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Module 3 — Horizontal Alignment

About this Practice Workbook...

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

The dataset used throughout this module uses English units and US Survey Feet.

Each module in this series is self-contained. You can jump to any module and begin the
exercises.

This training module uses the DOT-US North Carolina WorkSpace and the R-2635C
(Training) Workset installed. It is very important that you select the correct WorkSpace,
WorkSet and Desktop Icon/Discipline/future Role NCDOT_Roadway when working the
exercises in this course.

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

OpenRoads Designer CONNECT Edition Help (bentley.com)

This workbook was written with the release of OpenRoads Designer 10.09.00.91 (2020
Release 3 Update 9).

This workbook has been updated for OpenRoads Designer 10.10.XX.XX (2021 Release 1
Update 10).
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Overview

There are some significant changes to the process of Horizontal Alignment design and
development between ORD and Geopak. There is no more GPK file for storing geometry, that is
stored within the elements. There are no more input files for Open or Incomplete Alignments,
the alignments are designed graphically.

When using ORD the design of a horizontal alignment will be based on graphics and intelligent
elements. These are referred to as Rule-Based elements and provides Design Intent.

Rule Based elements store all the geometry associated with that element. Elements are also
Ruled by other elements. These rules are created by snapping to specific points, for example
when placing a line between two points. Or selecting elements as a reference, for example
placing a curve between two tangents. Rules can be created by offsetting elements or by using
Civil Accudraw. The type of rule created depends on the specific design tool used to create it
and how it was created.

Design Intent creates associations between elements based on the rules that were established
when the element was created. The purpose of Design Intent is to preserve the intention of the
designer when the original elements were created. This intent is then maintained when
revisions are made. A simple example is a Y line that is designed to intersect the L line at a 90#
skew, the Civil Rules that are created during that process will store that Design Intent. If a
revision is made to the L alignment, the Y Line will automatically adjust to maintain the 90
skew. This will include any elements of the Y alignment that need to adjust as well as elements
based on the Y Alignment such as curbs and sidewalks.

These concepts will be featured throughout all of the training modules. This Module will focus
on Horizontal Alignments and the tools required to create a Horizontal Alignments.

In addition to new ways to create Horizontal Alignments the user must think about Horizontal
Alignments in a new way. In Geopak a Horizontal Alignment was just a set of geometry. The
elements on the screen were just representations of that geometry, they were not linked to
that geometry in any way. In ORD the elements on the screen are the geometry and any
manipulation of the Horizontal Alignment will change the geometry of the alignment and the
design. This is one of the reasons that each Horizontal Alignment will be created and stored in
an individual dgn file, the ALG file. Because Rules and Design Intent can be linked through a
reference file, links between alignments can be created and maintained across separate files.
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The module should provide guidance on creating individual elements of an alignment; lines and
curves, creating alignments, editing elements and alignments, building rules and design intent

between two alignments, stationing and annotating alignments, and creating reports for review
of the alignment geometry.
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The Geometry Ribbon contains tools that the designer will use to create Horizontal and
Vertical Geometry and plan elements that are based on Civil Geometry. The Ribbon is broken
into 6 sections.

This section of the training Module will only focus on the tools used to create Horizontal
alignments. These tools will include Lines, Arcs, and Points. The tools and methods used to
combine individual components into a Complex Horizontal Alignment. How to create a Complex
Horizontal Alignment with know Pls. How to station an alignment, report on the horizontal
geometry.

In addition to the specific tools required to create an alignment this section will also cover
additional topics that are not specific to the alignment but are important concepts to
understand when using CONNECT and ORD. These include Feature Definitions, Civil Rules,
Design Intent and 2D and 3D models. These concepts will be covered throughout the training
manual and it is critical the user understand how these concepts work.
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Primary & Selection Tool Group

These two (2) groups are common throughout the ribbons. To see all the tools in these sections, use the
Home Ribbon. The other Ribbons include a partial group of the tools included in these two sections
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L

(Table 2-1) Important Tools Used in Existing Terrain Models

Various line placement tool (By Points, To Elements, From Elements,
Between Arcs, and Chamfers).

Lines

O Various arc placement tools (By Points, To Elements, From Elements,

Arcs Between Arc, 2 Center and 3 Center and Complex Transitions).

\_,r“; Stationing, Station Equations, working with Civil rules and copying civil
Modif elements.

o

Complex Geometry

Creating and redefining Complex alignments, Best Fit, Offset tool
(copy parallel) reverse curves, and Create Geometry by Template.

/’

L

7/
Simplify Geometry

Tool used for removal of intervals and external referencing rules for
horizontal and vertical geometries.
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Feature Definition Toolbar

Before beginning with the design and drafting tools one of the concepts that will be new to the
ORD user are feature definitions.

Feature Definitions are included in the NCDOT workspace. They are used to control symbology,
and various other properties that are applied to the geometric elements.

The feature definitions are used to:

e Define what the geometric elements actually are. What is being modeled such as curb,
centerline, edge of pavement, etcetera.

e Control symbology in various views, including capability to define differing symbology in
plan, profile, and 3D spaces

e Define terrain modeling attributes (spot, break line, void, etcetera)

e Define surface display characteristics annotation

The Feature Definition Toolbar is a way to easily activate and deactivate the Feature Definition
settings. Using the Feature Definition Toolbar is not a requirement, but most users will find it
helpful. It is important to choose the correct Feature Definition when placing elements in the
design because that Feature Definition will control the properties not only of that element
during that step but also how it looks and interacts with other design elements in later steps
during the design process.
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The Feature Definition Toolbar Toggle can be found in the General Tools section of the

Geometry Ribbon.
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< Design El ts = L )
; S Ciwil Reports | Lines
‘W Standards * Toggles = v v

General Tools

Standards r A j'; D__j

Set Design Standard

= Geometry Site Corridors Model Detailing Drawing
v 7 impot/Eport + X 05 "0 o
e | - F o '*,.

3 Design Elernents -

i
P

: Ciwil Reports | Lines  Arcs  Point
; W)y Standards * Toggles = v - -

L £

i
[

ection W Set Design Standard

Finitian 8 Design Standards Toolbar + A j’ﬂ;: -:-j / _fl‘:_

Set Feature Definition

Py

®
IE‘ Feature Definition Toolbar
€§ Match Feature Definition =2

Civil Message Center

Set Element Information

Speed Table

Under the Standards drop down menu select the Feature Definition Toolbar
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1. Override Feature Definition
A. Selecting the Override Feature Definition icon will force the active tool to use the
Feature Definition shown in the Feature Definition Toggle Bar. The user will not have
to select the feature definition when placing the element.

80

B. This dialog for placing a line between two points will display like this with the
override ON. Note that the Feature Definition displays Use Active Feature and the
name has been populated.

Parameters 3

] Distance 30.0000
[] Line Direction N30°00°00.0"E

Feature 3
Feature Definition  Use Active Feature

Mame TAN

C. This dialog for placing a line between two points will display like this with the
override OFF. Note that the Feature Definition displays No Feature Definition and
the name field is blank.

Parameters L3

[] Distance 30.0000
[] Line Direction NS0°0000.0"E

Feature Ed

Feature Definition Mo Feature Definition s«

Mame
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2. Feature Definition
A. Expand the Feature Definition drop down to choose from the available Feature
Definitions

|Feature Drefinition w |

B. This example shows the available Feature Definitions for centerline alignments
contained within the NCDOT workspace

Ea E LENITHLITT iy iy E Da

r g 7
@ [ALG_Centerine el M A S B |
@ Mo Feature Definition Ly
= Alignment
= NCDOT
G- Exist
..... Ll ALG_Centedine
----- & ALG_Centerine Collector-Di
----- & ALG_Centerine Culvert
----- & ALG_Centerine Driveway
----- & ALG_Centerine Loop
----- & ALG_Centerine Median Cro
----- & ALG_Centerine Minor Road v
ry >
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3. Match Feature

A.

B.

Use the Match Feature Definition tool to populate the combo box with the feature
definition assigned to the selected element.

e?

This tool will allow the user to match the Feature Definition of an element in the dgn
file and if the Override Feature Definition tool is selected then the Feature
Definition will be applied to the current element being placed.

4.Create 3D Automatically

The Create 3D Automatically tool will generate 3D model elements for the created
elements. This tool will be covered in more detail in the Modeling sections and is not
used for creating Horizontal Alignments.

i

5. Feature Definition Template

The Feature Definition Template tool will apply a roadway template to the created
element automatically. This tool will be covered in more detail in the Modeling
sections and is not used for creating Horizontal Alignments.

alu

6.Chain Tools
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If Tool Chaining is toggled on, then many tools can automatically determine base
elements to use during calculations. For example, Arc Between Elements will choose
the two most recent elements and set them for base elements to construct its fillet.
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7. Persist Snap
A. If Persist Snap toggled on, persists the snap into the geometry (default is snap on).

T
=l

B. A persisted snap is a geometric rule that can be stored with the elements. For
example when placing a line between two points if the user snaps to the mid point
of an arc as the starting point a rule is created. If the length of the arc changes, and
the midpoint shifts, then the beginning of the line will shift to remain at the mid
point of the arc. This is because the Midpoint Snap has be Persisted.

8. Rule Deactivation
A. If Rule Deactivation is toggled on, then tools create elements with rules disabled.

8

B. Snaps are not the only type of rules that are created when placing civil elements.
Civil rules include any geometric constraint that could define the position of the
element. Offset from another element, taper rate based on another element, length,
bearing, radius, skew angle, etc.

This completes the overview of the Feature Definition Toolbar. All of these tools and
principals will be discussed in detail during the training modules. For this section it is
only important that the user has gained some basic familiarity with the toolbar, the
names of the icons and a general sense of how each tool will work. Through use and
practice the user will quickly understand the best practice for using each of the tools.
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Horizontal Geometry Exercise — Line Tools

In the following exercises you will learn how to use the various line tools to create ruled
elements. The purpose of the exercise to become familiar with the tool and how to use it. ORD
offers the user a significant amount of flexibility when placing ruled geometry.

You will see that several different tools can be used to achieve the same result.

There are multiple ways to input data, through dialog boxes, at heads up rpompts and
dynamically.

You will see the rules associated with each element and how to edit the element using several
methods.

You will see the basics of design intent and how design intent is maintained throughout the
design process.
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Line Between Points — Precision Entry

1.Block 1 — Precisions Entry
A. Line Between Points is one of the most basic tools that will be used during design
B. Path to the training directory and open the file R-2635C_RDY_HA_ALG_Tools.dgn
C. Fitview and find the box labeled Line Between Point Exercise -1

Page | 18

LINE BETWEEN POINTS
EXERCISE 1

If the Feature Definition Toolbar is not Active then Activate it by selecting the toggle
from the Standards tool group of the General Tools Section of the Geometry

Ribbon
Set the feature definition to Alignment\NCDOT\Prop\ALG_Centerline

( - 7 4

e..? |ALG_Cerrter||ne e‘? ‘ l’i“ r&'\ f /
- @ MNo Feature Definition 2

Y = - Alignment

o -1 NCDOT 0y G
e u Exist = (Sé C\l

B Prop
e

i@ ALG_Centerine
@ ALG_Centerine
----- & ALG_Centedine Driveway

i@ ALG_Centerine Loop

----- & ALG_Centedine Median Crossove
----- & ALG_Centedine Minor Foadway v
< »

| Alignment\NCDOT\Proph\ALG_Centerline
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F. Setthe Use Active Feature Definition tool to ON
;nALG_I:emEmne P |¢? y

Lse Active Feature Defintion

o B rD‘j%||D'_‘|_+:

G. Start the tool by selecting Line Between Points from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin Vies

1« Import/Export * - 1 ;&7 - ¥ Offsets and Tapers = B Op
e ¢ b4 O 1#( JJ iH

%5 Design El ts * = =R C = 4 Set

L‘ =LAl Civil Reports Lines Arcs  Point <A MEVERE LUvEs Modify  Complex 2

¥ Standards * Toggles - T - - * & Spirals ~ B Geometry * | [~ Pre
General Tools " Line Between Points wntal

> |e? 4 #: A rfﬁ Line To Elerment » E} r' /_,.!f 'e‘;.!(
by

‘c Line Between Arcs

E."-l- Line From Elerment »

PO D PR

I~ Chamfer Between Points

H. The Target will appear with the heads up prompt to enter the start point

Enter Start Point
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I. Using the Key Point Snap

(el AR O% @ X~ d=

Snap to the end of the line marked ‘A’ and left click to accept the starting point

LINE BETWEEN POINTS
EXERCISE -1

Enter Start Point

Page | 20



| 5 { Module 3 — Horizontal Alignment

J.  42At this point the user will see a partial line segment with the bearing and distance
dynamically labeled, and a heads up display for the precision input of the distance.

B

Enter End Point |
Parameters:Distance | INEEE]

S73:.
73 36'34_ 4
T8, 7544

K. Enter 42.4264 for the distance, this is the distance between

4

points ‘A’ and ‘D’. Notice

that the Parameters Distance field is blue, that indicates that a value can be entered
just by beginning to type. Press ENTER and a lock will appear indicating the length of

the line is now set to 42.4264’.

A B

nter End Point
% Harameters: Distance | EEIRE

“»

If focus has been lost from the design window click on the Border to bring it back
and activate the entry field. Do Not click in the drawing field or the end point of the

line will be selected.
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Notice the blue arrows to the left of the distance value, these indicate there is
additional geometry parameters that can be entered. This symbol will be common
throughout many tools.

- ]

Enter End Paoint

& Parameters: Distance | TRIRED 4p

. Press the right arrow key on the keyboard and a line direction parameter data entry

will appear

T | |
Enter End Point
Parameters:Line Direction | ERl pa = 4
™ I

. Enter S45 00 00 E in a similar manner to entering the distance in the previous step.

No Spaces are needed

Enter End Point
Parameters:Line Direction [= 45 00 00 g 4
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Press ENTER to lock the line direction.

A B

C D
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Enter End Point
% Farameters:Line Direction | BELEREIEEIKIES 4

The screen should match the picture above with the line starting at Point A and
ending at Point D. The length and bearing are shown on the line. This line has not yet
been placed in the file this is a tentative location.
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Q. Left click to accept and place the line. The Line Between Points tool will
automatically restart as indicated by the Enter Start Point dialog.

A B

D

Enter Start Point
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Line Between Points — Snap to End Points

1.Block 1 — Snap to End Points
A. Another common method to place a line is just snapping to the start and end point.
B. If the toll has been reset Start the Line Between Points Tool from the Horizontal
section of the Geometry Ribbon.

o ( ) IO sets an
.
L

A Reverse Ci

Lines Arcs  Point
= E * 2 Spirals ~

Line Between Points o

Line To Element L

| o

2 « Line Between Arcs
Line From Elerment ¥

"~ Chamfer Between Points

C. Using the Key Point Snap setting snap to the end of the line at Point C to start the
line.

Enter Start Paint

D. Snap the end of the line at Point B to end the line. Notice that the distance is
dynamically updated to match the distance that was entered in the previous
exercise.

B

Enter End Point
Parameters:Distance | IR 4
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Left Click to accept the line.

A B

Block 1 should now look like the above picture.
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Editing Civil Rules

1.Block 1 - Editing Civil Rules with Text Manipulators
A. One of the features of ORD the user will need to become familiar with is the ability
to quickly and easily edit civil geometry by changing the Civil Rules.
B. Using the Select tool in the Selection section of the Geometry Ribbon, pick the line
segment that was created from Point A to Point D

n
LI 1
wEmp i i ¥
et il

Elerment
Selection|*

v Selection

C D

C. Note the symbol next to the A, this indicates that a Snap Civil Rule was created for
this point when the line segment was created.

A |

|
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D. Note the gray circle at the other end of the line, that indicates that this point is not
ruled to any geometry. This symbol indicates the presence of Drag Handles.

D

E. The color of the drag handles and text manipulators can be customized by the user.
Fo this training the color was set to gray for clarity. The color can be set under

File->Settings—> User—>Preferences—> View Options -Civil=>Manipulator Settings

The user can also change the size and other display properties.

(9|

Category
Database
Descartes

Help Settings
Input
Language

Lock and Feel
Mouse Wheel
Operation
Position Mapping
Raster Manager
Reference
Render

Ribban

Spelling

Tags

Text

Update Settings
View Options
Wiew Options - Civil
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Mame for Preferences: | OpenRoads User Preferences

Energy Grade Line Color Il [255.0.0]
Hide 3D Model on Creation True
Show Conduit Wall Thickness In Pr. False
Show OpenFlows Calculated Slope False

Manipulator Settings

Manipulator Size 20.0000

Normal Color I [64.64.64]
Read-Only Color I [255.0.0]
Selected In Property Pane Color  [_] [255.255,255]
Selected Color Il [0.0.0]
Manipulator Font Arial

Manipulator Font Scale 1.0000

Manipulator Transparency 30.0000

Use Shaded Manipulators True

Aquaplaning Settings

Superelevation Settings

Focus [tem Description:

Defaults oK

Cancel
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G.
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Note that the Bearing and Distance shown in the middle of the line segment are
both gray, this indicates that they can be edited. These are Text Manipulators.

One way to edit the civil geometry is by editing the length and/or bearing shown in
the Text Manipulators. With the line selected select the green length text at the
midpoint of the line. A data entry field will appear with the current line length
shown.
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H. Change the length to 10.00’

I. Left click or ENTER to accept and the length of the line will change to 10.00’

J.  Reselect the line and note that the Text Manipulators and the Drag Handle dot at
the end point of the line have both updated.

A
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K. Select the bearing text the same way and enter S 75 00 00 E.

&
?&b
2,%,
' ' l:?ﬂ

o

L. Left click or ENTER to accept and note that the direction of the line will change.
Again note that the Civil Rule parameters have updated.

Y

S7e
?5 DG.G{:]IG.,E_

M. Select Undo (Ctrl+Z) twice to undo the length and direction change to the line
segment and return to the original placement.

Eﬂ OpenRoads Modeling - M 5 H l'._::g fh « - * |g] h‘ s CANCDOT
Home Terrain Geometry Site . " ling Drawing Pro
Undo (Ctrl+Z)

1;';: o P4 Import/Export ~ Undo “In Place Editing" i L i

R Y o qntestiind ] O @ =

B ~ |% Design Elements = . - : LA

Elernent .. . Ciwil Reports = Lines Arcs  Point

@ Selection = ‘i Standards ~ Toggles - v b - . 2
Primary Selection General Tools

| |ALG_Centeine v]e? M A Rk
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N. You should now be back to the original layout.

LINE BETWEEN POINTS
BLOCK -1
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2.Block 1 - Editing Geometry with Drag Handles

A.

B.

Page | 33

Drag Handles are another easy way to change the Civil Rules.

g AYE
A 29
ﬂliﬂ 00T

e An arrow shaped drag handle - redefines the point with one or more directions
constrained. In the previous example, the parallel arrows (that are parallel to the
line) are constrained to change the distance only; the arrows that are
perpendicular to the line are constrained to change the direction only.

e Acircular shaped drag handle moves the points without constraint.

e Drag Handles will break Civil Rules based on Snaps and care must be exercised
when manipulating drag handles to avoid unwanted results. As seen in the
previous example the UNDO (Ctrl+Z) command can reverse any unwanted
commands.

The Select tool can be configured to enable or disable handles. Activate the Select
tool and pick the line segment from Point A to Point B. The snap constraint Icon will
show near Point A, the Text Manipulators will show at the midpoint and the Drag
Handle Icon will show near Point D. The Handles are enabled.

A B

A
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C. Inthe Element Selection dialog select the Disable Handles icon.

4'%35&"&':3&&:::' - X
B o2 F.,:.];
+—E1;’EF Elk -

D. Select the line again and notice that the Snap Icon, the Text Manipulators and the
Drag Handles do not show, they are disabled.

E. Enable the Handles by unselecting the icon in the Element Selection dialog.

J}%}Ee“e'tffe:::' — *
Bl oo %
B+—-a K v
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F. Reset the line in between Points A and D and place the cursor on the gray circle drag
handle to display the individual drag handles, one arrow parallel to the line and one
arrow perpendicular to the line.

G. The drag handle that is parallel to the line will Trim or Extend the line. By left clicking
to pick the arrow the user can change the length of the line.

d

-

Trim'\Extend

H. Select the arrow and “drag” the end of the line back in the direction of Point A and
left click to establish a new end point. The length of the line will change but the
direction of the line will not. The length shown in the Text Manipulator will be
dynamically updated to show the new line length.

A B

7
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The drag handle that is parallel to the line will rotate the line and change the line
direction.

ﬁ"‘ Fotate Line

Select the arrow and “drag” the end of the line in the direction of Point B and left
click to establish a new end point. The bearing of the line will change but the length
of the line will not. The bearing shown in the Text Manipulator will be dynamically
updated to show the new line direction.

A

S7650.,
25'05 gn
28,0 6%

13q

The circular drag handle will allow the user to change the length and direction at the
same time. When selecting the circular drag handle both individual drag handles will
appear.
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L. Select the circle and “drag” the end of the line in the direction of Point C and left
click to establish a new end point. The length and bearing of the line will change but.
The length and bearing shown in the Text Manipulator will be dynamically updated
to show the new Civil Rules.

A

A

C

M. Select UNDO three times to undo the changes to the Civil Rules and return to the
original layout.
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N. Use the Select tool to highlight the line from Point A to Point D.

A
)

O. Move the cursor near the midpoint of the line to show the move parallel drag handle
represented by the arrow.

Maove Parallel

P. Select the arrow to move the line segment parallel. Left click to accept the new line
location.

A
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R.
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If the selection was lost use the Select tool to reselect the line. Note that both end
points show gray circles indicating the presence of drag handles.

A B

C D

Previously there was a snap Civil Rule at end point A because when the initial line
segment was created the user snapped to the end of the line. This created a Civil
Rule. By using the midpoint drag handle the user has broken the rule. Select UNDO
(Ctrl+Z) to undo the move, this will also undo the process of breaking the Civil Rule,
it will reestablish the snap rule, indicated by the icon at Point A.

A




S.

T.

u.
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The line segment should still be the active element at this point. Move the curso to
the middle again to show the midpoint drag handles and grab the circle symbol. This
is the Move Drag Handle.

Move the cursor up and to the right towards Point B. This drag handle resets the
midpoint of the line segment. Note that this drag handle did not break the snap Civil
Rule at Point A. So the beginning point of the line stayed in the same location, the
end point moved based on the new midpoint.

Select UNDO (Ctrl+Z) to undo the change and return to the original configuration.
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Use the Select tool to select the line segment from Point B to Point C. This line
segment was created by snapping to both Point C and Point D, which created a Snap
Civil Rule at the Beginning Point and End Point of the line segment. This line segment
will behave differently than the line segment from Point A to Point B because of the
rules.

Note the snap icon at each end of the line indicating the Snap Civil Rule exists. Also
note that the Text Manipulators are red and not gray, this indicates that they can
not be modified. Remember the actual color of the drag handles and text
manipulators is a custom setting and they may be another color.

S
N
e
SN
o

W. Remember that the drag handle can break the civil rule. With the line selected move
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the cursor close to the end at Point C. The gray circle will appear with the two gray
arrows indicating the drag handles.

Raotate Line
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X. Select the circle and move the cursor up close to Point A. This will break the Snap
Civil Rule. Left Click to accept the new line endpoint.

A B

.=
R L
N‘QT 2807

Y. At this point the configuration is similar to the Line from Point A to Point D, with a

Z
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single drag handle and a Snap Civil Rule. Note that the text manipulators are now
gray indicating that they can be edited.

A B

€
T
\\\‘011 2807

Use the UNDO (Ctrl + Z) Command to undo the change and return to the original
configurationThis covers the drag handle and text manipulator basics. Every
geometry type will have different Text Manipulators and Drag Handles but the
function will be very similar across all the geometry tools, horizontal, vertical and

civil.
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Snap Constraints

Snap Constraints are another function of CONNECT / ORD that the user will need to become
familiar with to efficiently and effectively place horizontal and civil geometry elements. Snap
Constraints will affect how revisions to civil elements are handled. This will be determined
based on which snap was used, what was snapped to and any other constraints that may have
been placed

A Snap Constraint is a geometric rule created during the element placement process. As the
name indicates it is based on the snap used to create the element. The snap used can be any of
the snap settings, end, middle, perpendicular etc. The snap constrain can be a useful tool when
used as intended but can also cause problems for the designer if it is not created correctly. Like
many other new features in ORD the proper use of this constraint should become second
nature with more experience using the program.

1. Editing elements that have a snap constraint
C. The original layout in Block 1 has a Snap Constraint at Points A, B, and C. There is no
constraint at Point D.

oA A
e
7. QQ(;
w2, K
C D
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D. Select the Move tool in the Manipulate section of the Drawing Ribbon. Note that
this is a CONNECT tool and is the same tool that has been used in Microstation SS2,
it is one of the basic CADD drafting tools. These tools can be used to manipulate
ORD elements, elements that have civil geometry associated with them.

Drawing Production Drawing Utilities iTwin View Help MNCDOT Roadway

i k e Y /D -/ O+ ~% - |;| |;| 0‘&' =7 28 L
| W /u =R SN LA i H
Element e Place  Place e Move [Copy Rotate = Modify
T | Selection Tools* W *  Smartline Line Tools~ !\.j A~ {0 = T Element |

Selection Placernent Manipulate

E. Left Click on the line between Points A and C to select that element to move.

A B

C D

F. Move the line to the right
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G. The Line from Point C to Point B was changed to match the new location of Point C.
This is because each end of this line had a snap constraint. Note that the bearing and
distance shown in the Text Manipulators has been updated to match the new
bearing and distance from Point C to Point B. The text is also still red indicating that
it is not editable because each end of the line segment has a point constraint.

A B
y,
&
i
C D

H. The line from Point A to Point D has changed in a different way. The beginning has
stayed at Point A, this is where the Snap Constraint was located. The end point that
was at Point D has shifted, this is because there was no constraint at that point so
the line segment has maintained the original distance and bearing.

[
12
=.%,
%20,

I. Use UNDO (Ctrl+Z) to undo the change and return to the original configuration.
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J. Select the Move tool in the Manipulate section of the Drawing Ribbon. Move the
lie connecting Point B and Point D to the left.

A B

K. The result will be slightly different but the concept is the same. The Line connecting
Point C and Point D again changed to maintain the end points at the snap constraint
location. The text manipulators also updated to show the new length and bearing.
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L. The line from Point A to Point D did not change, there was no snap constraint at
Point D and Point A did not move, so the line remained in the original location
maintaining the original bearing and distance.

A B

e
v
* O

M. The proper use of snap constraints and the effects of snap constraints will become
more apparent through practice and use.

N. Select UNDO (Ctrl+Z) to undo the change and return to the original configuration.
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2.Snap Persist
A. Open the R-2635C_RDY_HA_ALG_Tools.dgn file from the NCDOT Training directory and
find the Snap Constraints Block-1A exercise.

SNAP CONSTRAINTS
BLOCK -1A

B. Set the Feature Definition to ALG_Centerline and set the Use Active Feature
Definition toggle to ON.

E”ALG_CEMEH‘IME v]|o% M A S / 3 ng
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C. Make sure the Persist Snap toggle is checked to ON.

‘ ¥/ |ALG_Centerine g% M am A AR L uF o

The Persist Snap toggle is a way to turn the Snap Constraints OFF and ON, there will
be times when the designer does not want to use of a Snap to create a rule.
D. Setthe snap mode to Key Point

Q¥ @ X~rsd =

E. Using the Line Between Points tool located in the Horizontal section of the
Geometry Ribbon.

7 L, ¥ Offsetsand T \ BE
y O ﬂ_ sets and Tapers '\fl; ;’f '

AR C - &
A Reverse Curves Modify Complex [

Lines Arcs  Point
- v v Geometry =

= Spirals ~

" Line Between Points »ntal

N4 Line Te Element r

#¢  Line Between Arcs
Line From Element [

’,_ Chamfer Between Points

F. Draw a line from Point A to Point D snapping to the ends of the black lines.

A
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G. Change the Snap Mode to Mid Point Snap

H. Using the Line Between Points tool Snap to draw a line from the Mid Point of the
Line between Point A and Point C to the Mid Point of the line between Point B and
point D.

Lo
Enter End Paint
Farameters Distance 4
Line |
Level: Default

C D
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Locate the Feature Definition Toolbar and Toggle the Persist Snap icon to OFF

‘E@ALG_CMHIME v g% M A ¥ & ok o
B View 1, Default
—. ,5]1 _;} . | J-L }3 ,D "j s} | = EI| I:I'_‘|_+ CS!,.”, [fi | Persist Snaps and Rule h

J.

Set the Snap Mode to Key Point Snap

B -

OV @K~ A=

K. Using the Line Between Points tool Snap to draw a line from the Point C to Point B.
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L. Change to the Drawing Ribbon

%l OperRozdsModeing v T o e 2 22K - C:ANCDOT Traini gule 3 Horizontal Alignment\R-2633C\Roadway \Alignment\MODULE-3-HA-ALG-Tools.dgn [2D - V8 DGN] - OpenRoads Designer CONNECT Edition (1)
Home  Temsin  Geometry  Ste  Comidors  Model Detailing  Drawing Producti Utiities  Tain  View  Help  NCDOTRoadway
= c O~ =29 v
@ [None + | Defauit B U e- e * /D / J o ?D: O'\ o . ’:‘ :i# g
o ~lmo ~[=0 -J@0 a0 E*"‘”’” oo % B - seecon e e e AL e PR X 2
Attributes Primary Manipulate Modify
{ I ey 1@ m. L. A 7 ¢ Dixk v

M. Locate the Modify section of the Drawing Ribbon and select the Extend Line tool.

Utilities  iTwin  View  Help  MCDOTRoadway
4 / c/” _/ O~+ ~%~ L 0‘& 7 80 . | | :t 1: K 7F7l e A
o beeed i} O~4& - St - -:h fen} > J Insert Vertex

Fence Place Place _Arc Move Cop)r Rotate - Modify Break Trim ; asure
Tools ~ Smartline Line Tools~ [‘j A - ¢ %= T Element Element Multiple ~1 ™ I*  Delete Vertex  dius
wction Placement Manipulate I Meodify I I," Extend Line reasu

N. Select the end point of the black line between Point A and Point C and modify the
end point by shifting it down towards Point C.

A B
Key Point Snap

Mid Point Snap

O. Because the Persist Snap Rule was Active when the line from A to D and the
horizontal line were placed those two lines have updated to maintain the rule. The
Line from A to D has maintained the Key Point Snap at the end of the reference line
and the horizontal line has adjusted to maintain a snap at the Mid Point of the
shortened line.
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P. Use the Extend Line tool again to shorten the line from Point B to Point D.

Q.

Page | 53

A

Smap Persist set
to OFF

]\ Mid Point Snap

C D

Because the Snap Persist setting was inactive when placing the line from C to D that
element did not update when the change was made to line from B to D. Note that
the horizontal line again updated to maintain the Mid Point Snap based on the new

line length.
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Line To Element Tool Group

Line to Element Tools are under the Lines tool group of the Horizontal section of the
Geometry Ribbon<

ain Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View

1+ & Import/Export ¥ b _/a.f::' \'!. O @ ¥ Dffsets and Tapers ~ \J)j f'; BH Open P

A

4% Design El te - ) < R C ' #% Set Act
l. i LEsign Elements Civil Reports |  Lines Arcs Point -'_:_ EVEISE LuTvEs Modify  Complex %
W Standards * Toggles = v - v * =L Spirals ¥ v Geometry * | | Profile
General Tools " Line Between Points ntal
b |,g{f ",/' "’I"‘ ,.‘E‘.,‘ & Line To Element * Y Simple Line To Element
2¢  Line Between Arcs Y Spiral Line To Element
- Line From Element » Y CurveLine To Element
'RPROY D BEE| &S _
7~ Chamfer Between Points Y By Angle To Element

£ Line To Element

This group contains tools that will allow the user to draw a line segment that will be based on
another element. These tools will be used when construction Horizontal Alignments, especially
for construction Y Lines, Intersections, Ramps and Loops. Additionally this group of tool sill be
used when constructing other civil geometry features that will be covered in other Modules.

