplate Templates *  Closed Mesh Elements = Cgnic Slope Tools ~

DN\ |2 @& > A F
a0

30 Tools
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12.Select the EOP - 6:1 template (Linear Templates >> Civil Cells >> Shoulder).

Pick Template *

=I- C:\ProgramData"Bentley OpenRoads Designer CE 10.11Co
+ - Components
+ End Conditions
- Linear Templates
+ Box Culverts & Slab Bridges
=1~ Civil Cells
+-CaG
+- Gore
= Shoulder
- EOP - 211
- EQOP - 31
- EQP - 411
- EOP - 6:1 NO PAVED SHLD.
- EOP - 6:1 ON HINGE
- EOP - 6:1 W/CURE AND GUTTER
- EOP - BREAK AT GRADED SHLD.
- EQP - CONC. RAMP
- EQP - MEDIAN
- EQP - MEDIAN NO PAVED SHLD.
- EOP PAVED SHLDR
+- Surface
+- Driveway
+ - Roundabout
+)- Shared Use Path
-
r

- Streams
- TOOT Typical Sections
+- TDOT Project Templates

0K Cancel

13.Then, select the EOP_R line that runs the length of the corridor. Select the start
location (Station 83+49.39) and the stop location (Station 85+25.65). Place the
orange object on the outside of the EOP_R and left click through the prompts to
accept. The transition should now have the same shoulder style as the two-lane
template.
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14.Now, open the Add Clipping Reference tool (OpenRoads Modeling >>
Corridors >> Miscellaneous >> Corridor Clipping) and clip the mainline corridor

with the linear template as the clipping reference to smooth out the transition of the
fill and shoulder.

© Define Target Aliasing o &
fill+ Corridor References ~ Im
T Corrider Clipping ~

@ Add Clippinﬁ Reference
'fﬁ Rermowve Clipping Reference

Cre

15.Review the changes in the 3D view and notice that the slopes of the two templates
should now be closely aligned.
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16.Lastly, we need to create a parametric constraint. Open the Create Parametric
Constraint tool (OpenRoads Modeling >> Corridors >> Edit >> Edits) and
select the linear template.

El |‘:; ¢ ® Define Target Aliasing ..$.1
= Edits 8 & coridor References ~ 1m
[ -
Template Drop = ¥ bt Tl Corrider Clipping =
Edit 7 Create End Condition Exception
Create Key Station

Create Secondary Alignment

Create Parametric Constraint

=
Create Curve Widening
Create Point Control l

17.Select the start location (Station 83+49.39) and the stop location (Station
85+25.65). Within the Create Parametric Constraint dialog box, change the
Constraint Label to GSH_L Width and the Start Value to -10.0. Left click through
the prompts to accept.

48 Create Pa — >

Parameters ~

Lock To Start ]

Start 83+49.39 |
Lock To End ]

Stop [85+25.65 |
Constraint Label |GSH_L Width w |
StartValue  [-10.00 |
StopValue  [-6.00 |
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Appendix B. Template Drop Transitions

18.The shoulder should now line up with the four-lane template.

PR sy sl o
- —.L=

e L L= P e Lt L by 2ES

— e .

P Fostes Lt L

19.Repeat Steps 11-18 to place the same linear template for the left side of the
roadway. The start and stop locations for this template drop will be Stations
83+53.23 and 85+29.49 respectively.
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Appendix B. Template Drop Transitions

20.Next, select the C&G Flowline - CTRL feature definition (Linear >> Roadway >>
Model Control - 2D Plan >> Curb and Gutter) set it active. Make sure Create 3D
Automatically is toggled on.

g/ |C3G Flowine -CTRL v]e® W A /B

21.0pen the Variable Offset Taper tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Offsets and Tapers) and snap from the bottom flowline control
on the left side of the template to the centerline at the right end of the transition
with a length of 175’. Repeat the variable offset for the top flowline control.
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Appendix B. Template Drop Transitions

22.Select the CTRL lines that were just placed and open the Properties. Within the
properties under the Profile By Projecting 3D Element Simple Slope Rule
header, change the Slope to -2.00%.

Profile By Projecting 3D Element Simple Slope Rule .3
Lslope -2 .00% |
ertical Offset 0.00°
Profile Adjustment None
Point Selection On Depending All

23.Then, open the Line Between Points tool (OpenRoads Modeling >> Geometry
>> Horizontal >> Lines) and connect the two tapers at the median. The median
transition should now be a closed shape.

24.Now, open the Create Terrain Model From Elements tool (OpenRoads
Modeling >> Terrain >> Create) and select the three lines. Right click and click
through the prompts and name the terrain model Asphalt Transition 2.

&% Create Terr...  — X
Parameters ~
Feature Type |Break Line o |
Edge Method |N|:|ne w |
Feature L]
Feature Definition |Ci~.ri| Cell w |
Mame |f-‘-.sphalt Transition 2 |
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25.Next, open the Apply Surface Template tool (OpenRoads Modeling >> Model
Detailing >> 3D Tools >> Surface Templates). In the 3D model, select the terrain
boundary that we just created and then select the SURFACE - 4 LAYER template
(Linear Templates >> Civil Cells >> Surface).

Pick Template

[=- C:\Program Data"Bentley OpenRoads Designer CE 1011 &
-- Componerts
End Conditions
=1 Linear Templates
-- Box Culverts & Slab Bridges
=1 Civil Cells
(- C&G
- Gore
--Shoulder
- Surface
- SURFACE -3 LAYER
M SURFACE - 4 LAYER
- SURFACE - AGGREGATE
- SUURFACE - CONC.
- SURFACE - CONC. MISC.
- SUURFACE - DETECTABLE WARNING
- SURFACE - DR - END CONDITION
- SURFACE - DR - BUSINESS - ASPH
SURFACE - DR - BUSINESS - CONC.
- SURFACE - DR - RES & FIELD - ASFH.
- SURFACE - DR RES - CONC.
- SURFACE - GRASS
- SUURFACE - RIP RAP
- SURFACE - SHOULDER
- SURFACE - SIDEWALK
SURFACE - SIDEWALK END CONDITION
- Driveway
(- Roundabout
- Shared Use Path v

26. Click through the prompts to place the surface and notice that the median transition
should now have a surface.
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Appendix B. Template Drop Transitions

27.Now, select the Curb - CTRL feature definition (Roadway >> Model Control -

Plan >> Curb and Gutter).

(,_P-J’ Curb - CTRL V|€.r,§f ’+A i /

2D

28.0pen the Simple Arc tool (OpenRoads Modeling >> Geometry >> Horizontal
>> Arcs >> Arc Between Elements). Select the bottom taper and then the top
taper, and then snap to the end of the bottom taper to place the arc. Set the

Trim/Extend option to None.

’ ¥~ Offsets and Tapers ~ BEH Open Profile Model
) .
O « N

- . A Reverse Curves = . #5 Set Active Profile
Lines = Arcs Point Modify  Complex )
v - v =L Spirals * - Geometry = | | Profile Creation =

) Circle

¢~ Arc Between Points

Arc To Elermnent

Arc Between fArcs

Helian sl |

Arc Between Elernents L Iﬂ Simple Arc I

Spiral Arc Spiral

[
|

&

Complex Transition between Any element and Arc =]

Taper Arc Taper
3 Center Arc
2 Center Arc

Arc Between Elermnents
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Appendix B. Template Drop Transitions

29.Next, select the arc that was just placed and open the Properties. Change the
Quick Transition Method to Linear under the Profile By Two 3D Element
Transition Rule header.

