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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). 
 
 

  

https://docs.bentley.com/LiveContent/web/OpenRoads%20Designer%20CONNECT-v11/en/GUID-1B18BC16-7361-4DA1-BC57-D8A9EEF3F9E7.html
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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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Geometry Ribbon Tab 

 
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 PIs. 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. 
 
 
  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 9  
 
 

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 

 

General Tool Group 

 

Horizontal Tool Group 

 

Vertical Tool Group 

 

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

 
Lines  

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

 
Arcs  

Various arc placement tools (By Points, To Elements, From Elements, 
Between Arc, 2 Center and 3 Center and Complex Transitions). 

 
Modify  

Stationing, Station Equations, working with Civil rules and copying civil 
elements. 

 
Complex Geometry  

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

 
Simplify Geometry  

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

  

https://docs.bentley.com/LiveContent/web/OpenRoads%20Designer%20CONNECT-v11/en/GUID-9742A0EF-2A45-451F-B4D3-76D1DB6152BA.html
https://docs.bentley.com/LiveContent/web/OpenRoads%20Designer%20CONNECT-v11/en/GUID-D723055C-558A-40F3-8789-CB2F40A35D97.html
https://docs.bentley.com/LiveContent/web/OpenRoads%20Designer%20CONNECT-v11/en/GUID-63361C0E-2DFE-4BE2-A5CC-910E0D533DC5.html


 

Module 3 ς Horizontal Alignment 
 

 

Page | 11  
 
 

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: 
 

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

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

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

¶ 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. 
 

 
 

 
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. 

 
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. 

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

Definitions 

 
B. This example shows the available Feature Definitions for centerline alignments 

contained within the NCDOT workspace 
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3. Match Feature 

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

 
B. 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. 

 
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. 

6. Chain Tools 
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). 

 
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. 

 

 
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 ς 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 ς Precision Entry 
1. Block 1 ς 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. Fit view and find the box labeled Line Between Point Exercise -1 

 
 

D. 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 

E. Set the feature definition to Alignment\NCDOT\Prop\ALG_Centerline 
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F. Set the Use Active Feature Definition tool to ON  

 
 

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

 
H. The Target will appear with the heads up prompt to enter the start point 
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I. Using the Key Point Snap  

 
{ƴŀǇ ǘƻ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭƛƴŜ ƳŀǊƪŜŘ Ψ!Ω ŀƴŘ ƭŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ 
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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. 
 

 
 

K. Enter 42.4264 for the distance, ǘƘƛǎ ƛǎ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ Ǉƻƛƴǘǎ Ψ!Ω ŀƴŘ Ψ5ΩΦ 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 
ǘƘŜ ƭƛƴŜ ƛǎ ƴƻǿ ǎŜǘ ǘƻ пнΦпнспΩΦ 
 

 
 
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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L. 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. 

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

will appear 

 
N. Enter S 45 00 00 E in a similar manner to entering the distance in the previous step. 

No Spaces are needed 
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O. Press ENTER to lock the line direction. 

 
 

P. 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. 
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Line Between Points ς Snap to End Points 
1. Block 1 ς 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. 

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

line. 

 
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. 
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E. Left Click to accept the line. 

 
 

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

 
 

 
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. 
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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. 
 

 
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  
 
FileĄSettingsĄUserĄPreferencesĄView Options -CivilĄManipulator Settings 
 
The user can also change the size and other display properties. 
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F. 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. 
 

 
 

G. 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 млΦллΩ 

 
I. [ŜŦǘ ŎƭƛŎƪ ƻǊ 9b¢9w ǘƻ ŀŎŎŜǇǘ ŀƴŘ ǘƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƭƛƴŜ ǿƛƭƭ ŎƘŀƴƎŜ ǘƻ млΦллΩ 

 

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

 
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. 
 

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

segment and return to the original placement. 
 

 



 

Module 3 ς Horizontal Alignment 
 

 

Page | 32  
 
 

 
 

N. You should now be back to the original layout. 
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2. Block 1 ς Editing Geometry with Drag Handles 
A. Drag Handles are another easy way to change the Civil Rules.  

 

 

¶ 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. 

¶ A circular shaped drag handle moves the points without constraint. 

¶ 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. 
 

B. 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. 
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C. In the Element Selection dialog select the Disable Handles icon. 
 

 
 

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. 
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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. 
 

 
H. {ŜƭŜŎǘ ǘƘŜ ŀǊǊƻǿ ŀƴŘ άŘǊŀƎέ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭƛƴŜ ōŀŎƪ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ tƻƛƴǘ ! ŀƴŘ 

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

 
J. {ŜƭŜŎǘ ǘƘŜ ŀǊǊƻǿ ŀƴŘ άŘǊŀƎέ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭƛƴŜ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ tƻƛƴǘ 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. 
 

 
 

K. 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 ŀƴŘ άŘǊŀƎέ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ƭƛƴŜ ƛƴ ǘƘŜ ŘƛǊŜŎǘƛƻƴ ƻŦ tƻƛƴǘ 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. 

 
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. 

 
 

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

 
 

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

 
 

R. 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. 
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S. 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. 

 
 

T. 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. 
 

 
 

U. Select UNDO (Ctrl+Z) to undo the change and return to the original configuration. 
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V. 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. 
 

 
 

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

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

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

 
Z. 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. 
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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. 

 
 

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

 
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. 

 
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. 

 
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. 

 
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. 
 

 
 

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. 
 

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

Definition toggle to ON. 
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C. Make sure the Persist Snap toggle is checked to ON. 
 

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. Set the snap mode to Key Point  
 

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

Geometry Ribbon.  

 
F. Draw a line from Point A to Point D snapping to the ends of the black lines. 
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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. 
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I. Locate the Feature Definition Toolbar and Toggle the Persist Snap icon to OFF 
 

 
J. Set the Snap Mode to Key Point Snap 

 

 
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 
 

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

 

 
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. 

 
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. 
 

  

Key Point Snap 

Mid Point Snap 
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P. Use the Extend Line tool again to shorten the line from Point B to Point D. 
 

 
Q. 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. 

 

  

Snap Persist set 

to OFF 

Mid Point Snap 
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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< 
 

 
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 

¶ 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. 

¶ 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. 

¶ 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. 

¶ By Angle to Element   
o Creates a line without any transition at user defined skew angle, Offset locked at 

zero. 

¶ Line to Element   
o Constructs a line at a skew to a reference element. 
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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. 
 

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

the use Active Feature Definition Icon. 
 

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

Geometry Ribbon. 
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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. 

