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About this Practice Workbook...
e The Module 09 — Resurfacing Grades.Zip file will be provided for download.
e Exact the zip file to the root C:\
e Allfiles are then automatically extracted here: C:\NCDOT Training\Roadway\Module 09 —
Resurfacing Grades
e With these subfolders:

Mame Date modified Type
Final Survey 2/3/2025 %57 AM File folder
Roadway 2/3/2025 %57 AM File folder
Module 9 - Resurfacing Grades.pdf 1/13/2025 2:03 PM Adobe Acrobat D...

The Module 09 — Resurfacing Grades PDF will also be located here.

e 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.

e The dataset used throughout this module uses English units and US Survey Feet.
e Each module is self-contained. You can jump to any module and begin the exercises.

e The NCDOT_WorkSets.inp on your desktop should be set the following variables:
o NCDOT_USE_LOCAL_WORKSETS =12
o NCDOT_UNIT_TRAINING_WORKSETS = Roadway
e This module uses the DOT-US North Carolina WorkSpace, Training-RD_R-2635C WorkSet and
NCDOT_Roadway Role. It is very important that you select the correct WorkSpace, WorkSet
and Role.

¢ For more information on setting up workspaces, click here.
e 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 CE Help (bentley.com)

e NCLUG/NCDOT Bentley ORD Open X presentations from each NCDOT Department:
NCLUG - 2022 TECH Talks

e This workbook was written with the release of OpenRoads Designer 2023
OpenRoads Designer Readme (bentley.com)
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Overview

The Resurfacing Grades module provides practical guidance and introduces essential tools to help you
develop resurfacing grades effectively. While these tools are valuable, successful roadway design
ultimately relies on your engineering judgment and experience.

In this module, you will use two key tools: the Overlay Vertical Adjustment Tool to establish a Vertical
Control Envelope, and the Best-Fit Profile Tool to create an initial profile that will require refinement.
You'll also learn how to leverage ORD reporting features and other methods to streamline your
workflow.

By integrating these tools and strategies, you'll be better equipped to apply sound engineering
judgment and refine your resurfacing grades to meet specifications.

Key Concepts, Tools, and Terminology

Overlay Vertical Adjustment (OVA) Tool

A tool within OpenRoads Designer is used to create and adjust the vertical alignment for resurfacing
projects. It evaluates both the template and existing surfaces to calculate the necessary PGL elevation,
minimizing the overlay above or the milling below the surface.

1| OpenRoadsModeling  ~ W THE [ « - » £ & = C:\projects\NCDOT\NCDOT Training\Readway\Training-RD_Quick Start\Module 4 (Corridor Medeling)\r2635¢_rdy_alg.dgn
Home  Terrsin  Geometry  Site | Corridors = Model Detsiling  Drawing Production  Drawing  Utilities  iTwin  View  Help  NCDOTRoadway
a k e ﬁ 73 Copy Template Drop 2% ﬁ ? @ (@ Define Target Aliasing e
W - Ygg Import IRD $ 1 Corridor Ref A\ E
Hement . New _  New Template | gy Edis srnesrTEeEeE OVERLAY VERTICAL e
[ Selection = Corrider Template Drop 4/ Transitions ~ v TemplateDrop S8 | 18 Corridor Clipping = rts
Primary Selection Create Edit Miscellancous ADJUSTMENT

Best-Fit Profile Tool
The Best-Fit Profile tool enables users to create a complex profile that aligns with a selected existing
profile, such as generating a new profile that matches an existing ground profile

] OpenRoads Modeling  ~ (8~ HE B« - # 2 = C\NCDOT Training\Roadway\Training-RD-2635C\Module 9\Roadway\Design\r2635¢_rdy._Y16_cmd.dgn [2D | Search Ribbon (#4) JoOIRg>

Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities Collaborate View Help NCDOT Road

Roadwa
a * G| a8 o Add Vertex T | R R R @ = o AT A A A %H
< PV < g 2 =
N v v § Remove Vertex ~ EE b - v o % - 3 o - BEST_FIT =
Element .- Polygon SITEOPs | Parking Parceling  Pad  Pathway Modify  Limitsof Grading Problem Draped Profiles Co ove Coordinate