This Group Contains 5 Tools
e Simple Line to Element
o Creates a line without any transition to another element at zero degrees skew
angle, applicable only when the To element is a curve, Offset locked at zero.
e Spiral Line to Element
o Creates a line with a spiral transition to another element at zero degrees skew
angle, applicable only when the To element is a curve, Offset locked at zero.
e Curve Line to Element
o Creates a line with an arc transition to another element at zero degrees skew
angle, applicable only when the To element is a curve, Offset locked at zero.
e By Angle to Element
o Creates a line without any transition at user defined skew angle, Offset locked at
zero.
e Line to Element
o Constructs a line at a skew to a reference element.

Page | 54



’{ gg Module 3 — Horizontal Alignment

1.Simple Line to Element
A. Locate the Simple Line to Element exercise location in Block -2. Remember this tool

only work when the To Element is a curve.

SIMPLE LINE TO ELEMENT
BLOCK -2

N

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

Le_cmmne et M A /]

C. Select the Simple Line to Element tool from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Medel Detailing Drawing Production Drawing Utilities iTwin

il / = I - A" LT =
1< lmport/Export a1 A9 _*_ Offsets and Tapers B
* ;?.yf \". ﬂ— \fu;

Ay

& Design Elements ¥ ' : —alEiaZaE iy
(9% Design Elements Civil Reports | | Lines Ares Point ‘:_ FYErsE e Madify Complex
Wy Standards ~ Toggles ~ N v N T = Spirals ~ ) Geometry ~
General Tools " Line Between Points ntal
v |e§? -‘ * A y. Line To Element sl Y Simple Line To Element

¢ Line Between Arcs Spiral Line To Element

Line From Element L; Curve Line To Element
7" Chamfer Between Points By Angle To Element

£ Line To Element
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D. The heads up prompt will appear indicating Locate Element. The user will notice
<Alt> to pick Complex Only. This allows the user to pick an entire complex element
or an individual element within a complex element. This is a setting available in a lot
of tools. This setting will not be covered during the exercises on the individual tools,
it will be covered later in this Module when Alignments are discussed.

E. Left Click on the arc to select the To Element.

ocate Element <Alt> to Pick Complex

Only

F. There are several things that will be displayed that will be helpful to the user
e A dynamic line segment will be displayed showing the possible solution.
e There is also a dashed element that displays that is an extension of the arc
segment to form a circle.

e There is also an alternate solution (tie point) shown, indicated by the number .

Dynamic
Default Solution Solution

Point 1
Alternate Solution
/f .
- /x Point 2

/ To Element
: Extension
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G. The first step at this point is to select the correct solution, Point 1 or Point 2. The
Simple Line to Element tool is creating a line tangent to he curved element and at
any location that line can solve to one of two points. The User must indicate which
point to use for the solution. To change between Point 1 and Point 2 press the <ALT>
key. This is an operation that will be required for several tools.

Initial default solution from Point 1

Enter End Point

- N

Press the <ALT> key to see alternate solution.

N

Enter End Paint

N
/ =
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H. The next step is to select the end point by left clicking. By moving the cursor the line

Page | 58

segment will update dynamically to show the solution. Note that it is possible to
place the line segment outside the limits of the arc and onto the projected circle
segment.

\ Enter End Paoint

Move the cursor into a location similar to the above picture and left click to set the
endpoint.

The line segment will be placed in the design file. The heads up prompt will ask for
Trim/Extend Options.

Trim/Extend
Parameters: Trim/Extend e
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J. By using the <UP>and <DOWN> Arrows the user can toggle through the available
options. Using the arrow keys to toggle through options that appear in the heads up
prompt is a common procedure throughout all the tools. This tool has two option
Back and None.

Trim/Extend
Parameters:Trim/Extend | [FS v

TN

K. Toggle through the options until back is selected. Left Click to accept the Trim Back
option. L

Trim/Extend
Parameters: Trim/Extend >
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L. The solution should look like the picture below.

Page | 60

Because the Back option was selected for the Trim/Extend Option the program
created a solution that extended the base Arc element around to the Line element.

One thing to note is that this tool can be used on a Civil Geometry Element that has
been placed with ORD tools or just a simple arc element placed with basic drafting
tools that has no civil geometry rules. If a basic Arc element is used as the To
Element then the Trim/Extend Option will not modify the element to match the end
point of the new line segment. The To Element has to placed with ORD tools and
have geometry rules in order for the Trim/Extend Option to modify the arc to meet
the line segment.
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M. Restart the Simple to Line Element tool, and reselect the revised arc.

Locate Element <Alt= to Fick Complex
Only

N. Left click to set the end point and select Point 1 as the desired solution.

Enter End Point

s N
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O. Left Click to accept the Trim/Extend Option Back.

Trim/Extend
Parameters: Trim/Extend

P. Note that the arc was trimmed to match the line segment. The program will trim or
extend the arc in the appropriate direction to match the tangent direction of the line
segment.
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Q. The created geometry, the Arc and the Line segments all contain text manipulator
and drag handles. Select the arc and note the available manipulators, they are
located at the original end points of the arc and the original Pl of the arc.

R. The radius can be adjusted by using the drag handles or the text manipulator. Note
that the length 90.0761’ is shown in red, this indicates that the length Text
Manipulator cannot be revised, in this case that is because it would change the

center location and there are no rules to tell the program how to change the center
location.
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Select the drag handle on the upper left side and move to a new location closer to
the center point.

/ o
&5
s
e

Enter Arc Stert Peint

Left Click to accept the new point.

End Point

Tangent Point

By moving the drag handle the user is changing a point on the curve, the other point
on the initial arc does not change so the center of the curve is reset. This also resets
the line segments by changing the tangent point. Note that the end points of the line
segments that are not connected to the arc did not move. This is because of
maintained Design Intent. The Design Intent of this tool is to set a Line Segment End
Point and then connect a line from that End Point to an identified Arc Element.
Based on the Design Intent the End Point Location is maintained and the tangent
location is revised to match the revised arc element.
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V. Itis possible to use the drag handel and text manipulators to modify the To Element,
the base Arc element, so there is no solution. In that case a dashed red element will

be shown with a red circle and an ‘X’ that identifies the element that is causing the
error.

B mmmmmm ==

l___._._.--—-"“" e =)

W. In this case the easiest thing to do is to select the UNDO (Ctrl +Z) tool to undo the
change.
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2.Spiral Line to Element
A. The Spiral Line to Element tool is not necessarily a tool that will be commonly used
by roadway designers. This tool will draw a line segment to an element with a spiral
in between. The majority of the spirals a roadway designer will design are on the
ends of Arc element and will be handled in a different manner.

One possibility would be designing a ramp alignment that tied into a curve on the
mainline. In this instance the roadway designer may want to have a ramp alighment
that starts with a spiral and ties to a tangent that intersects the Y line.

This tool is similar to the Simple Line to Element tool.
B. Locate the Spiral Line to Element exercise location in Block — 3. The To Element must
be a curve to use this tool.

SPIRAL LINE TO ELEMENT
BLOCK -3

SN

Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

i QQ ALG_Centerline - |e¢f‘ 4 la.I.‘_. r&‘\ .g.’/; 0-09 /

C. Select the Spiral Line to Element tool from the Horizontal section of the Geometry

Ribbon.
Geometry Site Corridors Meodel Detailing Drawing Production Drawing Utilities ifwin
i« Import/Export ~ iy Y, ‘:’I 3~ Offsets and Tapers ~
\"Dp' Elr‘j ts _’;\_ E&f ) ﬂ")_"R C p' \j)j
2y Uesign tlements Civil Reports | Lines  Arcs  Point ‘:_ everse Lunves Modify  Complex
Wy Standards Toggles = v - - v =L Spirals * A Geometry *
General Tools " Line Between Points ntal
b e‘;’! 4 "|"‘ f&.\ 4 Line To Elermnent r Y Simple Line To Element
)-c Line Between Arcs % Spiral Line To Element |
= Line Frem Element v Lurve Line To Element
LO9YE=ESE _ .
7~ Chamfer Between Points © By Angle To Element

£ Line To Element
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D. Note the dialog that appears on the screen. This is an alternate way to input design
parameters and is available with various tools. The user can Input all the design
parameters here and then simply left click at the heads up prompt to accept each
input.

e Set the Trim/Extend Option to Back : This is the same operation that was used
with the Simple Line to Element tool.

e Set the Type to Spiral. Note that Curve and None are also available, if set to none
this would operate as the Simple Line to Element tool is set to Curve this would
operate as the Curve Line to Element tool. ORD provides a lot of flexibility with
the design parameters, there will be multiple ways to design the same solution
and there are multiple tools that will operate the same depending on the inputs.

e Set the Method to Length. The other options; A-Value, Deflection, Offset and RL-
Value are not used by roadway designers>

e Set the Length to 20.00’. This value is just for the example for a roadway design
the length would be something more appropriate.

e Set the name to SPI. In ORD all Civil Elements are named and tracked within the
dgn file. If there is already a SPI element the program will increment the name
with a numerical value.

For most elements, the name is not important and not something the user
need to know about. The name is critical for Alignments, it is important that
the name match the alignment L, Y1, RPA1 etc. So it is important that the
individual element names do not use an alignment name.

Parameters -~
Trim/Extend Back w

Back Transition L3
Type Spiral w
Method |Length v
Length [20.0000 |

Feature ~

Feature Definition Mo Feature Definitior -~

MName SPI
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E. At this point left click to select the arc.

Locate Element <Alts to Pick Complex
Only

F. Left click to accept the previously entered Transition (Spiral) Length of 20.00’ this
will also set the end point.

' I
> Enter End Point
/ Back Transition:Length | TN
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G. Note that for this tool that even though the projected circular element appears as a
dashed line, similar to the Simple Line to Element tool that the program will not tie
a Spiral to a projected arc. In this picture the end point was being set too far to the
left and the line and spiral could not project within the limits of the established Arc.
The red dashed line and red circle with the ‘X’ indicate no solution possible.

Enter End Point Le=="
Back Transition:Length | ERININ
o

H. Left click to select an end point that has a solution as indicated by the dynamic
display.

- 3 ——
Enter End Paint
- :
/ Back Transition:Length | EENIIIW
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I. Leftclick to accept the Trim/Extend Back option.

Trim/Extend
Parameters: Trim/Extend >

J. The result should look like the picture below. Because the ALG_Centerline Feature
Definition was selected.

The Spiral is shown in purple and the tangent is shown in red.

g/ | ALG_Centerine | o€ 4..—|-< r.ﬂ.\ f f /

K. Left Clicking on the element will display the drag handles and the text manipulator
that can be edited. This will work in a similar way to the Simple Line to Element tool.
In this case it is only the ned point location and the length of the spiral.

&

25 o 00 Move Point

d
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3. Curve Line to Element
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The Curve Line to Element tool will draw a line segment to an element with a curve
in between. This tool will be useful when designing centerline alignments that tie to
existing curves. This tool is similar to the Spiral Line to Element tool.

Locate the Curve Line to Element exercise location in Block — 4. When using this tool
the To Element can be a line or a curve.

CURVE LINE TO ELEMENT
BLOCK - 4

SN

Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

EQ ALG_Centeriine v| H‘? 4.a|n A dﬁ“ o /

Select the Curv Line to Element tool from the Horizontal section of the Geometry
Ribbon.

N L % Offsetsand Tapers * =7~ EH 0
N/~ + o

Lines Arcs Point ? RE_VEI'SE Curves Medify  Complex L% Se
- v * 2L Spirals ~ v Geometry = | p
Line Between Points ntal
d Line To Element F Y Simple Line To Element
[ 2¢  LineBetween Arcs *  Spiral Line To Element
Line From Element »| % CurveLine To Element

7~ Chamfer Between Points Y By Angle To Element

2% Line To Element
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D. The method to input the parameters for this tool is the same as the Spiral Line to
Element tool using the heads up display or the dialog. Set the Dialog Box to match
these parameters.
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Trim/Extend = Back

1. Back would most likely be used when tying a proposed element to another
proposed element

2. None would most likely be used when tying a proposed element to an
existing element.

Type = Curve

1. This uses a curve transition in between the Line and the To Element

2. None would be effectively using Line Between Points or Line to Element

3. Spiral would be effectively using the Spiral Line to Element tool

Method = Length

1. This defines the curve transition by the length of the curve.

2. Deflection will define the curve by the Angle of Deflection from the Tangent
Direction of the To Element

3. Offset will define the curve by setting the end point at a defined offset from
the To Element.

Radius = 200’

1. The sets the radius of the curve transition and will always be required

Length =20’

1. This will be dependent on Method selected.

Name = CUR

1. Thisis not critical, the only important thing is to not use the name of the
alignment, L, Y1, RPA etc. The user can select any other name.

Parameters A
Trim/Extend Back e

Back Transition A
Tpe
Meth
Radius 200.0000°
Length 20.0000

Feature )

Feature Definition | Use Active Feature

MName CUR
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— — |
E. Left click to select the curve. Note the dynamic solution will be displayed based on
the position of the cursor. Because the tool can determine the solution based on the
entire circular arc it is possible to find multiple solutions.
F.

For this solution, if the black curve was extended counter clockwise it would be
tangent to the clockwise extension of the orange curve.

CURVE LINE TO ELEMENT
BLOCK -4

L 520000

]

Enter End Point

Back Transition: Radius | AT

4P

G.

It is also possible to place the cursor in a position that no solution will be available,
as shown by the red ‘X’ and the red dashed line.

Enter End Point

Back Transition: Rad

4

Page | 73



| 5 { Module 3 — Horizontal Alignment

H. By moving the cursor to the top right corner a solution will be displayed that will be
more appropriate. In most cases the designer will be using a snap to place the end

point of the line in a specific location.

CURVE LINE TO ELEMENT
BLOCK - 4 o

]

,/,/“QAP\

Enter End Point
Back Transition:Radius AL

I. Note that even though the dialog box was filled out with the appropriate design data
the user still has to left click through each option in the heads up display to accept
the previously entered data for radius and transition.

This shows the line in red, an orange curve and a transition back to the original

element, the black curve.
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Start the Curve Line to Element tool.

\\?\. O _¢_ ¥ Offsets and Tapers ~ \Jr"‘; fj

Linles Arcs  Point

= E * £ Spirals ~
Line Between Points antal
P Line To Element b
| | )'-c Line Between fArcs +
Line From Elerment L
7~ Chamfer Between Peints %
ol

A Reverse Curves ~

Modify  Complex
v Geometry =

Simple Line Te Element

Spiral Line To Element ’_
Curve Line To Elerment

By Angle To Element

Line To Elerment

Set the following design parameters in the Dialog Box.

Trim Extend = Back

Type = Curve
Method = Offset
Radius = 20’
Offset = 10’
Name = CUR
& Curve- — ot
Parameters L]
Trim/Extend |Eack o |
Back Transition )
Type |Cunre w |
Method |Offset ]
Radius |21}_1]-|]-|]-|]-' |
Offset [ 10.0000 |
Feature -~

Feature Definition |Lse Active Feature

MName L
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L. Select the horizontal black line.

Locate Element <&lt> to Pick Complex
Cinly

M. The program will again show the dynamic solution. In this case if the cursor is too
close to the line, if it is within the offset distance of 10’ the program will flip the
curve to the opposite side.

s Enter End Point
I Back Transition:Radivs | EI '

< =H-r__ ]

- -_0000°QZ:

N. Move the cursor far enough away from the line to allow the curve to solve and the
dynamic solution will show a curve tangent to the line.

[&"R=32U.0000

Enter End Point
Back Transition:Radius | BRI 4
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0. Also note there are two solutions, shown with the numbers 1 and 2. These show the

two possible solutions for the cursor location.

Solution 2

[=TR==720.0000 "1,

Enter End Point i

/— Solution 1

Back Transition:Radius | ERIE (‘)

P. The user can switch between these solutions by using the <ALT> key. This is
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common across all the tools when there are multiple poss

ible solutions. Also note

that the program will use the extension of the To Element to determine a solution.

&)
o
:"\1
P
~

5

X

Enter End Point
Back Transition:Radius

T TTERESIU0000TTTTT
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Q. Left click to accept the radius of 20’. This will also set the end point of the proposed

BN

Enter End Point
Back Transition:Radius | EIEI} 4y

R. The original dialog was set to Trim = Back. Now that a solution has been determined
the user may want to change this to Trim = None. In that case use the down arrow at
this point to change between the available Trim Options.

\

Trim/Extend
Parameters:Trim/Extend | [FE e

Using the Down or Up Arrow to change between available options shown on the
heads up display will be common across all the tools. This is done while left clicking
through the heads up display to accept each parameter and this will override any
settings that were made in the original dialog.
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S. Note that the perpendicular distance from the To Element to the end of the Curve
transition is 10’. This is the method and distance specified in the dialog.

4B Measure Distance — X
Method: | Perpendicular A
Flatten Direction: | Mone A
True

Distance: | 10.0000'
[] Segment Only

Line To Element: L11

Festure: AlignmentNCDOT\Prop\ALG_Centerline
No Active Profile | Line

Level: Prop Horizantal Alignment
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4.By Angle to Element
A. The By Angle to Element tool will create a line without a curve or spiral transition to
another element with a defined skew angle. This tool will be useful when drawing
intersecting roadways. The To Element can be an Arc or a Line.
B. Locate the By Angle To Element exercise location in Block-5.

BY ANGLE TO ELEMENT
BLOCK -5

TN

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

EQ ALG_Centeriine v| H‘? 4.a|n A dﬁ“ o /

D. Start the By Angle to Element tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Preduction Drawing Litilities iTwin

1 Import/Export * P AP A% L ¥ Offsets and Tapers * EH
!T\ }f{ \‘. ﬂ_ \Jru;

|#% Design Elements ~ A Reverse Curves ~ |&

Civil R-epnrts Lines Arcs  Point B Modify  Complex
W Standards * Toggles = - - v v 2 Spirals ~ v Geometry v | |
General Tools " Line Between Points ntal
i |e!,? ‘ "'|"" f&.\ & Line To Element » Y Simple Line To Element
¢ Line Between Arcs Y Spiral Line To Element ’—
’0 < & =235 CS{ ﬁ Line From Elerment » | "' Curve Line To Element

7" Chamfer Between Points Y By Angle To Element
2% Line To Element
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E. For this exercise we will enter all the design parameters at the heads up instead of

the dialog. Uncheck the Skew and Start Distance options and the dialog box and set
the name to CUR.

Parameters ~

[ Skew 00°00'00"
[] Start Distance |-2.0000

Feature ~
Feature Definition | Use Active Featurs

Name CUR

F. Left click on the Arc to start the tool and select the To Element.

Locate Element <Alt= to Pick Complex
Only

G. Atthe heads up prompt enter 30 for the skew. Press <ENTER> a lock symbol will
appear indicating the value is locked. The dialog box will also update to show a check
mark beside the Skew value. Note that multiple solutions are available, the user can
toggle between these using the <ALT> key and the extension of the Arc is shown as a
dashed black line, which is also a possible location for the line to solve.

Parameters ~

Enter End Point Trim/Extend
8, Parameters:Skew Skew
[ Start Distance

Feature ~

-._\\ Feature Definition | Use Active Featurs
Name

<
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H. Left click to accept. This will set the intersection angle of the Line and the Arc at 30
degrees to the tangent. This will also place a tentative end point for the line.

Enter Skew

&b Parameters Skew

I. Left click again to accept and set the end point. When left clicking this time it is
important to select a point in between the initial end point and the To Element. By
Left clicking to accept the end point the user is also initializing the Start Distance.

Enter Skew

@ Porametecs:Skew

//l\
.
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If the user left clicks in an area that cannot be solved the toll will end. In this case left
clicking above and to the right of the initial end point will result in an error indicated
by the red dashed line and the red circle with the ‘X’. This can be resolved by going
back to the dialog box and entering an appropriate Start Distance.

Start Distance
Parameters:Start Distance | gERELE

By left clicking in the correct location initially the user will be prompted for the start
distance. This is the distance from the To Element as measured along the Proposed
line where the program will place the starting point of the line. At the heads up
prompt enter 2’ and press the <ENTER> key.

Start Distance

% Parameters:Start Distance | EXIE
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L. This will lock the value at 2’ as indicated by the lock symbol. Note that a positive
value will be to the opposite side of the To Element from the end point, this is a
positive extension of the line. A negative value will be to the same side of the To
Element as the end point, this is a negative extension of the line. A value of 0’ would

place the line on the To Element. Left click to accept this solution and place the line
in the dgn file.
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M. Restart the By Angle to Element tool. And Set the dialog Box :

e Trim/Extend = None
Note that the Trim/Extend option is only available if the Start Distance is set to 0’

e Skew =45 degrees
e Start Distance =0’

d%@ By Angl.. — x
Parameters -~
Trim/Extend  Mone w

Skew 45°00°00"

Start Distance 0.0000

Feature N

Feature Definition  Llze Active Feature

Mame CUR

N. Left click to select the line as the To Element

Locate Element <Alt: to Pick Complex
Only

0. Left click through the heads up display to select the previously entered design
parameters.
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P. Start the Element Selection tool located in the Selection section of the Geometry

ribbon.
File Home Terrain Geometry Site
%‘ ~ 1;r BERANT4 Import/Export "
|_£| - |55 Design Element:
_ Element | .. :
i Selection|*=- W Standards *
Prirnary Selection Gene

EQ ALG Element Selection

Select an element(s) for modification ——
B View  or manipulation

- JES. Tl e =i e i o |

Q. Select the Line segment and notice all the Text manipulators and drag handles that
are available.
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R. Select 45°00’00” and change to 90°

L il
&
=)
%
f=2
.‘L“ P
S. Select 0.0000" and change to 2’
fle}
-y 0,%“
2o,
0.pooo’
I <
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% 000

The ability for the user to make geometry revisions by using text manipulators and
drag handles is powerful tool provided by ORD. This ability coupled with linking
various elements together through multiple layers of geometry rules and design
intent allows for quick and accurate revisions to the design plans.

This will become evident in later training modules but if this had been a road
centerline with a corridor already constructed, changing the skew angle to 90°
would result in all the linked geometry updating; EOT, Curb and Gutter, Sidewalk
and the corridor and sections would have updated. The vertical alignment would
update based on the geometric rules of the profile and how it was constructed and
the cross sections would be updated to match the new model.

It is important for the designer to become familiar with and comfortable using all of
the design tools to ensure that the model is constructed in a way that will produce
the desired results.
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5.Line To Element
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A. The Line To Element tool is very similar to the By Angle To Element tool. This tool
will allow the user to draw a line at a skew to a reference element. This tool has the
added functionality of allowing the user to include an initial offset from the To

Element. This tool would be useful when designing a ramp for instance.

B. Locate the Line To Element exercise location in Block 6

LINE TO ELEMENT

BLOCK -6

7N

C. Setthe Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

i EQ ALG_Centerfine

v]eF M A S

v g

>

D. Start the Line To Element tool from the Horizontal section of the Geometry

Ribbon.

Geometry Site Corridars Medel Detailing

Drawing Production

Drawing Utilities iTwin

1 Import/Export ¥ e 5 5N L X Offsets and Tapers =
,T\ _—/f“y“ % ?‘ \JJ

A" Reverse Curves ~

|45 Design Elements ~

Wy Standards ~ Toggles =

General Tools

et A,

Civil Reports  Lines Arcs Point
v b v v 2L Spirals ~

Line Between Points

Line Te Element

¢ Line Between Arcs
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Line From Element

"_ Chamfer Between Points

Modify  Complex
- Geometry =

Simple Line To Element

Spiral Line Te Element r

Curve Line To Element
By Angle To Element

Line To Elerment
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E. For this exercise we will enter all the design parameters at the heads up display. Left
click on the Arc to select it as the To Element and start the tool.

Locate Element =Alt: to Pick Complex
Only

\

F. Atthe prompt enter -5.0 for the offset distance and <ENTER> to lock the value.

Enter Offset
% Parameters:Offset |-5.0000

G. Left click to accept the value. For the majority of tools the user will be required to
enter the value and then left click to accept the value.
H. At the next prompt enter 0° for the Parameters Skew and <ENTER> to lock.

/ Enter End Point
__ - - @y | Parzmeters: Skew
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At this point, when left clicking to accept the skew value of 0°, the user will also set
the end point of the line and complete the operation. This will create a line that is
tangent to the Arc selected as the To Element at an Offset of 5.0

—

The relevant rules and parameters can be shown by using the Element Selection tool
to pick the line segment. This could be the beginning of a ramp or loop that tiesto a
centerline at a specified offset.
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K. Restart the Line To Element tool, and select the line segment.