 
F. There are several things that will be displayed that will be helpful to the user 

¶ A dynamic line segment will be displayed showing the possible solution. 

¶ There is also a dashed element that displays that is an extension of the arc 
segment to form a circle. 

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

 
  

Alternate Solution 

Point 2 

Default Solution 

Point 1 

To Element 
Extension 

Dynamic 
Solution 
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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 

 
 
Press the <ALT> key to see alternate solution. 
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H. The next step is to select the end point by left clicking. By moving the cursor the line 
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. 

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

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

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

option. L 
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L. The solution should look like the picture below. 

 
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. 
 

  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 61  
 
 

M. Restart the Simple to Line Element tool, and reselect the revised arc. 

 
  

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

 
 

  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 62  
 
 

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

 
 

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 PI of the arc. 

 
 

R. The radius can be adjusted by using the drag handles or the text manipulator. Note 
ǘƘŀǘ ǘƘŜ ƭŜƴƎǘƘ флΦлтсмΩ ƛǎ ǎƘƻǿƴ ƛƴ ǊŜŘΣ ǘƘƛǎ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǘƘŜ ƭŜƴƎǘƘ ¢ŜȄǘ 
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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S. Select the drag handle on the upper left side and move to a new location closer to 
the center point. 

 
 

T. Left Click to accept the new point. 

 
U. 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. 
 

  

End Point 

Tangent Point 
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V. It is 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 
ōŜ ǎƘƻǿƴ ǿƛǘƘ ŀ ǊŜŘ ŎƛǊŎƭŜ ŀƴŘ ŀƴ Ψ·Ω ǘƘŀǘ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ŜƭŜƳŜƴǘ ǘƘŀǘ ƛǎ ŎŀǳǎƛƴƎ ǘƘe 
error. 

 
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 alignment 
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 ς 3. The To Element must 
be a curve to use this tool. 

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

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

Ribbon. 
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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. 

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

¶ 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. 

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

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

¶ 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. 
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E. At this point left click to select the arc. 
 

 
F. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǇǊŜǾƛƻǳǎƭȅ ŜƴǘŜǊŜŘ ¢Ǌŀƴǎƛǘƛƻƴ ό{ǇƛǊŀƭύ [ŜƴƎǘƘ ƻŦ нлΦллΩ ǘƘƛǎ 

will also set the end point. 
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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 Ψ·Ω ƛƴŘƛŎŀǘŜ ƴƻ ǎƻƭǳǘƛƻƴ ǇƻǎǎƛōƭŜΦ 

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

display. 
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I. Left click to accept the Trim/Extend Back option. 
 

 
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. 

 
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. 
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3. Curve Line to Element 
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. 
 

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

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

the use Active Feature Definition Icon. 

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

Ribbon. 

 
  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 72  
 
 

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. 

¶ 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 = 20лΩ 
1. The sets the radius of the curve transition and will always be required 

¶ [ŜƴƎǘƘ Ґ нлΩ 
1. This will be dependent on Method selected. 

¶ Name = CUR 
1. This is 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. 
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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. 

 
G. It is also possible to place the cursor in a position that no solution will be available, 
ŀǎ ǎƘƻǿƴ ōȅ ǘƘŜ ǊŜŘ Ψ·Ω ŀƴŘ ǘƘŜ ǊŜŘ ŘŀǎƘŜŘ ƭƛƴŜΦ 
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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. 

 
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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J. Start the Curve Line to Element tool. 

 
K. Set the following design parameters in the Dialog Box. 

¶ Trim Extend = Back 

¶ Type = Curve 

¶ Method = Offset 

¶ wŀŘƛǳǎ Ґ нлΩ 

¶ hŦŦǎŜǘ Ґ млΩ 

¶ Name = CUR 
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L. Select the horizontal black line. 
 

 
M. The program will again show the dynamic solution. In this case if the cursor is too 
ŎƭƻǎŜ ǘƻ ǘƘŜ ƭƛƴŜΣ ƛŦ ƛǘ ƛǎ ǿƛǘƘƛƴ ǘƘŜ ƻŦŦǎŜǘ ŘƛǎǘŀƴŎŜ ƻŦ млΩ ǘƘŜ ǇǊƻƎǊŀƳ ǿƛƭƭ ŦƭƛǇ ǘƘŜ 
curve to the opposite side. 

 
 

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.  
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O. Also note there are two solutions, shown with the numbers 1 and 2. These show the 
two possible solutions for the cursor location.  
 

 
 

P. The user can switch between these solutions by using the <ALT> key. This is 
common across all the tools when there are multiple possible solutions. Also note 
that the program will use the extension of the To Element to determine a solution. 
 

 
 

  

Solution 1 Solution 2 
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Q. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǊŀŘƛǳǎ ƻŦ нлΩΦ ¢Ƙƛǎ ǿƛƭƭ ŀƭǎƻ ǎŜǘ ǘƘŜ ŜƴŘ Ǉƻƛƴǘ ƻŦ ǘƘŜ ǇǊƻǇƻǎŜŘ 
line. 

 
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.  

 
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 ƛǎ млΩ. This is the method and distance specified in the dialog. 
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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. 

 
 

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

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

Ribbon. 
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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. 

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

 

 
G. At the 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. 
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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. 

 
 

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.  
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J. 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 
ōȅ ǘƘŜ ǊŜŘ ŘŀǎƘŜŘ ƭƛƴŜ ŀƴŘ ǘƘŜ ǊŜŘ ŎƛǊŎƭŜ ǿƛǘƘ ǘƘŜ Ψ·Ω. This can be resolved by going 
back to the dialog box and entering an appropriate Start Distance. 

 
K. 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 
pǊƻƳǇǘ ŜƴǘŜǊ нΩ ŀƴŘ ǇǊŜǎǎ ǘƘŜ ғ9b¢9wҔ ƪŜȅΦ 
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L. ¢Ƙƛǎ ǿƛƭƭ ƭƻŎƪ ǘƘŜ ǾŀƭǳŜ ŀǘ нΩ ŀǎ ƛƴŘƛŎŀǘŜŘ ōȅ ǘƘŜ ƭƻŎƪ ǎȅƳōƻƭΦ bƻǘŜ ǘƘŀǘ ŀ ǇƻǎƛǘƛǾŜ 
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. ! ǾŀƭǳŜ ƻŦ лΩ ǿƻǳƭŘ 
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 : 

¶ Trim/Extend = None 
bƻǘŜ ǘƘŀǘ ǘƘŜ ¢ǊƛƳκ9ȄǘŜƴŘ ƻǇǘƛƻƴ ƛǎ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ƛŦ ǘƘŜ {ǘŀǊǘ 5ƛǎǘŀƴŎŜ ƛǎ ǎŜǘ ǘƻ лΩ 