Profile By Two 3D Element Transition Rule A
Quick Transition Method Linear

30.Open the profile of the arc that was just placed and locate the profile elevation at
approximately 604.7°. Open the Profile Intersection Point tool (OpenRoads
Modeling >> Geometry >> Vertical >> Profile Creation).

EH Open Profile Model Lines - —+~ Modify *
o5 Set Active Profile |~ Curves = “ Complex Geometry ~
¥ Profile Creation * |2 Element Profiles ~

F  Profile From Surface
# Cuick Profile From Surface

[* Project Profile To Element Properties

% Project Profile Range To Element

Project Extended Profile

Ir"*" Profile Intersection Point

31.Select the arc and then select the centerline and reset. In the profile window, a
pink dot should appear, as shown below.
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Appendix B. Template Drop Transitions

32.Go ahead and draw vertical geometry from the start of the arc to the dot, and then
back down to the end of the arc. Complex that geometry and set it as the active

profile.

33.Now, open the Apply Linear Template tool (OpenRoads Modeling >> Model

Detailing >> 3D Tools) and select the arc.

DN |2 @ >

Apply surface Create
Linearﬁl'gmplate Templates ¥ Closed Mesh Elements

30 Tools

Create
Conic Slope

Transverse
Tools =

34.Select the Median C&G template (Linear Templates >> Civil Cells >> C&G) and

click OK.

Pick Template

-- End Conditions A
- Linear Templates
-- Box Culverts & Slab Bridges
[1- Civil Cells
- CAG
..DR CAG
- EOP LC&G
- EOP L C&G, GS
EOF L C&G, SW
- EQP L SHLD, C&G
- EOP L SHLD, C&G, GS, SW
- EOP L SHLD, C&G, SW
- EOP L, C4G, GS, SW
- |SLAND C&G + SHLD.
- MEDIAN C&G + SHLD.
- RAMP C&G
- RAMP CLIRB BACK
- RAMP CURB BACK REVERSE
i Gore
- Shoulder
(- Surface
- Driveway
|- Roundabout
|- Shared Use Path
- Streams

-

B roor

— [ransportation

OK Cancel
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Appendix B. Template Drop Transitions

35.Lock to Start and End and place the orange preview on the inside of the arc by
moving the cursor to the left, outside the arc.

36. Click through the prompts to accept placement and notice that the linear template
shows up in both 2D and 3D.
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Appendix B. Template Drop Transitions

37.0pen the Line Between Points tool (OpenRoads Modeling >> Geometry >>
Horizontal >> Lines) and draw a line from the inside edge of the linear template
to the other, snapping to the arc (CR_BACK_TOP_RM).
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Appendix B. Template Drop Transitions

38.Go ahead and open the profile view of the line that was just placed. Using the Key
Point snap, draw two lines (one at 4% and one at -4%) snapping to the respective
end of the horizontal purple dotted line and then across to the end of the black
area in profile view.

606.5

606.4
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Appendix B. Template Drop Transitions

39.Next, trace the positive 4% line starting from the left end and terminating at the
intersection of the two 4% slope lines. Then, trace the negative 4% line starting
with a key snap to follow the element just created that terminates at the intersection
of the two 4% lines and key snhap to the right at the end of the -4% line. Lastly,
complex those two elements together and set it to active.

40.Now, we will create another terrain. Open the Create Terrain Model From
Elements tool (OpenRoads Modeling >> Terrain >> Create). Turn off the DES -
CORRIDOR GRAPHICS - Design and DES - MODEL - Lines - Curb Flowline
levels to make it easier to select the two lines. Select the Curb line with the new
profile and then select the CR_BACK_TOP_RM line.
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41.Right click to accept those two lines, and then make sure the Feature Type is set
to Break Line, the Edge Method is set to None and that the Feature Definition
is a Civil Cell. Name the terrain Median Nose 2. Left click through the prompts to

accept.
48 Create Terr..  — =
Parameters ~
Feature Type |Break Line o |
Edge Method |N|:|ne e |
Feature L3
Feature Definition |Ci-..-i| Cell w~ |

Mame |Median MNose 2

42.Within the Explorer, right click on the Median Nose 2 terrain just created
(OpenRoads Model >> Terrain Models >> Civil Cell) and select Apply Surface

Template.

4 & ROAD-NI-TDT-Corndor.dgn (Default)

~ Alignments
4 B Terrain Madels
4 i Civil Cell
4 ‘Q Median Noze
&Y Median Curb 2
> & Asphalt Transition
A Median Curb

 e—

> Q Asphalt Transition 2
[» 'r]‘[: Corridors
P =% Linear Template
b A Surface Templates
= Civil Cells

& su perelevation

~ Cant

b " Linear Geametry

P 2 3D Linear Elements
+ Points

|4 Referenced Models

o

DX I BBV P

9 sheetIndex

TDOT

Properties
Set As Actve Terrain Mode
Export Terrain Model '
Add Feature

Remove Feature

Templates | & Apply Surface Template

Rules v &% Apply Linear Template
Delete

Zoom

Isolate

Details

Properties

383



Appendix B. Template Drop Transitions &

43.Select the SURFACE - CONC. MISC. template (Linear Templates >> Civil Cells
>> Surface) and left click through the prompts to apply the surface template.

ROADWAY DESIGN I 384
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Appendix C. Extended TIN Surface Creation

When considering the drainage design for a project, quite often an extended TIN surface
is needed relative to what is provided in the survey. This will allow for additional context
and input during design. This chapter will discuss how to source data and how to
manipulate it into a workable format for the designer.

Because drainage areas often extend outside the surveyed terrain, an extended TIN
surface is needed to provide the additional terrain data within the drainage areas.

Within ORD, contour lines can be displayed from a surface but not drawn into a file. This
means that whenever a user changes the view, the contours will re-process and then re-
display. While this is not a concern when working with smaller terrains, it does present an
issue when working with larger extended terrains. At a minimum, the extended terrain will
cause the software to lag during re-processing and likely crash. Therefore, it is
recommended to turn off the contour display within a terrain until the terrain has
been trimmed to its final size. In addition, never select a feature definition that will
automatically display contours when loading or complexing terrains.

If you still experience software crashes while loading contour features,
vz it is recommended to export the terrain as a .TIN or .DTM file. Then,
draw the contours into a file using the DTM tools in a secondary
software (e.g., GEOPAK SS2/SS10).

Take Note!
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Appendix C. Extended TIN Surface Creation

In this exercise, we will download LIiDAR data from the State of Tennessee LiDAR
Coverage website to create an extended surface for the sample 1-65/SR-99 (Bear Creek
Pike) Interchange project, located in Columbia, TN.

1. There are multiple ways to access LIDAR data. Please select the option below
based on whether you are a TDOT employee or a consultant.

a. TDOT: Steps 2-3 only.
b. Consultants: Go to Step 4.

2. Browse to the following location on the TDOT network: \\tdot0O5nas001\GIS\
LiDAR\. Copy the highlighted tiles shown below: 1688477SW, 1688477NE,
1688477SE, 1688469NE, 1702477NW, 1702477SW, and 1702469NW. Save the
copied tiles in the following location: C:\ProgramData\Bentley\OpenRoads
Designer CE 10.11\Configuration\WorkSpaces\TDOT_Standards\WorkSets\
123456.00_INITIALS\dgn\Appendix\Appendix C (Extended TIN)\.