Locate Element <Alt> to Pick Complex
Only

L. Atthe prompt enter -5.0" and <ENTER> to lock the value.

Enter Dffset
&h|Parameters: Offset | BTN

M. Now move the cursor to a position below the line. Note that the distance stays the
same but the sign changes and the value show updates to 5.0°. Left click in a location
below the line and the offset will be set to the right side of the line.

~~~1 |Enter Offset m-
& | Parameters:Offset

N. The parameters skew prompt will now display. Press the <ALT> key to switch to
solution 2. Enter 2218’00” (or alternate format 2..18..00) for the skew angle.

Enter End Point

% Parameters:Skew | [IEER
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0. Because the To Element was a line there is an additional option to enter a start
distance. The start distance is the distance as measured from the 5’ offset location
along the line that the proposed line will start. Enter 0’ for this value to start the line
at exactly 5’ offset from the To Element.

. 4

Start Distance
& | Parameters: Start Distance | [

P. Left click to accept and place the line.
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Q. This could be the beginning of an angular exit, set to the minimum skew angle of
2°18’00”. Use the Select Element tool to activate the text manipulators and change

the value to 4°07°00”.

S ,0000'S

02°18'00.0"

R. This is another example of how geometry rules and design intent could be used to
modify a horizontal alignment. If a ramp alignment was built off of this as the initial
tangent a change to the skew angle would result in modifications to all the curves,
spiral and tangents to maintain the design intent of the ramp alignment.

g0000°S

94‘{},?*9[; ok
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Line Between Arcs

1.Line Between Arcs
A. The Line Between Arcs tool will draw a line between two previously placed arcs. It
may seem very simple but this tool has several options that make it very useful. The
user can specify an offset from either one of the previously placed arcs. The user can

also specify a beginning or ending transition from the line to the previously placed
arcs.

B. Locate the Line Between Arcs exercise location in Block 7.

LINE BETWEEN ARCS
BLOCK -7

e

C. Setthe Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

i QQ ALG_Certerline v |e#;?' ‘ I_,I‘_. ré“\ j;’ 0-4-'-? /

D. Strat the Line Between Arcs tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin

< Import/Export ~ s 4 5 by 37 Dffsets and Tapers ~ I
& ¥ A N

|#% Design Elements * A Reverse Curves v

Civil Reperts  Lines Arcs  Point Modify  Complex
Wy Standards * Toggles = v - v * 2L Spirals * v Geormetry =
General Tocls " Line Between Points mntal
al |e€+? ‘ “’1“ {&\ Line To Element ¥
N 1
¢ Line Between Arcs I
o R Line From Element E
P09 D EE| 5

[ Chamfer Between Paints
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Set the dialog box with the following parameters.

Trim/Extend = Back

1. None = neither of the previously placed arc will be trimmed.

2. Back =The back arc, the first arc selected will be trimmed or extended to
meet the new line.

3. Ahead = The ahead arc, the second arc selected will be trimmed or extended
to meet the new line.

4. Both = Both arcs selected will be trimmed or extended to meet the new line.

Start Offset = 0.00’

1. This is the offset from the first arc where the new line will tie.

End Offset = 2.00’

Solution = Leave this unchecked, this will be done during the placement process

1. Thisis a way to pick a solution in advance, with this tool there will always be
4 possible solutions.

Back Transition Method = Length

(Note that the transition will always be a spiral)

1. Length = Sets the transition (Spiral) by length this is the most common
setting for roadway designers.

2. A-Value = square root of RL value, not common in roadway design

3. RL-Value = radius multiplied by length of spiral, not common in roadway
design

4. Deflection = Theta for spiral curves, not common in roadway design

5. Offset = This defines the length of the spiral by solving for a tie that is the
specified offset distance from the same solution without the spiral, not
common in roadway design

6. None=there will not be a spiral and the line will tie directly to the curve or
the curve at the specified offset

Back Transition Length = 10.00’

1. The length of the spiral transisiton

Ahead Transition = None

Feature Definition = Set Feature Definition Toolbar to Use Active Feature

Definition

Name = Cur, this is not important as long as the name is not an alignment
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F. The Dialog should look like the picture below

48 LineBet.. — X
Parameters ﬁ
Trim/Extend |E|ac:k » |

Start Offset  [0.0000 |
End Offset  [2.0000 |

[ Solution |1 v|
Back Transition L)
Method |Length v|
Length 110.0000 |
Ahead Transition L)
Method [None v
Feature -~

Feature Definition | Lse Active Feature

Name L
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G. Left click to Locate the first element and start the tool.

N

\Arc: curl2

Intenval
No Active Profile
Level: Defzult

/

H. Left click to accept the Start Offset = 0’, this will already be locked because it was
previously entered into the dialog box.

Enter Start Offset
% Farameters:Start Offzet

-

I. Left click to locate the second arc.

Locate Second Element

Are: curl3
Mo Active Profile
Level: Default
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J. At this point a dynamic solution will show with location for the other possible four
solutions shown. Note that like previous tools the extension of the arc can also be
used to determine a solution.

-

K. Left click to accept the End Offset Value = -2.00. Note that the sign updated to (-) to
match the solution shown on the outside of the Arc.

Enter End Offset
& | Parameters:End Offset | XTI
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L. Because this tool always has our solutions, in addition to using the <ALT> key to
select a solution the user can also select a solution by moving the cursor.

M. Left click to accept the back transition Length = 10.00. This will also set the current
solution as the solution shown on the screen.

Select Solution
Back Transition:Length | [TENNN
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N. Left click to accept the Trim/Extend Parameter = Back. Note that the yellow numbers
indicating multiple solutions are no longer visible. The previous step set solution 3 as
the desired solution.

Trim/Extend
Parameters: Trim/Extend )

0. The ends the tool and completes the process. Note the back element was trimmed
to meet the spiral transition.
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Line From Element Tool Group

The Line From Element Tool Group is very similar to the Line To Element tool Group

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin

<~ Impert/Export ~ s | 73 7 ¥ Offsets and Tapers ~ B
- pzEe L % , f ¢ + p 7 ,r"‘(
3 Design Elements - ! ) A Reverse Curves ~ 1

] Civil Réports Lines Arcs  Point Modify  Complex
9 Standards ~ Toggles = - - - * 2L Spirals ~ v Geometry~
General Tools " Line Between Paints antal
bl |§P€? "/ “'I"' A ) Line To Element k

¢ Line Between Arcs
Line From Elerment . Simple Line From Element

----- 7~ Chamfer Between Points 4 Spiral Line From Element

Curve Line From Elerment

£ By Angle From Element

25 Line From Element

There is a small difference in the way to the tools function.

When using the Line To Element tool group an end point to the line was specified, this was
done by left clicking and setting the end point, the step this was done depended on the tool but
they tolls always functioned the same. An end point was established and then the line was
constructed back to the element.

When using the Line From Element tool the first part of the tool will involves establishing a
point on the From Element and then the line will be constructed moving away from the
element, The end point away from the element will be one of the last parts of the tools.

That is the most significant difference in the tools. If you know where in spce you want the line
to end but not exactly where it ties to the reference element then use the To Element tool
group. If you know exactly where on the reference element the line should tie but not exactly
where in space the line should end use the From Element tool group.

This Group Contains 5 Tools
e Simple Line From Element
o Creates a line without any transition from another element at zero degrees skew
angle, applicable only when the From element is a curve, Offset locked at zero.
e Spiral Line From Element
o Creates a line with a spiral transition from another element at zero degrees skew
angle, applicable only when the From element is a curve, Offset locked at zero.
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e Curve Line From Element
o Creates a line with an arc transition from another element at zero degrees skew
angle, applicable only when the From element is a curve, Offset locked at zero.
e By Angle From Element
o Creates a line without any transition from another element at user defined skew
angle, Offset locked at zero.
e Line From Element
o Constructs a line at a skew from a base element.
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1.Simple Line from Element
A. Locate the Simple Line From Element exercise location in Block — 8. This tool only
works when the From element is a curve.

SIMPLE LINE FRCM ELEMENT
BLOCK - 8

TN

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

EQ ALG_Certerline

e M A S

¥

C. Select the Simple Line From Element tool from the Horizontal section of the
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Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin
1< Import/Export ~ e ) 7 5 3" Offsets and Tapers ~ 2]
|6' D p' fEI i _’:\_ 3/} AR C i \f.; |
fo ts v C v 4
3 BT Civil Reports  Lines Arcs  Point :L EVErsE LumvEs Modify  Complex
4 Standards ~ Toggles ~ - - - - 2L Spirals = - Geometry ~ | |~
General Tools *  line Between Points ntal

> Qeg? 4 * ,A.\ Vi Line To Element v
>

¢ Line Between Arcs

Line From Element ’I " Simple Line From Element

r Chamfer Between Points i Spiral Line From Element

w ¥ Curve Line From Element
2= By Angle From Element

I Line From Element



D.

E.
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The heads up prompt will appear, left click to select the From element.

Locate Element <Alt= to Pick Complex
Only

The user will be prompted to select a start point. The dynamic display shows two
dashed elements. One dashed element represents the extension of the From
element arc. The solution can be anywhere on the extension. The other dashed line
represents the projection of the cursor location to the From element arc. Note that
the offset is locked to 0.00’ and the proposed line will start on the element not
where the cursor is located.

Enter Start Point
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F. Left Click to accept a start location for the proposed line.

Enter End Distance
Parameters:End Distance | iR

G. Enter the line length to set the end location using either positive number to set the
line direction up or to the right. A negative number to set the line direction down or
to the left. Or left click to accept the end location. Note that by left clicking the end
point will always be a positive solution.

"

B

Trim/Extend
Parameters: Trim/Extend | (S )

TN

H. This will set the end of the line and bring up the Trim/Extend option. Use the Down
Arrow to change the option to Back.

TrimdExtend
Parameters: Trim/Extend ™

Page | 106



‘{ g‘; Module 3 — Horizontal Alignment

I. Left click to accept the Trim option and complete the tool.

J. The difference between this tool and the Simple Line to Element tool is that with
this tool initial point selection was located on the From element arc not in space.
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2.Spiral Line From Element

A. Locate the Spiral Line From Element exercise location in Block — 9. The From Element

must be a curve to use this tool.

SPIRAL LINE FROM ELEMENT
BLOCK -9

TN

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on

the use Active Feature Definition Icon.

B e v g

g |ALG Centerine ] o€ 4*{_\{; i /

Select the Spiral Line From Element tool from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Medel Detailing Drawing Production Drawing Utilities iTwin

1. Import/Export ~ s _a,é” a"/ f" _¢_ ¥ Offsets and Tapers ~ \fj ,r’f |

sy
% Design Elements ~ ! R C -
(% Design Elements Civil Reports L|nes Arcs Pomt T Medify  Complex l

9 Standards * Toggles - - =L Spirals ~ v Geometry ~ | |

General Tools " Line Between Points ntal

- |e ‘ * =y Line To Element v

-c Line Between Arcs

Line From Element * ¥ SimpleLine From Element

PO D B &8 %@

I Chamfer Between Points I" Spiral Line From Element I
™

Curve Line From Element
By Angle From Element

XN
’ .
-4 Line From Element
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Note that when using the Spiral Line Form Element tool the user must set the spiral
parameters in the dialog box, these parameters will not be available in the heads up
display.

Set Trim/Extend = Back

1. This will trim the From Element to match the spiral transisiotn

2. The other option is none and will not trim the From Element

Set End Distance = 10.00’

1. Thisis the length of the line, not including the spiral

Set Back Transition Type = Spiral

1. The None option will match the results of the Simple Line From Element tool

2. The Curve option will match the results of the Curve Line From Element tool

Set Method = Length

1. The other options to define the spiral length match the options in the Spiral
Line To Element tool. None of these other options are commonly used in
NCDOT roadway design.

Set Length = 10.00’

1. Thisis the length of the spiral.

Set Name = CUR

1. This is the name of the element. This can be anything except for the name of
the alignment.

Parameters 3

Trim/Extend | Back ~ |

End Distance [10.0000 |

Back Transition -~
Type | Spiral ) |
Method |Length V]|
Length [10.0000 |

Feature N

Feature Definition |Use Active Feature

Mame CUR
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E. Leftclick to locate the From element arc and start the tool.

Locate Element <Alt> to Fick Complex
Only

F. Left click to select the start point.

Enter Start Paint
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G. Left click to accept the End Distance = 10.00’

Enter End Distance
| Parzmeters:End Distance | [N

—=

H. Left click to accept the Trim/Extend Option as Back.

Trim/Extend
Parameters: Trim/Extend | ZEER

=

I.  This will trim the From element to the end of the spiral transition and complete the
tool
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3. Curve Line From Element
The Curve Line From Element tool will draw a line segment from an element with a

curve in between. This tool is similar to the Curve Line to Element tool.
A. Locate the Curve Line From Elemnt exercise location in Block — 10. When using this
tool the From Element must be a curve.

CURVE LINE FROM ELEMENT
BLOCK - 10

RN

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

B R R

ieﬁ ALG_Centerine v]e? M A 1|

C. Select the Curve Line From Element tool from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Meodel Detailing Drawing Production Drawing Utilities iTwin

ray /Export ~ ¥ he D 7 L, Offsetsand T =
! mport/Expo 53 :?%; / O % sets and Tapers \fJ f; E

s
#% Design Elements = z : pra ! C v

(% Design Elements Civil Reports Lines Arcs  Point ‘:_ EVerse Lunves Meodify  Complex
9 Standards ~ Toggles = - - v T = Spirals ~ v Geometry =

General Tools " Line Between Points ntal

:Ie? 4 "I-" A & Line To Element v

¢ Line Between Arcs

L

Line From Element G Simple Line From Element

........ 3 )
[~ Chamfer Between Points i Spiral Line From Element

I'F" Curve Line From Element I

£ By Angle From Element

Z5  Line From Element
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D. This tool will function like the Spiral Line From Element tool. Not all the design
parameters will be available at the heads up display. The user will be required to
input some data into the dialog box. Set the dialog box to the following parameters.
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Trim/Extend = None

1. None will not modify the From Element

2. Back will trim the From Element to match the curve transition

End Distance = 5.00" — leave this unchecked

1. Thisis the length of the line segment and not include the curve transition

Type = Curve

1. None =This functions like the Simple Line From Element tool.

2. Spiral = This functions like the Spiral Line From Element tool.

Method = Offset

1. Offset will set the curve length so that the line is offset the specified distance
from a parallel tangent to the From Element

2. Length will set the curve by the defined curve length

3. Deflection will set the curve length based on the deflection

Radius = 25.00’

1. Thisis the radius of the transition curve and is always required. Note that if
the radius entered is too small to solve for a transisiton the program will
complete the tool using only a line segment.

Offset = 2.00’

1. This entry will be based on the Method selected. The offset is the distance
from a tangent to the curve and the proposed line segment

Name = CUR

1. Thisis not important as long as the name is not the alignment name

Parameters -

TrimiExtend |Mone A
[] End Distance |5.0000

Back Transition ~
Type
Method
Radius 25.0000
Offset 20000

Feature ~

Feature Definition | Use Active Feature

UR

Name

0
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E. Left click to select the curve and start the tool.

Locate Element <At to Pick Complex
Only

Arc: CUR

No Active Profile

Lewvel: Default

F. Left click to accept the start point. The start point will be on the From Element with
an offset of 0.0’. The dashed line shows the projection from the cursor location back
to the From Element. The solution can also be solved for any location along the

projection of the From Element.

Enter Start Point
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G. Because the curve parameters were set in the dialog box the curve transisiton will
be created. The End Distance was entered as 5.00" but because the check box was
not checked the End Distance will need to be reset. This can be done dynamically or
by entering a distance at this point. Left click anywhere to dynamically set the end
distance of the line segement. This can be edited after placement using the text
editors or drag handles.

¢ Enter End Distance
-QQQ“ -. Parameters:End Distznce | EEIE]

H. Left click to accept the trim option of None.

Trim/Extend
Parameters Trim/Extend | [EE v
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I.  This will complete the placement of the line and curve transition.

J.  The offset distance specified in the dialog box is the offset from a line tangent to the
From Element that is the same direction as the solution. The tangent line is shown in
green below and the line placed by the toll is shown in red below. The green line is
tangent to a projection of the From Element.
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4.By Angle From Element

The By Angle From Element tool creates a line without any transition from another
element at a defined skew angle. The start point will be locked to the element at an
offset of zero, this is a point where the line will intersect/pass through the From
Element. The proposed line can be extended in either direction. This tool can be
used with a From Element that is a curve or a line.

A. Locate the By Angle From Element exercise location in Block — 11. This only has a line
in it but this tool will work with lines or arcs.

BY ANGLE FROM ELEMENT
BLOCK - 11

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

vuran g

QQ ALG_Centerline - |e€f 4+A dﬁ“ﬁ o-ﬂ? /

C. Select the By Angle From Element tool from the Horizontal section of the
Geometry Ribbon.
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D. The heads up dispaly and the dialog box will appear. Do not enter any data into the
dialog box, as an alternative method use the heads up display and dynamic data
entry to complete the tool Left click to select the line as the From Element and
initiate the tool.

Parameters -~

[ Skew

O StrtDistance 114373 |

[ End Distance
Feature ~

Feature Definition | Use Active Featurs

Name

L:VI':|‘E'tS Element <Alt> to Pick Complex
E. Left click to accept a start point. The dynamic display will show the projection back
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to the From Element as a dashed black line. This indicates the point on the element
that the line will pass through.

Enter Start Point
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F. Left click to accept one end point of the line and to set the skew angle. At this point
the skew angle could also be entered into the dialog box or entered into the heads
up display. The skew will be dynamically displayed in the heads up dialog.

Enter Skew
Parameters:Skew | EERRREY 4»

G. Left click to accept the other end point of the line. At this point a distance could also
be keyed into the dialog or entered into the heads up display.
e Adistance of 0.00’" will place the end point on the From Element at the start
point selected above

Enter End Distance

&4 | Parameters:End Distance | [N
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A positive (+) Distance will place the end point on the opposite side of the From
Element as the initial point selection. In this example below the line. The
distance will represent the distance along the skew from the From Element.

This is a distance of (+)2.00

Enter End Distance

()| Perameters:End Distance | FIII

A negative (-) Distance will place the end point on the same side of the From
Element as the initial point selection. In this example above the line. The
distance will be measured along the skew from the From Element. A small
distance would put the point between the From Element and the initial point
and a larger distance would place the point further away from the From Element
than the initial Point.

This is a distance of (-)20.00’

Enter End Distance

{8 Parameters:End Distance | EIIN
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H. Left click in between the initial point and the From Element to dynamically place and
accept the second end point of the line.This will complete the process of placing the
element.

I. Use the Element Selection tool and pick the line. The text manipulators and drag
handles will appear. These show that the line is
e 11.6995' long
e Starts 4.6915" along the skew from the From Element
e Andis at a skew of 41°17’30.2” to the From Element

P

v
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J.  While the line is selected use the Element Selection tool and left click each of the
values and edit the numbers
e Change 11.6995’ to 10.00’
e Change -4.6916’ to 0.00’
e Change 41°17°30.2” to 90°

K. The line is now 10’ long, starts exactly on the From Element and is Perpendicular to
the From Element

10.0000°

D.o0po’
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5.Line From Element
The Line From Element tool is very similar to the By Angle From Element tool. The
difference is that when using the Line From Element tool the initial point (the Start
Point) can be placed at an offset to the From Element. When using the By Angle
From Element tool the initial point is always at a 0.00’ offset.

This tool could be sued to design the initial tangent for a ramp that ties to a mainline

Arc.

A. Locate the Line From Element exercise location in Bock — 12. This tool will work with
Lines or Arcs.

LINE FROM ELEMENT
BLOCK - 12

N

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

i QQ ALG_Centerline - |e!+? ‘ l_,lq A f 0-4-'-‘? /
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C. Select the Line From Element tool from the Horizontal section of the Geomerty
Ribbon

Geometry Site Comdors Maodel Detailing Drawing Preduction

i Import/Export ~ _\lf_ %'} 7 O _¢_ ¥ Offsets and Tapers ~ \JrJ 77»;(‘ k

cgatl
Y = A Reverse Curves =

Drawing Utilities 1Twin

5 Design El ts

!‘ Fsign Hements Civil Reports | Lines Arcs Point Modify  Complex

Wn Standards T Toggles = v - - v =L Spirals ~ - Geometry = | |
General Tools /" Line Between Points ntal

- |e? ‘ '.'# Line Ta Elernent »

)'-c Line Between Arcs

Line From Elernent * | ¥ Simple Line From Element |

I~ Chamfer Between Points Spiral Line From Element
Curve Line Fram Element

By Angle From Element

F
£a
I Iy Line From Element I

D. The heads up prompt will display, left click on the Arc to select the From Element.

..-'-'l_-'-'__
Locate Element =4lt> to Pick Complex
Only

Arc: CUR4
Mo Active Profile
Level: Default
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Use the following setting in the dialog box

Offset =-5.00

1. Thisis the offset from the From Element that the line will pass through.

2. An offset of 0.00 will construct an element similar to the previous From
Element tools.

Skew = 0°00'00”

1. This sets the skew to the from element, 0° will construct a line tangent to the
From Element at the specified offset

Start Distance

1. Leave this unchecked

End Distance

1. Leave this unchecked

Back Transition = None

1. None will construct a line only

2. Curve will use an arc transition; this will construct and element similar to the
Curve Line From Element tool with the option of the offset distance

3. Spiral will use a spiral transition; this will construct an element similar to the
Spiral Line From Element tool with the option of the offset distance.

Name = CUR
1. Thisis not important as long as it is not the alignment name

&

Parameters L]
Offset |-5.0000
Skew | 000000

[ Start Distance |20.3393
[] End Distance [19.3060

Back Transition ~
Type | None e |
Feature L

Feature Defimtion | se Active Feature

MName CUR
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F. Left click to accept the Offset = 5.0’

Enter Offset

| | &b Parameters:Offset | I

T

G. Left click to select the Start Point, this is not the start point of the line, this is point
where the tool starts the construction of the line. The line will pass through this
point. This point will be located at the specified offset from the From Element.

Enter Start Point
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=
-

H. Left click to accept the Skew = 0°0’0” and to select one end point of the line
segment.

/‘ Enter Skew

% Parameters: Skew 4

I. Left click to accept the other end point of the line

Enter End Distance

Parameters:End Distance | R
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J.  This will complete the tool and place the line segment.

K. Use the element selection tool to highlight the line segment.

L. This shows the line is
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Offset 5.0’ from the From Element

The Skew is 0°00°00”

The length of the line to the right of the start point = 18.6712’
The length of the line to the left of the start point = 13.6985’
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M. Change the values to the following
e Offset-5.00" =-7.00
e Skew from 0°00°00” to 3°30°00”
e Length of 18.6712’ to 15.00’
e Length of 13.6985’ to 0.00’

\5.0000- /

.4‘000‘ ﬁ%

1 QQOGI I

N. This line now starts at a point 7.0’ to the left of the From Element at a skew of
3°30’00” and has a total length of 15.00
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Chamfer Between Points

The Chamfer Between Points is not a tool that will be commonly used by the roadway designer.
It is a simple tool to use and will place a chamfer (a corner) between two elements. The
chamfer can be a simple line or include a curve on one or both ends.

1. Chamfer Between Points
A. Locate the Chamfer Between Points exercise location in Block — 13.

CHAMFER BETWEEN POINTS
BLOCK - 13

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

i QQ ALG_Centerline - |9€P ‘ la.I.‘_. A 6;;" 0-09 /

C. Select the Chamfer Between Points tool from the Horizontal Section of the
Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin

i< Import/Export ~ whe Y . 37 Offsets and Tapers ~
periee W ¥ /0 e SN

|5 Design Elements * A Reverse Curves ~

Civil Reports | Lines Arcs  Point Meodify  Complex
9 Standards ~ Toggles = - - v v = Spirals * v Geometry =
General Tools " Line Between Points antal
R |e€? ‘ "| Line To Element
P ¢ Line Between Arcs
PO90EE 2%

F_ Chamfer Between Points
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D. The heads up prompt and the dialog box will appear. Leave all boxes in the dialog
unchecked except for Back Radius set to 5.00" and Ahead Radius set to 10.00’. These
will be the radius for the curve transition and they are not available for input with
the heads up prompt.

J%S Chamfer — =
Parameters ~
Trim/Extend Bath ~

O Start Offset
[ End Offset
[] Chamfer Angle  |38°22'55.5"

[ Approach Length |10.0000
[ Exit Length 10.0000

Chamfer Length

Ahead Radius 10.0000

Feature -~
Feature Definition Use Active Feature
e

E. Left Click to select the first element

—

Locate First Element <Alt> to Pick
Components of Complex
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F. The next prompt is for the start offset. This is the distance offset from the first
element where the chamfer construction will tie. Type in 0.00’, press <ENTER> to
lock the distance and then left click to accept the distance.

Enter Start Offset
% FParameters: Start Offsst

G. Left Click to locate the second element

Locate Second Element
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H. Atthe prompt enter 2.00’ for the offset from the second element, press <ENTER> to
lock the selection and left click to accept the offset.

Enter End Offset
% Parameters:End Offset | 2.0000

I. The next prompt is the approach length, this is the distance from the corner to the
start of the chamfer along the first element. Enter 10.00’, press <ENTER> to lock the

selection and left click to accept.
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Define Approach Length
&3 | Parameters:Approach Length | [N 4
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J.  The next prompt is for exit length, this is the distance to the end of the chamfer
measured along the second element. Enter 10.00’, press <ENTER> and left click to
accept.

Diefine Exit Length
&Y | Parameters:Exit Length 4
"G
o 74
b
i | -
- b

K. Use the Down arrow to change the Trim/Extend option to Both. Left Click to accept.

Trim/Extend
Parameters: TrimiExtend | [sjiy] )
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L. Note that the first element, the element with the 0.00’ offset was trimmed to match
the curve transition. The second element was not trimmed because the curve
element tied to an offset, not to the element.

-

/
\

M. By using the Element Selection tool and selecting the chamfer all of the text
manipulators and drag handles will be visible and available for editing

1
\ :
y 0000

\
'

4000000

Fiog oy

10.0000"

7o D(JOD

B

N. As stated previously this will not be a common tool for the roadway designer. There
are better and more flexible tools that can be used to create geometry between
elements.
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Horizontal Geometry Exercise — Arc Tools

In the following exercises you will learn how to use the various Arc tools to create ruled
elements. The purpose of the exercise to become familiar with the tool and how to use it.

These tools will function similar to the line tools, a lot of the concepts and processes should be
familiar.

One of the key concepts to understand with Arc tools will be the amount of flexibility the user
has when revising and editing Arcs. After placing a simple Arc all of the following attributes are
very easy to edit and revise.

e The user can edit the radius

e The user can edit the tangent direction

e The user can add and edit transitions linear transition

e The user can add and edit spiral transistiong

e The user can apply offsets and radii for multi centered curves

This will be a significant improvement to the way users have designed curves in the past.
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Circle

This is a very simple tool that only creates a circle. This will not be a tool that is commonly used
by the roadway designer.

1. Circle
A. Locate the Circle exercise location in Block — 14.

CIRCLE
BLOCK - 14

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

iliﬁLG_Centeﬂine v g% M A S

C. Select the Circle tool from the Horizontal section of the Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin v
1 Import/Export ¥ _:l:_ :a,;g? a4 f' *_ ¥~ Offsets and Tapers ~ \fJ f; B (
(% Design Elements ~ Cit\ril R-e/ports tines Arcs  Point < Reverse Curves - Modify  Complex L <
9 Standards * Toggles - - - - * 2 Spirals * - Geometry = | b |

General Tools QO Circle I
R e!,? “ "I"‘ A f; é 5/' Arc Between Points
Arc To Element » B
™ Arc Between Arcs
Arc From Element -
Arc Between Elements -

Y9 Complex Transition between Any elerent and Arc
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D. The dialog will appear, the only parameter is the radius value. Leave this box
unchecked. Set the name to CUR.

48 Circle — >

Parameters .3

] Radius Value |37.8673

Feature ~

Feature Defimtion Mo Feature Definition

Name |CUR |

E. The heads up display will prompt for a center point. Snap to the middle of the line
and left click to accept the center point.

Enter Center Point

F. Snap to one end of the line to dynamically set the Radius Value
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Enter Through Paint
Parameters:Radius Value
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G. Left click to accept the end point and finish placing the circle.

H. Use the Element Selection tool to highlight the circle and see the text manipulators
and drag handles. The radius should display a value of 18.8834’

18.8834'
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Arc Between Points
This tool uses various methods to create a simple Arc. This tool is very similar to the place arc
tool used in Microstation V8i

1. Arc Between Points
A. Locate the Arc Between Points exercise location in Block — 15.

ARC BETWEEN POINTS
BLOCK - 15

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

B e vanp

il e@ ALG_Certerline - |€!$' ‘ l_,l‘_. r&\ ﬁgf': o-j y)

C. Select the Arc Between Points tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities Twin

v £ Import/Export ~ »le D . L, 3 Offsets and T: v EE
mpo po Ly :?{; ?_ sets and Tapers \fd '

s
% Design Elements ~ : : L =ZR C - #
£ E=nEmanis Civil Reports =~ Lines  Arcs  Point ‘\L Sverse Luves Modify  Complex l