€ Selection '/ File v Phase | Disturbance Solver View Breakline Grid

PROFILE

Primary Selection Draw Basic Import Layout Grading fition

It is important to clarify that the Best-Fit Profile tool located under (Site > Grading > Profiles > Best-
Fit Profile) is distinct from the similarly named Define Profile by Best Fit tool found under (Geometry
> Vertical). The Define Profile by Best Fit (Geometry > Vertical) tool offers limited utility and is not
recommended for this purpose.
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Resurfacing

The process of adding a new layer of asphalt or concrete over an existing road surface to improve its
condition and extend its lifespan.

Profile Grade Line (PGL)

The line representing the elevation of the road's centerline.

Cross Slope

The cross slope refers to the slope of the road surface perpendicular to the direction of travel. In the
context of roadway design, it is also known as superelevation.

Resurfacing Grade Control Envelope

The Resurfacing Grade Control Envelope is a designated range that ensures the proposed resurfacing
grade maintains structural integrity and aligns with existing road conditions. It serves as a guideline
for design decisions, ensuring consistency with project standards and minimizing disruption to the
underlying pavement.

Exercise 1 - Tools & Techniques for Resurfacing Grade Development

Exercise 1 focuses on the practical application of tools for developing resurfacing grades. You will use
the Overlay Vertical Adjustment tool to create a Vertical Control Envelope and the Best-Fit Profile
tool to generate an initial profile, which will require further refinement. This exercise primarily
concentrates on an Undivided Facility, emphasizing hands-on techniques for accurately setting grades
with these tools. While many concepts and techniques are applicable to both divided and undivided
facilities, there are key differences that must be understood. While this exercise addresses an
undivided facility, a subsequent exercise will focus exclusively on divided facilities, highlighting the
critical distinctions and how to manage them effectively.

1. Launch OpenRoads Designer 2023
Double-click on the OpenRoads Designer 2023 icon on your desktop to launch
OpenRoads Designer.

2. Set the Workspace and Workset
Select DOT-US North Carolina from the Workspace menu.
Select Training-RD_R-2635C from the Workset menu.
Select NCDOT_Roadway from the Role menu.

OpenRoads Designer 2023

WorkSpace WiorkSet Rale
[DOT-US North Carolina * Training-RD R-2635C - NCDOT Roadway |
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3. Open the r2635c_rdy_alg.dgn file and zoom in closely to the Y16 Alignment
A. Click the Browse Button (File> Open > Browse) and path to the C:\NCDOT

Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder and Browse
open the r2635c_rdy alg.dgn file.

B. Zoom in near the Y16 Alignment as shown below. The Y16 Alignment will be used throughout
this exercise.

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

Y16
Alignment

4. Set the existing ground profile for the Y16 alignment as the active profile.
A. Select the Open Profile Model button (Geometry > Vertical > Open
Profile Model) and select the Y16 Alignment when prompted to Locate
Plan Element.

BEH Open Profile Model

B. Next, select a view to open when prompted to do so. This will open the Y16 Profile View as
shown below.

Y16
EXISTING
PROFILE

Note: All existing ground profiles throughout module 9 are based on the R-2635C existing
ground terrain model.
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C. Inthe Y16 Profile View, left-click on the Y16 Existing Profile and pause briefly to display the
toolbar as shown below. Next, activate the Y16 Existing Profile by selecting the Set Active
Profile button, as illustrated.

Y16
EXISTING
PROFILE

SET ACTIVE
PROFILE

5. Set up a Corridor along the Y16 Alignment
A. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Design folder and open Browse
the r2635c_rdy Y16 _cmd.dgn file.

B. Zoom in near the Y16 Alignment as shown below.

Y16
Alignment

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

C. Click on the Create Template button (Corridors > Create > Template > Create Template) V&'
to load the Create Template dialog.
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D. Open the R-2635C (Training) RDY.itl file located under the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Design folder.