I 1688477NE I I 1702477NW

!
— M S— - —— - — - ndl
$

I 1688477SW I i I 1688477SE I 1702477SW

! SN !
} - ot I 1688469NE I r I 1702469NW

—l - - -

3. Since the files are in .las format, they are ready to import into ORD. File type
conversions are not needed. Continue to Exercise C.3 to import and create the
clipped terrain models.
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Appendix C. Extended TIN Surface Creation

4. Click the following link to open the State of Tennessee LiDAR Coverage website
to retrieve the map tile data. Note: Do not use Internet Explorer. Google Chrome
was used for the exercise images, but other current browsers may be used.
https://tnmap.maps.arcgis.com/apps/webappviewer/index.html?id=1bf015da6e10
402487a6baelc0f71385

5. In the upper left corner, key-in Columbia, TN in the search bar and then hit Enter.
This will narrow the search location to the applicable area.

Departe
TN F‘mn:e&

e _Administration

v Columbia, TNI X Q Carbondale

10691t
Shawnaea
National
¢ Forast
O | =
| o ! ‘
" Cape
Girardeau et
i L 2N

6. Zoom in to the project area, 1-65/SR-99 (Bear Creek Pike) Interchange, either by
clicking on the + sign in the upper left corner or by using your mouse wheel.

\ul

i1
m o

N
B

N __ Béar Credk

Columbia
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Appendix C. Extended TIN Surface Creation

7. Notice the tiles within the project area. For this exercise, we will download the

highlighted tiles

shown

below:

1688477SW,

1688477NE,

1688469NE, 1702477NW, 1702477SW, and 1702469NW.

—

I 1688477NE I

|

|

I 1702477NW I

1688477SE,

!

| I 1688477SW I

I 1688477SE I

I 1702477SW I

—————————

I 1688469NE I

I 1702469NW I

8. Left click anywhere within the 1688477SW tile and select Point Cloud Download.

E——

1688477SW

2018 Middle 19 County QL2

r \ CLUIUUU I

Point Cloud Download]l
|

A
1688%60NW
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Building_Footprint

Contour Download

3D Building Model

Tile Index Download

aee

1688460ME
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Appendix C. Extended TIN Surface Creation

9. You'll notice that various county folders appear within Google Drive. Double click
on Maury County for this exercise.

Tennessee_USGS_3DEP 19County 2018 QL2_LAS

Folders

B Sediord 2013 zLAS by Ti.. B Cheatham 2018 zLAS by.. B Dickson 2018 zLAS by Ti.
B LincolnCo 2018_zLAS by ... B MarshaliCo 2018 2LAS b B MauryCo JME_7ZLAS by
B SmithCo 2018_zLAS by T.. B  Sumner_2018_zLAS by Til. BB  Trousdale_2018_zLAS by .

10.Within the Maury County folder, notice all of the tiles are listed in .zlas format.
Scroll down to 1688477SW.zlas and move your cursor to within the tile so that the
download icon appears. Go ahead and download the tile and accept any prompts
that may appear. Save the file in the following location:
C:\ProgramData\Bentley\OpenRoads Designer CE 10.11\Configuration\
WorkSpaces\TDOT_Standards\WorkSets\123456.00 INITIALS\dgn\
Appendix\Appendix C (Extended TIN)\

43 i
B 1688477SW.zlas

11.Repeat Steps 8-10 and download the other six tiles as listed in Step 7.

12.Since the files are in .zlas format, they need to be converted to .las format to import
into ORD. Click the following link to access the LAS Optimizer 1.2 converter
website. Note: If you already have the converter installed, open it, and skip to Step
15.
https://www.arcgis.com/home/item.html|?id=787794cdbd384261bc9bf99a860a374f
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Appendix C. Extended TIN Surface Creation

13.Select Download in the upper right corner to download the EzLAS.zip file.

Overview Pricing Map Scene Help Q, Sign In

e e} Compresses and optimizes LAS for t lidar
. N Compresses and optimizes LAS format lidar Download

%% Geoprocessing Sampl

14.0Open the zip file and then double click on the EXLAS.exe file. If prompted, click on
Yes, open this file. Note: WinZip Pro was used in the image, but you may have

a different program.

EzLAS.zip

Esri LAS Optimizer Help v1_2_4.pdf
Type: PDF Document

Esri Optimized LAS FAQ.pdf
Type: PDF Document

8 [xH

EzLAS.exe
Type: Application

EzLAS 32.exe
Type: Application

a

readme.txt
Type: Readme Document

O O|=jO O
a
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Appendix C. Extended TIN Surface Creation

15.An EzLAS - Optimize LAS files window should open. Under Input, select File
and Decompress and then browse to the 1688477SW.zlas file. Under Output
folder, select the folder where the .las file will be saved, which should be the same
dgn Appendix\Appendix C subfolder within your 123456.00 _INITIALS workset.

. j EzLAS - Optimize LAS files — Y

@;l

Input
® File () Folder Include sub-folders (@) Decompress () Compress

| C:'ProgramData\Bentley\OpenRoads Designer CE 10, 1l'gCDnﬁguraﬁDn'|,'|.f'.|'|:|rk5|:uaces'|,TDO’| [,‘__L';.

Point spacing estimation when statistics not available )
Rearrange points P

Scan file Use header info Iser input:
Import PR.] file

Qutput folder
Owerwrite output file

C:'ProgramData‘\Bentley\Openfoads Designer CE 10, 11'I,CDI‘|ﬁ§|LIFE|ﬁDI‘|'I,'L"'.I'DFkSDEIIES'I,TDG'|

Current process

Start

(]

[x1]
3

m

16.Click Start to begin the conversion process from .zlas to .las format. Go ahead
and repeat the previous step for the other six .zlas files separately.

17.0nce completed, all seven .las files should be in your dgn Appendix\Appendix C
subfolder. They are now ready to import into ORD, which we will do in the next
exercise.

| | 1688468ME.las
| | 1688477ME.las
| | 16BB477SE las

|| 16884775W.las
|| 1702469MW.las
|| 1702477TMW. Jas
|| 17024775W.las

- If LIDAR data is needed from the USGS 3DEP LIiDAR Explorer
= website, reference Appendix D.1 and Appendix D.2 which show the
conversion process from .laz to .las and .laz to .pod respectively.

Take Note!
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Appendix C. Extended TIN Surface Creation

In this exercise, we will import the .las terrain data from the previous exercise and create

clippe
1.

d terrain models.

Create a new file and name it ROAD-II-ET-Extended Terrain. Select the TDOT
Seed3D.dgn and click Save. Note: Save this file under the dgn Appendix\
Appendix C subfolder.

File name: [ROAD-I-ET-Extended Tenain v [ sae |
Save as type: MicroStation DGM Files (".dgn) ~ Cancel
Seed: |C:'-.F‘n:ugramData'-.Bentle:."-.OpenHu:uads Designer CE 'ID.'I'I'-.C:::| Browse

In the active file, make sure that the Default view is active in the lower left corner
and then open the Level Display and turn off the following levels.

e SUR-CTRL - Text

e SUR - Project Information and Notes

e SUR - UTL - Owners
Attach the following reference files using the Coincident World attachment
method and then click Fit View.

e ROAD-II-ET-Survey.dgn

e ROAD-II-ET-Terrain.dgn
Within the ROAD-II-ET-Survey.dgn reference file, turn off all levels other than the
SURVEY - DRAINAGE - Area Shapes level, which provides the drainage area

extents (blue lines) for the example project, and then save settings. Notice that the
extent of the terrain does not cover the drainage areas completely.

TDOT 392



Appendix C. Extended TIN Surface Creation

5. To decrease the file size and improve design efficiency, we will now create a clip
boundary just beyond the drainage area extents to use when clipping the LIDAR
tiles. Open the Place Shape tool (OpenRoads Modeling >> Drawing >>

Placement >> Polygon Tools).