W Standards * Toggles = v v hd v =L Spirals ~ v Geometry *
General Tools ;
b |Q€ 4 "|"‘ A f E /" Arc Between Points
TrC 10 lerment ¥
20Me N EE o Gy =) 3 Arc Between Arcs
T Arc From Elernent -
Arc Between Elements -

|&

Complex Transition between Any element and Arc
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D. The dialog box and the heads up prompt will appear. Like other tools any known
information can be entered into the dialog box and locked. In general placing a curve
is easier to do dynamically using various snaps. Leave all boxes unchecked.

i Arc Between Points — =

Parameters -~

Placement Method |Start'-.F‘ass-thrc:ugh"-.End |
[ Radius Value |17.5860°
[ Start Direction |544°2627.2'W
[] Start Tangent Direction |545=‘33'32.E"E

|
|
|
[] End Tangent Direction [N01°3653.5"E |
|
|
|

[] Sweep Angle 1324533 7"

[ Arc Length |40.7687

[] Hand |Cu:|ur|ter Clockwise w
Feature -~

Feature Definition |Nn Feature Definition o |

Name cuRr |

E. The available placement methods are
e Start\Radius
1. Select a (1) Start Point and (2) Define a radius by data entry or graphically
e Center\Radius
1. Select a (1) Center Point and (2) Define a radius by data entry or graphically
e Start\End\Pass-through
1. Select a (1) Start Point (2) End Point (3) A point on the Arc
e Start\Pass-through\End
1. Select a (1) Start Point (2) A Point on the Arc (3) End Point
e Start Direction\End
1. Select a (1) Start Point and Tangent Direction and an (2) End Point
e Start\End Direction
1. Select a (1) Start Point and an (2) End Point and End Direction

The two most common methods for a roadway designer would typically be
Center/Radius and Start\Pass-through\End.
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The method used to place the last curve will show up as the current selection in the
heads up prompt. With the focus in the heads up prompt us the <DOWN> or <UP>
arrow to change the Parameters Placement Method to Center\Radius

Enter Placement Method
Parameters:Flacement Method | il =gl JN]=wi]y| e

Left click to accept Center\Radius as the placement method. This will not set the
Start Point, this only confirms the selected method

Enter Flacement Method

Farameters Flacement Method e

Sanp to the center of the circle near the middle of the box and left click to accept as
the center point of the arc.

O

Ro

Enter Center Paint
Parameters: Radius Value | EEEINE)

Arc: CURE
No Active Profile
Level: Default
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I. Snap to the center of the circle in the lower left corner of the box to set the radius.
Left click to accept the radius value and to set the start point. The radius should
display 15.00’. The arc will be shown as a circle initially until the Start Point is
confirmed.

s
Aa..h
® o
Y
A ’
&
cr
.c;s'
QB
£
5
.

Enter Arc Start Point

Parameters:Radius Velue 4

Are: CUR10
No Active Profile
Level: Default

J.  Move the cursor to dynamically change the arc length.

= e
R Er
Enter Arc Length

Parameters:Arc Length | EIEEER 4

o

=70 8530
=

K. Left click to set the end point and complete the arc placement.

O
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At this point the tool will restart the placement process and the Center\Radius
Placement Method will be displayed in the heads up prompt. This is a common
functionality of the ORD tools, once the tool has been completed it will
automatically restart using the previous settings.

Enter Flacement Method
Parameters:Placement Method o

. With the focus in the heads up prompt us the <DOWN> or <UP> arrow to change the

Parameters Placement Method to Start\Pass-through\End. Left click to accept the
placement method, this will not set the start point. This only accepts the placement
method.

Enter Placement Method

Parameters:Placement Method | EEIS Rl 0]s ggi=gls] | -

. Snap to the center of the circle in the upper left corner and left click to accept the

Start Point.

O
O

Enter Are Start Point
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0. Snap to the circle in the middle to select and accept the Pass-through point. Note
that the arc will appear to be a ling, this is because it is currently only based on two
points and only a line can be defined by two points.

Enter Through Point

Parameters:Radius Value |HIEESerIE 4»

O 5

P. Snap to the center of the circle on the right and left click to select and accept the
end point. The dynamic display should indicate the radius is 10.00’

< L=-221.738&

®
)
Tl ] - Enter Arc End Point

) QQG. . Parameters:Radius Value 4
Pt Arc: CUR14
- No Active Profile

Lo Level: Default

Q. This will place the arc and end the tool.
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R. Use the Element Selection tool to highlight the bottom arc.

w
o
8
. 8
., e& Z
&

S. Select the 15.00’ text manipulator and change the value to 10.00’
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T. Note that the start and point maintained the same position relative to the center
point and it is just the radius of the circle that changed. This arc was placed with the
Center\Radius method, so the center point was maintained and the radius was
changed with the text manipulator.

O

O

U. Now highlight the top arc and change the radius to 5.00’
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V. Note that the arc turns into a red dashed line with a red ‘X’. This is because there is
not a possible solution for an arc with a radius of 5.00’ to pass through the three
points. Because each of the smaller circles was snapped to when placing the arc they
are all persisted snap locations and they will not be broken by the change to the
radius. If the arc had been placed without using a snap the radius could be modified.
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Arc To Element Tool Group

Arc To Element Tools are under the Arcs tool group of the Horizontal section of the Geometry
Ribbon<

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help MCDOT Roa

—- 1l | - . o :
|« . lmport/Export ~ X 5 4 Offsets and Tapers ~ EB Open Profile Model |
/e-é f '?v\_ \Jru; \\“ |\.

. . A, — " . .
|45 Design Elements ~ ' Cr A Reverse Curves ~ |45 Set Active Profile

Civil Réports Lines = Arcs  Point Modify  Complex Lines Cu
Wy Standards + Toggles = o = - - & Spirals = v Geometry * | | Profile Creation = =
General Tools O Circle Vi
~ |'E?€*P 4 "’|"‘ f&.\ ﬁ; E 5",‘ Arc Between Points
Arc To Element P = Simple Arc To Element B
.’, S}. == [:3{' =" ™ Arc Between Arcs @ Two Center Arc To Element
Arc From Elerment b > Spiral Arc Te Elerment
Arc Between Elernents » %= Reverse Spiral Arc To Element
Y2 Complex Transition between Any element and Arc I Are To Elernent

This group contains tools that will allow the user to draw an arc that will be based on another
element. This group of tools will function on the same concepts outlined in the Line To Element
tool group, the user will specify a point in space where the Arc will begin and then the program
will draw that arc To the specified element.

This group contains 5 tools
e Simple Arc to Element
o Creates a simple radius arc without any transition to another element.
e Two Center Arc To Element
o Creates an arc with an arc transition to another element
e Spiral Arc To Element
o Creates and arc with a spiral transition to another element
e Reverse Spiral Arc To Element
o Creates an arc with a reverse spiral transition to another element, applicable
only when the To Element is a curve of the opposite direction.
e ArcToElement
o Constructs an arc based on a selected base element which controls tangency at
one end.
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1.Simple Arc To Element
A. The Simple Arc to Element tool is a basic tool that will draw an arc with a specified
radius tangent to another element. This tool will work if the To Element is a line or
an Arc.
B. Locate the Simple Arc to Element exercise location in Block -16.

SIMPLE ARC TO ELEMENT
BLOCK - 16

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

B R R

v g

eQ ALG_Centerine o |e€ ‘+r&\ f D_j /

D. Select the Simple Arc to Element tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help NCDOT Roar

< Import/Export ~ P 9 » L L Offsets and Tapers ~ EB Open Profile Model
;T\ ;?’{ & _’) ?_ \fd b b

|5 Design Elements ~ - Reverse Curves ~ |45 Set Active Profile

Civil R-eports Lines = Arcs  Point Meodify  Complex Lines Cu
W Standards Toggles = - - - v 2L Spirals ~ - Geometry ~ | Profile Creation = b
General Tools QO  Circle Ve
R e!f? 4 "|"‘ (&.\ f E 5"” Arc Between Points
Arc To Element ’I (= Simple Arc To Element "—
OO D EE| &S "9 ArcBetween Arcs & Two Center Arc To Element
Arc From Element b Spiral Arc To Element
Arc Between Elements » |2 Reverse Spiral Arc To Element

Ya  Complex Transition between Any element and Arc L ArcTo Element
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E. The dialog box will display

Set Trim/Extend = None

1. The other option is Back and these function the same as they do with Line
tools

Leave the radius unchecked
Name = CUR
1. Thisis not important as long as it is not the name of the alignment

&% Simple — X
Parameters )
Trim/Extend | None v

[ Radivs  [18.2331° |
Feature ~

Feature Definition |Use Active Feature

Name CUR |

F. Atthe heads up display left click to locate the To Element
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Loclate Element <Alt= to Pick Complex
nly

Line: L26

Mo Active Profile

Level: Default
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G. Enter 20.00’ for the radius and press the <ENTER> key to lock the value.

End Point

% Parameters: Radius | EDEII]

H. To move the curve to the opposite of the line, from the Top to the Bottom just move
the cursor from the top of the line to the bottom of the line.

| End Pgint

& Parameters:Radius | EIIIT
o

i

.
~3
-

A ——
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I. To change the curve from a clockwise to a counter-clockwise solution use the
<SHIFT> key. Using the <SHIFT>Key to alternate between solutions will be common
for the Arc tools.

= ‘?"//
ﬁnﬂ“"z’q'ﬁ

End Paint
& | Parameters:Radius | HIIIE

End Point

% Parameters:Radius
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K. Note the extension of the To Element is shown as a possible solution. Also by
moving the cursor the location of the tangent point shifts. This is the key difference
between the To Element tool groups and the From Element tool groups. With the To
Element tools the point in space is selected first. With the From Element tools the
point on the reference element is selected first.

i
1
1
1
1
|
| A,
1 .“;}
a
1 g
| 2.
| e
1
i
i
i
i
1
i
| End Point
i % Farameters:Radius
1
| 5‘1
i r-"\%‘
i eV
1
1
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L. Left click to accept the radius value of 20.00” and to set the start point. Click in a
location that moves the tangent point off the To Element to the left.

Trim/Extend
Parameters: Trim/Extend | [iE e

M. The Trim/Extend option will display none because that was the selection made in
the dialog box. Left Click to accept the solution and complete the tool.

N. Note that the solution was made for a curve that ties off the To Element.
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2.Two Center Arc to Element
A. Locate the Two Center Arc to Element exercise location in Block — 17. This tool can
be used when the To Element is a line or an arc.

TWO CENTER ARC TO ELEMENT
BLOCK - 17

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

vy

B Corteie e€ M A /[

C. Select the Two Center Arc to Element tool from the Horizontal Section of the
Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help NCDOT Roa

1 Import/Export ~ i P 7 =Y L, 3 Offsets and Tapers ~ EA Open Profile Model |
,':\ _/gf o G_ ﬂ_ \J)J \\ |\‘

|#5 Design Elements * A Reverse Curves ~ |45 Set Active Profile

Civil R-eports Lines  Arcs  Point Modify  Complex Lines Cu
W Standards * Toggles = v v - * 2L Spirals ~ v Geometry * | ™ Profile Creation = v
General Tools 3 Cicle Vi
> |e!,? ‘ * r&‘\ f .,_.;' ;"ﬂ Arc Between Points
Arc To Elernent b= Simple Arc To Element N
= "™ Arc Between Arcs @ Two Center Arc To Element
PO D B3| X
Arc From Element P[> Spiral Arc To Element
Arc Between Elements » |%= Reverse Spiral Arc To Element

Y2 Complex Transition between Any element and Arc A~ Arc To Element
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D. The Dialog box will appear with multiple options for the design parameters

Page | 157

Set the Trim/Extend = None
1. Backis also an option
Leave the radius unchecked
1. This radius is the radius of the curve that does not intersect the To element
Type = Curve

1. None eliminates the transition, using the option will give the same result as
the Simple Arc to Element tool.

2. Spiral creates a spiral transition from the curve to the To Element. This will
create the same solution as the Spiral Arc to Element tool.

3. Double Spiral creates a reversing spiral transition, this option can only be
used when the To element is a curve and will give the same solution as the
Reverse Spiral Arc to Element tool.

4. The transition element to the To Element will be a curve, this option creates
a true Two Centered Curve solution

5. Arc Ratio creates a transition of a specified radius and a second curve with a
radius that is a ratio of the transition curve.

Method = Length

1. Length will set the transition curve to a specified length.

2. Deflection will set the transition curve based on a specified deflection angle

3. Offset will set the end of the transition curve at a specified distance from a
tangent line starting at the beginning of the transition curve.

4. Note that when the type is set to Spiral or Double Spiral these options
change to spiral related parameters

Radius = 40.00’ &
1. This is the radius of the transition curve Parameters *
Length = 10.00’ Trim/Extend
1. This is the length of the transition curve [ Radius
Name = CUR Back Transition -~
e
o
Feature N

Feature Definition | Lse Active Feature

UR

(]

Mame



E.

F.

H.
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At the heads up prompt left click to locate the To Element.

Locate Element <Alt: to Pick Complex
Only

The next prompt will ask for a Radius and an End point for the curve that does not
tie to the To Element.

End Paoint
FParameters:Radius 4

Note the blue arrows, Left and Right, on the right side of the dialog box. This
indicates that additional settings can be accessed at the heads up prompt by using
the <LEFT> and <RIGHT> arrow keys. This will be the same parameters entered into
the dialog but will give the user the chance to make changes before placing the Two
Centered Curve.

End Point
Back Transition:Fadius 4p

End Point
Back Transition:Length | [TENIINE 4

Left click to accept the end point

End Point
Parameters:Radius L1
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Left click to accept a through point on the curve. This will set the radius of the
second curve and solve for the transition curve

g

LR
A8
¥ =2
Y —
¥ \ NI Through Point'Radius
- Parameters:Radius | TEERE 4

The radius of the second curve will be dynamically updated. As indicated in the

heads up display and the black text manipulators. The red parameters for the
transition curve, Radius = 40.00" and Length = 10.00’ are shown and red and were
set when the initial end point was selected. Note that in the dialog box there is no
checkbox next to these parameters.

K. Left click to accept the trim option None.

Trim/Extend
Parameters: Trim/Extend | [EE ¥




Sl N
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L. This completes the tool and places the element. Use the Element Selection tool to
select the placed element. The text manipulators and drag handles will appear and
indicate that this is a two centered curve.

40.0000'

10.0000
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M. Also note that with this tool that by using the text manipulators to change the radius
of the second curve from 7.8074’ to 12.00’ the transition curve moves and the initial

end point remains in the same place. That is because this is a To Element tool and
the initial end point is what is used to construct the element.

=
=2
=
=
3 A
\ =
| [=]
III {I.I-
e ]
V2 o
\ [u ] [Ta]
. =
10 0000
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2.Spiral Arc to Element
A. The Spiral Arc to Element tool works like the Two Center Arc to Element tool, the
only difference is that the transition is a spiral and not an arc. This tool will work
with a line or an arc as the To Element. Locate the Spiral Arc to Element exercise
location in Block — 18.

SPIRALARC TO ELEMENT
BLOCK - 18

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

B R R

v g

B _Corteie e M A /Y

C. Select the Spiral Arc to Element tool from the Horizontal Section of the Geometry
Ribbon.

Geometry Site Corridors Meodel Detailing Drawing Production Drawing Utilities iTwin View Help NCDOTRo

/& Import/Export ~ e P g =Y L ¥ Offsets and Tapers ~ EH Open Profile Model |
;:\ }f s Q_ ?_ \f"; ™~ |~

45 Design El ts ~ : AR C v % Set Active Profile
(% Design Elements Civil Reports =~ Lines Arcs  Point ‘:_ Everse Lunves Modify  Complex 1% Lines C
9 Standards * Toggles = - v - v =L Spirals ~ v Geometry* | b Profile Creation = =
General Tools O Circle \
bl e!,? ‘ "I"‘ A f QJ ;/' Arc Between Points
Arc To Element * > Simple Arc To Element ’—
™ Arc Between Arcs G Two Center Arc To Element
PO EE| =% — —
Arc From Element C I (> Spiral Arc To Element I
Arc Between Elements » | %= Reverse Spiral Arc To Elernent

Ya Complex Transition between Any element and Arc I Arc To Element
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D. Thisisthe same dialog as the Two Center Arc to Element dialog. Some options will
be different with the method set to Spiral.
e Trim/Extend = Back
e Radius =10.00’ check the box next to Radius

e Type = Spiral
e Method = Length
1. A-Value
2. Deflection
3. Offset
4. R-Value
5. None of these other methods are common for NCDOT Roadway Designers

e Length =10.00'
1. This defines the length of the Spiral Transisiton
e Name =CUR

J%E: 3 —
Parameters L
TrimiExtend |Eack V|
[ Redies  [10.0000 |
Back Transition ~
Type | Spiral w |
Method |Length ]|
Length [ 10.0000 |
Feature -~

Feature Definition | Usze Active Featurs

Mame CUR
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E. Atthe heads up prompt left click to select the To Element

Locate Element <Alts to Pick Complex

nly

F. Because the radius was selected at the dialog box the heads up prompt will show a
lock indicating the value has been entered. Left click to select the end point.

"@f =_::'_T]J_.DDU£E.
" o End Paint
' ﬂ& & | Parameters:Radius 4
\.I'I‘ ‘?‘
.
Lry

G. Left click to accept the Trim/Extend option of Back.

Trim/Extend
Parameters: Trim/Extend g
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H. This will complete the tool and place the element.

I.  Use the Element Selection tool to highlight the element. Grab the circular drag
handle at the top of the curve.

Mave Point

‘
NO1°3926.3°E @

40.0000

J.  Pull the curve to left, note that the spiral will move and the To Element, the line
segment, will update to maintain the Back Trim.

Page | 165



i

” r‘}; Module 3 — Horizontal Alignment

3. Reverse Spiral Arc to Element
This tool currently does not work correctly

A. Locate the Reverse Spiral Arc to Element exercise location in Block — 19. This tool will
only work when the To Element is a curve in the opposite direction. This tool will
draw a spiral transisiton from the To Element that curves in the same direction then
a reversing spiral that curves in the reverse direction then an arc that curves in same
reversing direction. This tool could be used to start a ramp that ties to a curve on the
mainline alignment.

REVERSE SPIRALARC TO ELEMENT
BLOCK - 19

B. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

QQ ALG_Centeriine v| H,fj" 4.a|n A dﬁ“ o /

C. Select the Reverse Spiral Arc to Element tool from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help NCDOT Roi

| Import/Export ~ s 4 5 » % Offsets and Tapers ~ EH Open Profile Model
yn :{af % \f‘; |\\“ L

L

4% Design bl m ¢ =R C v % Set Active Profile -
l Ssign Hements Civil Reports | Lines = Arcs  Point ‘:_ gverse s Medify  Complex l Lines C
W Standards * Toggles ~ - - - v 2L Spirals * - Geometry | | Profile Creation ~ b
General Tools O Cicle b
i e!,? ""1“,&.\ f 9.4:? 5/“ Arc Between Points
Arc To Element F = Simple Arc To Element r
i ™ Arc Between Arcs @ Two Center Arc To Element
"RPOY Y ED G
Arc From Element b | *  Spiral Arc To Element
Arc Between Elements 'I { Reverse Spiral Arc To Element I
Y9 Complex Transition between Any element and Arc A Arc To Element
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4. Arc to Element
A. The Arc to Element tool can be used to design a solution similar to all the other To
Element tools with the addition of a user specified offset from the To Element.
B. Locate the Arc to Element exercise location in Block -20.

ARC TO ELEMENT
BLOCK - 20

C. Setthe Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

B R

v g

g/ | ALG Centerine | g% ,’w|-. A f i /

D. Select the Arc to Element tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help MCDOT Ro:

1 Import/Export ~ e P - L, 3 Offsets and Tapers ~ EH Open Profile Model ]
ot ;fwf / -9 o N[

|45 Design Elements ~ X Reverse Curves ~ |45 Set Active Profile

Civil R-eports Lines = Arcs  Point Modify  Complex Lines Ci

9 Standards * Toggles = v v A2 Spirals ~ Geometry * | | Profile Creation = -
General Tools B e W
> |e€ ‘ l"I"‘ r&‘\ f .;_j fﬂ Arc Between Points
Arc To Elerment k= Simple Arc To Element r
e ™ Arc Between Arcs @ Two Center Arc To Element
Arc From Element bl Spiral Arc To Element
Arc Between Elernents * |%= Reverse Spiral Arc To Element

Ta  Complex Transition between Any element and Arc L= Arc To Element
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E. The dialog box will display
e Leave the offset box unchecked. This can be selected at the heads up prompt.
e Leave the radius box unchecked. This can be selected at the heads up prompt.
e Leave the End Tangent box unchecked. This can be determined dynamically
during placement of the curve
e Set the Hand to Counter Clockwise. This is the direction of the solution, this
seeting can be changed to Clockwise during placement by using the <SHIFT> key.
e For the Back Transisiton set the Type = None
1. The other available options will all apply transitions that match the other To
Element Arc tools.

a. Spiral

b. Double Spiral
c. Curve

d. Arc Ratio

e Set Name = CUR
1. Thisis not important as long as it is not the alignment name.

Parameters L3
[] Offset -10.0000
[] Radius 7.90594'
[ ] End Tangent 589°37420°E
Hand Clockwise o
Back Transition Ed
Type Mone o
Feature L3

Feature Definition  Use Active Feature

Mame CUR
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F. Atthe heads up prompt left click to select the To Element.

Locate Element <Alt= to Pick
Complex Cnly
Line: L37

Mo Active Profile
Level: Default

G. At the prompt for the Offset Parameter type in -5.00" and <EBTER> to lock the
distance. Left click to accept the offset distance. The dashed line represents the 5.0’
offset.

& Parameters: Offset | EIII

1
1
| Enter Offset
)
1
1

H. At the heads up prompt type in 20.00’ for the radius. Press <ENTER> to lock the
value. A dynamic solution for the arc will appear.

e
PRl

End Point

8 Parameters:Radius | EIIIT 4
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I. Note the blue arrows to the right of the radius value. These indicate that more
parameters are available for precision input. By using the left and right arrow keys
the user can toggle between different input. For this tool the input is the End
Tangent Direction. No input is needed this will be solved for graphically.

End Point

Parameters:End Tangent |N3Z16427"W (4P

J. Left click to accept the arc and place the element.

By using the Element Selection tool and selecting the arc all the text amnipulators and
drag handles are available showing all the editable information.

20.0000"

-5.0000"
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Arc Between Arcs

1. Arc Between Arcs

A.

B.

C.

The Arc Between Arcs tool can be used to draw a complex transition between two
existing Arcs. The tool can be used to draw a single arc, or an arc with a spiral
transition on one end or both ends, or an arc with reversing spiral transitions on one
end or both ends, or any combination of the available transitions. This is the type of
tool that would be useful for complex interchange design where multiple curved
alignments were being connected. Because ORD maintains design intent and when
using the text manipulators, the user can easily edit the design parameters this is the
type of tool where the user could start with a simple solution and then using the
editing tools refine the design through multiple steps to reach a more desired
solution.

Locate the Arc Between Arcs exercise location in Block -21.

ARC BETWEEN ARCS
BLOCK - 21

/’\/\

/\\/

Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

et

v g

’E?Q ALG_Centerine e |a;€f JI‘I“r&‘\ .5?’? o-c? /
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D. Select the Arc Between Arcs tool from the Horizontal section of the Geometry

Ribbon.
Geometry Site Corndors Model Detailing Drawing Production Drawing Utilities iTwin
< lmport/Export = o

¢ a_g:\ s —--p’sl j*\_ ¥ Offsets and Tapers = \JJ r_f B
g ‘

- = & o=
|#% Design Elements = < -4 Reverze Curves = [#

] Civil Reports ~ Lines = Arcs Point Modify  Complex
“ Standards ~ Toggles - v T d v 2L Spirals ¥ o Geometry =
General Tools O Circle
bl |g{f ’/ "’I"‘ ,.E‘..\ ﬁg’w' ot _a"'d Arc Between Points
Arc To Element r
= "™ Arc Between Arcs
L8 D B3| 5 G
Arc From Element r
Arc Between Elements *

Ta  Complex Transition between Any element and Arc

E. The dialog box will display. For large dialogs with multiple options the user may find
it easier to input the design parameters into the dialog and then only left click to
accept the values and select the To Elements.

e Trim/Extend = None

1. Back will trim or extend the first To Element Selected

2. Ahead will trim or extend the second To Element Selected

3. Both will trim or extend bot To Elements

e Curve Type = Compound

1. Compound will construct an arc that curves in the same direction as the To
Elements

2. Reverse will construct an Arc that curves in the opposite direction of the To
Elements.

3. Because ORD can create a solution for the extension of the To Elements it is
helpful to think of the To Elements as complete circles and not arcs. There
will always be a Compound and Reverse solution regardless of the
orientation of the To Elements.

e Radius =50.00’

1. Thisis the radius of the primary arc. Depending on the type of transition
selected there may be additional arcs or spiral constructed. If the radius is
not large enough there may not be a solution available. A red ‘X’ will display
to indicate this problem.
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e Start Offset = 0.00
e End Offset =0.00
1. These offsets are the distance offset from the To Element where the new arc
or transition elements will tie tangentially.
e Loop = leave this unchecked
1. If this box is checked the longer length of circular arc will be used for the
solution — the loop part
e Solution=1
1. There will always be four solutions for this tool. These solutions can be
selected during placement using the <ALT> key, similar to previous tools
e Back Transition = None
1. The arc will tie directly to the To Element
e Ahead transition = Spiral
1. This will place a spiral transition between the Arc and the To Element
2. The double spiral option will place a reversing spiral combination between
the Arc and the To element. Note that for the double spiral option the curve
solution will always be reversing because the double spiral is a reversing
combination of spirals.
e Method = Length &
1. This defines the spiral by length

which is the most common Parameters i
practice for NCDOT Trim/Extend | None v
Roadway Designers. Curve Type
e Length =5.00’ Radius
1. This is the spiral length, Start Offset
this option will change End Offset
depending on the Loop I
method selected Solution
* Name =CUR Back Transition -
1. Thisis not important as long
as it is not the name Trpe None =
of the alighment. Ahead Transition -
Type
et
~

Feature
Feature Definition | Use Active Feature

UR

]

Mame
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F. Atthe prompt Left Click to accept the Curve Type option of Compound

Curve Type
Parameters:Curve Type | Bamaanatl |-

G. Left click to select the back element. Choose the arc in the upper left corner.

/ Locate Back Element

H. Left click to accept the Start Offset = 0.00". Note that the entire circle is shown as a
dashed element because the solution can be placed anywhere on the extension of
the original arc, not just the portion of the arc in the dgn file.

i Enter Start Offset

% Parameters:Start Offset | [N

NN
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Tl n

Left click to select the ahead element. Choose the arc in the upper right corner.

/p\ Locate Ahead Element

At this point the dynamic solution will appear, note the yellow number pair
indicating the four possible solutions. The user can switch between solutions by

J.
pressing the <ALT> key.
<- L= -»27.0228'

Enter End Offset I
% Farameters:End Offset

SR
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"" 1

ﬁ{ﬁ

K. There will always be four solutions for this tool

f\ ,/W\ N N

Q3
N
-.‘vdq B

Enter End Offsat
@) Parameters End Offset | M

50, o

L. Left Click to accept the offset = 0.00’

<- L= -»27.0228'

0\

/ /-
.'I Enter End Offset
i 3| Pzrameters:End Offset | I
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M. Left click to accept the arc radius = 50.00’

% F'arameters:ﬂaﬂius 4p

N. Left click to accept the Trim/Extend setting = None

Trim/Extend

Parameters Trim/Extend | [ gt
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O. This will complete the tool and place the element, an Arc with a 50’ radius that is
tangent to the back To Element and includes a spiral transition that is tangent to the
ahead To Element.
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P. The tool will restart, update the dialog to match the setting below.

,j]%" Arc Between A - X
Parameters -
Trim/Extend Mone ~
Curve Type Feverse w

Radius 20,0000

Start Dffset -2.0000

End Offzet 0.0000
Loop L]

Solution 3 w
Back Transition -~
Type Double Spiral W
Method Length w

Length 5.0000
Tangent Length 0.0000
Ahead Spiral Method  Length s

Length 5.0000
Ahead Transition ~
Type Double Spiral W
Method Length o

Length 50000
Tangent Length 0.0000
Ahead Spiral Method  Length o

Length 50000
Feature ~

Feature Definition Use Active Feature

MName CUR
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Q. Left click to accept curve type as Reverse.

Curve Type
FParameters:Curve Type | MEi=E e

R. Left click to select the Back Element. Choose the arc in the lower right corner.

/ Locate Back Element

Arc: L36
Mo Active Profile
Level: Default

S. Left click to set the offset distance to -2.00, this will put the offset to the outside of
the arc.

Enter Start Offset
S| Parameters:Start Offset
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T. Leftclick to locate the ahead element.

Locate Ahead Element

U. Use the <ALT> key to select solution #3.

- '/
S
_=;'= e
N
P
%
)
)
™
¥,
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V. Left click to accept the end offset = 0.00

AN

Enter End Offset
& | Parameters:End Offset | [

e - Mﬂu
.-"-l..- -\--“"- 1:5 i
| . A
21 /’-_\ - agh B

W. Left click to accept the arc radius = 20.00’

% Parameters:Radius L 13
. hﬁ M

-L_\\ Q"}
o ;'IQ:"
W

X. Left click to accept trim parameters = None.

Trim/Bxtend

Parameters: Trim/BExtend e

~
e S
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Y. That completes the tool and places the elements.

N

Z. Use the Element Selection tool to highlight the element and note that the spiral ties
2.00’ offset from the project of the Back Arc. There are reversing spiral transistions
at each end and an arc with a radius of 20.00’ in the middle.

\J@Q /
5
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Arc From Element Tool Group

Arc From Element Tools are under the Arcs tool group of the Horizontal section of the
Geometry Ribbon<

Geometry Site Corridors Muodel Detailing Drawing Production Drawing Utilities iTwin View Help NCDOT Roadw

i Import/Export ~ _:l:_ /ag;‘ » f j}_ 7 Offsets and Tapers = \:fd ;"j EH Open Profile Model b E
(%% Design Elements ~ Cilvil RE_:ports Iines Arcs  Point I Reverse Curves 7 Modify  Complex (% Set Active Profile Lines Curve
W Standards * Toggles = v v v - 2 Spirals ~ v Geometry * | | Profile Creation * v v
General Tools O Cirde Vertic
~

V|e€4"‘|"‘,‘ﬂ.\f@,

Arc Between Points

Arc To Element b

™ Arc Between Arcs

©ROe S BE[EYE

Arc From Element b =) Simple Arc From Element
Arc Between Elements * | "B Two Center Arc From Element
pi-R Complex Transition between Any element and Arc <} Spiral Arc From Element

=4 Reverse Spiral Arc From Elernent

=L Arc From Element

This group contains tools that will allow the user to draw an arc that will be based on another
element. This group of tools will function on the same concepts outlined in the Line From
Element tool group.

This group contains 5 tools
e Simple Arc From Element
o Creates a simple radius arc without any transition from another element.
e Two Center Arc From Element
o Creates an arc with an arc transition from another element
e Spiral Arc From Element
o Creates and arc with a spiral transition from another element
e Reverse Spiral Arc From Element
o Creates an arc with a reverse spiral transition from another element, applicable
only when the To Element is a curve of the opposite direction.
e Arc From Element
o Constructs an arc based on a selected base element which controls tangency at
one end.
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Module 3 — Horizontal Alignment

A. The Simple Arc From Element tool draws an Arc with a defined radius and length at

a user defined start point tangent to a From Element.

B. Locate the Simple Arc From Element exercise location in Block — 22.

SIMPLE ARC FROM ELEMENT
BLOCK - 22

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on

the use Active Feature Definition Icon.

&4

ALG_Cenrterine

v]e% M A S

vy

>

D. Select the Simple Arc From Element tool from the Horizontal section of the

Geometry Ribbon.

Geometry Site Corridors

ort/Export Ny 2 » |
S S eI

gn Elements ~

Model Detailing Drawing Production Drawing

3~ Offsets and Tapers ~

A Reverse Curves ~

S

Utilities