¶ Skew = 45 degrees 

¶ {ǘŀǊǘ 5ƛǎǘŀƴŎŜ Ґ лΩ 

 
 

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

 
O. 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. 
 

 
Q. Select the Line segment and notice all the Text manipulators and drag handles that 

are available. 
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R. Select 45°ллΩллέ ŀƴŘ change to 90° 
 

 
S. {ŜƭŜŎǘ лΦллллΩ ŀƴŘ ŎƘŀƴƎŜ ǘƻ нΩ 
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T. The line is now constructed at a 90° ǎƪŜǿ ŀƴŘ ŜȄǘŜƴŘǎ нΩ Ǉŀǎǘ ǘƘŜ ƭƛƴŜΦ 
 

 
 

U. 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. 

  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 89  
 
 

5. Line To Element 
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 
 

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

the use Active Feature Definition Icon. 

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

Ribbon. 
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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. 
 

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

 

 
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.  
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I. 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 
ǘŀƴƎŜƴǘ ǘƻ ǘƘŜ !ǊŎ ǎŜƭŜŎǘŜŘ ŀǎ ǘƘŜ ¢ƻ 9ƭŜƳŜƴǘ ŀǘ ŀƴ hŦŦǎŜǘ ƻŦ рΦлΩ 
 

 
J. 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 ties to a 
centerline at a specified offset. 
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K. Restart the Line To Element tool, and select the line segment. 
 

 
L. At the prompt enter -рΦлΩ ŀƴŘ ғ9b¢9wҔ ǘƻ ƭƻŎƪ ǘƘŜ ǾŀƭǳŜΦ 

 

 
M. Now move the cursor to a position below the line. Note that the distance stays the 
ǎŀƳŜ ōǳǘ ǘƘŜ ǎƛƎƴ ŎƘŀƴƎŜǎ ŀƴŘ ǘƘŜ ǾŀƭǳŜ ǎƘƻǿ ǳǇŘŀǘŜǎ ǘƻ рΦлΩΦ [ŜŦǘ ŎƭƛŎƪ ƛƴ ŀ ƭƻŎŀǘƛƻƴ 
below the line and the offset will be set to the right side of the line. 

 
N. The parameters skew prompt will now display. Press the <ALT> key to switch to 
ǎƻƭǳǘƛƻƴ нΦ 9ƴǘŜǊ нϣмуΩллέ (or alternate format 2..18..00) for the skew angle. 
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O. Because the To Element was a line there is an additional option to enter a start 
ŘƛǎǘŀƴŎŜΦ ¢ƘŜ ǎǘŀǊǘ ŘƛǎǘŀƴŎŜ ƛǎ ǘƘŜ ŘƛǎǘŀƴŎŜ ŀǎ ƳŜŀǎǳǊŜŘ ŦǊƻƳ ǘƘŜ рΩ ƻŦŦǎŜǘ ƭƻŎŀǘƛƻƴ 
ŀƭƻƴƎ ǘƘŜ ƭƛƴŜ ǘƘŀǘ ǘƘŜ ǇǊƻǇƻǎŜŘ ƭƛƴŜ ǿƛƭƭ ǎǘŀǊǘΦ 9ƴǘŜǊ лΩ ŦƻǊ ǘƘƛǎ ǾŀƭǳŜ ǘƻ ǎǘŀǊǘ ǘƘŜ ƭƛƴe 
ŀǘ ŜȄŀŎǘƭȅ рΩ ƻŦŦǎŜǘ ŦǊƻƳ ǘƘŜ ¢ƻ 9ƭŜƳŜƴǘΦ 

 
 

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°муΩллέΦ ¦ǎŜ ǘƘŜ Select Element tool to activate the text manipulators and change 
the value to 4°лтΩллέΦ 

 
 

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. 
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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. 

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

the use Active Feature Definition Icon. 

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

Ribbon. 
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E. 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 = лΦллΩ 
1. This is the offset from the first arc where the new line will tie. 

¶ End Offset = нΦллΩ 

¶ Solution = Leave this unchecked, this will be done during the placement process 
1. This is 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 = млΦллΩ 
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 
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G. Left click to Locate the first element and start the tool. 
 

 
H. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ {ǘŀǊǘ hŦŦǎŜǘ Ґ лΩΣ ǘƘƛǎ ǿƛƭƭ ŀƭǊŜŀŘȅ ōŜ ƭƻŎƪŜŘ ōŜŎŀǳǎŜ ƛǘ ǿŀǎ 

previously entered into the dialog box.  

 
I. Left click to locate the second arc. 
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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. 
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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. 
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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. 

 
 

O. 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 
 

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 

¶ 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. 

¶ 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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¶ 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. 

¶ By Angle From Element   
o Creates a line without any transition from another element at user defined skew 

angle, Offset locked at zero. 

¶ 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 ς 8. This tool only 
works when the From element is a curve. 

 
 

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

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

Geometry Ribbon. 
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D. The heads up prompt will appear, left click to select the From element. 
 

 
E. 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 
ǘƘŜ ƻŦŦǎŜǘ ƛǎ ƭƻŎƪŜŘ ǘƻ лΦллΩ ŀƴŘ ǘƘŜ ǇǊƻǇƻǎŜŘ ƭƛƴŜ ǿƛƭƭ ǎǘŀǊǘ ƻƴ ǘƘŜ ŜƭŜƳŜƴǘ ƴƻǘ 
where the cursor is located. 
 

 
  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 106  
 
 

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

 
 

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. 

 
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. 
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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 ς 9. The From Element 

must be a curve to use this tool. 

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

the use Active Feature Definition Icon. 

 
 

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

¶ {Ŝǘ 9ƴŘ 5ƛǎǘŀƴŎŜ Ґ млΦллΩ 
1. This is 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. 

¶ {Ŝǘ [ŜƴƎǘƘ Ґ млΦллΩ 
1. This is 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. 
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E. Left click to locate the From element arc and start the tool. 

 
 

F. Left click to select the start point. 
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G. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ 9ƴŘ 5ƛǎǘŀƴŎŜ Ґ млΦллΩ 

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

 
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 ς 10. When using this 
tool the From Element must be a curve. 

 
 

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

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

Geometry Ribbon. 
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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. 

¶ Trim/Extend = None 
1. None will not modify the From Element 
2. Back will trim the From Element to match the curve transition 

¶ 9ƴŘ 5ƛǎǘŀƴŎŜ Ґ рΦллΩ ς leave this unchecked 
1. This is 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.ллΩ 
1. This is 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 = 2ΦллΩ 
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. This is not important as long as the name is not the alignment name 
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E. Left click to select the curve and start the tool. 