£ /—/O'-i-'{i:}}' I
/" Y - o =

Place Place _ Arc
Smartline Line 100ls™ [] Pplace Block

F'Iacemerlﬂ Place Shape
%> Place Orthogonal Shape

=
=) Place Regular Polygon

6. Draw a line around the outer extent of the drainage area boundary so that it is
completely enclosed, as shown below. Note: Your shape does not need to match
exactly. Make sure not to click on any of the triangles.
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7. Next, select the boundary and update its Properties, if necessary, to match the
settings below.

General ~

Element Descriptior Shape

Level

Color B s

Line Style ByLevel (D)
Wweight — 4

Class imary

Fill No Rl

Template (None)
Transparency 0

8. Click Fit View and then save settings.

9. We will now create the terrain from the .las files. Open the create terrain From File
tool (OpenRoads Modeling >> Terrain >> Create) to import the first .las file.
Change the File Type drop-down to All Files. Select the 1688469NE.las file in the
dgn Appendix\Appendix C subfolder and then click Done. Note: Give the software
a minute to process.

# From FiIeI £ Additional Methods ~

2| From Graphical Filter ~ = Topo Import =
& From Elements

Create
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Appendix C. Extended TIN Surface Creation

10.Within the Import Terrain Model(s) dialog box, uncheck the Building and
Unclassified filters.

=[] 1688463NE

11.Under File Options, within the Import Terrain Model(s) dialog box, select the
following settings. Note: The Global Options are already set.

a. Feature Definition: Aerial Existing Ground (under the Terrain folder)
b. Filter: None

c. Triangulation Options: Import Terrain Only

d. Geographical Coordinate Systems: None

Feature Definition L
Feature Definition |Terrain'-.-’-"-.eﬁa| Existing Ground

Filter L
Filter |N|:|ne

TestFilter

Source File Units |L|nkn-:uwn

Triangulation Options Ed
Import Options |Im|:u:|rt Temain Only

Geographical Coordinate Systems L3
Source |Nu:une

Source Description

Source Units
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Appendix C. Extended TIN Surface Creation

12.0nce all the settings are selected, click Import and give the software a minute to
process. Then Close the Import Terrain Model(s) dialog box. It is recommended
to turn off the triangles within the imported terrain tile to help with file efficiency.

13.Now, we will go through the steps to create a clipped terrain model from the
1688469NE tile. Open the Create Clipped Terrain Model tool (OpenRoads
Modeling >> Terrain >> Create >> Additional Methods).

g From File é Additional Methods * /8 Active ~
52| From Graphical Filter & Create By Text Interpolation
'% From Elements @ Create Terrain Model From Ascii File

Create Fram Point Cloud

Create Clipped Terrain Model

Create Complex Terrain Model
Create Delta

Create Cornidor Alternate Surfaces

Create Terrain Model from Design Meshes
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Appendix C. Extended TIN Surface Creation

14.Within the Create Clipped Terrain Model dialog box, select the following settings.

a.

® oo o

Reference Terrain Model: 1688469NE

Clipping Method: External

Horizontal/Vertical Offsets: 0.00

Feature Definition: Aerial Existing Ground (under the Terrain folder)
Name: 1688469NEClipped

f“
Parameters L
Reference Terrain Model |‘IEEEJ-'IEE-NE w |
Clipping Method Extemal v
[] Horizontsl Offset |D.|}|} |
] VWertical Offset ||}.[:-|} |
Feature ~
Feature Definition |}-‘-.eria| Existing Groung - |
Name |1688469NECipped |

15.Select the red clipping element that was created earlier in the exercise and then
right click to reset.

N

TDOT

Locate Clipping Element

Shape
Level: Default
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Appendix C. Extended TIN Surface Creation

16.Left click to accept the remaining prompts. Then right click to clear the tool. You
should now see the clipped terrain boundary following the red boundary. Turn off
the triangles in the clipped terrain, if necessary. Note: You will also notice an axis
line.

17.1f you have the surveyed triangles turned on, go ahead and turn off the SUR - DTM
- Triangles level within the ROAD-II-ET-Terrain.dgn reference file. Now, select
the clipped terrain and turn on the Major Contours. Once reviewed, turn them
back off so that the file processing is more efficient.
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18.Next, we will export the clipped terrain. Select the clipped boundary once again
and open the Properties within the heads-up display. Select InRoads DTM under
Export Terrain Model and click Save. By default, it should open to the dgn
Appendix\Appendix C subfolder within your 123456.00 INITIALS workset. Note:
There are multiple export options available. InRoads DTM will be used in this
exercise.

A3 InRoads DTM

e%. GEOPAK TIM

ﬂ&ii LandXML
2
A3 MX Genio

19.Repeat Steps 9-18 to import and clip the other six .las files. To prevent the
software from crashing, make sure to import one .las file at a time. Once
completed, all seven clipped .dtm files should be in your dgn Appendix\Appendix
C subfolder Note: In general, if you experience file slowness or crashing when
storing multiple clipped terrains in one dgn file, it is recommended to import each
Jlas file into its own dgn file to make the file sizes smaller.

| 1688469NEClipped.dtm
| 1688477TNEClipped.dtm
1688477SEClipped.dtm

16284775WClipped.dtm
| 1702469NWClipped.dtm
| 1702477TNWClipped.dtm
| 17024775WClipped.dtm

—

-
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In this exercise, we will create a complex terrain model by appending the clipped terrains
and then create a final extended terrain model.

1. Create a new file and name it ROAD-II-ET-Complex Terrain. Select the TDOT
Seed3D.dgn and click Save. Note: Save this file under the dgn Appendix\

Appendix C subfolder.
File name: | ROAD-I-ET-Complex Temrain e | | Save |
Save as type: Micro Station DGM Files {*.dgn) w Cancel
Seed: |C:'-.F‘n:ngramData'-.Eeritle'_."-.Opean:nads Designer CE 'ID.1'I'-.C|:|| Browse

2. In the active file, make sure that the Default view is active in the lower left corner
and then open the Level Display and turn off the following levels.

e SUR-CTRL - Text
e SUR - Project Information and Notes
e SUR - UTL - Owners

3. Attach the ROAD-II-ET-Survey.dgn reference file using the Coincident World
attachment method and then click Fit View. Within the reference file, turn off all
levels other than the SURVEY - DRAINAGE - Area Shapes level and save
settings.

4. Next, open the create terrain From File tool (OpenRoads Modeling >> Terrain
>> Create) to import the clipped .dtm files from the previous exercise. Select the
1688469NECIlipped.dtm in your dgn Appendix\Appendix C subfolder and then
click Done. Note: To prevent the software from crashing, we will import each
clipped .dtm file separately.

di From File ,& Additional Methods -

=8| From Graphical Filter = {& Topo Import =
&y From Elements

Create

TDOT 400



Appendix C. Extended TIN Surface Creation

5. Under File Options, within the Import Terrain Model(s) dialog box select the
following settings. Note: The Global Options are already set.

a.
b. Source File Units: Unknown

C.

d. Geographical Coordinate Systems: None

Feature Definition: Aerial Existing Ground (under the Terrain folder)

Triangulation Options: Import Terrain Only

Feature Definition L
Feature Defimtion |Terrain'-.-’-‘-.eﬁa| Existing Ground w |
Filter L
Source File Units |L|nknu:uwn ~ |
Triangulation Options LS
Import Options |Im|:u:|rt Temain Onby w |
Geographical Coordinate Systems *~
Source |Nn:|ne |
Source Description
Source Units

6. Once all the settings are selected, click Import and give the software a minute to
process. Then Close the Import Terrain Model(s) dialog box. Once again, it is
recommended to turn off the triangles within the imported dtm to help with file
efficiency.