iTwin View Help MCL

EH Open Profile Model |\‘\ L
N

| Set Active Profile

Civil R-eports Lines ' Ares  Point Modify  Complex Lines Curv
\dards ~ Toggles » - g - * 2 Spirals ~ v Geometry * | by Profile Creation ~ v v
General Tools O  Circle Vert
it |e? ‘ “'I"‘ ,‘5 3’” Arc Between Points
Arc To Element
- ™ Arc Between Arcs
PO D B3| 8 G
Arc From Element L I =) Simple Arc From Elernent I
Arc Between Elements “®  Two Center Arc From Element

Y9 Complex Transition between Any element and Arc
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E. The dialog will appear

Set Trim/Extend to Back

1. The other option is None
Leave Radius Unchecked
Leave Arc Lnegth Unchecked
Set Name to CUR

& Simple...  — X
Parameters L3
Trim/Extend |Back v

[0 Radius (20,0000 |

[] Arc Length |.'3_1'IZI'{I'I]'I]'I]I |

Feature ~

Feature Definition | Use Active Featurs

Mame CUR

F. Left click to locate the From Element
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G. Left click to select the start point. This is the point where the arc will tie tangentially
to the From Element. The offset is locked at 0.00’ for this tool. Ther vertical dashed
line indicates the projection back to the From Element and the horizontal dashed
line represents the extension of the From Element. The start point can be located
anywhere along the projection.

Enter Start Point

H. Inthe heads up display type in 20.00’ for the radius and press <ENTER> to lock the
value. Left click to accept the value.

Through Point Or Radius
% Parameters:Radius | 20.0000°
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I. Atthe heads up prompt enter 30.00" for the length and press <ENTER> to lock the
value. Left Click to accept the length>

Diefine Arc Length
& | Parameters:Arc Length

- H= ::;EG.D-DC'O'_ e

J. Left click to accept the Trim option as Back. If the Trim option displayed is None use
the Down Arrow key to change the selection to back, then left click to accept.

Trim/Extend
Farameters: Trim/Extend g

K. This will complete the tool, place the arc and trim the From Element.
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= rl

L. Use the Element Selection tool to pick the curve and display the text manipulators

and drag handles.

A

[=]
=
= w
8 @
$ &
Y 3
%) a (2]
- i o
L S
&P S
e
M. Change the radius to 10.00’
[=]
=]
= w
N @
'-\“) o
/4 8
PS5
S g
%ﬁ
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N. Note that the point on the From Element remained the same and the end point
changed based on the new radius. That is one of the Main differences between the
From Element Tools and the To Element Tools.

O. This is similar curve place with the To Element tool and a radius of 20.00’

P. When the radius is edited to 10.00’ the point on the To Element moves to match the
new radius. This is the opposite of the From Element tools.
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5.Two Center Arc From Element
A. The Two Center Arc From Element tool draws an Arc with a defined radius and
length, and a transition curve at a user defined start point tangent to a From
Element.
B. Locate the Two Center Arc From Element exercise location in Block — 23.

TWO CENTER ARC FROM ELEMENT
BLOCK - 23

C. Setthe Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

g |ALG_Centerine ] o€ 4.;|-. A f i /

D. Select the Two Center Arc From Element tool from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Meodel Detailing Drawing Production Drawing Utilities iTwin View Help MNCC

/Export ¥ e Y - L 3" Offsets and Tapers 0 Pf'IMdll
it/Expo I :?{; ) ﬂ @ sets and Tapers \fu; f_j’ B Open Profile Model N E

s |44 Set Active Profile

El ts ¥ £ ral:! E -
Pl Civil Reports | Lines  Arcs  Point :L FYSrRE bunves Modify Complex = @y
jards * Toggles - - - - =L Spirals ~ - Geometry * | | Profile Creation = = =

General Tools O Circle Vert
> e!? “ "'I"‘ (A\ 1’/“ Arc Between Points
Arc To Elernent G
: ™ Arc Between Arcs
POV ED BEXS
Arc From Element * |~} Simple Arc From Elemnent
Arc Between Elements C I "B Two Center Arc From Element I
Jg Complex Transition between Any element and Arc =) Spiral Arc From Element

=} Reverse Spiral Arc From Element

= Arc From Element
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E. The dialog will appear
Set Trim/Extend to Back
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1.

The other option is None

Set Radius to 20.00’

1.

This is radius of the primary curve, this can also be established graphically

Set the Arc Length to 10.00’

1.

This can also be established graphically

Set the Back Transition Type to Curve

1.
2.

The Curve option will result in a two center curve being constructed

The None option will result in an Arc with no transition to the From Element
and will match the Simple Arc From Element tool

The Spiral Option will result in an Arc with a Spiral transition to the From
Element and will match the Spiral Arc From Element tool.

The Double Spiral option will result in a reversing spiral transisiton to the
From Element. This setting can only be used when the From Element is an
Arc turning the opposite direction. This will match the Reverse Spiral Arc
From Element tool.

The Arc Ratio option will construct a two centered curve where the radius of
the transition curve will be a ratio of the radius of the primary curve.

Set Method to Deflection

1.

The deflection option P
will set the curve length based

. Parameters L
on the deflection angle.
The length option will Trim/Extend |Back v |
set the transisiton curve based Radius |2|}_[;.[;.[;.[;.- |

on the length of the curve

The offset option will set the
length of the transition curve Back Transition -
based on the offset

Arc Length |1I}.I}I}I}D |

Type |Cuwe w |
from the tangent. Method |Deﬂec1in:un - |
Set the radius to 10.00’
1. Thisis the radius of Radius [10.0000 |
the transisiton curve Deflection |45°0000" |
Set the Deflection to 45°00’00”
1. This is the deflection of Feature *
the transition curve Feature Definition | Use Active Feature
Set the Feature Name to CUR Name CUR
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F. Left click to locate the From Element

Locate Element <Alt= to Pick
Complex Only

G. Left click to set the start point. This is the point on the From

Element where the

transition curve will tie tangentially. This can be done by snapping to a point on the
From Element or by snapping in space. The dashed black line shows the project to

the From Element.

Enter Start Point

H. By moving the cursor to different sides of the Start Point or the From Element

different solutions will be displayed.

Through Point Or Radius

& Parameters:Radius L3 _01’4_-‘%“:?’
Bregspe. o
%, F
L el
% Q@@ !
DA !
-lg 1
Ubgg: 1 7
___________ e
. s
Y
! 7>
[ Y:%S
ez
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Left click to accept the radius of the Primary curve as 20.00’.

‘@a‘t Through Point Or RE:iL:;
d%‘ % Parameters:Radius | EXIINNY 4

\‘)‘ /@J 4 E
~ |

i

|

|

'Obs‘g .

T

Left click to accept the primary curve length of 10.00’

Define Arc Length

& | Parameters:Arc Length | [JEIIIE

g

e
000 05
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K. Left click to accept the Trim/Extend option of Back.

Trim/Extend
Parameters: Trim/Extend w

L. This will finish the tool, place the element and trim the From Element to match the
transition curve.
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M. Use the Eleemnt Selection tool to highlight the curve and display the two center
curve geometry.

t
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3.Spiral Arc From Element

A.

B.

The Spiral Arc From Element tool draws an Arc with a defined radius and length, and
a transition spiral at a user defined start point tangent to a From Element.
Locate the Spiral Arc From Element exercise location in Block — 24

SPIRAL ARC FROM ELEMENT
BLOCK - 24

Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

vy

g/ | ALG Centerine s ,4.;|-. A &,ﬁ“ 7 /

Geometry

ort/Export ~

gn Elements *

Select the Spiral Arc From Element tool from the Horizontal section of the
Geometry Ribbon.

Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help NCC

w b ) - | 3 Offsets and Tapers ™ E Open Profile Maodel
W ¥ S et > [~

-4 Reverse Curves = |5 Set Active Profile

Civil R-eports Lines = Arcs Point _ Medify  Complex Lines Curv
dards ~ Toggles = = - * 2 Spirals ~ - Geometry * | b Profile Creation ~ v v
General Tools O Circle Vert
ha |e!.'? ‘ l"'|"" A fﬂ Arc Between Points
Arc To Element LS
"™ Arc Between Arcs
LOLY | EE B ED
Arc From Element b 2} Simple Arc From Element
Arc Between Elernents P W Two Center Arc From Element
Y2 Complex Transition between Any element and Arc =) Spiral Arc From Element
)
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E. The dialog will appear, this dialog is the same as the Two Center Arc From Element
tool dialog box, the difference will be selecting the transition type to be a Spiral.
e Set Trim/Extend to Back
e Set Radius to 20.00’
e Set the Arc Length to 10.00’
e Set the Back Transition Type to Spiral
e Set Method to Length
1. There are other options to define a spiral but length is the only option used
by NCDOT roadway designers
e Set the length to 10.00’
1. This is the radius of
the transisiton curve
e Set the Feature Name to CUR

48 Spir: -
Parameters ~
Trim/Extend |Back v
Radius  [20.0000° |

Are Length |'ID.|}|}|}D |

Back Transition -~
Type | Spiral o |
Method |Length v
Length [ 10.0000 |

Feature L]

Feature Definition | Use Active Featurs

Mame CUR
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G.
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Left click to locate the From Element

Locate Element <Alts to Pick
Complex Only

Left click to set the start point. This is the point on the From Element where the
transition curve will tie tangentially. This can be done by snapping to a point on the
From Element or by snapping in space. The dashed black line shows the project to
the From Element.

Enter Start Point

Left click to accept the primary curve radius of 20.00’ and to set the location of the
solution.

Through Point Or Radius
% Parameters:Radius 4

ol

o 0™
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I. Left click to accept the primary curve arc length of 10.00
6‘9\),
De‘ﬁrle Arc Length

% F'Erémeters:;\rc [t 10,0000

RO
7.

Y

J. Leftclick to accept the Trim/Extend option of Back

Trim/Extend
Parameters: Trim/Extend i

K. This will complete the tool, place the element and trim the From Element to match
the transition spiral.
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4.Reverse Spiral Arc From Element
A. The Reverse Spiral Arc From Element tool draws an Arc with a defined radius and
length, and a transition reversing spiral at a user defined start point tangent to a
From Element. This tool can only be used when the From Element is an Arc.
B. Locate the Reverse Spiral Arc From Element exercise location in Block — 25

REVERSE SPIRAL ARC FROM ELEMENT
BLOCK - 25

2

C. Setthe Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

B R R

v g

eQ ALG_Centerine o |e€ ‘+r&\ f D_j /

D. Select the Spiral Arc From Element tool from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help NCD

wrt/Export = e 3 - L " Offsets and Tapers = ;’j EB Open Profile Model
& 2 /29 Nt > =

n Elements ~ ~A Reverse Curves ~ [ Set Active Profile

Ciwil Reports = Lines  Arcs  Point Modify  Complex Lines Cunn
dards = Toggles - v v 4 =L Spirals ~ v Geometry * | b Profile Creation ~ v v
General Tools 0 Cice Verti

hul |g!+? 4‘ “'|"' ,&., 5”4 Arc Between Points

Arc To Element 4

"™ Arc Between Arcs

Arc From Element k| =) Simple Arc From Element
Arc Between Elerments P8 Two Center Arc From Element
'a  Complex Transition between Any element and Arc <) Spiral Arc Frem Element

;J' Reverse Spiral Arc From Element

2 Arc From Element
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The dialog will appear, this dialog is the same as the Two Center Arc From Element
tool dialog box, the difference will be selecting the transition type to be a Double
Spiral.

Set Trim/Extend to None

Set Radius to 10.00’

Set the Arc Length to 10.00’

Set the Back Transition Type to Double Spiral

Set Method to Length

Set the length to 10.00’

1. This is the length of the first spiral that will be tangent to and turning the
same direction as the From Element

Set the Tangent Length to 10.00’

1. Thisis the tangent length between the spirals

Set the Ahead Spiral Length to 15.00’

1. Thisis the length of the reversing spiral that will transition to and be curved
in the same direction as the primary curve

Set the Feature Name to CUR

Parameters Y
TrimExtend  [None v|
Radius [10.0000 |

Arclength  [10.0000 |

Back Transition -
Type |Dn:nu|:n|e Spiral W |
Method |Length v
Length [10.0000 |
Tangent length |5.DDDD |

|

Ahead Spiral Length (15,0000

Feature )

Feature Definition |se Active Feature

Mame CUR
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G. Left click to locate the From Element

Locate Element <Alt: to Pick Complex
Only

Arc: L34
Ne Active Profile
Level: Default

H. Left click to set the start point. This is the point on the From Element where the
transition curve will tie tangentially. This can be done by snapping to a point on the
From Element or by snapping in space. The dashed black line shows the project to
the From Element. Note that the start point can be selected anywhere on the

projection of the From Element.

Enter Start Point

Page | 204



’{ Lg Module 3 — Horizontal Alignment

I. Left click to accept the primary curve radius of 10.00’ and to set the location of the
solution.

.-u_‘lu_ = \\
Through Point Or Radius “
% Parameters:Radius 4 )
o0
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K. Left click to accept the primary curve arc length of 10.00

{gDO00

- RE
§
. 8
Define Arc Length o
. s
% Parameters:Arc Length | [TENE 4
B [
", <
v

L. Left click to accept the Trim/Extend option of Back

Trim/Extend

Parameters: Trim/Extend i /

L. This will complete the tool, place the element and trim the From Element to match
the transition spiral.
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5.ArcF
A.

B.

rom Element

The Arc From Element tool will allow the user to construct an Arc Element at a
specified offset to the From Element. This tool also allows the user to select any of
the transition curves to match any of the other tool in the Arcs From Element tool
group.

Locate the Arc From Element exercise location in Block - 26

ARC FROM ELEMENT
BLOCK - 26

Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

e@ ALG_Certerline " |e€ ~L+-lf&‘ fﬁf D_j /

Select the Arc From Element tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities Twin View Help NCI

ort/Export ~ b o ;ﬁ{f
gn Elements ~ =

= ‘,.! _¢_ 3 Offsets and Tapers ~ \;fj fj EH Open Profile Model |\\ b

- A Reverse Curves ~ |4% Set Active Profile

L4

Ciwil R-eports Lines = Arcs  Point Modify  Complex Lines Cun
dards ~ Toggles = v v v * 2L Spirals ¥ - Geometry * | | Profile Creation = v v
General Tools O Circle Ver
~ |e!+? ‘ l"I"‘ A ;”" Arc Between Points
Arc To Element 4
— ™ Arc Between Arcs
LOY Y BD | Y
Arc From Element k| =) Simple Arc From Element
Arc Between Elements F | "B Twe Center Arc From Element
Tg Complex Transition between Any elerment and Arc =) Spiral Arc From Element
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The dialog will appear, this dialog will be different than the dialog for the previous
tools but will be based on the same concepts and options.
e Set the offset to 2.00’

1. This is the offset to the From Element where the Curve or Transition curve
will start tangentially. The sign is not important, it only control which side of
the From Element the new Arc be constructed and can easily be selected
graphically.

e Set the Radius = 10.00’

e Set the Length = 10.00’

e Leave Sweep Angel Unchecked, this will be solved graphically

e Leave End Tangent Direction Unchecked, this will be solved graphically

e Set Hand to Counter Clockwise, this setting is also easily changed graphically
during placement of the Arc.

e Set Back Transition Type to Spiral
1. All the transition types in the Arc From Element tool group are available

e Set Method to Length

e Set Length to 10.00’

e Set Feature Definition Name to CUR

[] End Tangent Direction |52D’DD'15.1"E

Parameters -~
Offset [2.0000 |
Radius [10.0000 |
Arc Length [10.0000 |
[] Sweep Angle [261°2122.7" |

|
|

Hand |C0ur|ter Clockwise |

Back Transition L
Type |5pira| w |
Method [Length v
Length [10.0000 |

Feature -~
Feature Definition Use Active Feature
Name CUR
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F. Left click to locate the From Element.

Locate Element <Alt= to Pick Complex
Cinly

Line: L44
No Active Profile
Level: Default

G. Left click to select the offset. Based on the position of the cursor this will be to the
Left (-) or Right (+) of the From Element.

Enter Offzet
% Parameters Offset

Enter Dffset

% Parameters:Offset | EIITIN
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H. Left click to select the Left (-) side of the From Element.

Enter Offset

&b | Parameters:Offset | FIIIL

1

I. Left click to accept the start point.

| Enter Start Paint

J. Left click to accept the Arc radius of 10.00’

St q.
‘:99#@.‘_
7.
a7
[t . Through Paeint Or Radius
’,-QUQD' N &b Parameters:Radius 4
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K. Left click to accept the Arc length of 10.00’

Define Arc Length
% Parameters Arc Length

STRELS00p0y - -
[
S
$
A

L

L. For the selected transition type of Spiral this will finish the tool and place the
element.
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Arc Between Elements Tool Group

Arc Between Element Tools are under the Arcs tool group of the Horizontal section of the
Geometry Ribbon<

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help NCL
« Import/Export ~ P 4 (' ¢ 3" Offsets and Tapers ~ J._J ff EH Open Profile Model E
%% Design Elements ~ }Cil\r?l Reports Llnes Arce | Paint A Reverse Curves ~ Modify Complex % Set Active Profile 0
W Standards * Toggles ~ v b v =L Splrals B v Geometry * | | Profile Creation ~ i

General Tools T
“'I"' — 67/ |: 7~ Arc Between Points
Arc To Elernent
el el ﬂf“ . ™ Arc Between Arcs
Arc From Elerment
Arc Between Elements L Simple Arc
Ta Complex Transition between Any element and Arc Spiral Arc Spiral

Taper Arc Taper
3 Center Arc

2 Center Arc

AaRARF AD

Arc Between Elerments

This group contains tools that will allow the user to construct an arc between two previously
placed elements. This tool has the ability to optionally apply a back and/or forward transition
and/or taper between the elements and the constructed arc. This tool group will be commonly
used by the roadway designer.

These tools function in a very similar manner to the previous tools, the main difference being
that instead of a single element as the To or From reference element this tool involves two
elements. For detailed explanations of the available options and the way in which the options
affect the solution refer to the previous sections on the To Element and From Element tools.

This group contains 6 tools
e Simple Arc
o Creates a simple arc without spirals or tapers at both ends.
e Spiral Arc Spiral
o Creates an arc with spiral transitions but no tapers at both ends.
e Taper Arc Taper
o Creates an arc with tapers but no transitions at both ends
e 3 Center Arc
o Creates an arc with radius transitions at both ends, a three centered curve.
e 2 Center Arc
o Creates an arc with radius transitions at one end, a two centered curve
Arc Between Elements
o Creates an arc between two previously placed elements
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1.Simple Arc

A. The Simple Arc tool draws an Arc with no transitions between two previously placed
elements. For these exercises the previous elements will be lines but they could be
arcs or any combination of elements.

B. Locate the Simple Arc exercise location in Block 27

SIMPLE ARC
BLOCK - 27

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

vanp

E’Q ALG_Centerline

v|e$ M A /B4,

D. Select the Simple Arc tool from the Horizontal section of the Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help

wt/Export ¥ e P 4 L, X Offsets and Tapers ~ B8 Open Profile Model |«
& 2 /e g b

g
jn Elements ~ '

A Reverse Curves = |45 Set Active Profile

Civil Reports | Lines  Arcs  Point Modify  Complex Lir
Jards ~ Toggles = - v v v Pa Spirals v Geometry * | b Profile Creation l
General Tools O Circle
7 e!,? 4 "I"‘ ,E 5’” Arc Between Points ‘ "":‘J(
Arc To Element -
’0 El o & Sl ':Sé 0 N Arc Between Arcs
Arc From Elerent G
Arc Between Elements ’I (1 Simple Arc I
Yg Complex Transition between Any element and Arc [ Spiral Arc Spiral
Yo Taper Arc Taper
P& 3 Center Arc
P& 2 Center Arc
B Arc Between Elements
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E. The dialog will appear
e Set Trim/Extend Option to Both
e Leave the Radius unchecked
e Leave Loop Unchecked

1. Loop is a special option for this group of tools, if loop is checked the solution
will be the longest possible path

If loop is unchecked the solution will be the shortest possible path.

e Set Feature Definition Name to CUR

48 simple — *
Parameters L3
Trim/Extend |Bnth w |

[ Radius  [10.0000° |
Loop L]

Feature N

Feature Definition | Use Active Featurs

Mame CUR
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F. Left click to locate the first element

G. Left click to locate the second element

Locate First Element <Alt> to Pick
Components of Complex

Locate Second Element <Alt> to Pick
Components of Complex
Line: L51

No Active Profile
Level: Default
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H. At the heads up prompt type in 15.00’ for the radius and left click to accept.

Enter Through Point

& Parameters:Radius | [
T <-R=->15.0000""

.‘j\d\

I. The heads up prompt will switch to the Trim Option

Trim/Extend Ophion
FParameters: Trim/Extend | [skiy] et

J.  Use the <DOWN> Arrow key to switch to the Back option and left click to accept.

Trim/Extend Option
Parameters: Trim/Extend g

Page | 216



’{ ﬁ Module 3 — Horizontal Alignment

K. This will complete the tool and place the curve. This also trims the back element to
match the curve, this was the first element selected as a reference.
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6. Spiral Arc Spiral
A. The Spiral Arc Spiral tool draws an Arc between two previously placed elements.
Similar to the other Arc tools there are options for the transitions to be Spirals to
match the tool or to be curves or a combination of both.
B. Locate the Spiral Arc Spiral exercise location in Block — 28.

SPIRAL ARC SPIRAL
BLOCK - 28

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

e@ ALG_Certerline " |e€ ~L+-lf&‘ fﬁf D_j /

D. Select the Spiral Arc Spiral tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help

ort/Export ~ e 5 2 L, ¥ Offsets and Tapers = EH Open Profile Model |~
3 _/,a{ v @— Ad \fj l—

gn Elements * - A Reverse Curves * |45 Set Active Profile

Civil R-eports Lines  Arcs Point Medify  Complex Lir
dards - Toggles - b v - T = Spirals * v Geometry * | b Profile Creation = |
General Tools O Cicle
> |e!f? ‘ l"|"‘ ré jf» Arc Between Points [ ‘L;‘—..!(

Arc To Element L

e "™ Arc Between Arcs

LOO D BE| &S
Arc Frem Element L
Arc Between Elements L Simple Arc

Y9 Complex Transition between Any element and Arc Spiral Arc Spiral

Taper Arc Taper
3 Center Arc
2 Center Arc

a R ARFADP

Arc Between Elernents
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E. The dialog will appear
e Set Trim/Extend to Both
e Set Radius to 10.00’
1. Thisis the radius for the central Arc
e Leave Loop Unchecked
e Set Back Transition to Spiral
1. There are options for None, Curve and Arc Ratio that are the same as the
options in the To and From tools.
e Set Method to Length
e Set Length to 5.00
e Set the same options for the Ahead Transition
e Set the Feature Definition Name to CUR

Parameters -~

Trim/Extend | Both w |
Radius  [10.0000 |

Loop O

Back Transition L]
Type Spiral g
Method Length o
Length 5.0000

Ahead Transition L
Type Spiral o
Method Length ~
Length 5.0000

Feature -

Feature Definition  Use Active Feature

Mame CUR

Page | 219



Module 3 — Horizontal Alignment

F. Left click to locate the first element

Page | 220

Locate First Element <Alt> to Pick
Components of Complex

Left click to locate the second element

Locate Second Element <Alt> to Pick
Components of Complex
Line: L51

No Active Profile
Level: Default
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G. Left click to accept the Central Arc radius of 10.00’

Select Construction Sectar
% FParameters:Radius 4p i

H. Left click to accept the Trim option of Both. This will complete the tool and place th
Spiral Curve Spiral combination. This also trims the reference elements to the spiral
transitions.
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3.Taper Arc Taper
A. The Taper Arc Taper tool will construct a central Arc with a linear taper on one or
both ends.
B. Locate the Taper Arc Taper exercise location in Block — 29

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

g/ | ALG Centerine ] e% ﬁ* A f}ﬁv J /

D. Select the Taper Arc Taper tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Madel Detailing Drawing Production Drawing Utilities iTwin View Help

ort/Export ~ e ) = 2 7 L 3 Offsets and Tapers ~ EH Open Profile Model |«
e _/,a{ o Al J'-'J |_

gn Elements * A Reverse Curves ~ |55 Set Active Profile

Civil R-epc-rts Lines = Arcs  Point Medify  Complex Lir
dards ~ Toggles = b - - v £ Spirals ~ i Geometry* | | Profile Creation = 1
General Tools O Circle
bt |e? “ * ,&.\ /" Arc Between Points

Arc To Elemnent r

iy = "M Arc Between Arcs

P09 0 B3 & %P
Arc From Elerment r

Arc Between Elements L Simple Arc

4
Yg  Complex Transition between Any element and Arc B Spiral Arc Spiral
Ya  Taper Arc Taper

s 3 Center Arc
F= 2 Center Arc
& Arc Between Elements
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E. The dialog will appear

Page | 223

Set Trim/Extend option to None
Set the radius to 10.00’
Leave Loop Unchecked

Set Back Taper Method to Ratio Offset

1. Ratio Offset will determine the length of the taper based on the specified
taper ratio, corresponding to length along the reference element per 1.00

offset from the reference element.

2. Length Ratio will determine the offset by using a specified length at a

specified ratio

3. Length Offset will determine the ratio based on the specified length and

offset.
Set Offset to 2.00’

1. Thisis the offset from the first element to the start point of the central arc

Set End Offset along base element checked off.

1. The option will only make a difference when one of the base elements is an

Arc.

2. If check on the offset will be measured based on the position of the end

point of the taper in relation to the Arc.

3. If checked off the offset will be measured based on the position of the end
point of the taper in relation to a line that is tangent to the Arc at the point

where the taper starts.
Set Ratio to 8:1
1. Thisis the ratio,

longitudinal to perpendicular,

of the taper

Set Ahead Taper Method to Length Ratio

Set Length to 20.00’

1. Thisis the total length of the Taper

Leave End Offset
along base element unchecked
Set Ratio to 4:1

Set Feature Definition name to CUR

Parameters -~

Trim/Extend

Loop O

Back Taper ~
et

End Offset along base element []

Ratio
Ahead Taper ~

Method Length Ratio ~

Length 200000

End Offset along base element []

Ratio
Feature -~

Feature Definition Use Active Feature

Name CUR
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F. Leftclick to locate the first element, this is the Back element

Locate First Element <Alt> to Pick
Components of Complex

G. Left click to locate the second element, this is the Ahead element
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Locate Second Element <Alt= to Pick
Components of Complex

Line: 153 "

No Active Profile

Level: Default
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Left click to accept the central Arc radius of 10.00” and to set the location of the

solution.

Select Construction Sector
% Parameters:Radius 4p

| Rzwg.
| 5 mﬂﬂﬁﬁr' _

210600°
e
(‘}

__-—WW-

Offsef:

Left click to accept the Trim Parameters of None

Trim/Extend Option
Parameters: Trim/Extend | G >
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J.  That Completes the tool and places the Taper Arc Taper combination.

K. Use the Element Selection tool to highlight the element and display the drag handles
and text manipulators.

4:1
0000702

a:1

2.0000°
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L. Note that the manipulators displayed match the original design parameters. For the
Back Taper the manipulators display an 8:1 Taper and a 2.00’ Offset. This matches
the original design inputs

A

a1

2.0000°

M. For the Ahead Taper the manipulators display a 4:1 Taper and a total taper length of

20.00’

41
.0000°0Z

Page | 227



Module 3 — Horizontal Alignment

4.3 Center Arc

A. The 3 Center Arc tool draws a 3 Centered Curve between two previously placed
elements. This function of this tool is like the Spiral Arc Spiral tool but instead of
spiral transitions the user specifies arc transitions.

B. Locate the 3 Center Arc exercise location in Block — 30

3 CENTERARC
BLOCK - 30

C. Setthe Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on

the use Active Feature Definition Icon.
T S
g | ALG Certerine v g% M A S

D. Select the Spiral Arc Spiral tool from the Horizontal section of the Geometry

Ribbon.
Geometry Site Corridors Meodel Detailing Drawing Preduction Drawing Utilities Twin WView Help
f v w by ) . LA v Open Profile Model
i W P e T T erte
dards ~ Togcgllvells Reports | Lines IR Pt 2 Spirals ~ -l Ggoor;ngtlr;x' f Profile Creation = g
General Tools O Circle
hd e? “ ""|"‘ (&.\ 5’” Arc Between Points
Arc To Element *
Y Arc Between Arcs
Arc From Element 2
Arc Between Elements F ] Simple Arc
Tg Complex Transition between Any element and Arc B Spiral Arc Spiral
}_CL Taper Arc 'IEper
I FS 3 Center Arc I
F& 2 Center Arc
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E. The dialog will appear, this matches the dialog used for the Spiral Arc Spiral tool.
e Set the Trim/Extend option to Both
e Set the Radius to 10.00’
e Leave the Loop box Unchecked
e For Back Transition set the Type to Curve
e Set the Method to Length
e Set the Radius to 20.00’
e Setthe Length to 10.00’
e For Ahead Transition set the Type to Curve
e Set the Method to Offset
e Set the Radius to 20.00
e Set the Offset to 2.00
1. Thisis the offset from the Ahead element to the point where the central arc
ends and the ahead transition begins
e Set the Feature Definition name to CUR

Parameters -~

TrimiExtend  Both w
Radius  |10.0000

Loop L]

Back Transition »
Type |Cunre w
Method Length ~
Radius 20.0000
Length 10.0000

Ahead Transition ~
Type Curve ~
Methed Offast ~
Radius 20.0000°
Offzet 2.0000

Feature ~

Feature Defimtion  |ze Active Feature

Name CUR
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F. Left click to locate the first element.

Locate First Element <Alt= to Pick
Components of Complex

G. Left click to locate the second element.
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Locate Second Element <Alt> to Pick
Components of Complex
Line: L54

Mo Active Profile
Level: Default
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Left click to accept the central arc radius of 10.00’ and to set the location of the
solution.

Select Construction Sector
G| Parameters:Radius 4

Left click to accept the trim option of Both.

Trim/Extend Option
Parameters: Trim/Extend | |2y e
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J.  This will complete the tool and place the element. This will also trim both base
elements to match the curve transitions.
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5.2 Center Arc
A. The 2 Center Arc tool draws a 2 Centered Curve between two previously placed
elements. This function of this tool is like the 3 Center Arc tool but there is no option
for an ahead transition. The 3 Center Arc tool could be used to produce the same
result by setting the ahead transition to None.
B. Locate the 2 Center Arc exercise location in Block — 30

2 CENTERARC
BLOCK - 31

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

vanp

eQ ALG_Centerine w |€€ ‘I-+-lf&\ ﬁ; o-ﬂ? YQ

D. Select the Spiral Arc Spiral tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Maodel Detailing Drawing Production Drawing Utilities iTwin View Help

ort/Export ~ ™ 5 » L, ¥ Offsets and Tapers = EH Open Profile Model |-
;T\ :?*y‘ o 3 ?_ \f.; L

El ts ¥ - = R C - % Set Active Profile
S Civil Reports  Lines  Arcs  Point ‘:_ Fyerse Lunves Modify  Complex 1%
idards Toggles = - v - v = Spirals ~ v Geometry * | b Profile Creation =
General Tools O Circle
b e? 4 “’I"‘ ,A.\ 5‘” Arc Between Points
Arc To Element r
- ™ Arc Between Arcs
POYd EE 8§
Arc From Element 4
Arc Between Elerments r

Simple Arc
Ya Complex Transition between Any element and Arc Spiral Arc Spiral
Taper Arc Taper

3 Center Arc

2 Center Arc

43[R F 3D

Arc Between Elements
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E. The dialog will appear, this will be like the 3 Center Arc dialog but will not have a
section for the ahead transition.
e Set the Trim/Extend option to Both
e Set the Radius to 10.00’
e Leave the Loop box Unchecked
e For Back Transition set the Type to Curve
e Set the Method to Length
e Set the Radius to 20.00’
e Setthe Length to 10.00
e Set the Feature Definition name to CUR

B 2 Cent - x
Parameters L)
Trim/Extend |Both v|

Radius  [10.0000 |
Loop ]

Back Transition L)
Type |Curve ]
Method |Length v|
Radius [20.0000 |
Length [ 10.0000 |

Feature )

Feature Defimition | Use Active Feature

Mame CUR
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F. Left click to locate the first element.

Locate First Element <Alt= to Pick
Components of Complex

G. Left click to locate the second element.
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Locate Second Element <Alt> to Pick
Components of Complex
Line: L54

Mo Active Profile
Level: Default
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H. Left click to accept the central arc radius of 10.00’ and to set the location of the

solution.

i

I

1

1

1

]

]

Select Construction Sector | 'T
% Farameters:Radius 4 | ﬁ

5 T RESI00000 T

| S

| o

! oy

1 N P

: ! 7

I " L

| ",. S

| .

! \

1 kY

1

i )

000

| o= =4
|
|
|
|
|
|
|
|

I. Left click to accept the trim option of Both.
Trnm/Extend Option
FParameters: Trim/Extend | (2] e
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This will complete the tool and place the element. This will also trim both base
elements to match the curve transitions.