 
 

F. Left click to accept the start point. The start point will be on the From Element with 
ŀƴ ƻŦŦǎŜǘ ƻŦ лΦлΩΦ ¢ƘŜ ŘŀǎƘŜŘ ƭƛƴŜ ǎƘƻǿǎ ǘƘŜ ǇǊƻƧŜŎǘƛƻƴ ŦǊƻƳ ǘƘŜ ŎǳǊǎƻǊ ƭƻŎŀǘƛƻƴ ōŀŎƪ 
to the From Element. The solution can also be solved for any location along the 
projection of the From Element. 
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G. Because the curve parameters were set in the dialog box the curve transisiton will 
ōŜ ŎǊŜŀǘŜŘΦ ¢ƘŜ 9ƴŘ 5ƛǎǘŀƴŎŜ ǿŀǎ ŜƴǘŜǊŜŘ ŀǎ рΦллΩ ōǳǘ ōŜŎŀǳǎŜ ǘƘŜ ŎƘŜŎƪ ōƻȄ ǿŀǎ 
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. 

 
 

H. Left click to accept the trim option of None. 
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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 ς 11. This only has a line 
in it but this tool will work with lines or arcs. 

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

the use Active Feature Definition Icon. 

 
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. 

 
 

E. Left click to accept a start point. The dynamic display will show the projection back 
to the From Element as a dashed black line. This indicates the point on the element 
that the line will pass through. 
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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. 
 

 
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. 

¶ ! ŘƛǎǘŀƴŎŜ ƻŦ лΦллΩ ǿƛƭƭ ǇƭŀŎŜ ǘƘŜ ŜƴŘ Ǉƻƛƴǘ ƻƴ ǘƘŜ CǊƻƳ 9ƭŜƳŜƴǘ ŀǘ ǘƘŜ ǎǘŀǊǘ 
point selected above 
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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 

 

¶ 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 (-ύнлΦллΩ 
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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 

¶ ммΦсффрΩ ƭƻƴƎ 

¶ {ǘŀǊǘǎ пΦсфмрΩ ŀƭƻƴƎ ǘƘŜ ǎƪŜǿ ŦǊƻƳ ǘƘŜ CǊƻƳ 9ƭŜƳŜƴǘ 

¶ !ƴŘ ƛǎ ŀǘ ŀ ǎƪŜǿ ƻŦ пмϲмтΩолΦнέ ǘƻ ǘƘŜ CǊƻƳ 9ƭŜƳŜƴǘ 
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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 

¶ /ƘŀƴƎŜ ммΦсффрΩ ǘƻ млΦллΩ 

¶ Change -пΦсфмсΩ ǘƻ лΦллΩ 

¶ /ƘŀƴƎŜ пмϲмтΩолΦнέ ǘƻ флϲ 

 
 

K. ¢ƘŜ ƭƛƴŜ ƛǎ ƴƻǿ млΩ ƭƻƴƎΣ ǎǘŀǊǘǎ ŜȄŀŎǘƭȅ ƻƴ ǘƘŜ CǊƻƳ 9ƭŜƳŜƴǘ ŀƴŘ ƛǎ tŜǊǇŜƴŘƛŎǳƭŀǊ ǘƻ 
the From Element 
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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 ǘƻƻƭ ǘƘŜ ƛƴƛǘƛŀƭ Ǉƻƛƴǘ ƛǎ ŀƭǿŀȅǎ ŀǘ ŀ лΦллΩ ƻŦŦǎŜǘΦ 
 
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 ς 12. This tool will work with 
Lines or Arcs. 
 

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

the use Active Feature Definition Icon. 
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C. Select the Line From Element tool from the Horizontal section of the Geomerty 

Ribbon 

 
 

D. The heads up prompt will display, left click on the Arc to select the From Element. 
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E. Use the following setting in the dialog box 

¶ Offset = -5.00 
1. This is 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. 

¶ {ƪŜǿ Ґ лϲллΩллέ 
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. This is not important as long as it is not the alignment name 
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F. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ hŦŦǎŜǘ Ґ рΦлΩ 
 

 
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. 
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H. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ {ƪŜǿ Ґ лϲлΩлέ ŀƴŘ ǘƻ ǎŜƭŜŎǘ ƻƴŜ ŜƴŘ Ǉƻƛƴǘ ƻŦ ǘƘŜ ƭƛƴŜ 
segment. 
 

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

¶ hŦŦǎŜǘ рΦлΩ ŦǊƻƳ ǘƘŜ CǊƻƳ 9ƭŜƳŜƴǘ 

¶ ¢ƘŜ {ƪŜǿ ƛǎ лϲллΩллέ 

¶ ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƭƛƴŜ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ǘƘŜ ǎǘŀǊǘ Ǉƻƛƴǘ Ґ муΦстмнΩ 

¶ ¢ƘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƭƛƴŜ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ ǎǘŀǊǘ Ǉƻƛƴǘ Ґ моΦсфурΩ 
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M. Change the values to the following 

¶ Offset -рΦллΩ Ґ -тΦллΩ 

¶ {ƪŜǿ ŦǊƻƳ лϲллΩллέ ǘƻ оϲолΩллέ 

¶ [ŜƴƎǘƘ ƻŦ муΦстмнΩ ǘƻ мрΦллΩ 

¶ [ŜƴƎǘƘ ƻŦ моΦсфурΩ ǘƻ лΦллΩ 
 

 
 

N. ¢Ƙƛǎ ƭƛƴŜ ƴƻǿ ǎǘŀǊǘǎ ŀǘ ŀ Ǉƻƛƴǘ тΦлΩ ǘƻ ǘƘŜ ƭŜŦǘ ƻŦ ǘƘŜ CǊƻƳ Element at a skew of 
оϲолΩллέ ŀƴŘ Ƙŀǎ ŀ ǘƻǘŀƭ ƭŜƴƎǘƘ ƻŦ мрΦллΩ 
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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 ς 13. 

 

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

the use Active Feature Definition Icon. 

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

Geometry Ribbon. 
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D. The heads up prompt and the dialog box will appear. Leave all boxes in the dialog 
unchecked ŜȄŎŜǇǘ ŦƻǊ .ŀŎƪ wŀŘƛǳǎ ǎŜǘ ǘƻ рΦллΩ ŀƴŘ !ƘŜŀŘ wŀŘƛǳǎ ǎŜǘ ǘƻ млΦллΩΦ ¢ƘŜǎŜ 
will be the radius for the curve transition and they are not available for input with 
the heads up prompt. 