TDOT
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Appendix C. Extended TIN Surface Creation

7. Repeat Steps 4-6 for the other six clipped .dtm files.

8. Now, we will append each of the clipped terrain models to create one complex
model. To prevent the software from crashing, we will append the models in
segments. Open the Create Complex Terrain Model tool (OpenRoads Modeling
>> Terrain >> Create >> Additional Methods).

din From File .@ Additional Methods * 3 Active ~

2| From Graphical Filter & Create By Text Interpolation

'% From Elements EE" Create Terrain Model From Ascii File

Cr % Create From Point Cloud

B Create Clipped Terrain Model
VB3| 5: f\r“: Ly "I & Create Complex Terrain Model I
-‘@_ Create Delta

ff Create Corridor Alternate Surfaces

™ Create Terrain Model from Design Meshes
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Appendix C. Extended TIN Surface Creation

9. Within the Create Complex Terrain Model dialog box, first select the two northern
clipped models on the left side (1688477NECIlipped and 1702477NWClipped)
and click Add. Once added, you will see them on the right side, as shown below.
Make sure the Current Action is set to Append.

Add = Process Order Name Merge/Append
< Remove
2 170247 TNWClipped Append e
Cument Action
() Merge
(® Append

10.Next, set the Feature Definition to Aerial Existing Ground. Name this complex
terrain model North Model, then click Finish.

Temain Model Properties

Terrain Feature Definition L
Feature Definition |Terrain‘\.ﬂ|.eﬁal Existing Ground |~ |
MName |N|:|rth Maodel |

11.Repeat Steps 8-10 two more times to create the following complex terrain models:

a. Central Model (1688477SWClipped, 1688477SECIlipped and 1702477SW
Clipped)
b. South Model (1688469NEClipped and 1702469NWClipped)

12.Now, repeat Steps 8-10 two more times to create the final combined terrain model.
First, append the North and Central models and name the terrain North Central
Model. Then, append the South model to the North Central model and name the
terrain Final Combined Terrain Model. This final model should contain all seven
clipped models, as shown in the Explorer under the OpenRoads Model tab.

4 % Final Combined Terrain Model
b Ay 1688477NEClipped

Ay 170247TNWClipped

Ay 1688477SWClipped

An 16884775EClipped

Ay 17024775WClipped

An 1688460NEClipped

Ay 1702469NWClipped

403
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Appendix C. Extended TIN Surface Creation

13.Next, we need to export the final combined terrain model. Right click on the Final
Combined Terrain Model within the Explorer. Select InRoads DTM under
Export Terrain Model and name the dtm Final Combined Terrain Model. Then,
click Save. By default, it should open to the dgn Appendix\Appendix C subfolder
within your 123456.00_INITIALS workset. Note: There are multiple export options
available. InRoads DTM will be used in this exercise.

> 4By North Central Model

[ @ Properties

B -Q 1688469NEClipE M Set As Active Terrain Model

> & 1688477NEClipp #  Export Terrain Model >
> A 1688477SEClipp P  Edit Complex Terrain Model
[
[
[
[

InRoads DTM
GECPAK TIM
LandXML

WX

WX Genio

Ry 1683477SWClipy & Templates .
&y 1702469NWClip »”  Rules ,
By 1702477Nwiclip K Delete
By 17024775WClipy 2 Zoom

oy
oy
oy
)
)

Caorridors = lsolate

. - i
Linear Template Clear Isolate

Surface Templates 8= Details

8| Properties

14.Lastly, we will create a clean dgn file that contains the final extended terrain that
can be referenced into other design files. Create a new file and name it ROAD-II-
ET-Final Extended Terrain. Select the TDOTSeed 3D.dgn and click Save. Note:
Save this file under the dgn Appendix\Appendix C subfolder.

File name: [ROADI-ET-Final Extended Terain v| [ open |

Save as type: Micro Station DGM Files {".dgn) w Cancel

Seed: |C:'-.F‘n:ugram Data"Bertley"OpenFoads Designer CE 10,114 Co | Browse

15.1In the active file, open the Level Display and turn off the three SUR levels.
e SUR-CTRL — Text
e SUR - Project Information and Notes
e SUR - UTL — Owners

16.Attach the ROAD-II-ET-Survey.dgn reference file using the Coincident World
attachment method and then click Fit View. Within the reference file, turn off all
levels other than the SURVEY - DRAINAGE - Area Shapes level and save
settings.
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Appendix C. Extended TIN Surface Creation

17.We will now import the Final Combined Terrain Model.dtm. Open the create
terrain From File tool (OpenRoads Modeling >> Terrain >> Create) and use the
same settings from Step 5.

18.0nce all the settings are selected, click Import and give the software a minute to
process. Then Close the Import Terrain Model(s) dialog box.

19.Select the Final Terrain Model boundary and turn on the Major Contours within
the Properties.
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Appendix D. Additional LiDAR Options

In this exercise, we will show how to download LIDAR data from the USGS 3DEP LiDAR
Explorer website (.laz) and then convert to .las files. We will use the same project
location from Appendix C (Columbia, TN). This conversion process is offered as an
alternative to the workflow described in Exercise C.2. Note: This process is also detailed
in Appendix F.2 in the SUDA (ORD) Manual. As an alternative option, you can use
ArcGIS Pro to convert .laz or .las files to a usable ORD raster.

1. Click the following link to open the USGS 3DEP LiDAR Explorer website to
retrieve the map tile data. Note: Do not use Internet Explorer. Google Chrome
was used for this exercise, but other browsers may be used.

https://apps.nationalmap.gov/lidar-explorer/#/

2. In the upper right corner, set the search category to Address and then key-in
Columbia, TN, USA and select it from the drop-down menu. This will narrow the
search location to the applicable area.

=USGS

= 3DEP LidarExplorer ADDRESS

Columbia, TH, USA|

3. Zoom in to the project area, 1-65/SR-99 (Bear Creek Pike) Interchange, by using
your mouse wheel.

UTHERFORD
LS

= 3 < BEAR CREEM|PINE 51102
. L LAY 412

g

7
. .Columb'i a

»
(
—~g . :
’ - N
/ s s /o —— <
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https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/tdot-ord-workspace/suda/2022-10-14_SUDA%20(ORD)%20Manual.pdf
https://apps.nationalmap.gov/lidar-explorer/#/

Appendix D. Additional LiDAR Options B

4. On the left side of the screen, choose the LIDAR product and select Define Area
of Interest.

Which product are you interested in?

LIDAR DEM OTHER

|:| Show where Lidar is available.

|:| Show Topobathy Lidar.

Define Area of Interest

Hold the Ctrl key down while dragging a box
on the map or use the AOI widget /4 to draw a
box on the map.

5. Follow the USGS instruction to define the area of interest. Note: Your area does
not need to match the image exactly.

OpenRoads Designer | CONNECT Edition

Department of JULY 2023

— Transportation
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Appendix D. Additional LiDAR Options

6. For the defined area of interest, expand the Lidar within AOI folder on the right
side of the screen and click on Lidar Point Cloud (LPC).