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6. Arc Between Elements
A. The Arc Between Elements tool is the most powerful tool in this group. It combines
all of the available options to use tapers and offsets and includes the option to offset
the entire element group from the base elements.
B. Locate the Arc Between elements exercise location in Block -32

ARC BETWEEN ELEMENTS
BLOCK - 32

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

e@ ALG_Centerine e |€€ ‘H‘Iﬂrﬂ“‘ dﬁf D_j /

D. Select the Arc Between Elements tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Hel

at/Export * »hy > o - A ¥ Offsets and Tapers ~ HB Open Profile Model |~
AR C S g SN L

As J— . . .
gn Elements ~ ' A Reverse Curves ~ |#% Set Active Profile

Civil R-eports Lines Arcs Point Madify  Complex
dards ~ Teggles = v v - * = Spirals * v Geometry * b Profile Creation ~
General Tools O Cicle
= |e!1? ‘. l"|“ A ;’ﬂ Arc Between Points

Arc To Element k

ey "™ Arc Between Arcs

LOVY EE & ES
Arc From Element »
Arc Between Elements L Simple Arc

b= Complex Transition between Any element and Arc Spiral Arc Spiral
Taper Arc Taper

3 Center Arc

A A E °Dh

Al enter A

[}

Arc Between Elements
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The dialog will appear, this will be the largest dialog box in the tool group with the
most options but all of the options have been used in previous tools.

Set the Trim/Extend option to None
Set the Radius to 10.00’
Set the Back Offset to 2.00’

1. This is the offset of the transition or taper, if there is one, to the base

element
Set the Ahead Offset to 0.00’

Set the Back Taper Method to Length Ratio

Set the Length to 10.00’

Leave the End Offset Along base
element box unchecked

Set the Ratio to 4:1

Set the Back Transition to Spiral

Set the Method to Length

Set the Length to 10.00’

Set the Ahead Taper to None

Set the Ahead Transition Type to Curve
Set the Method to Length

Set the Radius to 20.00

Set the Length to 10.00’

Set the Feature Definition name to CUR

Parameters ~
Trim/Extend |None o |
Radius [10.0000 |
Back Offset [2.0000 |
Ahead Offset [0.0000 |
Loop Ll
Back Taper ad
Method |length Ratio |||
Length [ 10.0000 |
End Offset along base element [
Ratio (41 |
Back Transition N
Type |Spiral v]
Method |Length v
Length [10.0000 |
Ahead Taper »
Method [None |
Ahead Transition N
Type |Curve v]
Method |Length v
Radius [20.0000 |
Length [10.0000 |
Feature ~

Feature Definition

lse Active Feature

MName CUR
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F. Left click to locate the first element.

Locate First Element <Alt= to Pick
Components of Complex

G. Left Click to accept the Back offset of 2.00" and to set the side of the offset.

Enter Back Dffset
i Parameters:Back Offset | B

Page | 240



=

E1 a

H.

Page | 241

Module 3 — Horizontal Alignment

Left click to locate the second element.

Left click to accept the Ahead Offset = 0.00’

Enter &head Offset
% Parameters:Ahesd Offset

Locate Second Element <Alts to Pick

Component:
Line: L54

No Active Profile

Level: Default

s of Complex
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E1 a

Left click to accept the central arc radius of 10.00’ and to set the location of the

J.
solution.

Select Construction Sector
& |Parameters:Radius

K. Left click to accept the Trim option of None.

Trnm/Extend Option
Parameters Trim/Extend | [
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L. This will complete the tool and place the element. The is a linear taper offset from
the base element by 2.00’. There is a Spiral-Arc-Arc combination that is tangent to
the second base element. This is unlikely to be a situation that would be

encountered during roadway design but it is meant to illustrate the flexibility of the
Arc Between Elements tool.
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M. Use the Element Selection tool to highlight the element and display all the
geometric rules.

008

A

10.0000"

2.0000“: ',
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Complex Transition Between Any Element and Arc

1. Complex Transition Between Any Element and Arc

A. The Complex Transisiton Between Any Element tool draws an Arc that transitions
between a reference element and another Arc.
B. Locate the 2 Center Arc exercise location in Block — 30

2 CENTERARC
BLOCK - 31

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

&4

v g

ALG_Centerine

e M A S B4

D. Select the Complex Transistion Between Any element and Arc tool from the
Horizontal section of the Geometry Ribbon.
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Geometry Site

C

Corridors Model Detailing Drawing Production Drawing Utilities

A Reverse Curves v

ivil Reports Lines = Arcs Point Modify ~ Complex

dards * Toggles v A v = Spirals v v Geometry
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Arc To Element "
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E. The dialog will appear and display options that should be familiar from the other Arc
tools.
e Set Trim/Extend to None
e Set the Radius to 5.00’
e Set the Start Offset to 0.00
e Set the End Offset to 0.00
e Set the Back Spiral Method to Length
e Set the Length to 5.00’
1. The tool will always use a spiral as the back transition
e Set the Ahead Transition to Double Spiral
1. The other options are None or Spiral
e Set the Method to Length
e Set the Length to 5.00
e Setthe Tangent Length to 2.00’
1. Thisis the tangent length between the reversing spirals
e Set the Ahead Spiral Method to Length
e Set the Ahead Spiral Length to 5.00’ & Complex T
e Set the Feature Definition name to CUR '

Parameters L3
Trim/Extend |Nu:une ~ |
Radius [5.0000° |
Start Ofiset  [0.0000 |
EndOfiset  [0.0000 |
Back Spiral rS
Method Length v|
Length [5.0000 |
Ahead Transition -~
Type Double Spiral [
Method Length v|
Length [5.0000 |
Tangent Length |2.DDDD |
Ahead Spiral Method [Length v|
Length [5.0000 |
Feature ~

Feature Definition |se Active Feature

| Mame CUR
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F. Left click to Locate the Back Element

Locate Back Element

G. Left click to accept the Start Offset of 0.00

Enter Start Offzet
& | Parameters: Start Offset
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H. Left Click to Locate the Ahead Element. This must be an Arc.

Locate Ahead Element (Arc)

I. Left click to accept the End Offset of 0.00" at this point a dynamic solution will also
appear.

Enter End Offzet
% Parameters:End Offset | TN
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-

J. Left click to accept the Arc radius of 5.00” and to set the location of the solution.

Select Cu:urstrLu:tiDr Sector
& Parameters:Radius L1

Ly
L

K. Left click to accept the Trim Option of None.

Trim/Extend
Farameters: Trim/Extend e
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L. This will complete the tool and place the element. Note that because a Trim option
of None was used that the reference Arc was not extended to meet the proposed
transition. The proposed transition ties to the projection of the reference arc.
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Edit Arcs

In this exercise, you will learn how to edit a simple Arc that has already been placed. You will
see how to add tapers or transitions and revise the radius using the Properties dialog. This is
part of the enhancements in ORD that will allow the user to revise placed geometry quickly and
easily. Along with design intent and a properly constructed design file a change to the
properties of a single curve could be carried through to the stationing, horizontal plan
elements, profiles models and cross sections automatically.

The ability to place a simple Arc and then edit the tapers, transitions and radius after is so
simple and powerful that many designers may use this method to place almost all the Arcs
throughout a project instead of relying on the various Arcs tools to incorporate detailed
geometric design.

1. Modifying a Previously Placed Arc
A. Locate the Modifying Placed Arc exercise location in Block — 27

MODIFYING PLACED ARC
BLOCK - 27

B. Set the Feature Definition to ALG_Centerline and using the Arc Between Elements
tool construct a simple Arc with a radius of 10.00" between the two elements and
trim both.
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C. Use the Element Selection tool to select the Arc. Locate the Properties Dialog box

and scroll to the bottom.

If the properties Dialog Box is not
visible select it from the Primary
Section of the Home Ribbon.

Home Terrain Geometry Site Corridors Model Detailing Draw
one ™ || Default 'f_f:i @ 'u;] .
= =2 - . Attach & |
=0 = Q0 L0 Explorer fools » i v
Attributes Primary
Or from the Pop Up Context Menu.
=]
(=]
S
s Ao
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Bffi@m .7 %> » ] X
|

Properties v ix
4 % Elements (1)
4 [ Fillet: L68
 Are
b % Depends On
Length 15.7080° L
Total Length 15.7080"
Arc Sw 90°00'00.0"
10.0000°
10.0000°
90°00'00.0"
90°00'00.0"
N90°00°00.0"E
End Direction N00"00°00.0"E
Feature ~
Feature Definition ALG_Centerline
Feature Name L&8
Extended ~
Model Default
Last Modified 5/6/2021 3:41:25 PM
Modified Modified
New Not New
Locked Unlocked
» Line Style Parameters
Display Style (From View Display)
Back Transition ~
Type MNone |
Ahead Transition ~
Type None |
Ahead Taper ~
Method None
End Offset along basze eler False
Fillet Rule ~
Radius 10.0000°
Back Offset 0.0000°
Ahead Offset 0.0000°
Trim\Extend Both
Back Taper ~
Method None
End Offset along base eler False

Properties
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D. Atthe bottom of the properties dialog there are sections for
e Back Transition
e Ahead Transition
e Ahead Taper
e Fillet Rule
e Back Taper

Back Transition 3
Type None

Ahead Transition L
Type None

Ahead Taper L
Method None

End Offset along base eler False

Fillet Rule F
Radius 10_0000"
Back Offset 0.0000"
Ahead Offset 0.0000"
Trim\Extend Both
Back Taper L
Method None

End Offset along base eler False

E. These sections can be used to modify the geometry of the simple Arc
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F. Change the Back Transition to Spiral and set the Length to 10.00’

G. Aspiral will be added to the simple curve with a length of 10.00’
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H. Setthe Ahead Transition to a Curve with a Length of 10.00’ and a radius of 25.00

Ahead Transition

~
Type Curve
Method Length
Radius 250000
Length 100000

I.  This will add a Curve transition to the Spiral Arc combination.

10.0000°
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J. Set the back transition and ahead transition back to None. In the Fillet Rule section
change the radius to 15.00’. Set the Back Offset to (-)2.00” and the Ahead Offset to
(-)5.00’. Note that the Trim/Extend option automatically updates to None because
the curve does not intersect either base element after the offsets are added.

Fillet Rule

Radius

Back Offset
Ahead Offzet
Trim'Extend

15.0000°

-2.00008
-5.0000°

~

K. This will change the radius to 15.00’ and offset the curve from the base elements

3
i
|

-5.0000°

15.0000°

+2.0000°
==
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L. Set the Fillet rule to 15.00" Radius and 0.00’ Back and Ahead Offset and Trim to Both.
Set the Ahead Taper to Length-Ratio with a Length of 5.00’ and a ratio of 4:1. Set the
Back Taper to Ratio-Offset with an Offset of 1.00’ and a ratio of 10:1.

Ahead Taper Eas
Method Length Ratio

Length 50000

Ratio 4:1

End Offset along base eler False

Fillet Rule ~
Radius 150000

Back Offset 0.0000

Ahead Offzet 0.0000

TrimiExtend Both

Back Taper L
Method Ratio-Off set

Offzet 1.0000°

Ratio 10:1

End Offset along base eler False

M. This will produce an Arc with two linear tapers and will reestablish the trim of the
two base elements to match the tapers.

N. The properties dialog box will allow the user to modify an existing arc or arc
combination in almost any way.
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Horizontal Geometry — Point Tools

The point tools allow the user to set individual points or draw points equally spaced along
another element. These points can have a user specified elevation or a pull an elevation from a
Terrain Model.

Based on the new ORD workflow utilizing dynamic graphically design for alignments and not
using input files like Geopak the use of setting points for the purpose of horizontal alignments
and geometry is longer a necessity.

The main reason to set points and possibly the only reason for many roadway projects will be to
locate RW and Permanent Easement Markers. The RW and Easement lines can be placed using

the Horizontal Geometry tools but the individual Markers will be placed using the Point tools.

Information on how to set these points using these tools will be covered in the Plan Geometry
training module.
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Horizontal Geometry —Offsets and Tapers

The tools located within the Offsets and Tapers group will generally be used to establish
roadway design features like bay tapers and turn lanes, concrete islands, etc. All the items that

are based on another alighment.

These tools will be covered in the Plan Geometry training module.
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Horizontal Geometry —Reverse Curves

The tools located within the Reverse Curves group will generally be used to establish roadway
design features like EOT shifts, median crossover travel paths, etc. They are used to design
reversing curves between, in most cases, to parallel elements

These tools will be covered in the Plan Geometry training module.
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Horizontal Geometry Exercise—Spirals

In this exercise, you will learn how to place individual spiral elements. In almost all cases a
NCDOT roadway designer will place a spiral element that is connected to an Arc using one of
the Horizontal Geometry Arc Tools. Placing a spiral as an individual element will not be a

common practice.
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A

Spiral From Element

Module 3 — Horizontal Alignment

1.Spiral From Element
A. The Spiral From Element will place a spiral element based on a From Element and a

user defined Length and End Radius.

B. Locate the Spiral From Element exercise location in Block — 27

SPIRAL FROM ELEMENT

BLOCK - 27

C. Set the Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

&4

ALG_Cenrterine

v|ef M A S

vy

o

>
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D. Select the Spiral From Element tool from the Horizontal section of the Geometry
Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities

ort/Export ~ s 4 3&? . Offsets and Tapers =
.-"':\ & 'y ﬁ _¢_ \‘{J

]
El ts * <R C -
2= Civil Reports | Lines  Arcs  Point - REVERE HvE Modify  Complex
idards = Toggles = o - - - =l Spirals * o Geometry =
General Tools 2 Spiral From Element

v|*? ’*r&‘\f n-f-l? ™ SplliraIEietween Elements I'-r' j_j‘ /;j(

L

A

E. The dialog box will appear.
e Leave all boxes unchecked, design data will be entered at the heads up prompt
e Set the Trim/Extend Option to Back
e Setthe Method to Length
e Set the Hand to Counter Clockwise
e Set the Feature Definition name to SPI

48 Spiral Fro — t
Parameters s

[ Offset |0.0000 |
Trim/Extend |Back o |
Method [Length v|
Length |11}.{H]'|]'D |

[ EndRadius [10.0000 |
Hand |Cnur|ter[:|nckwise w |

Feature ~

Feature Definition |Use Active Feature

MName 5P
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F. Left click to locate the From Element

Locate Element <Alts to Pick Complex
Cnly

G. Atthe heads up prompt enter 0.00" and press <ENTER> to lock. Left click to accept
the value.

Offset
&b | Parameters:Offset | [IIIL

H. Left click to select a start point.

Start Point

I. Atthe heads up prompt enter 5.00’ for the End Radius and press <ENTER> to lock.
Left click to accept the value. This will also set the location of the solution.

Radius Or Parameter

% Parameters:End Radius 4

oo
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J. Left click to accept Back as the trim option. If the heads up prompt displays None as
the Trim option use the <UP> or <DOWN> arrow key to change the selection.

Trim/Extend
Farameters: Trim/BExtend e

K. This will complete the tool, place the spiral and trim the From Element.

I
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Spiral Between Elements
1.Spiral Between Elements

A. The Spiral Between Elements tool is capable of producing complex transitions from
one element to another, particularly from one curve to another where the solution
will be a compound spiral or a reversing spiral.

B.

Locate the Spiral Between Elements exercise location in Block — 28.

SPIRAL BETWEEN ELEMENTS
BLOCK - 28

L

C. Setthe Feature Definition to Alignment/NCDOT/Prop/ALG_Centerline and toggle on
the use Active Feature Definition Icon.

v g

eQ ALG_Centerine w |&€ "’I‘r&w f D_j /9

D. Select the Spiral Between Elements tool from the Horizontal section of the
Geometry Ribbon.

Geometry Site Corridors Madel Detailing Drawing Production Drawing Utilities

at/Export - e P g . . Offsets and Tapers =

e, W B e et
n Elements ~ - A Reverse Curves ~
: Civil Reports | Lines  Arcs  Point Modify  Complex
dards = Toggles = v v v * ™ Spirals ¥ v Geometry =

(=1
General Tools -

= S5piral From Element
et Bem A S

od ™ Spiral Between Elements )| % |
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The dialog will appear

Set Trim/Extend to None
Set the Start Offset to 0.00’
Set the End offset to 0.00’
Set Spiral Ratio to 1:1

1. When solving for compound or reversing spiral ratios the spiral ratio will
affect the lengths of the spiral by making one spiral a ratio of the other. A
spiral ratio of 1:1 will produce equal length spirals.

Set Common Radius to 0.00

1. When solving for compound or reversing spirals the common radius is the
radius at the end of each spiral where the two spirals meet.

Set Solution to 1

1. The can be chosen during
placement by using the <ALT> key.

Set Back and Ahead transition Method

to Length and Leave both Boxes unchecked

1. You may lock one of the spiral lengths,
but not both. When one spiral is locked,
then the length of the second will adjust
to produce the compound or reverse
spiral. If both spirals are locked, then the
effect is same as if both were unlocked.
That is, the two spirals are made of
equal length to fit the solution.

Parameters -~

Trim/Extend
Start Offset
End Offset
Spiral Ratio

Common Radius

Int. Element Length

O] Souion
Back Transition ~

s
[J Length 211245

Ahead Transition -~

ebod
[] Length 9.2128

Feature ~
Feature Definiticn Use Active Feature

Name 5PI
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F. Left Click to locate the first element

[Locate First Element

G. Left click to accept a start offset of 0.00’

Enter Start Offzet
&b | Parameters: Start Offset | [N
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H. Left click to select the second element.

Locate Second Element

I. Left click to accept the end offset of 0.00

Enter End Offset
% Parameters:End Offset | 0.0000 4p
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J.  For the two arc that are the From Elements there are four solutions for the spiral
combination, two compound spiral solutions and two reversing spiral soltuions.
Move the cursor to change between the four solutions.

SPIRAL BETWEEN ELEMENTS SPIRAL BETWEEN ELEMENTS
BLOCK - 28 BLOCK - 28
S E—

. J 3
-~ t}\\'\
3

Select Solution | .~
Back Transition:Length | EIEEN *

SPIRAL BETWEEN ELEMENTS

SPIRAL BETWEEN ELEMENTS BLOCK - 28

BLOCK - 28

EERREE S Select Salution
/ - engtt

/
T f Select Solution
R Back Transition:Length | AREZE] &
J i~ h
s !
A

~_T

Page | 270



’{ gg Module 3 — Horizontal Alignment

K. Move the cursor to select solution 3, a reverse spiral option. Left click to select the
solution for the spiral combination

L. Left click to accept the Trim option of None. This will complete the tool and place
the spiral combination.

Trim/Extend
Parameters: Trim/Extend | [ e
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Horizontal Geometry Exercise — Complex By PI

In this exercise, you will learn how to create a complex centerline alignment when the Pls are
known. This type of alignment is very quick and easy to complete. The user only needs to
identify the Pl locations and provide the design parameters for the Horizontal curves.

This is the process that could be used for an L line alignment, especially for larger new location
facilities. In this case the user may want to have long tangent sections, it also may be the case
that the L line alighment is being provided through the planning process and the user only
needs to enter known alighnment data into ORD.

This would also be a good process to use during the planning process if no survey was available
and the user was using an Aerial Image to establish a centerline.

1.Complex By Pl — L Alignment
A. Create a new design file using the 2D seed file : R-2635C_RDY_ALG_L.dgn

e This file should eb created in the Alignments folder of the training directory
...\Module 3 Horizontal Alignment\R-2635C\Roadway\Alignment

B. Attach the Final Survey file R-2635C-NCDOT_FS.dgn
and the
Existing Terrain Model R-2635C_NCDOT_FS.dgn

from the FinalSurvey Folder.
C:\NCDOT Training \Roadway\Module 3 Horizontal Alignment\R-2635C\FinalSurvey
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C. Attach R-2635C_RDY_ALG_HA-PI-L.dgn file from the Roadway\Alignments\Training Files
folder. This file contains circles at all the Pl locations. By turning off the Survey and
the Terrain Model the user should see 9 circles.

D. Find the Feature Definition Tool bar and set the Feature Definition to
Alignment\NCDOT\Prop |ALG_Centerline

f l_:_|r.ﬂ Alignment
£ NCDOT
G- Exist
&85 Prop
----- ¢
..... @ ALG_Centerine Collector Distrb| Prop §
----- & ALG_Centerine Culvert
----- & ALG_Centerine Driveway
----- & ALG_Centerine Loop
----- & ALG_Centerine Median Crossover
----- & ALG_Centerine Minor Roadway
----- & ALG_Centerine Onsite Detour L

It is important to select the Feature Definition that corresponds to the type of
roadway centerline being designed. The featured definition will control the display
properties of the centerline annotation and each type of alignment has different
standards.
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E. Set Use Active Feature Definition to ON, this will apply the ALG_Centerline Feature
Definition to the proposed alignment.

B4 o e M A S 7 Pk

= LIse Active Feature Definition ]

E'{?.:' - _, i

F. Set the Persist Snaps and Rule to OFF. In this instance we do not want to rule the L
line geometry to the Pl location we only want to use the Pl locations to establish the
L Line alignment. The user will have to make decisions about how and when to rule
one alighment to another element. Because the L Line is the basis for all other
alignments ruling the alignment to existing features, other than possibly the existing
alignment at the beginning and the end, may not be warranted. Because Ramps and
Loops are based on the Land Y line alignment ruling the ramps and loops to the L
and Y line should be considered. This would ensure any revisiosn to the Lor Y were
also applied to the ramps.

n.ﬁ.LG_Cerrterline v]ef Mum A A I i

= Uze Active Feature Definition ]

B oo 2 PEREOS Y EE &g
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G. Select the Complex BY PI tool from the Horizontal Section of the Geometry Ribbon.

Geometry Site Corndors Model Detailing Drawing Production Drawing Utilities iTwin Vie
wort/Export ~ why &9 - _V Offsets and Tapers ~ 7 EH Open Profil
i ElFJ mo et % s O % X Reverse C p v L |45 Set Active P
ign Elements ~ ’ A Reverse Curves ~ LR
- Civil Reports | Lines Arcs  Point Modify =~ Complex
ndards ~ Toggles = T v v * =L Spirals * b Geometry * | b Profile Crea

General Tools Horizontal Cornplex By Elernent
rrd o wt
v |€€f - -alt.. A 7 od / _’T:_ ..Il"f' Cormplex By PI
Define By Best Fit

Geometry Builder

RIS

Geormetry Connector

H. The dialog will appear.
e Set the Radius to 5000.00
1. Thisis the radius for the curve that will be placed at Each PI. The user can
locate each Pl and use the same curve radius at each and then go back and
edit the radius for each curve. Or change the curve radius at each PI as they
are being placed.
2. Set Back Transition Type to Spiral
a. This will be the default transition type used during the placement of the
alignment. Like the curve radius this can be used throughout the
alignment and easily modified after placement, or this can be changed at
each Pl during placement.

3. Set Method to Length &
4. Set Length to 200.00’ Pﬂff'meters ~
5. Set Ahead Transition Type to Spiral S I 70000000
6. Set Method to Length Back Transition ~
7. Set Length to 200.00’ Type Spirel v
8. Set Feature Nameto L Hethod Lengih ~
. . - Length 200.0000
a. For Centerline Alignments it is _
important to set the Ahead Transition »
e Ty irdl ~
Feature Definition name to the o e
. Method Length v
name of the alighment. Length —
This is one of the design procedures o .

where the naming is important.

Feature Definition Use Active Feature

Mame L
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I. Snap to the center of the Circle at the bottom of the dgn design and left click to
accept and to start the alignment, this will set the first PI.

&

Enter First Pl

% Parameters:Radivs | EiII] 4
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J.  Snap to the center of the next circle and left click to accept. This will establish the
first tangent and set the first Pl that will contain a curve. Note that the heads up
prompt displays a radius of 5000.00" and shows the lock symbol. This is based on the
dialog settings. A curve with a radius of 5000.00" with a beginning and ending spiral
of 200.00" will be constructed at this PI. This is the point in the design where the
user could modify the radius in the heads up prompt or in the dialog and place a
curve with different parameters. The bearing and length of the proposed tangent
will also be dynamically displayed.

o

i

Enter Mext PliBack Radius

&b | Parameters:Radivs | ST qp

NO0"29'59.9"E
7778.3162
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K. Snap to the center of the third circle and left click to accept the next tangent. The
curve components will be displayed at this point.

@

f Enter Mext PliBack Radius

v / &Y | Parameters:Radius Ap
fy Arc: CURZ
&y .—’.,: Mo Active Profile
'l Level: Default
%ﬂ ﬁ?‘ I nEj Ref: 3 (Training Files\R-2653C_HA_PI_L dgn)
)
v

0000°002=%

N0O0"29'58.9"E
77783162
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L. Snap and Left click at each remaining Pl location in order. This will place the tangents
and a curve with a 5000.00’ radius and a 200.00’ spiral at each end at each PI
location. After left clicking to accept the final Pl location, right click to reset and end
the tool. The proposed centerline alignment will now be complete.
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M. At this point all the curves have a radius of 5000.00" and have a begin and end spiral
transition 300.00’ in length. These curves and spiral need to be revised to reflect the

intended final design.

Use the element Selection tool to highlight the L alignment. Note that to make the

design attributes legible some of the data is not displayed if the entire alignment is
fit in the design plane.

A 2% v :::'
A
‘ N _2(_:,3‘\ 1
500(}. 0 G'Of;h

@oo ™ |

®

AR
Ma0'00,00.00N

-gEo8
928590

A 000

-
6618.0064"

NOD°29'59.9"E

e
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O. Zoom in close to the first curve, leaving the alignment selected. The text
manipulators for the radius and spiral length should become visible.

S
S
&
S
o

5000.0000"

200.0000'
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P. Edit the Curve Radius to be 4000.00’, press <ENTER> to accept the change.

50000000

200.0000

Q. Edit each spiral length to be 300.00’, press <ENTER> to accept the change

__200.0000"

R. The first curve should now have a radius of 4000.00" with a begin and end spiral
transition with a length of 300.00’

§

(=)
S
8

4000.0000

300.0000
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This process needs to be completed for the remaining 6 curves

e Curve 2 = Spiral 250.00’, Radius 5500.00’, Spiral 300.00’

e Curve 3 = Spiral 250.00’, Radius 6000.00’, Spiral 300.00’

e Curve 4 = Spiral 250.00’, Radius 6000.00’, Spiral 300.00’

e Curve 5 = Spiral 250.00’, Radius 6000.00’, Spiral 300.00’

e Curve 6 = Spiral 250.00’, Radius 4500.00’, Spiral 300.00’

e Curve 7 =Spiral 410.10’°, Radius 5741.46’, Spiral 410.10’

This will end the placement L Alignment, see the next section for Stationing..

_—



| 4 g; Module 3 — Horizontal Alignment

Horizontal Geometry Exercise — Stationing

In this exercise, you will learn how to station a complex centerline alignment. By default, for
newly created alignments the stationing begins at 0+00.00. The user will need to apply new
stationing to complete the alignment

1. Changing the Start Station
A. The last task to complete the alighnment definition is to add the stationing. For this
project the stationing should begin at Station 305+00.00.
B. Select the Start Station tool from the Horizontal Section of the Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View
ort/Export ~ ¥ > - ¥ Offsets and Tapers ~ 7 EB Open Profile Mod
ign El i ts * _’;: -/aé L O _‘}_ AR C i b \{J 1 |45 Set Active Profile
il S Civil Reports = Lines Arcs  Point ‘_:_ EVErse Lumves Modify Complex o
wdards ~ Toggles - v v v v =L Spirals ~ - Geometry * | | Profile Creation *

General Tools Horizontal " Start Station
2 it why —
i |@{f ‘Q "i"‘ ,:E"\ f .)_j / Tl :'" ~  Add Station Equation

#~ Add Internal Station Equation |
- # Add Single Internal Station Equation
PO EER%S ’ !

. Copy Element

|= Transpose Elernent

Insert Fillet

t

Append Element

'@e,;

Geometry Builder Edit
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C. The dialog will display

Page | 285

Leave the start distance box unchecked

1. Thisis the distance along the alignment from the beginning point where the
new station will be applied. If the user wanted to set station 11+00.00 at a
point that was 200.00’ from the start of the alignment the program would
use that point to set a starting station of 9+00.00. This will be useful if the
alignment is extended back at some point during the project and the user
does not want any ahead station to change. In most cases we will set the
start station at 10+00.00 at the beginning of the alignment.

Set the start station value at 305+00.00

The distance box is not a user defined number The distance value will default to

show 0.00’, If a Start Distance is selected that is not 0.00’ and not at the

Parameters g

[ Start Distance [0.0000 |
Start Station | 305+00.00 |
Distance |D.DDDD' |

beginning of the element when the start station command is started this value
will change to a station value and the distance box will show the distance from
the beginning of the alignment. This is useful if a Start Distance other than 0.00’
is determined graphically.



=
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-

D. Left click on the Alignment at the prompt to locate the element to add stationing.

.

5

Locate Element

Complex Element: L

Feature: AlignmentNCDOT\PropLG_Centerline
Ma Active Profile | Arc

Level: Prop Honizontal Alignment
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E. Left click to accept the start distance. This is the distance from the beginning where
station 305+00.00 will be applied. The program will then apply station line ahead
and line back from that point. In this case 305+00.00 should be located at the
beginning of the alignment. By positioning the cursor before the beginning of the
alignment the heads up prompt will display 0+00.00 indicating the new station
305+00.00 will be applied at the beginning of the alignment.

Start Station Position

Parameters: Start Distance | IZEIEEL
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Left click to accept a start station value of 305+00.00.

Enter Starting Station

Parameters:Start Station | E1EEaNl

That will end the tool and apply the new stationing to the Alignment. To review the
stationing the user has a couple of options. There is a report function that will
produce a report on the geometry similar to the output reports from geopak or the
user can review the alignment in a simpler format in the Table Editor.
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Horizontal Geometry Reports

1. Horizontal Geometry Report

A. Select the Horizontal Geometry Report tool from the General Tools section of the
Geometry Ribbon.

Terrain Geometry Site Corridors Model Detailing Drawing Production

L Import/Export ~ e %}‘ 7 L 3 Offsets and Tapers
) - o O ¢

|#% Design Elements = o - : . A Reverse Curves ~
‘ 2 Civil Reports | Lines Arcs  Point

% Standards ~ Toggles = - =L Spirals ~

General Tools " Horizontal Geometry Report

tion ¥ Horizontal Point Report

! Profile Report
@0 ’0 o ﬁ} = g Legal Report

7 Map Check Report

7 Station Offset Report
7 Point Feature Station Offset Elevation Report
Station Base Report

87  Superelevation Report
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Left click to locate the alignment, multiple alignments can be added to a single
report.

Locate First Element

Right click to end the selection process

Locate Mext Element - Reset To
Complets

Left click to set the start station, generally this will be the beginning of the alignment
but it is possible to report on sections of the alignment and not the entire length.
Additionally the <ALT> key can be used to lock the beginning station

Start Station
<Alt> Lock To Start

Parameters: Start Station | EEEEEHIKE
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E. Pressthe <ALT> key to lock the end station to the end of the alignment. This will
include the entire alignment in the geometry report. Left click to accept.

_
\
End Station
<Alt> UnLock From End
% Parameters:End Station | 748+04 46

F. Setthe interval to 0.00. For a number larger than 0.00’, additional points, computed
event points, will be added to the report. These reports will be spaced along the
alignment at the specified interval and can be used to display information like
stations, coordinates or elevations. Left click to accept.

Interval

Interval:Interval

G. Set the include event points as None. These points would report like the interval
points but instead of being at a specific interval they would be individual points
located by the user at specific locations. Left click to accept.

Include Event Points
Event Pointz:Include Event Points | [ >