 
 

E. Left Click to select the first element 
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F. The next prompt is for the start offset. This is the distance offset from the first 
ŜƭŜƳŜƴǘ ǿƘŜǊŜ ǘƘŜ ŎƘŀƳŦŜǊ ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƛƭƭ ǘƛŜΦ ¢ȅǇŜ ƛƴ лΦллΩΣ ǇǊŜǎǎ ғ9b¢9wҔ ǘƻ 
lock the distance and then left click to accept the distance. 

 
 

G. Left Click to locate the second element 
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H. !ǘ ǘƘŜ ǇǊƻƳǇǘ ŜƴǘŜǊ нΦллΩ ŦƻǊ ǘƘŜ ƻŦŦǎŜǘ ŦǊƻƳ ǘƘŜ ǎŜŎƻƴŘ ŜƭŜƳŜƴǘΣ ǇǊŜǎǎ ғ9b¢9wҔ ǘƻ 
lock the selection and left click to accept the offset. 
 

 
I. The next prompt is the approach length, this is the distance from the corner to the 
ǎǘŀǊǘ ƻŦ ǘƘŜ ŎƘŀƳŦŜǊ ŀƭƻƴƎ ǘƘŜ ŦƛǊǎǘ ŜƭŜƳŜƴǘΦ 9ƴǘŜǊ млΦллΩΣ ǇǊŜǎǎ ғ9b¢9wҔ ǘƻ ƭƻŎƪ ǘƘŜ 
selection and left click to accept. 
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J. The next prompt is for exit length, this is the distance to the end of the chamfer 
ƳŜŀǎǳǊŜŘ ŀƭƻƴƎ ǘƘŜ ǎŜŎƻƴŘ ŜƭŜƳŜƴǘΦ 9ƴǘŜǊ млΦллΩΣ ǇǊŜǎǎ ғ9b¢9wҔ ŀƴŘ ƭŜŦǘ ŎƭƛŎƪ ǘƻ 
accept. 

 
 

K. Use the Down arrow to change the Trim/Extend option to Both. Left Click to accept. 
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L. bƻǘŜ ǘƘŀǘ ǘƘŜ ŦƛǊǎǘ ŜƭŜƳŜƴǘΣ ǘƘŜ ŜƭŜƳŜƴǘ ǿƛǘƘ ǘƘŜ лΦллΩ ƻŦŦǎŜǘ ǿŀǎ ǘǊƛƳƳŜŘ ǘƻ ƳŀǘŎƘ 
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 

 
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 ς 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. 
 

¶ The user can edit the radius 

¶ The user can edit the tangent direction 

¶ The user can add and edit transitions linear transition 

¶ The user can add and edit spiral transistiong 

¶ 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 ς 14. 

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

the use Active Feature Definition Icon. 
 

 
 

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

 
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. 

 
F. Snap to one end of the line to dynamically set the 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 муΦууопΩ 
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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 ς 15. 

 
 

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

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

Ribbon. 
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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. 

 
E. The available placement methods are 

¶ Start\Radius 
1. Select a (1) Start Point and (2) Define a radius by data entry or graphically 

¶ Center\Radius 
1. Select a (1) Center Point and (2) Define a radius by data entry or graphically 

¶ Start\End\Pass-through 
1. Select a (1) Start Point (2) End Point (3) A point on the Arc 

¶ Start\Pass-through\End 
1. Select a (1) Start Point (2) A Point on the Arc (3) End Point 

¶ Start Direction\End 
1. Select a (1) Start Point and Tangent Direction  and an (2) End Point 

¶ 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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F. 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 

 
G. Left click to accept Center\Radius as the placement method. This will not set the 

Start Point, this only confirms the selected method 

 
 

H. 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. 
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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 
ŘƛǎǇƭŀȅ мрΦллΩΦ ¢ƘŜ ŀǊŎ ǿƛƭƭ ōŜ ǎƘƻǿƴ ŀǎ ŀ ŎƛǊŎƭŜ ƛƴƛǘƛŀƭƭȅ ǳƴǘƛƭ ǘƘŜ {ǘŀǊǘ tƻƛƴǘ ƛǎ 
confirmed. 

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

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

 
 

M. 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. 

 
 

N. Snap to the center of the circle in the upper left corner and left click to accept the 
Start Point. 
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O. Snap to the circle in the middle to select and accept the Pass-through point. Note 
that the arc will appear to be a line, this is because it is currently only based on two 
points and only a line can be defined by two points. 
 

 
P. Snap to the center of the circle on the right and left click to select and accept the 
ŜƴŘ ǇƻƛƴǘΦ ¢ƘŜ ŘȅƴŀƳƛŎ ŘƛǎǇƭŀȅ ǎƘƻǳƭŘ ƛƴŘƛŎŀǘŜ ǘƘŜ ǊŀŘƛǳǎ ƛǎ млΦллΩ 

 
 

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. 
 

 
S. {ŜƭŜŎǘ ǘƘŜ мрΦллΩ ǘŜȄǘ ƳŀƴƛǇǳƭŀǘƻǊ ŀƴŘ ŎƘŀƴƎŜ ǘƘŜ ǾŀƭǳŜ ǘƻ млΦллΩ 
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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. 

 
 

U. bƻǿ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ǘƻǇ ŀǊŎ ŀƴŘ ŎƘŀƴƎŜ ǘƘŜ ǊŀŘƛǳǎ ǘƻ рΦллΩ 
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V. bƻǘŜ ǘƘŀǘ ǘƘŜ ŀǊŎ ǘǳǊƴǎ ƛƴǘƻ ŀ ǊŜŘ ŘŀǎƘŜŘ ƭƛƴŜ ǿƛǘƘ ŀ ǊŜŘ Ψ·ΩΦ ¢Ƙƛǎ ƛǎ ōŜŎŀǳǎŜ ǘƘŜǊŜ ƛǎ 
ƴƻǘ ŀ ǇƻǎǎƛōƭŜ ǎƻƭǳǘƛƻƴ ŦƻǊ ŀƴ ŀǊŎ ǿƛǘƘ ŀ ǊŀŘƛǳǎ ƻŦ рΦллΩ ǘƻ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǘƘŜ ǘƘǊŜŜ 
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< 
 

 
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 

¶  Simple Arc to Element   
o Creates a simple radius arc without any transition to another element. 

¶  Two Center Arc To Element   
o Creates an arc with an arc transition to another element 

¶  Spiral Arc To Element   
o Creates and arc with a spiral transition to another element 

¶  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. 