DownvLoapasLe Prooucts witHin AOI

DEMSs within AOI v

Lidar within AOI E

5 Lidar Point Cloud (LPC) 48 '35"“357'|

7. For this exercise, we will only download the 1688477SW tile. Within the Filter
results, scroll down and click on the download icon nextto TN_Middle_B2 2018
1688477SW_LAS_ 2019. Accept any prompts that might appear. Save the file in
the following location: C:\ProgramData\Bentley\OpenRoads Designer CE 10.11
\Configuration\WorkSpaces\TDOT_Standards\WorkSets\123456.00 _
INITIALS\dgn\ Appendix\Appendix D (Additional LIDAR Options)\.

8. Notice the tile is saved in a .laz format. It needs to be converted to a .las format to
import into ORD. Click on the following link to access the LAStools website.

https://lastools.github.io/.
9. Scroll down to the bottom under Download and click the github.io link next to
Public Download.

There are different download locations for the software.

Functional this should always be the same. On rapidlasso
s rapidlas 1stomers.
» Public github.io

* Open source part of
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Appendix D. Additional LiDAR Options

10.Next, click on LAStools.zip at the top of the screen.

(see CHANGES txt
dowrnlo aEI LAStools.zip
s CHANGES txt
« HATL OF BLAME txt

« HATT OF SHAME txt
s LAStools-clizip

11.Unzip the LAStools folder to the dgn Appendix\Appendix D subfolder within your
123456.00_INITIALS workset folder. Within the folder, browse to the bin subfolder
and click on the laszip64.exe file, which will open a command prompt window.

® laszip.exe

| laszip_README.md
=| laszip_README.txt
[ laszipfd.exe

® shpllas.exe

| shp2las_README.md

12.Next, to enter input file, key-in the file path of the .laz file and then hit Enter:
C:\ProgramData\Bentley\OpenRoads Designer CE 10.11\Configuration\
WorkSpaces\TDOT_Standards\WorkSets\123456.00 INITIALS\dgn\
Appendix\Appendix D (Additional LiDAR Options)\USGS_LPC_TN_Middle
_B2 2028 1688477_LAS_2019.laz.

13.Lastly, nextto enter output file, key-in the same file path but change the extension
to .las and then hit Enter. Give the software a minute to process and then close
the command prompt window. You should then notice that the .las file has been
created in your Appendix\Appendix D dgn subfolder and can now use it in ORD.
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In this exercise, we will show how to take the downloaded .laz file from the previous
exercise and convert to a .pod file within ORD. This conversion process is also offered
as an alternative to the workflow described in Exercise C.2.

1.

Within ORD create a new file and name it ROAD-II-ET-LAZ to POD Conversion.
Select the TDOTSeed 3D.dgn and click Save. Note: Save this file under the dgn
Appendix\Appendix D subfolder.

File name: [FOADIFETLAZ to POD Conversion v| [ open ]
Save as type: Micro Station DGM Files {".dgn) w Cancel
Seed: |C:'-.F‘n:ugramData'-.BerdIe'_."-.Dpen Roads Designer CE 1D.1'I'-.C-:u| Browse

In the active file, make sure that the Default view is active in the lower left corner
and then open the Level Display and turn off the following levels and save
settings.

e SUR-CTRL — Text
e SUR - Project Information and Notes
e SUR - UTL - Owners

Open the attach Point Clouds tool (OpenRoads Modeling >> Home >> Primary
>> Attach Tools) and attach the USGS_LPC_TN_Middle_B2 2018 1688477SW
_LAS _2019.laz file. Note: If you do not see the .laz file, change the File Type
drop-down to All Files. Also, if you have multiple .laz files to convert, it is
recommended to attach one at a time to prevent the software from crashing.

T b . 4
|_l.L -

v (N
Attach -3

T
Tools+ #55 - G -
References

Raster Manager

i
=
IQ Point Clouds I

) Reality Mesh
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Appendix D. Additional LiDAR Options

4. The Convert LAZ dialog box should automatically open. Select the following
settings and then click OK.

Convert LAZ-CA\ProgramDatatBentley OpenRoads Designer CE 10.17%... n

Action N
Attach Yes
Options A
Import RGE Yes
Import Intensities Yes
Mormalize Intensities Yes
Compression Aeral LIDAR data 0.050 (50mm})
Spatial Filtering Disabled
Spatial Spacing 0.00100
Geographic Information 3
Source Geometry Lnit US Survey Feet

ok | (e ]

5. Save the converted USGS LPC TN Middle B2 2018 1688477SW _LAS
2019.pod file in the dgn Appendix\Appendix D subfolder. Note: Give the software
a minute to process.

6. Once completed, click Fit View and notice the .pod point cloud. This file could
then be utilized as necessary in ORD.
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At times, a user may need to import .pod terrain data to create a clipped and then
extended terrain model. In this exercise, we will import the .pod file from the previous
exercise to show the process. We will use the ROAD-II-ET-Extended Terrain.dgn file
that was created in Appendix C.

1. First, we need to attach the .pod file. Make sure that the Default view is active in
the lower left corner. Open the attach Point Clouds tool (OpenRoads Modeling
>> Home >> Primary >> Attach Tools) and attach the USGS_LPC_TN_Middle_
B2 2018 1688477SW_LAS 2019.pod file.

v b -
r‘. =

E ~ @1
Attach
Tools» 7 ~ G ~

[ References
ﬁ Raster Manager
IQ Point Clouds I

#J  Reality Mesh

2. Open the View Attributes tool (OpenRoads Modeling >> View >> Presentation)
or CTRL + B and set the Point Cloud Style to Classification.

lan View Attributes - View 1 — b
View Mumber: 1 = l:ll.__I'l q
Gf:l Presentation

@ Wiew Setup

w Background Map

> ¢ ¢ ¢

{3 Point Cloud Styles

Wl = Classification .

412
IRRT ent of
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Appendix D. Additional LiDAR Options

3. Now, select the Point Cloud Styles properties (the three dots, right of the
Classification style).
fae View Attributes - View 1 — 4
View Number: 1 - | By O
(D) Presentation
=% View Setup

Eﬂ Background Map

> (¢[¢ | ¢

{# Point Cloud Styles

SOl = Classification g |

Properties
Review and modify properties of the style

4. Within the Properties dialog box, uncheck all the classifications except for Ground
and Low Point classifications.

Froperties * 1 X
.
4 gy Classification
|:| Created
|:| Unclassified
o . Ground
B Low Vegetation
B Medium Vegetation
B High Vegetation
[ Building
o . Low Point
[] Madel Key Point
. Water

M Cverlap
. Undefined Closses
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5. Next, open the Create From Point Cloud tool (OpenRoads Modeling >> Terrain
>> Create >> Additional Methods).

#™ From File ﬂ Additional Methods * /8 Active ~

52| From Graphical Filter ~ & Create By Text Interpolation

% From Elements Create Terrain Model From Ascii File

Cr

&

Create From Point Cloud |

Create Clipped Terrain Model

Create Complex Terrain Model
Create Delta

Create Carridor Alternate Surfaces

y R Wy

Create Terrain Model from Design Meshes

6. Under File Options, within the Create Terrain From Point Cloud dialog box,
select the following settings. Note: The Global Options are already set.

a. Feature Definition: Aerial Existing Ground (under the Terrain Folder)
b. Filter: None
c. Triangulation Options: No Removal

Feature Definition S
Feature Definition |Terrain'-_-’-‘-.eﬁal Existing Ground |~ |

Filter »
Filter |N|:|ne o |

Test Filter

Triangulation Options ~
Edge Method |Nn:| Remowval W |
Include Spot Features ]

7. Once all the settings are selected, click Import and give the software a minute to
process. Then Close the Create Terrain From Point Cloud dialog box. Note: If
you need to turn off a .pod file at any time, you can highlight the .pod file in the
Point Clouds window and turn off View 1.