H. Use the <DOWN> arrow to set the include profile option to Active Profile. This
should be the general setting when running a report. For this alignment there is no
profile yet so the report will not return any information, but setting the to Active
Profile will not cause any errors in the reporting. Left click to accept.

Select Profiles

Profile:Included Profiles e
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I. That will complete the selection process and bring up the reporting window. The
window will list various available style sheets that will produce geometry reports in
different formats and on different geometric data.

£ Bentley Civil Report Browser - C:\Users\gmadIin

File Teols

I Cant -

I Civil Terrain

4 CivilGeometry
Aquaplaning.xs|
GeometryPointsxsl
GeometryPointsASCII_CommaDelimited.xsl
GeometryPoints_FeatureNoPath.xsl
HorizontalAlignmentArea.xs|
HorizontalAlignmentCheckintegrityaxsl
HorizontalAlignmentControlLineDataTable.xs|
HorizontalAlignmentCurveDataTable.xs!
HarizontalAl tCo E i
HorizontalAlignmentCurveSetReview.xs|
HorizontalAlignmentEventPointList.xs|
HorizontalAlignmentinterval XYZ.xsl
HarizontalAlignmentlength.xsl
HorizontalAlignmentReview.xs!
HorizontalAlignmentReviewASCllusl
HorizontalAlignmentReviewWithPls! . vl
HorizontalAlignmentStationEquationsaxs! Alignment Description:
HorizontalAlignmentToTIW.xs| Alignment Style: AlignmentiNCDOT\Prop\ALG_Centerline
HorizontalAndVertical&lignmentReview.xs| Station
HorizontalElementsTable.xsl

Horizontal Alignment Review Report ~

Report Created: Saturday, May 8, 2021
Time: 1:04:33 PM

Project: Default

Description:
CANCDOT Training\Roadway'\Module 3 Horizontal Alignment\R-2653C\Roadway\Alignment\R-
2653C_RDY_ALG_L dgn
Last
Revised:

File Name:

5/6/2021 12:13:11

Note: Al units in this report are in feet unless specified stherwise.

Alignment Name: L

Northing Easting

HorizontalElementsTableSimplified.is!
HorizontalElementsXYZs!
HorizontalRegressionPointsNSlews sl
HorizontalRegressionPaintsReview.ssl
SettingOutTablexs!
SettingOutTableDeflection sl

Element: Linsar
START 0
TS 0
Tangential Direction:
Tangential Length:

30500.0000000
37279.9321000
N00°29'59.8613261"E
6779.9320995

7231846319504
7299643059307

2032042.0494770
2032101.2102371

Traverse sl
TraverseCurveASClLxs| ) S
TraverseCurveASCIR.xcl Elgment; Clothoid
TraverseCurveASCIB.xs! TS 0
TraverseEditASClLs! SPI 0
TraversePointsxs| sc 0

37279.9321000
37479.9468341
375799321000

0.0000000

729964.3059307
730164.3130500
730264 2196075

2032101.2102371
2032102.9555383
2032107 5771085

Entrance Radius®

J. Inthe CivilGeometry section the HorizontalAlignmentReview.xsl will probably be the
most common style sheet used for review purposes.

4 CivilGeometry
Aquaplaning.xsl
GeometryPoints.xsl
GeometryPointsASCI_CommaDelimited.xs
GeometryPoints_FeatureNoPath.xsl
Horizental AlignmentArea.xs|
HarizontalAlignmentChecklntegrity. xsl
HorizentalAlignmentControlLineDataTable.xs|
Horizental AlignmentCurveDataTable.xsl
Horizental AlignmentCurveSetElernentReview xsl
Harizontal AlignmentCurveSetReview.xsl
Horizental AlignmentEventPointListxs|
Horizental Alignmentlnterval XY s

HonzontalAlignmentReview.xs|

sl
Horizental AlignmentReviewWithPlxs]
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K. This will display an XML report that details all the geometric properties of the
alignment, and details about when the report was run and the file that was used to

produce it.

Horizontal Alignment Review Report

Project: Default

Description:

File Name:

Last -
Revised: 5/8/2021 12:13:11

Time: 1:04:33 PM

Report Created: Saturday, May 8, 2021

C:ANCDOT Training\Roadway'\Wodule 3 Horizontal Alignment\R-2653C\Roadway\Alignment\R-
2653C_RDY_ALG_L.dgn

Note: Allunits in this report are in feet unless specified otherwise.

Alignment Name: L

Alignment Description:

Alignment Style: Alignment\NCDOT\Prop\ALG_Centerline

Element: Linear
START ()
TS ()
Tangential Direction:
Tangential Length:

Element: Clothoid
5 ]
SPI ]
SC ]
Entrance Radius:
Exit Radius:
Length:
Angle:
Constant:
Long Tangent:
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Station

Northing

Easting

30500.0000000
37279.9321000
M00°29'59.5613261"E
6779.9320995

37279.9321000
37479.9468341
37579.9321000
0.0000000
4000.0000000
300.0000000
02°08'54.9302343" Right

1095.4451150
2000147341

7231546319504
729964 3059307

7299643059307
7301643130500
7302642196075

2032042.0494770
2032101.2102371

2032101.2102371
2032102.9555383
2032107.5771085
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L. This file can be saved in various formats.

& Bentley Civil Report Browser - Ci\Users\gmaodlin\AppData\Local\ Temp\RPTipbpulims.xml
e e

File | Tools

Open

Save As ] Horizontal Alignment Review Report

e Report Created: Saturday, May 8, 2021
Time: 1:10:59 PM

gancsean CommaDelimited.xs! b4
Print IreNoPath.xsl Project: Default

Print Preview ireausl

HorizontalAlignmentEventPointList.xs|

File name: | HA_L Report

Save as type: | ML Data (*xml)
XML Data

HTML F
de Folders Excel File

VerticalRenression

M. For this alignment you can now see the start station is 305+00.00

Element: Linear

START () I 30500.0000000 I 723184.6319504
15 ) 37279.9321000 729964.3059307

N. And the end station is 748+04.46

Element: Linear

ST () 72299.3291600 762452 8516117

END () 763243 4245000
Tangential Direction: MNT1°3614.8200007"E
Tangential Length: 25051357309

Page | 294

Iheckntegrityxs! Description:
Exit jontrallineDataTable.xs| File Name: - NCDOT Training'Roadway\Module 3 Horizontal Alignment\R-2653C\Roadway\Alignment\R-
| HorizontalAlignmentCurveDataTablexs! tle Mame: ,623¢ RDY ALG Ldgn
HorizontalAlignmentCurveSetElementReview.xs] Last
HorizentalAlignmentCurveSetReview.xs| Revise?;'. 5/8/2021 12:13:11

2032042.0494770
2032101.2102371

2036147.5165907
2038524.6366000
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O. The format of all the reports can be controlled by the dialog accessed under
Tools = Format Options

L]
ey = Renort Browser - erct amodlint AnpData
J ﬂ o2 = L e L oL == L e L L a bl
File | Tools
| C| Format Options -
§ [ Charrerram
] 4 CivilGeometry
Agquaplaning.xsl
GeometryPoints.xsl
P. This allows for control over Mode, Precision and Formats
i ﬂ Format Options
Mode Precision Format
Close
Morthing,/Easting/Elevation: 0.1234567
Angular: Degrees “ | | 0.1234567 ddd*mm'ss *
Slope: 0123 05 “’
1 Use Alternate Slope if Slope Exceeds: 0.00%

Alternate Slope: 0123 05 =
Linear: 0.1234567 e
Station: 0.1234567 £555.55 e
Acres/Hectares: 0123
Area Units: 0123
Cubic Units: 0123 Convert to Cubic Yard
Direction: Bearings ~ | | 01234567 ddd*mm'ss *
Face: Right Face -
Vertical Observation: | Zenith -
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ditor

1.Using the Table Editor to Review Geometry

A.

Geometry | Site  Comidors  Model Detailing  Drawing Production  Drawing  Utilities  iTwin  View  Help  NCDOTRoadway

t/Export ~ ,:‘_:7 ?4-‘ . . O @ L Offsets and Tapers ~ ;j’ Z [EB Open Profile Model Il E Ié I Il ‘t;-‘? // f:;{ [V E

The primary function of the Table Editor is to make edits to the geometric properties
of the alignment. Properties like Radius, Bearing, Length etc. The table editor can be
used for a quick review of the alignment as well. This will not provide as much detail
as the Geometry Reports but it will give the user an overview of the most important
geometric parameters.

Select the Table Editor tool from the Common Tools section of the Geometry
ribbon.

.M < . 5 Set Active Profil
RS Civil  Reports | Lines Arcs Point ‘f‘Rmrsecwas Modify Complex | L8 SeEACtve Proflle e Hement Modfy Complex | Tanctarm Simplfy Comple] | Table | JEvent
dards + Toggles « © v+ 2 spinls v " Geometry~ |~ Profile Creation v © Profilest -+ Geomety * Geommetly Redenn] |Editor| Mpint List
General Tools Horizontal Vertical Common Teols
v o® Pl 8
e M A F L J it Table Editor
Table Editor =
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Locate Alignment

Complex Element: L

Feature: AlignmentNCOOT\Prop'ALG_Centerline
Mo Active Profile | Arc

Level: Prop Horizontal Alignment
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e
D. This will bring up the table editor dialog. This dialog can be used to change any of
the design parameters shown but it can also be used for review. It shows the
Begin/End Stations and the Stations of the Pls as well as Spiral Lengths and the
Radius of each Curve.
£ Alignment Table Editor: L - pad
) Back Back Back i ) i Arc Anead Ahead Ahead
Station I::g;rﬂ Bearing Eg::{h Morthing Easting Radius Length -E;::{h Bearing '[:;1;?11
S 050000 ] O 7z3ea.5320 | (1 20920020405 || C oo 25595°E [5770.0221

382+65.74 |6779.9321 |:| 500°29'59.9"W | 300.0000 I:‘ 730962.6520 |:| 2032109.9220 | 4000.0000 |1371.6237 300.0000 I:‘ N24°26'39.1"E 2137.8104

426+81.48 |2137.8104 1524 26°39.1"W | 250.0000 [ 735010.3622 |[]|2033949.8118 | 5500.0000 | 20842345 250.0000 [ NoO0735.1"E 1791.1327

465+16.00 |1791.1327 [1/500°0739.1"W | 250.0000 [1|738865.1410 |[] | 2033958 3310 | 6000.0000 | 1002 5410 250.0000 [J|N11°50'00.1"W  [8377.1151

B63+88.98 |8377.1151 |:| S11°5000.1"E | 250.0000 I:‘ 748532.7860 |:| 2031932.8380 | 6000.0000 |989.1861 250.0000 I:‘ NOD°00'00.0"W | 3086.0220

610+06.38 |3086.0220 [1/|500°00000.0"E | 250.0000 [1|753155.1820 |[]|2031932.8370 | 6000.0000 | 1073.5659 250.0000 [J|N12:38209"W  [532.7904

636+95.85 |5327904 |:| 512°38°20.9"E | 300.0000 I:‘ 755812.4173 |:| 2031336.9686 | 4500.0000 |2139.7305 300.0000 I:‘ MN18°2530.9"E 14594 5689

694+29.82 | 1494 5689 [1)518°25'30.9"W | 410.1000 [1|761481.0401 |[]|2033225.4425 | 5741 4600 |4518.8158 410.1000 [ N71°3614.8"E 2505.1357

2505.1357 O|s71°3814.8"W [ 783243.4245 |[]|2038524.6366

—

E. This dialo also shows that the start station is now 305+00.00 and the end station is

748+04.46
Bac
Station Tar
Len
[ o500 |
382+6574 |7V
476+8148 |3
465+16.00 (179
563+8898 (437
610+06.38 | 308
636+95.85 532
634+25.82 | 145
748+04 45 |50
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2. Adding a Station Equation
A. For this project the L alignment also contains a Station Equation.

Sta 445+12.10 BK = Sta 444+99.34 AH

B. To add the station equation select the Add Station Equation tool from the Horizontal
section of the Geometry Ribbon.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View

ort/Export ~ i ) - 2 ¥ Offsets and Tapers * = 7 EH Open Profile Mod
El i t: _’T\_ ;?{; « O AR C i 1 |#% Set Active Profile
n Elements ~ 5 A Reverse Curves ~ 45
: Ciwil Reports  Lines Arcs  Point Modify  Complex ¢
dards ~ Toggles = v v v v =L Spirals * hd Geometry * b Profile Creation ~

General Tools Horizontal

et MR A S T,

Start Station

Add Station Equation

Add Internal Station Equation

Add Single Internal Station Equation
Copy Element
Transpose Element

Insert Fillet

Append Elerment

ARG G AR B AN

Geometry Builder Edit

C. Atthe dialog prompt enter 444+99.34 for the Ahead Station and 445+12.10 for the
Back Station. Check the box for back station to lock the value. Note that the ahead
station must be preceded by a name, in this case S2 to represent Section 2

J%E—.‘.‘:'.E —

Parameters L

Ahead Station |52 444+95.34 |
Back Station  [44512.1000° |
Cistance | 0.0000 |
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D. Left click to locate the Alignment

\

Locate Element

E. Left click to accept the back station value.

Locate Back Station

& | Parameters:Back Station | [EETSFAL,

F. Left click to accept the Ahead Station Value

EnterfhesdStation - (must be preceded by 3
name)

Parameters:Ahead Station | EEEEEERRRE]

G. This will complete the tool
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H. Rerun the Horizontal Geometry Report and scroll to the area where the stationing is
in the range of the equation. The Back and Ahead stations will be displayed and the
ahead geometry will have the prefix S2 added based on the name supplied during
the station equation process

Ys:

P

B

Tangent Direction:
Radial Direction:
Chord Direction:
Radial Direction:
Tangent Direction:

Element: Linear

ST 8]
EQNBK
EQNAHD
IE: )

Tangential Direction:
Tangential Length:

Element: Clothoid

T8 ()
SPI ()
SC ()

Entrance Radius:

Exit Radius:
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1.8938695

0.4734761
124.9978478
MN01°25'46.9000103"E
588°34'13.0999898"E
NO0°3341.6688400"E
589°62'20.9364955"E
NO00°07°39.0635045"E

43973.6007580

445121000003
SP 44499.3400000

52 45751.9735030
MNO0°0739.0635043"E
17911327453

52 45751.9735030
52 45916.6439589
52 46001.9735030

0.0000000
5000.0000000

nnnnnnnnnn

7363204160492
7368589139613
7368589139613
738111.5443585

738111.5443585
7382782144016
738361.5367526

2033952.7274440
2033953.9259284
2033953.9259284
2033956.7137905

2033956.7137905
2033957.0847324
2033955 5341136
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Horizontal Geometry Exercise — Complex By Element

In this exercise, you will learn how to create an alignment from elements. We will place
individual elements based on established alignments. Join those elements together into a single
alignment and add stationing.

This exercise will create a Collector-Distributor alignment parallel to the L line. The tools and
processes shown in this exercise are not the only way to create this type of alignment. There
may be other tools and concepts that are easier and more efficient. The purpose of this
exercise is to show how to use the individual tool covered in the beginning of this section to
develop an alignment.

The lengths, radii, and spiral elements are based on the original R-2635C plans. This exercise is
not meant to show how to determine those parameters only how to build elements based on
those known paramerters.

1. Complex By Element — CD2 Alighment
A. Create a new design file using the 2D seed file : R-2635C_RDY_ALG_CD2.dgn

e This file should eb created in the Alignments folder of the training directory
...\Module 3 Horizontal Alignment\R-2635C\Roadway\Alignment
R-2635C_NCDOT_FS

B. Attach the Final Survey file R-2635C_NCDOT_FS.dgn
and the

Existing Terrain Model R-2635C_NCDOT_FS.dgn

from the FinalSurvey Folder.
C:\NCDOT Training \Roadway\Module 3 Horizontal Alignment\R-2635C\FinalSurvey
C. Attach the following ALG files from the Alignment Directory

e R-2635C_RDY_ALG_L.dgn
e R-2635C_RDY_ALG_Y8.dgn
e R-2635C_RDY_ALG_CD1.dgn
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D. Turn off the Existing Terrain model and the Final Survey and Rotate the view parallel
to the L Line. The dgn file should look like the image below.

PROPOSED Y8
CD2

N

24
CD1

E. The proposed CD2 alignment will be created on the opposite side of L from the CD1
alignment and will be a mirror image of CD1.
e The alignment will be stationed from Right to Left on the image Shown
e The central tangent is parallel to the L alignment and 107’ to the Left.
e The alignment begins as an angular exit with a deflection of 3°34’46.5”
e Thereis a Spiral Curve Spiral Combination with the Spiral Length = 125" and the
Curve Radius = 6320.40’
e There is a reversing curve combination with match curve radius = 8000.00’
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F. Draw a line parallel to the L alignment 107’ to the left and 2100’ on each side of the
intersection with Y8. There are several ways to accomplish this, and later training
modules may introduce other tools that could also work for this scenario use the

Line From Element tool.
G. Set the Feature Definition to ALG Centerline Collector Distributor and turn Persist

Snaps to Off.

g | ALG_Centerine Collector-Distrbutor v|k€ .‘* A 6?;« F /

H. Start the Line From Element tool.

Geometry Site Corridars Madel Detailing Drawing Production Drawing Utilities
L]

rt/Export s 1 5 & O Offsetsand T \ I
o po ru :;a);;f Y La _¢_ zets and Tapers \JrJ ,7""{ |

g
Y A Reverse Curves =

El te =
LA Civil Reports = Lines Arcs Point Modify  Complex
idards ~ Toggles = v - v = =L Spirals ~ v Geometry =
General Tools " Line Between Points ntal
i ‘e? “ Line To Elernent v f

)'-c Line Between Arcs

Line From Element r Simple Line From Element
Charnfer Between Points Spiral Line From Element
¢ Curve Line From Element

£2 By Angle From Element

~5  Line From Element
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I. Setthe dialog to
e Offset =-107.00 — The Offset to L
e Skew =0°0’0"” — This will set the Line Parallel to L
e Start and End Distance 2100.00" — This will set the length f the line to either side

of the start point. These distances will be adjusted after the other elements are
placed.

e No Transition
e Name=TAN

@ LineF - -~
Parameters -
Offset [-107.0000 |
Skew [00-0000" |
Start Distance [2100.0000 |
End Distance [2100.0000 |
Back Transition .3
Type |None ~ |
Feature -

Feature Definition | Use Active Feature

Mame TAN
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The heads up prompt indicates to pick the From Element.

Note that the prompt indicate <ALT> to Pick Complex Only. This indicates that
the current setting will pick an element within the Complex. By pressing the
<ALT> key this setting would change to Pick Complex Only. The heads up prompt
indicates the available setting change not the current setting.

Locate Element <Alt= to Pick Complex
Cinly

Pressing the <ALT> key changes to setting to Pick Complex Only and shows that
the available setting to change to is to Pick element in complex.

Locate Element <Alt> to Pick element in
complex

A Complex element in ORD is analogous to a Chain in Geopak
In this example the L line is the From Reference Element and the L alignment is a
complex element.
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e By using the Pick an element in complex setting when the To or From element is
selected only the element that was actually clicked on will be selected and the
tool will use the extension of that single element for any offset or tie
calculations. As indicated by the horizontal dashed black line that appears at a
107.00’ offset when the red tangent section of L is selected as the From element.

Enter Offset
& | Parameters: Offset | T

e By using the Pick Complex Only setting when the To or From element is selected
the entire complex will be selected and the tool will use the entire element
including all the tangents, curves and spirals for any offset or tie calculations
based on the point along the Complex where the tie occurs. As indicated by the
dashed black line that appears parallel to L at a 107.00’ offset when the red
tangent section of Lis selected as the From element

Enter Offzet
% Parameters:Offset | STVERVIE,

e Each setting has advantages and disadvantages depending on the constraints
and the desired outcome.
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K. The dialog setting should match the image below.

4’1%' Line Fro — it
Parameters ~
Offset -107.0000

Skew
Start Distance |2100.0000
End Distance |2100.0000

Back Transition ~
Type Mone “
Feature ~

Feature Definition | Use Active Feature

Narme

L. Use the <ALT> key to change the selection to Pick Complex Only which means that
the prompt will indicate Pick element in complex, the alternate setting.

Locate Element <Alt= to Pick element in
complex

M. Left click to select the L alignment

Locate Element <Alt: to Pick element in
complex
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N. Left click to accept the offset of -107.00’

Enter Offset
&b | Parameters:Offset

O. Snap to the intersection of L and Y8. The Persist Snap is set to OFF so this will not
create a snap rule.

‘| | ALG_Centerline Collector-Distrbutor v]e? M A S| Ik

Enter Start Point

Complex Element L

Feature: AlignmenttNCDOT'\Prop\&LG_Centerline =
Mo Active Profile \ Line

Level: Prop Horizontal Alignment

Ref: 3 (R-2635C_ROY_ALG_L dgn)
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P. Left Click to Accept the Skew of 0°0’0”, that will create the line parallel to the L
Alignment. This will also accept the Start Distance of 2100.00’ because that distance
was entered and locked into the dialog.

Enter Skew
& | Parameters:Skew 4p

Q. Left click to accept the end distance of 2100.00’

Enter End Distance
% Parameters:End Distance | ALEREEHY

R. That will place the central tangent of the Collector Distributor alignment.

X
|

Page | 309



| 4 { Module 3 — Horizontal Alignment

S. Set the Persist Snap to ON. This element should have a geometric snap rule tied to
the end point of the central tangent. If done this way when the length of the central
tangent changes the intersection point and the initial tangent will move. This point
will be the PI of the Spiral-Curve-Spiral combination, so the entire curve combination
will move. This is the design intent of the element placement.

'EQ ALG_Centerine Collector-Distributor ~ |€€f 4 I"|"‘ f&\ P ; .:._4:? .j

T. The next step is to construct the initial tangent (going from Left to Right) at an offset
of 75.00” and a skew of 3°34’46.5” to the L alignment. Start the Line To Element
tool. Select this tool because it will allow for the end point of the initial tangent to be
set at a skew to the L line to To Element, and have the intersection tied to the
central tangent placed in the last set. By doing it this way, when the length of the
central tangent is modified the entire curve set and initial tangent will also be
modified. This tool ties the element to the first element wile allowing a reference to
the second element.

Geometry Site Corridors Medel Detailing Drawing Production Drawing Litilities

r - e o \ op .

ort/Export 103 /ag N A 5 — Offsets and Tapers \r_&' ff EH
El ts T g ' A R C -

gn Elements Civil Reports  Lines  Arcs  Point EVErsE HuvEs Modify  Complex

Fosd

dards - Toggles = - v =L Spirals ~ o Geometry = | |
General Tools " Line Between Points ntal
tributor & |@€4F 4 Line To Element ¥ | Y Simple Line To Element
M¢  Line Between Arcs Y Spiral Line To Element P
/'D o S} EE| 5 ':1 ) Line From Element P % CurveLine To Element
N 7" Chamfer Between Points Y By Angle To Element
#%  Line To Element
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Set the Dialog to

e Offset 75.00" — This is the offset from the L line to the beginning of the initial
tangent

e Skew 3°34’46.5” —This is the skew to the L Line

e Start Distance 0.00 — This is the distance from the initial point to the start of the
tangent, along the skew.

e Feature Definition name to TAN

4%3_'&_: —

Parameters ~

Offset -75.0000
Skew 03°34'46.5"
Start Distance |0.0000

O Solutien
Back Transition ~
Type None
Feature ~

Feature Definition | Use Active Featurs

Name TAN

Left click to select the L line as the To Element. Use the Pick Complex Element
Option because the tie point of the Collector Distributor is not yet known. Note the
heads up prompt displays the unselected option.

Locate Element <Alts to Pick
element in complex




W. Left click to accept the offset of 75.00

Enter Offset |

Parameters Offset | EENII |

*1 '_& Module 3 — Horizontal Alignment

X. Press the <ALT> key to select option 2 and change the direction of the initial

tangent.

Enter End Point

% Parameters: Skew | 03°34'46.5"

Enter End Point

[

@

Farameters: Skew | 03°34'46.5"
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Y. Sanp to the end of the central tangent to create a geometric rule. This will carry
through any changes to the central element and shift the Pl as the length of the

central tangent is modified.

Enter End Paint
| Parameters:Skew | IEREEVTR

Line From Element: TAN

Feature: AignmentiNCDOT ProplALG_Centerline Collector-Distributor
No Active Profile \ Line

Level: Prop Horizontal Alignment Collector-Distributor

Z. Leftclick to accept the skew and end point

Enter Skew

% Parameters:Skew | [IgEEEINY

AA. Left click to accept the start distance of 0.00’. This places the start of the line exactly
on the 75.00’ offset from the L line entered in the dialog.

Start Distance
& | Parameters:Start Distance | L

A

Page | 313



Module 3 — Horizontal Alignment

BB. The next step is to construct the Spiral-Curve-Spiral combination between the two
tangents.
CC. Start the Spiral Arc Spiral tool in the Arc Between Elements Section.

Geometry

iort/Export =
ign Elements =

wdards *

Toggles = v

Site Corridors Model Detailing Drawing Preduction

_ Offsets and Tapers ~

ke ) " — |
& ¥ XNEFE ¢

. . . Reverse Curves =
Civil Reports | Lines | Arcs Point
- -

v L Spirals *

P

General Tools O Circle
stributor ~ |e!,? ’ ﬁ . 5“'” Arc Between Points
Arc To Element
"™ Arc Between Arcs
o] ftj B +) S} == S I:S.f.. I;".L Arc From Element

Arc Between Elements

Tg Complex Transition between Any element and Arc

DD.In the dialog set

Page | 314

Radius to 6320.40’

Back Transition to Spiral of 125.00’
Ahead Transition to Spiral of 125.00
Feature Definition Name to SCS

Drawing Litilities 1Twin Vi

7

Maodify  Complex
- Geometry v b Profile Creation =

2

Help

HH Open Profile Model t
|#% Set Active Profile

Lit

* ] Simple Arc

B Spiral Arc Spiral

Ta Taper Arc Taper

FS 3 Center Arc

P 2 Center Arc

@ Arc Between Elements
45 spiral- — >

Parameters

I)

Trim/Extend |Back

Radius 6320 40000

Loop [l

Back Transition -
Type Spiral W
et
Length

Ahead Transition ~
Type Spiral e
Method
Length 125.0000

Feature ~

Feature Definition |Lse Active Feature

Mame

w

Cs
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EE. Left click to locate the First Element

Locate First Element <Alt: to Fick
Components of Complex

limm Te Clammmed- TAKA

FF. Left click to accept the second element

Locate Second Element <4lt= to Pick
Components of Complex

lina From Flamant- TAK

GG. Left click to accept radius of 6320.40’

o00eZlas] - -

5 20./8'692< =1 -> ;

Select Construction Sector |
& Parameters:Radius | FRENENI] 4 |
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HH.Use the down arrows to change the Trim/Extend options to both and left click to
accept.

Trim/Extend Option
Parameters: Trim/Extend | [z} o

II. This will complete the placement of the SCS combination.
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JJ. At the other end of the Collector Distributor there will be reversing curves with
matching radius of 8000.00’. To construct these arcs use the Simple Arc From
Element tool to construct an initial arc from the central tangent and then the Arc
Between Elements tool to construct an arc to tie to a 75.00’ offset from the L line.

KK. Start the Simple Arc From Element tool

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help NCDOT

t/Export ~ why P ,\ - 37 Offsets and Tz v BH Open Profile Model
po I ;’a{}*’ \ E _q}_ sets and Tapers \;)'J f"{ p |\\ _

s
n Elements * I

A Reverse Curves =

|45 Set Active Profile

Civil R-epnrts Lines =~ Ares  Point Modify  Complex Lines Curves
ards Toggles = v v A T 2 Spirals ~ v Geometry ~ | | Profile Creation = - v
General Tools O Circle Vertical
butor h |e€? 4 "1"‘ p 5"‘* Arc Between Points

Arc To Elerment

3 <) @ Slolls CSE G ™ Arc Between Arcs

Arc From Elerment

Arc Between Elernents A0 TeeCemter Aee Fropn Fleraent

b E2) Slmp £ ArC From Element

pi= Complex Transition between Any element and Arc “}  Spiral Arc From Element

=4 Reverse Spiral Arc From Element

=l Arc From Element

LL. Left click to locate the central tangent of the Collector Distributor alignment

Locate Element <4lt= to Pick Complex
Only

MM. Snap to the end point of the central tangent to locate the start point and to create
a snap constrain to the central tangent. This will act much like the snap constraint at
the beginning Pl and will transfer revisions to the tangent length to the reversing

curves.
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NN. At the prompt type in 8000.00 for the radius and <ENTER> to lock. Left click to
accept.

! £G4 Vg =1 ">

|
' Through Paint Or Radius
i

% Parameters: Radius | EITKII

00. Left click to dynamically accept am Arc Length. This length can be any value.
During the placement of the reversing curve the trim option can be set to back and
the curves will adjust to tie at the tangent point.

i BLIEEIE=-=1">

| Enter End Point
| FParameters:&rc Length 23118

Page | 318



‘{ g‘; Module 3 — Horizontal Alignment

PP. Left click to accept the trim option as None. Because the curve start point was set at
the end of the tangent the Trim/Extend option needs to be set to None. If this was
set to back when the length of the central tangent was modified the Trim/Extend
option would automatically trim or extend it to meet the curve and the curve
position would not adjust.

Trim/Extend
Parameters: Trim/Extend | [EE g

QQ. This will complete the placement of the first curve.

RR. Start the Arc Between Elements tool.

Geometry Site Corridors Maodel Detailing Drawing Production Drawing Utilities iTwin View Help

ort/Export ~ s € AP PR ] L 3 Offsets and Tapers ~ HH Open Profile Model
P N2 e N B

gn Elements ~ & Reverse Curves = [4% Set Active Profile

Civil R-eports Lines = Arcs  Point Modify  Complex Lir
dards - Toggles ~ v v - * =L Spirals ~ v Geometry * | | Profile Creation = 1
General Tools O Circle
tributor g |Q€ “ l"I"‘ y 3;” Arc Between Points
Arc To Elerment 4
— ™ Arc Between Arcs
9D EE| 5
Arc From Element s
Arc Between Elements 4

Simple Arc
X Complex Transition between Any element and Arc Spiral Arc Spiral
Taper Arc Taper
3 Center Arc
2 Center frc

Arc Between Elements

SR AR AD
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Set the dialog to

e Radius — 8000.00’

e Back Offset to 0.00’

e Ahead Offset to -75.00’
e Name to RC

J&—':EE —

Parameters
Trim/Extend  Back
Radius 8000.0000"
Back Offzet  0.0000
Lhead Offset -75.0000

Loop ]
Back Taper
Method MNone

Back Transition

Type MNone
Ahead Taper
Method MNone

Ahead Transition

Type Mone

Feature

St

-

Feature Defimition  Use Active Feature

Mame RC
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TT. Left click to locate the first element, this is the first curve in the reversing curve
combination based on the way the Back and Ahead offset were set.

UU. Left click to accept back offset of 0.00’

Enter Back Offzet
i % Parameters:Back Offset

VV. Left click to locate the second element, this is the L Line.

Locate Second Element <Alts to Pick
Components of Complex
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-

WW. Left click to accept the offse of -75.00’

Enter Ahead Offset
&Y | Parameters:Lhead Offset | EENIIIL

XX. Left click to accept the radius of 8000.00’

1
Select Construction Sector
%F‘Erameters:ﬂacil.s 000.0000°

mmmmmmm T 88Y0'905< =1->

YY. Use the <DOWN> arrow key to change the Trim/Extend option to back and left click
to accept.

Trim/Extend Option
Parameters: Trim/Extend | EEEA o
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ZZ. This will complete the tool and place the reversing curve.

AAA. All of the elements required to create Collector Distributor alignment are now

complete.
\l
1
\

BBB. The last setp is to set the tangent lengths required. This would normally be done in
conjunction with the ramp and loop designs. For this design we know that the
tangent length to the Left of Y8 Should be 1791.14’ and to the right should be
2235.16. Use the element selection tool to highlight the central tangent and active
the text manipulators.

2100.0000"
it :
3939.9976'§ =

2100.0000

|
0j00.00.00

5]
=]

|
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CCC. Change the manipulator on the left from 2100.00 to 1791.14

2100.0000"

1791.14

DDD. Change the right side to 2235.16

2100.0000

EEE. The elements are now completed. The next step is to create Complex Geometry.
Select the Complex By Element tool.

Geometry Site Corridars Model Detailing Drawing Production Drawing Utilities iTwin Vi

artfExport = _\lf_ _E'L;ﬁ? ..fl\ ray L 3 Offsets and Tapers = \fj rf EH Open Profi
’ | # — " .
gn Elements = ~ = ' A Reverse Curves = [#% Set Active |

Civil Reports = Lines Arcs  Point Modify =~ Complex

e o Toggles ~ . v =L Spirals ~ Geometry * | b Profile Crei
General Tools Horizontal Complex By Element
- 7 5 wha
tributor ~ |g!$ ’ l"I"' —..A f .3.4;? / B --.:(T Complex By Pl
Define By Best Fit

Geormetry Builder

» o\ AN

Geometry Connector

FFF. This dialog is very similar to the create complex chain dialog form microstation.
There is a manual and an automatic option with a maximum gap.
e Set the Method to Automatic
e Set the Maximum Gap to 0.0001
e Set the Name to CD

1. Thisis the name of Alignment, this is important to set to the name of the
Alignment
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GGG. Left click to locate the first element. This is the tangent of the left side of the
proposed alignment. Note that an arrow will display the direction of the Complex
Element. This will match the direction of the stationing. In order for the arrow to
point in the correct direction the user should select the left side of the first element
in this design.

\

|
‘\
HHH. All the connecting elements will highlight. Left click to accept the complex

element. This will create the Complex Element (Geopak Alignment) and complete
the tool

Locate FirstElement |

Accept Complex

._-_.-_.____,___.——-
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[ll. The final step is to apply stationing. The CD2 Station begins at 5+00.00
JJJ. Select the Start Station tool.

Geometry Site
wort/Export ~ _‘l-’_
ign Elements * .1 .
J Civil
wdards * Toggles =

General Tools

Corndors Model Detaili

P XFE
L .
Reports  Lines  Arcs  Point

stributor

v]|e$ M A S

g

_¢_ 4 Offsets and Tapers ~

od

Drawing Preduction

A Reverse Curves =

= Spirals ~

Horizontal

wh
Ll

Ay

v

aF

*

Drawing

P

Modify

Ltilities iTwin View

BE Open Profile Mot
|5 Set Active Profile

Complex
b~ Profile Creation

Geometry ~

-~ Start Station

KKK. Left click to accept the CD2 Complex Element

i

=

< m |

§

Add Staticn Equation

Add Internal Station Equation

Add Single Internal Station Equation
Copy Elernent

Transpose Elerment

Insert Fillet

Append Elernent

Geometry Builder Edit
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Complex Element: CDd

Feature: AlignmentiNCDOT \ProplALG_Centerline Collector-Distributor
Mo Active Profile ' Line

Level: Prop Horizontal Alignment Collector-Distributor
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LLL. Left click to set the start distance at 0.00

Start Station Position
FParameters:Start Distance | [IEEIKE

\\\\

MMM. Left click to accept the start station as 5+00.00

Enter Starting Station
Parameters:Start Station | SN

NNN.That comeplets the Collector Distributor alignment. The Horizontal Geometry
Report tool can be used to verify the geometry and the stationing.

Alignment Name: CD2
Alignment Description:
Alignment Style: AlignmentiNCDOT\Prop'ALG_Centerline Collector-Distributor

Station Northing Easti
lement- Linear
START () 500.0000000 7295726276809 2032022.7895:
s () 752 5316330 7293207359016 2032004 82401
Tangential Direction: S04°04'46.3613261"W
Tangential Length: 252 5316326
lement: Clothoid