¶  Arc To Element   
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.  

 
 

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

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

Ribbon. 
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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. This is not important as long as it is not the name of the alignment 

 

 
F. At the heads up display left click to locate the To Element 
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G. 9ƴǘŜǊ нлΦллΩ ŦƻǊ ǘƘŜ radius and press the <ENTER> key to lock the value. 
 

 
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. 
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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. 
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J.  
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. 
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L. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǊŀŘƛǳǎ ǾŀƭǳŜ ƻŦ нлΦллΩ ŀƴŘ ǘƻ ǎŜǘ ǘƘŜ ǎǘŀǊǘ ǇƻƛƴǘΦ /ƭƛŎƪ ƛƴ ŀ 
location that moves the tangent point off the To Element to the left. 
 

 
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 ς 17. This tool can 

be used when the To Element is a line or an arc. 

 
 

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

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

Geometry Ribbon. 
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D. The Dialog box will appear with multiple options for the design parameters 

¶ Set the Trim/Extend = None 
1. Back is 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 

¶ wŀŘƛǳǎ Ґ плΦллΩ 
1. This is the radius of the transition curve 

¶ [ŜƴƎǘƘ Ґ млΦллΩ 
1. This is the length of the transition curve 

¶ Name = CUR 
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E. At the heads up prompt left click to locate the To Element. 

 
 

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

 
G. 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. 
 

 
H. Left click to accept the end point  
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I. 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 
 

 
J. 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 
ǘǊŀƴǎƛǘƛƻƴ ŎǳǊǾŜΣ wŀŘƛǳǎ Ґ плΦллΩ ŀƴŘ [ŜƴƎǘƘ Ґ млΦллΩ ŀǊŜ ǎƘƻǿƴ ŀƴŘ ǊŜŘ ŀƴŘ ǿŜǊŜ 
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. 

 
 

  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 160  
 
 

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. 
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M. Also note that with this tool that by using the text manipulators to change the radius 
ƻŦ ǘƘŜ ǎŜŎƻƴŘ ŎǳǊǾŜ ŦǊƻƳ тΦултпΩ ǘƻ мнΦллΩ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ŎǳǊǾŜ ƳƻǾŜǎ ŀƴŘ ǘƘŜ ƛƴƛǘƛŀƭ 
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. 
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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 ς 18. 

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

the use Active Feature Definition Icon. 
 

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

Ribbon. 
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D. This is the same dialog as the Two Center Arc to Element dialog. Some options will 
be different with the method set to Spiral. 

¶ Trim/Extend = Back 

¶ Radius = 1лΦллΩ ŎƘŜŎƪ ǘƘŜ ōƻȄ ƴŜȄǘ ǘƻ wŀŘƛǳǎ 

¶ Type = Spiral 

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

¶ Length = 1лΦллΩ 
1. This defines the length of the Spiral Transisiton 

¶ Name = CUR 
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E. At the heads up prompt left click to select the To Element 

 
 

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. 

 
 

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

 
 

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. 
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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 ς 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. 

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

the use Active Feature Definition Icon. 

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

Geometry Ribbon. 
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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. 

 

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

the use Active Feature Definition Icon. 

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

Ribbon. 
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E. The dialog box will display 

¶ Leave the offset box unchecked. This can be selected at the heads up prompt. 

¶ Leave the radius box unchecked. This can be selected at the heads up prompt. 

¶ Leave the End Tangent box unchecked. This can be determined dynamically 
during placement of the curve 

¶ 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. 

¶ 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 

¶ Set Name = CUR 
1. This is not important as long as it is not the alignment name. 
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F. At the heads up prompt left click to select the To Element. 

 
 

G. At the prompt for the Offset Parameter type in -рΦллΩ ŀƴŘ ғ9.¢9wҔ ǘƻ ƭƻŎƪ ǘƘŜ 
ŘƛǎǘŀƴŎŜΦ [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ƻŦŦǎŜǘ ŘƛǎǘŀƴŎŜΦ ¢ƘŜ ŘŀǎƘŜŘ ƭƛƴŜ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ рΦлΩ 
offset. 

 
 

H. !ǘ ǘƘŜ ƘŜŀŘǎ ǳǇ ǇǊƻƳǇǘ ǘȅǇŜ ƛƴ нлΦллΩ ŦƻǊ ǘƘŜ ǊŀŘƛǳǎΦ tǊŜǎǎ ғ9b¢9wҔ ǘƻ ƭƻŎƪ ǘƘŜ 
value. A dynamic solution for the arc will appear. 
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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. 

 
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. 
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Arc Between Arcs 
1. Arc Between Arcs 

A. 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. 

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

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

the use Active Feature Definition Icon. 
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D. Select the Arc Between Arcs tool from the Horizontal section of the Geometry 
Ribbon. 
 

 
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. 

¶ 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 

¶ 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. 

¶ Radius = 50.ллΩ 
1. This is 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 
ƴƻǘ ƭŀǊƎŜ ŜƴƻǳƎƘ ǘƘŜǊŜ Ƴŀȅ ƴƻǘ ōŜ ŀ ǎƻƭǳǘƛƻƴ ŀǾŀƛƭŀōƭŜΦ ! ǊŜŘ Ψ·Ω ǿƛƭƭ ŘƛǎǇƭŀȅ 
to indicate this problem. 
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¶ {ǘŀǊǘ hŦŦǎŜǘ Ґ лΦллΩ 

¶ 9ƴŘ hŦŦǎŜǘ Ґ лΦллΩ 

1. These offsets are the distance offset from the To Element where the new arc 
or transition elements will tie tangentially. 

¶ Loop = leave this unchecked 

1. If this box is checked the longer length of circular arc will be used for the 
solution ς the loop part 

¶ 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 

¶ Back Transition = None 
1. The arc will tie directly to the To Element 

¶ 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. 

¶ Method = Length 
1. This defines the spiral by length  

which is the most common  
practice for NCDOT  
Roadway Designers. 

¶ [ŜƴƎǘƘ Ґ рΦллΩ 
1. This is the spiral length,  

this option will change  
depending on the  
method selected 

¶ Name = CUR 
1. This is not important as long  

as it is not the name  
of the alignment. 
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F. At the prompt Left Click to accept the Curve Type option of Compound 

 
 

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

 
H. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ {ǘŀǊǘ hŦŦǎŜǘ Ґ лΦллΩΦ bƻǘŜ ǘƘŀǘ ǘƘŜ ŜƴǘƛǊŜ ŎƛǊŎƭŜ ƛǎ ǎƘƻǿƴ ŀǎ ŀ 

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

 
 

J. 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 
pressing the <ALT> key. 
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K. There will always be four solutions for this tool. 
 