The .pod workflow for the Clipped Terrain Model creation and the
vz Complex Terrain Model creation is the same as the .las workflow
beyond Step 7. Reference Exercise C.3 (starting at Step 13) and
Exercise C.4, respectively.

Take Note!
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Appendix E. Exporting Shape Files

In this exercise, we will export the corridor edge of pavement’s (EOP’s) into a shapefile.

1.

3.

Open the ROAD-II-SF-Corridor.dgn file within the dgn Appendix\Appendix E
subfolder. Make sure that the Default view is active in the lower left corner. The
following files should already be referenced in the 2D view.

e ROAD-II-SF-Geometry.dgn

e ROAD-II-SF-Terrain.dgn
Open the Asset Manager tool (OpenRoads Modeling >> Utilities >> Item
Types).

e e = )
V5 7 "R L= Vs

Asset JAttach Detach Picklist lmport/Export
Manager] Item  ltem

Itemn Types P

Within the Asset Manager window, browse to the C:\ProgramData\Bentley\
OpenRoads Designer CE 10.11\Configuration\Organization-CiviNTDOT _
Standards\Asset Manager\ folder and select Shape Export.xIsm and then click
Open.

k4 Asset Manager — et

s[2]
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Appendix E. Exporting Shape Files

4. One item type (SHP) option should now appear under Shape Export. Toggle on
the SHP check box, which will set it as an active item type to be attached to

elements.
&4 Asset Manager - x
=
Shape Export Elements
5HP Element Selection

® All Elements
Selection Set
Fence
Mamed Boundary

Linear Reference

Assign | Export

Assignment Mode

® Add
Replace
Update Sta/Off Values
Remaove

Add Aszets

5. Before we can export, we need to assign the SHP item type to the elements that
need to be exported. Go ahead and update the Element Selection method to
Selection Set and leave the Assign option as Add. Hold CTRL and select the two
EOP lines in plan view and then click Add Assets. Notice an alert at the bottom of
the screen indicating that assets have been added to 2 Element(s).

Assets Added to 2 Element(s)

1) | Assets Added to 2 Element(s)
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6. Next, let's confirm that the SHP item type was added to the EOP’s. With both
EOP’s still selected, look at the Properties. The SHP item type should be attached
with a SHP Name property, which is where you can name the element prior to the
shape export.

Extended 3

MModel Def ault

Last Modified “*Varies"*

Modified Modified

Mew New

Locked Unlocked

Display Style {From View Display)

SHP )
I SHP Name

7. Select each EOP individually and name the SHP name EOP L and EOP R
respectively. This is helpful when importing into Google Earth because the field
can be linked to the element name in the shapefile.

8. Within the Asset Manager window, make sure the Elements settings are still set
to Selection Set and that both EOP’s are selected. Update the workflow from
Assign to Export and toggle on Export in 3D. Leave the default Maximum field
length as-is and then click Export to Shapefile.

Assign | Export

« Exportin 3D
Maximum field length: 50

Export to Shapefile

9. A Browse For Folder window should appear. Select a location on your computer
to save the shapefile and click OK. Notice an alert at the bottom of the screen
indicating that assets have successfully exported. By default, the shapefile will be
named SHP_PolylineZ.shp and it can be opened in Google Earth, if necessary.
Note: The EOP lines might be offset since no projection correction was applied.

Assets successfully exported ]

j,.a’ Assets successfully exported
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Appendix F. Preparing ORD Data for HEC-RAS

HEC-RAS is an analysis tool to perform one-dimensional and two-dimensional hydraulic
calculations of natural and constructed channels, overbank/floodplain areas, levee
protected areas, etc. HEC-RAS uses a built-in geospatial tool to provide a visual
representation of the analysis. The results can be exported from HEC-RAS to ORD to
capture channel and overbank/floodplain area impacts along a stream reach within
project areas.

In this exercise, we will add the applicable stream survey geometry and cross sections
into ORD and then export the data that can be used in a HEC-RAS model.

1. Create a new file and name it ROAD-II-HEC-Stream Model. Select the TDOT
Seed2D.dgn and click Save. Note: Save this file under the dgn Appendix\
Appendix F subfolder.

File name: [ROAD-IFHEC-Stream Model v [ Sae |

Save as type: MicroStation DGM Files {*.dgn) ~ Cancel

Seed: |C:'-.F‘n:ugram Data“Bertley OpenRoads Designer CE 10.11%Co | Browse

2. Make sure that the Default view is active in the lower left corner. Attach the
following reference files using the Coincident World attachment method.

e ROAD-II-HEC-Alignments.dgn
e ROAD-II-HEC-Survey.dgn
e ROAD-II-HEC-Terrain.dgn (Set terrain to active)

3. Next, select the terrain boundary and open the Properties. Under the Reference
header, change the Override Symbology to Yes. Note: This allows the user to
control which terrain elements are displayed.

Reference .3

Cwvernide Template None)
Override Symbology
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Appendix F. Preparing ORD Data for HEC-RAS

4. Under Calculated Features Display header, change the Major and Minor
Contours to On, and confirm that the Triangles are Off.

Calculated Features Display

Major Contours
Minor Contours
Triangles
Spots

Flow Arrows
Low Points
High Points

Q]899

5. Zoom to the dashed blue circle at the existing box culvert on the eastern side of
the project.
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Appendix F. Preparing ORD Data for HEC-RAS

6. The survey reference file provides mapped survey elements for the project area
including the stream centerline for Pumpkin Creek Branch, bank extents,
endwalls, and pipe/culvert invert elevations. Note: The next three steps will be a
review of the survey data along the stream.
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Appendix F. Preparing ORD Data for HEC-RAS

7. Now let’s review the survey data along the stream and locate the existing 77’ long
10’ x 5’ box culvert within the dashed blue circle.

8. Follow the stream CL upstream (in the southwest direction) and locate the
existing 64’ long 22.5’ x 4.0’ arch culvert.
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Appendix F. Preparing ORD Data for HEC-RAS

9. Continue to follow the stream CL upstream to the end of the survey data and locate
the existing 483’ long 10’ x 8’ slab culvert that crosses through the interchange.

10.Next, we need to trace the stream CL for Pumpkin Creek. Select the EX Stream

Line element template (Survey >> Drainage >> Natural >> Existing). Note: The
stream CL is drawn from downstream to upstream.

& EX Stream Line ™ | |SUR - DRG - Bridge Hydraulic ~
m: [0 -[Ez “|@0 -
Attributes
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Appendix F. Preparing ORD Data for HEC-RAS

11.0pen the Place SmartLine tool (OpenRoads Modeling >> Drawing >>
Placement) and select the settings shown below.

Z% Place SmartLine - x
s o/ _/ O~ 4+ &~ Segment: | Lines -
/III ]~ & - Vertex: |Rounded =
Place [Place _ Arc :
SmartLine] Line Tools~ 4"3" A -~ Radius: | 0.05
Placement i/ Join Elements

Start in line mode

12.Starting on the north side of the roadway at the downstream end of Pumpkin
Creek (Station 700+00.00), trace a SmartLine along the stream CL to the
upstream end at the interchange ramp (Station 712+85.73). Then, set the chain
start station to 700+00.00. Once complete, turn off the ROAD-II-HEC-Survey.dgn
reference file to view the stream CL. Note: There are two overlapping centerlines:
one that is broken into segments and one that covers the entire length. Make sure
to trace the latter.
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Appendix F. Preparing ORD Data for HEC-RAS

13.Now we need to draw in the left and right banks of the stream. Turn the ROAD-
II-HEC-Survey.dgn reference file back on. Select the EX Bank Line - Top
element template (Survey >> Drainage >> Natural >> Existing). Note: The
provided survey for this project has already defined the stream banks. Bank lines
will not always be defined in the survey file and may require the designer to draw
in the bank lines either by using a direct offset from the stream CL or by using
individual survey points.