15 () 752 5316330 7293207359016 2032004 82401
SPI () 8358653932 729237 6132888 2031998.8956(
sC () 877 5316330 729196 0245284 2031996 34241
Entrance Radius: 0.0000000

Page | 327



Module 3 — Horizontal Alignment

Horizontal Geometry Exercise — Complex By Element

In this exercise, you will learn how to create an alignment for a Loop. Using Geopak Loop
alignments could be complicated. Using ORD a Loop alignment is very simple and can be

completed

in only a few steps. This process is still using the Complex by Element procedure but

instead of joining multiple elements together the Loop will be created as a single complex

element.

1.Complex By Element — LP1A Alignment

A.

B.

C.
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Create a new design file using the 2D seed file : R-2635C_RDY_ALG_LP1A.dgn

e This file should eb created in the Alignments folder of the training directory
...\Module 3 Horizontal Alignment\R-2635C\Roadway\Alignment

Attach the Final Survey file R-2635C_NCDOT_FS.dgn
and the
Existing Terrain Model R-2635C_NCDOT_FS.dgn

from the FinalSurvey Folder.
C:\NCDOT Training\Roadway\Module 3 Horizontal Alignment\R-2635C\ FinalSurvey
Attach the following ALG files from the Alignment Directory

e R-2635C_RDY_ALG_L.dgn
e R-2635C_RDY_ALG_Y8.dgn
e R-2635C_RDY_ALG_CD2.dgn
1. Thisis the dgn file created in the previous exercise
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D. Turn off the Existing Terrain model and the Final Survey and Rotate the view parallel
to the L Line. The dgn file should look like the image below.

Quadrant
CD2 A

I

E. The Loop will be created in Quadrant A based on the following properties.
e The centerline will be a Spiral-Curve-Spiral Combination with the Spiral Lengths =
200’ and the curve radius = 250
e The offset from Y8 is 47.50’
e The offset from CD2 is 12.00’
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F. Setthe Feature Definition to ALG Centerline Loop

‘| [ALG_Centerine Loop v|¥? A /E

G. Select the Arc Between Elements tool from the Arc Between Elements group.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View Help

yort/Export * F . ¥ LD A \ ¥ Offsets and Tapers = HBH Open Profile Model
& ¥ /B ¢ & &

fign Elements ¥ ::-ll:.rTI R:a/pnrts Lines  Arcs  Point i Modify  Complex (74 Set Active Profile Lir
ndards ~ Toggles ~ E v - * 2 Spirals v * ° Geometry~ | Profile Creation = .
General Tools O Cicle
e |Q? 4 ‘,‘# f Arc Between Points
Arc To Element ’

™ Arc Between Arcs

Arc From Element L
Arc Between Elements 1 Simple Arc
T Complex Transition between Any element and Arc A Spiral Arc Spiral
Ta  Taper Arc Taper
3 Center Arc
. 2 Center Arc
B Arc Between Elements
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H. Set the dialog box to
e Trim/Extend = None
1. The loop ties to an offset of the reference alignments so there will not be a
trim mode
e Radius =250.00
e Back Offset =47.50
1. This requires making Y8 the first element selected
e Ahead Offset 12.00
1. This requires making CD2 the second element selected
e Back and Ahead Transition = Spiral
e Spiral Lengths = 200.00’ &5 Arc Bet _ %
e Feature Name = LP1A

Parameters S
Trim/Extend | Maone o
Radius  |250.0000°

Back Offset |47 5000
Ahead Offset [12.0000

Loop

Back Taper ~
Method |N|::|r|e e |

Back Transition Ll
Type |Spira| e |
Method |Length v
Length |200.0000 |

Ahead Taper S
Method |Nune e |

Ahead Transition -~
Type |Spira| - |
Method |Length v|
Length |200.0000 |

Feature Eas

Feature Definition | Mo Feature Definition

Mame LP1A
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I. Left click to select Y8. The selection method should be set to Pick Complex Only
because the loop could tie to the tangent on Y8 or the curve on Y8. Since the tie
point is unknown and the offset needs to be 47.50" from the alignment not an
element in the alignment the method should be Pick Complex only. Use the <ALT>
key to change between Pick Complex Only and Pick Components of Complex. The
active setting is not the setting displayed.

Locate First Element <Alt: to Fick
Components of Complex
Complex Element: Y8
Feature: AlignmentiNCDOT ProplALG_Centerline Minor Roadway
No Active Profile \ Line
Lewvel: Prop Vertical Profile Grade Minor Road
Ref: 4 (R-2635C_RDY_ALG_Y8.dgn)

\

J. Left click to accept the offset of 47.50’. Note that the dashed line representing the
offset follows the Y8 alignment not the extension of the tangent on Y8.

Enter Back Offset
% Parameters:Back Offset | ENEII
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K. Left click to select CD2 as the second element.

Locate Second Element <Alt= to Pick
Components of Complex

L. Left click to accept the offset = 12.00’
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Enter Ahead Offset |
3| Parameters:Ahead Offset | [N |
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M. The Loop alignment will now dynamically display. Left click to accept the radius of
250.00'.

Select Construction Sector

& Parameters:Radius | I 4

\

N. No trim option will appear because the loop ties to offsets of the reference element.
This completes the placement of the loop centerline.
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O. Inthe initial setup of the dialog box the Loop option was checked ON.

ﬁ Arc Be — >
Parameters L
Trim/Extend  Mone ~

Radius 250.0000°

Back Offzet 47 5000
Ahead Offset 12,0000
Loop

P. This is what the solution would look like without the Loop option checked on in the
dialog.

iy -
Select Construction Sector

b
(%"T'-"' % Parameters: Radius 4k
i~y
)
§
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Q. Since the Loop is already a complex element there is no need to use any tools under
the complex geometry tool group.

Geometry Site Corridors Model Detailing Drawing Production Drawing Litilities iTwin W

wt/Export b 3 s u L 3 Offsets and Tapers = BEH Open Prof
P % :;f} ) E& < P \fj / P

RN

El te = A R C T 4% Set Active
gn Hlements Civil Reports Lines  Arcs  Point ‘_L:‘_ FVErsE LunvEs Modify = Complex %3
dards = ngg|E5- i - - v A Spira|5 o v Geometr}-" IQ Profile Cre
GGeneral Tools Horizontal Complex By Element
2 3 I why
Dot M A S
Define By Best Fit

Geornetry Builder

PN N

Geometry Connector

R. The only task left to accomplish is to Station the Complex Element. The Loop
Alignment starts at Station 5+00.00 at Y8. Select the Start Station tool.

Geometry Site Corridors Medel Detailing Drawing Preduction Drawing Utilities iTwin Wiew

ort/Export * i 3 , - _ Offsets and Tapers = EH Open Profile Mo
B 5k :%;ﬁ ||Z1, _¢._ P \{"‘J ff P

S, . )
£l ks v " « =R C v % Set Active Profile
L S Civil Reports | Lines  Arcs  Point ‘_\L SV HvE Modify  Complex %
dards ~ Toggles = v v v * =L Spirals ~ b Geometry* | 7\ Profile Creation
General Tools Horizontal

Start Station

- |Q? “ * ,&-\ 9’; o.a? / ‘:ii‘ "r Add Station Equation

-

Add Internal Station Equation

RN B Y

Add Single Internal Staticn Equation

-1

Copy Element

Transpose Elermnent

< M

Insert Fillet
"= Append Element
&  Geometry Builder Edit
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S. Left click to select the Loop.

Locate Element

\

T. Left click to set the start distance at 0+00

Start Station Position |

Farameters: Start Distance D+DD.DD |
_——--"""".—_

—
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U. Left click to set the start station at 5+00

Enter Starting Station

Parameters:Start Station | EEIE]

V. Use the Horizontal Geometry Report to Review the Alignment.
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Horizontal Geometry Exercise — Complex By Element

In this exercise, you will learn how to create an alignment for a Loop. Using Geopak Loop
alignments could be complicated. Using ORD a Loop alignment is very simple and can be
completed in only a few steps. This process is still using the Complex by Element procedure but
instead of joining multiple elements together the Loop will be created as a single complex
element.

1. Complex By Element — RP1B Alignment
A. Create a new design file using the 2D seed file : R-2635C_RDY_ALG_RP1B.dgn

e This file should eb created in the Alignments folder of the training directory
...\Module 3 Horizontal Alignment\R-2635C\Roadway\Alignment

B. Attach the Final Survey file R-2635C_NCDOT_FS.dgn
and the
Existing Terrain Model R-2635C_NCDOT_FS.dgn

from the FinalSurvey Folder.
C:\NCDOT Training\Roadway\Module 3 Horizontal Alignment\R-2635C\ FinalSurvey

C. Attach the following ALG files from the Alignment Directory
e R-2635C_RDY_ALG_L.dgn
e R-2635C_RDY_ALG_Y8.dgn
e R-2635C_RDY_ALG_CD2.dgn
e R-2635C_RDY_ALG_LP1B.dgn
1. The CD2 and LP1B files were created in the previous exercises
D. Attach MODULE-3-Ramp-Terminals.dgn from the Training Files sub directory in the

Alignments directory.
...\Module 3 Horizontal Alignment\R-2635C\Roadway\Alignment\Training Files
This file is provided to mark the ramp intersection with Y8, normally this location

would be determined based on other design constraints.
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E. The design file should look like this and the ramp alignment will be created in

Quadrant B

Quadrant B

—

Intersection

Ramp

)

F. Set the Feature Definition to ALG Centerline Ramp and Turn off the Persist Snap

option.

EQ ALG_Certerline Ramp

Tpe e A A] 3

G. This will be a parallel ramp entrance. The ramp intersection skew is 95°0°0”. Start by
drawing the Tangent that intersects Y8. Use the Line By Angle From Element tool.

Geometry Site Corridors

wt/Export ¥ ¥ 5
O

Civil Reports

dards Toggles = v

v|e$ M

jn Elements =

General Tools
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Medel Detailing Drawing Production Drawing Ltilities

PN O ?_ _* Offsets and Tapers ~ \f)j f);"

Lines | Arcs  Point ? Re?rerse Curves ~ Modify  Complex
- T * =L Spirals ¥ T Geometry =
" Line Between Points ntal
Line Ta Element ’
J « Line Between Arcs
Line Frem Elermnent F | % Simple Line From Element
[ Charmfer Between Paints 4 Spiral Line From Element
¥ Curve Line From Element
£a By Angle From Element
IZs Line From Element
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-

H. Set the dialog to
e Skew =95°00'00”
e Name =TAN

48 By Angl..  — x
Parameters ~
Skew
[] Start Distance
0 e e

Feature ~
Feature Definition | Lse Active Featurs

Name TAN

I. Leftclick to select Y8

Locate Element <Alt: to Pick
Complex Only

J.  Snap to the center of the black circle and left click to accept the Start Point.

/_\ Enter Start Point
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K. Left click to accept the skew. Note that the position of the cursor determines the
qguadrant where the 95° skew angle is located. By placing the cursor above the line
the skew angle is located above the line.

Enter Skew
% Parameters: Skew 4

By placing the cursor below the line the skew angle is located below the line.

Enter Skew
% Parameters:Skew 4

Place the cursor below the line and left click to accept the angle.

L. Left click anywhere to accept an end distance. This distance is not important
because we will use the trim option to determine the end point when placing the
curve.

Enter End Distance
Parameters:End Distance | psrlelan
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M. Using this method the line does not intersect Y8 because the start distance was not
set correctly to 0.00’ This is easy to fix. Use the Element selection tool to highlight
the tangent and display the text manipulators. Locate the distance shown between

Y8 and the end point of the tangent.

- ﬂ,’__——m- 1BLE'90Z

N. Change this distance to 0.00’

o ——— LE00 LEY
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O. This changes the start point of the line to 0.00’ from the From Element

P. The next step is to construct a curve with a radius of 600.00’ that is 20.00’ offset

from the Loop centerline. Start the Arc Between Elements tool.

iTwin View

Hel|

EH Open Profile Model t

|#% Set Active Profile
b Profile Creation =

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities

ort/Export ~ o 1 P ? ¥ Offsets and Tapers =
n Elements ~ !':'\ = 2A o -4 Reverse Curves ~ \{J
- Civil Reports | Lines Arcs  Point Modify  Complex
dards - Toggles = v v - * =L Spirals ~ = Geometry =
General Tools O Circle
= ‘Q? “ ‘_‘*: A ) ;’“ Arc Between Points
Arc To Element

R — "™ Arc Between Arcs
PO9YEE E Y
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Arc From Element
Arc Between Elements

Complex Transition between Any element and Arc

Simple Arc
Spiral Arc Spiral
Taper Arc Taper
3 Center Arc

2 Center Arc

AR A AD

Arc Between Elements
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Q. Set the dialog for
e Radius =600’
e Back Offset = 0.00’
1. Thisis the offset from the tangent line
e Ahead offset = 20.00’
1. This is the offset from the Loop Alignment.
e Set all Tapers and Transitions to None.
e Set nameto ARC

4'%5 Arc Be —
Parameters -
TrimiExtend |Back ot
Radius 600.0000°

Back Offset  0.0000
Ahead Offset 20,0000

Loop L]

Back Taper -
Methed MNone ~

Back Transition L
Type MNone i

Ahead Taper -
Metheod MNone et

Ahead Transition ]
Type None ~

Feature L

Feature Defimtion  Lse Active Feature

Mame ARC

Page | 345



Module 3 — Horizontal Alignment

% 1F
2
T
L't =T
E =3

R. Locate the first element, the back tangent.

=r \ \

Locate First Element <4lt= to Pick
| Components of Complex

Line From Element: TAN
Feature: AlignmentNCDOT\Prop\ALG_Centerline Ramp
No Active Profile \ Line

Level: Prop Horizontal Alignment Ramp

N

S. Left click to accept the offset of 0.00

i Enter Back Offset
% Parameters:Back Offset | IIEEEY

/_\

T. Left click to locate the second element, the Loop alignment.

]

Locate Second Element <Alt= to Pick
Components of Complex

Fillet: LP1B

Feature: AlignmentNCDOT\Prop\ALG_Centerline Loop
Mo Active Profile | Arc

Level: Prop Honizontal Alignment Loop

Ref: 5 (R-2635C_RDY_ALG_LP1B.dgn)
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-

U. Left click to accept the offset of 20.00’, make sure the cursor is on the outside of the
Loop alignment.

] Enter Ahead Offset
| % Parameters:Ahead Offset

N

.
-
.
\
.
"

V. Position the cursor in a location that shows the desired solution and left click to

accept the radius of 600.00

S I

Select Construction Sector

& Parameters:Radius
\ |
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W. Left click to accept the Trim option of Back.

Trim/Extend Cption
Parameters: Trim/Extend | FEl2q

X. This will place the curve and trim the tangent.
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Y. Note that this step is not normally required. At the time of this training the Offset
functionality of the Complex Transition Between Any Element and Arc tool is not
working properly. This requires the user to draw a construction line to use as a
reference element for the tool. When the tool is corrected an offset could be
specified and this line would not be needed.

Z. Set the feature definition to ALG_Centerline Temporary, this will place the reference
line on a level that can be turned off. Because we will be using this line to generate
geometric rules we do want to keep it in the dgn file.

?Q ALG_Centerline Temporary — |4!+? "’I"‘,‘ﬂ‘-\ E?};s D-a? /

AA.Use the Line From Element tool to draw a line 12.00’ offset from CD2 at a 0°0’0”
skew.

Geometry Site Corridors Model Detailing Drawing Production Drawing Litilities

ort/Export ~ _\lf_ _/é?{" F E ?_ _V Offsets and Tapers ~ \f-v;' f‘f

I A X —
ign Elements - I - Reverse Curves =

Civil Reports = Lines Arcs  Point Modify Complex
wdards Toggles = ' v v * =L Spirals ~ ' Geometry -
General Tools " Line Between Points wntal
whe
bl |Q‘ Line To Element FoR _J'

> «« Line Between Arcs

Line From Element r Simple Line From Element

.............

[ Chamfer Between Points Spiral Line From Element
‘ Curve Line From Element

£ By Angle From Elernent

—%  Line From Elerment
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BB. Set the dialog for
e Offset=12.00
Skew = 0°0’0"
Leave Start and End distance unchecked
Back transition is None
Name is RP_REF

48 LineFro — x

Parameters -~

Skew
[ start Distance
[ End Distance

Back Transition ~
Type
Feature ~

Feature Definition | Use Active Feature

Name RP_REF

CC. Left click to locate the CD2 alignment.

Locate Element <Alt> to Pick Complex
nly

Complex Element: CD2

Feature: AlignmentiNCDOT\ProplALG_Centerline Collector-Distributor
No Active Profile | Line

Level: Prop Horizontal Alignment Collector-Distributor

Ref: 8 (R-2635C_RDY_ALG_CD2.dgn)

Page | 350



E1 a

‘{ ﬁ Module 3 — Horizontal Alignhment

DD.Left click to accept offset of 12.00’.

Enter Offset
G| Parameters: Offset | [EIIE

e m————_——— —

EE. Snap to the end of the tangent to set the start point and left click to accept.

Enter Start Point

FF. Left click to accept the skew of 0°0’0” and to set the end point, the exact location of
the end point is not critical.

Enter Skew

‘. | Parameters: Skew 4
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GG. 0\Type in 0.00’ for the end distance and left click to accept and place the reference
line.

Enter End Distance
% Parameters:End Distance | [N

HH.This will place a light blue line at 12.00’ off the CD that can be used as a reference.

| a 313?34@
[w]

s
1
l'
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Il. Reset the Feature Definition to ALG_Centerline Ramp

| [ALG_Centetine Ramp 4 s A /T

JJ. Select the Complex Transition between Any element and Arc tool. This is the tool
that will be useful for any alignment that includes reversing spirals between two
arcs.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities

ort/Export * _‘;j:i:_ ;}%ﬁ bﬁ_ Fl" _¢_ ¥ Offsets and Tapers = \J,J 77’;

'gn Elements ~ Civil F‘.‘expn:nrts Lines = Arcs  Point < Reverse Curves = Modify  Complex
idards * Toggles ~ v v T " 2 Spirals ¥ " Geomelry*
General Tools O Circle
w |!? 4 ! ;"ﬂ Arc Between Points
Arc To Element 3 |

™ Arc Between Arcs
----- Arc From Element L
Arc Between Elernents L

Ya  Complex Transition between Any element and Arc
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KK. Set the dialog to
e Trim/Extend = Ahead
1. This will trim the curve placed on the tangent at Y8
e Start Offset = 0.00
1. Thisis the option in the tool that currently does not work, all offsets will be
0.00’. This is why the reference line is needed.
e End Offset =0.00’
1. 1.Thisis the option in the tool that currently does not work, all offsets will be
0.00".
e Back Spiral Method to Length
1. This is the spiral that transition to the CD2 alighment at 12’ offset
e Back Spiral Length to 200.00’
e Ahead Transisiton Type to Double Spiral
1. This will produce two
reversing spirals
e Method to Length &
e Length to 200.00

e Tangent Length to 0.00’ Parameters ~
1. Thisis the tangent length TrimExtend  |Ahead v
between the two spirals Radius [1400 0000

e Ahead Spiral Method to Length

StartOffset  |0.0000
e Length to 200.00

. Name fo SCS EndOffset  [0.0000

Back Spiral '
Method |Length ||
Length [200.0000 |

Ahead Transition A
Type |D|:|ul:|le Spiral W |
Method |Length v|
Length [200.0000 |
Tangent Length | 0.0000 |
Ahead Spiral Method [Length v|
Length [200.0000 |

Feature -~

Feature Definition |se Active Feature

MName SC5
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LL. Left click to select the Back Element, this is the faint blue reference line. If the tool is
working correctly the back element can be the CD2 Alignment with the Back offset
set to 12.00’

&

Locate Back Element

Line From Element: RF_REF
Feature: Alig tNCOOT\Prop\ALG_Centerline Temporary
No Active Profile \ Line \

Level: Prop Horizontal Alignment Temporany

MM. Left click to accept the offset of 0.00’

Enter Start Offset

i % Parameters Start Offset | EIEEIN
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NN. Left click on the Arc placed earlier to select the Ahead Element.

Fillet: ARC

Feature: AlignmentNCDOT\Prop\ALG_Centerline Ramp
Mo Active Profile \ Are

Level: Prop Herizontal Alignment Ramp

\

T
"

00. The dynamic solution will display. Left click to accept the offset of 0.00".

Enter End Offset
& | Parameters:End Offset | [N
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PP. Left click to accept the radius of 1400.00’. Place the cursor in a location that displays
the desired solution, this step will also set the solution.

n
) \
.
H Select Construction Sector
i & |Parameters:Radivs | [N |4
I
: |y
i s M
|
1 \\ a
| \‘ M
|
1 y J"'
] ‘,'.
|
kel
1 71\6
|
———————————————— e e e

QQ. Leftclick to accept the Trim/Extend option of Ahead.

Trim/Extend
Parameters Trim/Extend ~
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RR. This will finish the tool and place the Spiral-Curve-Spiral-Reverse Spiral combination
and extend the Ahead Arc to match.

SS. Create a complex element with the Complex By Element tool.

Geometry Site Corridors Model Detailing Drawing Production Drawing Litilities iTwin v

ort/Export ™ e %" 3 Offsets and Tapers ~ A Open Profi
O 2/ R N

gn Elements ~ L Reverse Curves ~

5 Set Active
Civil Reports L|nes Arcs Point Modn‘y Complex %
dards ~ Toggles = - v 2L Spirals ~ Geometry* b Profile Cre
General Tools Horizontal ' Complex By Element
\.If ~—
= |ee ’ #: [ f . / T "-‘ < Complex By PI
~  Define By Best Fit
= = Geometry Builder
LO9D EE EES y
#% Geometry Connector

TT. Set the Method to Automatic and the Name to RP1B.
48 Create — H

Parameters ~

Method

Maximum Gap 0.0001

Feature ~

Feature Definition |Use Active Feature

MName RP1B
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UU. Left click on the left side of the spiral curve combination to locate the first elment.
The arrow will indicate the direction of the Complex Element. Make sure to select
the spiral curve combination and not the temporary element.

Locate First Element

-_._______'____..-

VV. Left click to accept the element.

Accept Complex

]
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WW. Use the Start Station tool to set the Ramp Alignment Stationing to begin at
5+00.00

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin View

rort/Export ~ sl P b ¥ Offsets and Tapers = BH Open Profile Mot
i W ¥ AN e sl

ign El ts ~ = xR C v 5 Set Active Profile
R Civil Reports  Lines Arcs  Point i TEvErRe uve Modify Complex %

adards * Toggles - v =L Spirals ~ - Geometry * | Profile Creation
General Tools Horizental -+ Start Station
il ‘Q? 4 L‘# ,-&-\ 6’}7 .;.,4:1|il y? _:i:_ -;r(v ~  Add Station Equation
#~  Add Internal Station Equation |
~  Add Single Internal Station Equation

-1

Copy Element
Transpose Element
Insert Fillet

Append Element

A U

Geometry Builder Edit

XX. Left click to locate the Ramp Alignment

_d/// Locate Element
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YY. Left click to set start distance to 0+00.00

| start Station Position
Parameters Start Distance | RN

ZZ. Type 5+00.00 into the dialog and left click to accept the new start station.

Enter Starting Station
Parameters:Start Station | SN

/
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AAA. Use the Horizontal Geometry Report to Review the Ramp Alignment.

Horizontal Alignment Review Report

Report Created: Friday, May 14, 2021
Time: 12:07:11 PM

Project: Default
Description:

CANCDOT Training\Roadway\Module 3 Horizontal AlignmentiR-2635C\Roadway\AlignmentiR-
2635C_RDY_ALG_RP1B.dgn

Last o002 12-06-42
Revised:

File Name:

Note: Allunits in this report are in feet unless specified otherwise.

Alignment Name: RP1B
Alignment Description:
Alignment Style: Alignment\NCDOT\Prop\ALG_Centerline Ramp

Station Northing Easting
Element: Clothoid

TS () 500.0000000 725063.8276098 2031939 4431749
SPI () 633.3689840 725197.1915164 2031940 6069345
SC () 700.0000000 725263.7595194 2031936.4274630

Entrance Radius: 0.0000000

Exit Radius: 1400.0000000

Length: 200.0000000

Angle: 04°05°33.2004463" Left

Constant: 529.1502622

Long Tangent: 133.3689840

Short Tangent: 66.6930776

Long Chord: 199.9546522

V- 400 0ONTA022
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Horizontal Geometry Exercise — Define By Best Fit

In this exercise, you will learn how to create a best fit centerline alignment based on existing
survey data. This will not be a common procedure for a NCDOT roadway designer but ti may be
useful for smaller roads that did not have an existing centerline developed by L&S or for use
during the planning stage when only shell mapping is available with the existing pavement
shown and there is no centerline.

1.Complex By Element — LP1A Alignment
A. Create a new design file using the 2D seed file : R-2635C_RDY_ALG_Y16.dgn

e This file should eb created in the Alignments folder of the training directory
...\Module 3 Horizontal Alignment\R-2635C\Roadway\Alignment

B. Attach the Final Survey file R-2635C-ncdot-fs-S52.dgn

and the

Existing Terrain Model R-2635C-LS-ETM.dgn

from the FinalSurvey Folder.

C:\NCDOT Training\Roadway\Module 3 Horizontal Alignment\R-2635C\ FinalSurvey
C. Attach the following ALG files from the Alignment Directory

e R-2635C_RDY_ALG_L.dgn

1. Thisis the dgn file created in the previous exercise

D. Attach MODULE-3-Best Fit Y16.dgn from the Training Files sub directory in the

Alignments directory.
...\Module 3 Horizontal Alignment\R-2635C\Roadway\Alignment\Training Files
This file is provided to mark the location of the Y16 alignment and make it easier to

find in the dng file.
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E. In this exercise we will first define the Best Fit Alignment and then use the editing
tools to revise the alignment to a design alignment. Set the Feature Definition to

ALG_Centerline Minor Roadway.

ALG_Centerdine Minor Roadway

e M A /S I Y

F. Note that for this exercise the FS file was updated to allow for better use of the Best
Fit tool. The Edge of Pavement lines were joined together into a line string matching
the limits on the alignment. The dgn file should look like the picture below, the Y16

alignment will go from Left to Right on the screen.

Y16- BEST FIT ALIGNMENT

%
£
o
B
W - h_iF’li_t‘_l} — B b b
bt :
g L ¥l
o
//
G. Start the Define By Best Fit tool.

Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities iTwin v
ort/Export ™ e D a 1 Offsets and Tapers = BH Open Profi
i EIp t _"T: ;a)j Cr O . AR C i \f—‘; |4% Set Active
ign Elements = = A Reverse Curves = %

g Civil Reports  Lines Arcs  Point Modify = Complex
ndards ~ Toggles = v v - * £ Spirals * v Geometry | | Profile Cre
General Tools Horizontal ~ Complex By Element
7 I wh -
et ek A /B
~*  Define By Best Fit
[Er— = Geometry Builder
LOYD BB 8§
#2 Geometry Connector
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H. Left click to accept the Complex By Edges option, use the <DOWN> arrow key to
change to this option if necessary.

Best Fit

Parameters:Best Fit | SRR A o o

I. Left click on the EOP line to Locate the Primary Edge Object. This has no impact to
the direction of the alignment or the stationing and can be either side. For this
example select the left EOP.

Locate Primary Edge Object
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Left click on the right EOP to locate the Secondary Edge Object

At the prompt enter 2.00’ for the Best Fit Parameters Envelope and left click to
accept. The proposed Best Fit alignment must fit within this width, it is the width out
from the center based on the two Edge Objects and is represented by the black
Dashed Lines. A higher number will produce more tangent sections and less curves
and a lower number will produce more curves and less tangent sections.

Envelope
&2 | Best Fit Parameters:Envelope | NN



‘i g‘; Module 3 — Horizontal Alignment

L. Atthe prompt Enter 100’ and left click to accept the rounding radius, this rounding
number will be used for all the proposed curves.

Radius Rounding

% Best Fit Farameters:Radius Rounding

M. At the prompt Left click to accept No for include spirals, this alignment does not
have spirals.

Include Spirzls
Biest Fit Parameters:Include Spirzlzs |[H e

N. Enter 2000.00’ for the best fit default radius. This will force the program to use
larger radii which are more appropriate for the alignment, this will be determined on
an individual basis.

Default Radius
& Best Fit Parameters:Default Radius

O. This will finish the tool and add the alignment.

e
82
&
P
@ o)
1
°ie
LI -]
o
T
£
|
o
@

Page | 367



’{ gg Module 3 — Horizontal Alignment

P. By turning off the reference files you can see that this alignment consists of a
Tangent, a very Short Curve, a Tangent, a Curve, and a final Tangent.

Q. For roadway design purposes we want to remove the short curve from the
alignment.
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Module 3 — Horizontal Alignhment

A

R. One way to do this is with the table editor. Select the Table Editor tool from the
Common Tools section of the Geometry ribbon.

Terrsin | Geometry | Ste  Coridors  Model Detailing  Drawing Production  Drawing  Utilities  ifwin  View  Help  NCDOTRoadway

+ | Import/Export * X 3 Offsets and Tapers ~ EB Open Profile Model - b Vs
iZ. Import/Exp o O e = pers * 7 {»f Y [

4 Design Elements ~ ¥ Reverse Curves ~ ) % Set Active Profile =
Cidl  Reports  Lines Arcs Point Modify _Complex Lines Curves FElement Modify Complax Transform Simplity Compfls vent

W Standards v Toggles ~ v - 2 Spirals v +  Geometry | | Profile Creation ~ - v Profiles~ ~ ° Geomet Geometry Redefife Editor Pint List

General Tools Horizontal Vertical Common Tdols
e ——— ~— T

S. There is no dialog initially, left click to locate the alignment.

| | Locate Alignment

Best Fit Horizontal: Y16

Feature: AlignmentNCDOT \Propl&LG_Centerline Minor Roadway
No Active Profile '\ Line
Level: Prop Vertical Profile Grade Minor Road

T. The table editor will display, with all the relevant geometric properties of the
alignment shown.

E’J Alignment Table Editor: Y16 - *

Back
Station Tangent g:::n
Length N

Back Arc Ahead
Spiral Northing Easting Radius Length Spiral
Length

754374.7300 2031027.2603 NE759226"E
754350.1378 2031464.4933 | 2000.0000 (62115 0.0000 N2310033"E
754400 6824 2031734.0875 | 12500.0000 | 256 5831 N85°20'43.8"E
7544051728 20325373313

Ahead
Tangert
Length

4343564
158.1608
6147362

Ahead
Bearing

43750 434.3964 587°59'22.6"W | 0.0000
7+67.26 198.1608 [ 588°10003.3"W | 0.0000
15+1055 |614.7962 [ 589°2043.8"W

Spiral Input:
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Module 3 — Horizontal Alignment

U. The table editor works like an Incomplete Alignment toolbox. All the fields with

checkboxes next to them are editable. By checking the box next to a field that value
is locked. By leaving a box unchecked the value can be changed to anything else.
Similar to Incomplete Alignments it is possible to fix too many values and input new
data that does not allow for a solution. When using the Table Editor it is preferrable
to make changes to a single element at a time instead of trying to manipulate
multiple elements simultaneously.

V. The first thing to do is to eliminate the small curve near the beginning of the

alignment. To do this highlight the row that contains the curve.

ﬂ Alignment Table Editor: Y16

Station

Back Tangent Back Back Spiral Arc Ahead Spiral
Length Bearing Length Marthing Easting Radius Length Length

<

0+00.00

4+37.50

434394

15+1055 | 6147962 [1|s85°2043.8"W

[]| 754405.1728 | []| 2032537 3313

Spirl Input

W. Right click to bring up the pop up menu and left click to select delete.

Station E:n‘ttg angent

0=00.00

Inzert Before
Insert After
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X. The curve will be deleted and select Apply to accept the change.

£ Alignment Table Editor: Y16 - X
" Back Tangent Back Back Spiral - . Arc Ahead Spiral Ahead Ahead|
Station Length Bearing Length Morthing Easting Radius Length Length Bearing LengtH
0+00.00 1| 7543747300 | (]| 2021027.2603 [|n8a'0358.0°E 627569
3 T+67.26 6276978 [1|588°0358.0"W |0.0000 [[1| 754400.6824 |[T]|2031794.0875 | 12500.0000 | 279.1212 0.0000 []|Ngg-20438'E  |603.7.
15+10.54 | 603.7259 [1|589°2043.8"W [7|754409.1728 | ]| 2032537.3313
< >
il

Y. The next thing we want to revise is the curve radius, as a roadway designer we want
to use 20,000.00’ for the radius. Left click in the radius box and change the value to

20,000.00

Mearthing Easting Radius ﬁ ath ﬁﬁ:& Spiral g:ﬁ

{fzowmw boze oo ]
. | |
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Z. Press <ENTER> and the select Apply to accept the change. This will complete the tool
and finish the adjustments to the Alignment. Note that there is only one central
curve at this point.

AA.The last step is to apply stationing starting at 10+00.00. Select the Start Station tool
under Modify.

Geometry Site Corridors
ort/Export ~ P D
S
n Elements = -
9 Civil Reports
dards - Toggles = v

General Tools

e M A S

Model Detailing

od

e

Drawing Production

- L % Offsets and Tapers ~
/S O ¢

—
. . A Reverse Curves =
Lines Arcs  Point

— =

bt
+m s

N

2 Spirals *

Horizontal

d

-

Drawing

v
Madify

-

Utilities iTwin Wiew

HH Open Profile Mod
|5 Set Active Profile

Complex
b Profile Creation »

Geometry *

Start Station

N EIURTRY! |5

hY

Add Station Equation

Add Internal Station Equation

Add Single Internal Station Equation
Copy Elermnent

Transpose Elerment

Insert Fillet

Append Elernent

Geometry Builder Edit

BB. Follow the prompts to adjust the start station and use the horizontal geometry
report to review the alighment.

Page | 372



! ;é/ Module 3 — Horizontal Alignhment

Horizontal Geometry — Geometry Builder

The Geometry Builder Tool defines geometry for ROW and Parcel definition. This tool will not
be common used by the roadway designer. For more information about this tool and how and

when to use it the user should find more specialized training.
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Horizontal Geometry — Geometry Connector

The Geometry Connector Tool is a manual, table based platform that can be used to develop
centerline geometry. The tool works be selecting a beginning and ending element and providing
design parameters for all the elements the user needs to connect the beginning and ending
element. Some parameters will be fixed (set) and some parameters will be Free (Unknowns).
The program will then create a solution based on the Begin and End elements and the specified
design parameters.

This process is very similar to the development of an Incomplete Alignment Input file in
Geopak.

The user should learn to use the individual geometry tools, they will be more efficient and
productive when compared to the Geometry Connector. The individual tool will provide instant

graphical feedback of the solutions and more dynamic options and flexibility.

For more information about this tool and how and when to use it the user should find more
specialized training.
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