 
 

 
 

L. [ŜŦǘ /ƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ƻŦŦǎŜǘ Ґ лΦллΩ 
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M. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ŀǊŎ ǊŀŘƛǳǎ Ґ рлΦллΩ 

 
 

N. Left click to accept the Trim/Extend setting = None 
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O. This will ŎƻƳǇƭŜǘŜ ǘƘŜ ǘƻƻƭ ŀƴŘ ǇƭŀŎŜ ǘƘŜ ŜƭŜƳŜƴǘΣ ŀƴ !ǊŎ ǿƛǘƘ ŀ рлΩ ǊŀŘƛǳǎ ǘƘŀǘ ƛǎ 
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. 
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Q. Left click to accept curve type as Reverse. 
 

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

 

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

the arc. 
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T. Left click to locate the ahead element. 

 
U. Use the <ALT> key to select solution #3. 
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V. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ŜƴŘ ƻŦŦǎŜǘ Ґ лΦллΩ 

 
 

W. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ŀǊŎ ǊŀŘƛǳǎ Ґ нлΦллΩ 

 
 

X. Left click to accept trim parameters = None. 
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Y. That completes the tool and places the elements. 

 
Z. Use the Element Selection tool to highlight the element and note that the spiral ties 
нΦллΩ ƻŦŦǎŜǘ ŦǊƻƳ ǘƘŜ ǇǊƻƧŜŎǘ ƻŦ ǘƘŜ .ŀŎƪ !ǊŎΦ ¢ƘŜǊŜ ŀǊŜ ǊŜǾŜǊǎƛƴƎ ǎǇƛǊŀƭ ǘǊŀƴǎƛǎǘƛƻƴǎ 
ŀǘ ŜŀŎƘ ŜƴŘ ŀƴŘ ŀƴ ŀǊŎ ǿƛǘƘ ŀ ǊŀŘƛǳǎ ƻŦ нлΦллΩ ƛƴ ǘƘŜ ƳƛŘŘƭŜΦ 
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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< 
 

 
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 

¶  Simple Arc From Element   
o Creates a simple radius arc without any transition from another element. 

¶  Two Center Arc From Element   
o Creates an arc with an arc transition from another element 

¶  Spiral Arc From Element   
o Creates and arc with a spiral transition from another element 

¶  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. 

¶  Arc From Element   
o Constructs an arc based on a selected base element which controls tangency at 

one end. 
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1. Simple Arc From Element 
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 ς 22. 

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

the use Active Feature Definition Icon. 

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

Geometry Ribbon. 
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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 

 
 

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 
ǘƻ ǘƘŜ CǊƻƳ 9ƭŜƳŜƴǘΦ ¢ƘŜ ƻŦŦǎŜǘ ƛǎ ƭƻŎƪŜŘ ŀǘ лΦллΩ ŦƻǊ ǘƘƛǎ ǘƻƻƭΦ ¢ƘŜǊ ǾŜǊǘƛŎŀƭ ŘŀǎƘŜŘ 
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. 
 

 
H. Lƴ ǘƘŜ ƘŜŀŘǎ ǳǇ ŘƛǎǇƭŀȅ ǘȅǇŜ ƛƴ нлΦллΩ ŦƻǊ ǘƘŜ ǊŀŘƛǳǎ ŀƴŘ ǇǊŜǎǎ ғ9b¢9wҔ ǘƻ ƭƻŎƪ ǘƘŜ 

value. Left click to accept the value. 
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I. !ǘ ǘƘŜ ƘŜŀŘǎ ǳǇ ǇǊƻƳǇǘ ŜƴǘŜǊ олΦллΩ ŦƻǊ ǘƘŜ ƭŜƴƎǘƘ ŀƴŘ ǇǊŜǎǎ ғ9b¢9wҔ ǘƻ ƭƻŎƪ ǘƘŜ 
value. Left Click to accept the length> 

 
 

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. 
 

 
K. This will complete the tool, place the arc and trim the From Element. 
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L. Use the Element Selection tool to pick the curve and display the text manipulators 
and drag handles. 

 
 

M. /ƘŀƴƎŜ ǘƘŜ ǊŀŘƛǳǎ ǘƻ млΦллΩ 
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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. ¢Ƙƛǎ ƛǎ ǎƛƳƛƭŀǊ ŎǳǊǾŜ ǇƭŀŎŜ ǿƛǘƘ ǘƘŜ ¢ƻ 9ƭŜƳŜƴǘ ǘƻƻƭ ŀƴŘ ŀ ǊŀŘƛǳǎ ƻŦ нлΦллΩ 

 
P. ²ƘŜƴ ǘƘŜ ǊŀŘƛǳǎ ƛǎ ŜŘƛǘŜŘ ǘƻ млΦллΩ ǘƘŜ Ǉƻƛƴǘ ƻƴ ǘƘŜ ¢ƻ 9ƭŜƳŜƴǘ ƳƻǾŜǎ ǘƻ ƳŀǘŎƘ ǘƘŜ 

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 ς 23. 

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

the use Active Feature Definition Icon. 

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

Geometry Ribbon. 
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E. The dialog will appear 

¶ Set Trim/Extend to Back 
1. The other option is None 

¶ Set Radius to 2лΦллΩ 
1. This is radius of the primary curve, this can also be established graphically 

¶ {Ŝǘ ǘƘŜ !ǊŎ [ŜƴƎǘƘ ǘƻ млΦллΩ 
1. This can also be established graphically 

¶ Set the Back Transition Type to Curve 
1. The Curve option will result in a two center curve being constructed 
2. The None option will result in an Arc with no transition to the From Element 

and will match the Simple Arc From Element tool 
3. 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. 
4. 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. 

5. 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  

will set the curve length based  
on the deflection angle. 

2. The length option will  
set the transisiton curve based  
on the length of the curve 

3. The offset option will set the  
length of the transition curve  
based on the offset  
from the tangent. 

¶ {Ŝǘ ǘƘŜ ǊŀŘƛǳǎ ǘƻ млΦллΩ 
1. This is the radius of  

the transisiton curve 

¶ Set the Deflection to 45°ллΩллέ 
1. This is the deflection of  

the transition curve 

¶ Set the Feature Name to CUR 
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F. Left click to locate the From Element 

 
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. 