& EX Bank Line - Top * | |SUR - DRG - Bridge Hydraulic ~
[]o *I|=0 N 2 TG0 -

Attributes

14.The left bank line (LBL) and right bank line (RBL) are established from the stream
CL facing downstream. For this exercise, the LBL will be on the left (northwest),
and the RBL will be on the right (southeast). Open the Place SmartLine tool once
again (OpenRoads Modeling >> Drawing >> Placement) and select the settings
shown below.

£% Place SmartLine - =
Segment: | Lines 7
Vertex: | Sha rp 7

Radius: | 0.05
Join Elements
Rotate AccuDraw
Start in line mode
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15.Trace the LBL from the survey starting at the downstream end of Pumpkin Creek
going towards the upstream end. Whenever there is a break in the survey bank
line, connect the bank line to where it reappears to maintain a continuous line.
Then, trace the RBL. Once complete, turn off the ROAD-II-HEC-Survey.dgn
reference file once again to view the stream bank lines.

16.Next, we need to draw in the left overbank line (LOB) and right overbank line
(ROB) using a 35’ offset from the LBL and RBL. Turn the ROAD-II-HEC-
Survey.dgn reference file back on. Using the same EX Bank Line - Top element
template, change the line color to 11 (purple). Note: The user can select any line
style attributes. For this exercise, however, a specific color was chosen to provide
a visual difference between the features drawn.

& EX Bank Line - Top T | |SUR - DRG - Bridge Hydraulic ™

I|:|‘I1'§D' 2 v||@o (Mo -~

Attributes

TDOT 425



Appendix F. Preparing ORD Data for HEC-RAS

17.0pen the Move Parallel tool (OpenRoads Modeling >> Drawing >> Manipulate)
and select the settings shown below.

4% Copy Parallel — >
0 0
Mode: | Miter 4
Distance: | 35.00 —

‘Use Active Attributes:
Make Copy

18.Select the LBL and left click to the outside of the stream to offset the LBL by 35’.
Then, select the RBL and left click to the outside of the stream to offset the RBL
by 35’. Once complete, turn off the ROAD-II-HEC-Survey.dgn reference file once
again to view the stream bank lines. Note: If necessary, you can check and remove
any extra vertices or kinks in the overbank lines to smooth them out. For this
exercise, the overbank lines were not altered.

/. ‘I

N
s
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19.Now we need to draw the cross section lines along the stream. Turn the ROAD-II-

HEC-Survey.dgn reference file back on. Select the EX XS Line element template
(Survey >> Drainage >> Natural >> Existing).

& EX X5 Lline ™ ||SUR - DRG - Bridge Hydraulic ~
W: ~||=0 ~|=2 ~||@0 -
Attributes

20.Change the line color to 8 (green). Note: Once again, the user can select any line

style attributes. For this exercise, however, a specific color was chosen to provide
a visual difference between the features drawn.

& EX X5 Lline * | |SUR - DRG - Bridge Hydraulic ™

2 v (Mo “|&No -

Attributes

i
[=]
A

21.0Open the Place SmartLine tool once again (OpenRoads Modeling >> Drawing
>> Placement) and select the settings shown below.

£% Place SmartLine - =
Segment: | Lines 7
Vettex, [Sharp
Radius: | 0.05

Join Elements
Rotate AccuDraw
Start in line mode
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22.Let’s first draw the cross section line at the downstream end of Pumpkin Branch
(Station 700+00.00). Place the first vertex on the northwest side of the stream CL,
the second vertex directly on the stream CL, and the third vertex on the southeast
side of the stream CL, as shown below. Note: Cross sections are drawn from left
to right looking downstream along the stream CL. Also, the number of XS vertices
can vary at each XS line. Vertices should be added as necessary to ensure the XS
line is perpendicular to the contours outside the bank lines and perpendicular to
the stream CL within the bank lines.

Do not place bounding cross sections near the survey limits or culvert
vz openings. The terrain in these areas may vary in accuracy due to the
terrain triangle connections in these challenging areas.

Take Note!
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23.For the remaining cross section lines, go ahead and first trace the four provided
in the survey reference file. Like the downstream cross section line, trace in the
northwest to southeast direction. It is recommended to draw at least two cross
section lines on both the downstream and upstream sides of a culvert. Since some
of the cross section lines have already been traced in from the survey, we need to
add one additional cross section line on each side of the box culvert and arch
culvert. Add vertices as necessary when drawing in the cross section lines. Note:
The upstream and downstream XS lines for the box culvert are shown below.

Downstream XS
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24.Next, we need to draw a cross section line just downstream of the slab culvert
at the upstream end of Pumpkin Creek (approximate Station 712+62.95). Finally,
draw in the last cross section line about equal distance between the cross section
line just drawn and the next survey cross section line downstream. Again, add
vertices as necessary. Note: Your cross section station does not need to match
exactly. The stationing will vary depending on how the SmartLine was drawn.
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25.Go ahead and turn off the ROAD-II-HEC-Survey.dgn reference file to confirm that
all eleven cross section lines are visible. For reference, the cross section lines
below are drawn at the following stations: 700+00.00, 701+43.99, 702+80.36,
704+02.55, 705+21.74, 705+92.77, 706+95.26, 708+53.03, 709+57.76, 711+30
40, and 712+62.95. Note: Your cross section stations do not need to match
exactly. The stationing will vary depending on how the SmartLines were drawn.
Also, if the bank/overbank lines do not extend beyond the cross section lines at
the beginning/end of the stream, HEC-RAS will not be able to recognize those
cross section lines once exported. Open the Extend Line tool if necessary
(OpenRoads Modeling >> Drawing >> Modify) and extend the bank and
overbank lines beyond the cross section lines.
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26.We will now export the stream model into a format that can be opened in the HEC-

RAS software. Open the Create HEC-RAS Data tool (OpenRoads Modeling >>
Terrain >> Analysis).

2@ ~ls s @ &

Points Calculate Volumes Hydraulic Reporting  Agquaplaning Sight
N Area v v E v Visibility

B Analyze Pond

A Analyze Trace Slope
t=1 Create HEC-RAS Data

i Compute Pond Volurmes _

27.Notice the first prompt: Locate First Section Line. Select the first cross section
line on the downstream end of Pumpkin Creek (north side of the roadway). Then,

select the remainder of the cross section lines in the upstream direction and right
click to end the selection.

l.l_ T Locate First Section Line |
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28.Notice the next prompt: Select Terrain. The terrain should have previously been
set to active so right click to use the active terrain. If not, go ahead and select the
terrain boundary.

29.Notice the next prompt: Locate Reference Line. Select the stream CL.
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31.Notice the next prompt: Locate Left Bank. Select the LBL.
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33.Notice the last prompt: Locate Right Bank Over. Select the right overbank line.

34.A Create HEC-RAS Data window should appear. For this exercise, browse to your
Documents folder and create a new subfolder called HEC-RAS. Save the ROAD-
[I-HEC-Stream Model.geo file in this location. This export would then be used in
HEC-RAS. Since this manual does not cover HEC-RAS modeling, go ahead and
close ORD.

File name: | ROAD-II-HEC-5tream Mndel.geu:u|

Save as type: | HEC-RAS Data Files (*.geo)
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