 
 
 

H. By moving the cursor to different sides of the Start Point or the From Element 
different solutions will be displayed. 
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I. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǊŀŘƛǳǎ ƻŦ ǘƘŜ tǊƛƳŀǊȅ ŎǳǊǾŜ ŀǎ нлΦллΩΦ 
 

 
J. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǇǊƛƳŀǊȅ ŎǳǊǾŜ ƭŜƴƎǘƘ ƻŦ млΦллΩ 
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K. Left click to accept the Trim/Extend option of Back. 

 
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. 
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3. Spiral Arc From Element 
A. 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. 
B. Locate the Spiral Arc From Element exercise location in Block ς 24 

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

the use Active Feature Definition Icon. 

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

Geometry Ribbon. 
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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. 

¶ Set Trim/Extend to Back 

¶ {Ŝǘ wŀŘƛǳǎ ǘƻ нлΦллΩ 

¶ {Ŝǘ ǘƘŜ !ǊŎ [ŜƴƎǘƘ ǘƻ млΦллΩ 

¶ Set the Back Transition Type to Spiral 

¶ Set Method to Length 
1. There are other options to define a spiral but length is the only option used 

by NCDOT roadway designers 

¶ {Ŝǘ ǘƘŜ ƭŜƴƎǘƘ ǘƻ млΦллΩ 
1. This is the radius of  

the transisiton curve 

¶ Set the Feature Name to CUR 
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F. Left click to locate the From Element 

 
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. 

 
H. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǇǊƛƳŀǊȅ ŎǳǊǾŜ ǊŀŘƛǳǎ ƻŦ нлΦллΩ ŀƴŘ ǘƻ ǎŜǘ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ 

solution. 
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I. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǇǊƛƳŀǊȅ ŎǳǊǾŜ ŀǊŎ ƭŜƴƎǘƘ ƻŦ млΦллΩ 
 

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

 
 

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 ς 25 

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

the use Active Feature Definition Icon. 

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

Geometry Ribbon. 
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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 Double 
Spiral. 

¶ Set Trim/Extend to None 

¶ Set Radius to 1лΦллΩ 

¶ {Ŝǘ ǘƘŜ !ǊŎ [ŜƴƎǘƘ ǘƻ млΦллΩ 

¶ Set the Back Transition Type to Double Spiral 

¶ Set Method to Length 

¶ {Ŝǘ ǘƘŜ ƭŜƴƎǘƘ ǘƻ млΦллΩ 
1. This is the length of the first spiral that will be tangent to and turning the 

same direction as the From Element 

¶ {Ŝǘ ǘƘŜ ¢ŀƴƎŜƴǘ [ŜƴƎǘƘ ǘƻ млΦллΩ 
1. This is the tangent length between the spirals 

¶ {Ŝǘ ǘƘŜ !ƘŜŀŘ {ǇƛǊŀƭ [ŜƴƎǘƘ ǘƻ мрΦллΩ 
1. This is the length of the reversing spiral that will transition to and be curved 

in the same direction as the primary curve 
F. Set the Feature Name to CUR 
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G. Left click to locate the From Element 

 
 

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. 
 

 
  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 205  
 
 

I. Left click to accept the primary curve radius of 1лΦллΩ ŀƴŘ ǘƻ ǎŜǘ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ 
solution. 
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K. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ ǇǊƛƳŀǊȅ ŎǳǊǾŜ ŀǊŎ ƭŜƴƎǘƘ ƻŦ млΦллΩ 

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

 
L. This will complete the tool, place the element and trim the From Element to match 

the transition spiral. 
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5. Arc From Element 
A. 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. 

B. Locate the Arc From Element exercise location in Block - 26 

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

the use Active Feature Definition Icon. 

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

Ribbon. 
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E. 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. 

¶ {Ŝǘ ǘƘŜ ƻŦŦǎŜǘ ǘƻ нΦллΩ 
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. 

¶ {Ŝǘ ǘƘŜ wŀŘƛǳǎ Ґ млΦллΩ 

¶ {Ŝǘ ǘƘŜ [ŜƴƎǘƘ Ґ млΦллΩ 

¶ Leave Sweep Angel Unchecked, this will be solved graphically 

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

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

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

¶ Set Method to Length 

¶ {Ŝǘ [ŜƴƎǘƘ ǘƻ млΦллΩ 

¶ Set Feature Definition Name to CUR 
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F. Left click to locate the From Element. 

 
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. 
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H. Left click to select the Left (-) side of the From Element. 

 
I. Left click to accept the start point. 

 
J. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ !ǊŎ ǊŀŘƛǳǎ ƻŦ млΦллΩ 
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K. [ŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘ ǘƘŜ !ǊŎ ƭŜƴƎǘƘ ƻŦ млΦллΩ 

 
 

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< 

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 

¶  Simple Arc  
o Creates a simple arc without spirals or tapers at both ends. 

¶  Spiral Arc Spiral   
o Creates an arc with spiral transitions but no tapers at both ends. 

¶  Taper Arc Taper   
o Creates an arc with tapers but no transitions at both ends 

¶  3 Center Arc   
o Creates an arc with radius transitions at both ends, a three centered curve. 

¶  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 

  



 

Module 3 ς Horizontal Alignment 
 

 

Page | 213  
 
 

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 

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

the use Active Feature Definition Icon. 

 
D. Select the Simple Arc tool from the Horizontal section of the Geometry Ribbon. 
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E. The dialog will appear 

¶ Set Trim/Extend Option to Both 

¶ Leave the Radius unchecked 

¶ 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. 

 

¶ Set Feature Definition Name to CUR 
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F. Left click to locate the first element 

 
 

G. Left click to locate the second element 
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H. !ǘ ǘƘŜ ƘŜŀŘǎ ǳǇ ǇǊƻƳǇǘ ǘȅǇŜ ƛƴ мрΦллΩ ŦƻǊ ǘƘŜ ǊŀŘƛǳǎ ŀƴŘ ƭŜŦǘ ŎƭƛŎƪ ǘƻ ŀŎŎŜǇǘΦ 

 
 

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

 
 

J. Use the <DOWN> Arrow key to switch to the Back option and left click to accept. 
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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 ς 28. 

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

the use Active Feature Definition Icon. 

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

Ribbon. 
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E. The dialog will appear 

¶ Set Trim/Extend to Both 

¶ {Ŝǘ wŀŘƛǳǎ ǘƻ млΦллΩ 
1. This is the radius for the central Arc 

¶ Leave Loop Unchecked 

¶ 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. 

¶ Set Method to Length 

¶ {Ŝǘ [ŜƴƎǘƘ ǘƻ рΦллΩ 

¶ Set the same options for the Ahead Transition 

¶ Set the Feature Definition Name to CUR 

 
 

  
























































































































































































































































































