E. Notice the UF - 1+1 Lanes - LDSS Template as shown below.

UF - 1+1 Lanes -
LDSS TEMPLATE

Note: No specific template is required for this exercise. However, it is recommended to choose
a template that closely aligns with the intended design, particularly in relation to the
pavement and PGL (Proposed Grade Line). Understanding the differences between a divided
and undivided facility is crucial in this context. Once you have established a working grade,
there is no need to maintain the same template throughout the duration of the project.

F. Close the Create Template Dialog. This will set the R-2635C Template Library active while
working on the Y16 Corridor.

G. Set the following Parameters using the Create Corridor Dialog and click through the prompts

that follow. “Creat.  — X
Parameters ~
e Feature Definition = Final Locate ProfileElement [ [V
e Name=Y16 Feature -~
FeatureDefintion  [Final [~
MName Y16

Note: NCDOT recommends using the "Final" design stage feature definition when utilizing a
corridor to develop a grade.

H. Next, click the New Corridor button (Corridors> Create > New Corridor) and select B
the Y16 Alignment when prompted to Locate Corridor Baseline and Right-Click to New

use the Active Y16 Profile. Corridor
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I.  This will open the Create Template Drops Dialog. Set the following Parameters within the
Create Template Drops Dialog.

fa
Parameters S
e Start = Lock to Start koSt
e End=_LocktoEnd Star 10:00.00
Lock To End
e Droplinterval=5 End 2541092

Drop Interval |5.0000

L] Template = UF - 1+1 Lanes - LDSS Templste | _[suiage Grade Templale 2

Note: NCDOT recommends using a 5’ drop interval when utilizing a corridor to develop a grade
because it will provide very accurate data.

J. Left-Click to Place the UF - 1+1 Lanes - LDSS Template as shown below. Y16

Corridor

6. Explore and become familiar with the Overlay Vertical Adjustment Tool

Note: Bentley's implementation and explanation of the Overlay Vertical Adjustment tool has
introduced unnecessary complexity, as the Backbone Thickness and Minimum Overlay
Thickness parameters are effectively interchangeable in determining the final surface
elevation. NCDOT recommends setting the Backbone Thickness to 0.0" and adjusting only the
Minimum Overlay Thickness, rather than configuring both. We will provide examples to clarify
this.

A. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder -
and open the r2635c_rdy_alg.dgn file.

B. Click on the Overlay Vertical Adjustment button (Corridors > Miscellaneous > I
Overlay Vertical Adjustment) to load the Overlay Vertical Adjustment dialog. T
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C. Please review the options and parameters within the Overlay Vertical Adjustment dialog box
provided below. This information is provided for reference purposes only. Those interested in
fully utilizing this tool are encouraged to take the time to explore and experiment with its
features. However, for the purposes of Module 9 - Resurfacing Grades, we will focus solely on
the elements relevant to this module.

e Backbone Thickness - This parameter defines the vertical distance from the Profile Grade
Line (PGL) to the bottom of the Backbone components. It's redundant and can be
managed through the Minimum Overlay Thickness parameter. To avoid confusion, |
recommend setting it to 0 instead (see examples on the following pages for clarity).

&
e Minimum Mode - @
o Minimum Overlay - When specified, it evaluates the Do D
existing surface to find the control point closest to the s ks ::

bottom of the backbone, using that elevation to omovetey TS

riay Thickness |0.1250
etric B

calculate the centerline elevation. e pomanclad [

o Minimum Milling - When specified, the existing surface e (I
is evaluated to find the control point farthest from the o
backbone, and the vertical adjustment is made to align o
the backbone with that point. Wasmum Veico Do [00000 |

¢ Maximum Milling Toggle - When enabled, it limits the depth of milling
to prevent removing too much pavement, ensuring the process follows design
specifications.

e Maximum Vertical Difference - Generally, this value should remain at 0. If greater than
0.0, the program compares the Adjusted Vertical elevation between stations to ensure the
difference does not exceed this value.

e Minimum Overlay Thickness - Is the minimum allowable thickness of overlay material that
can be applied to the existing surface during vertical adjustment.

e Solution Option - Always use the Examine All Cross Section Points option.

o Existing Ground Range - The portion of the existing surface that will be considered for
the vertical adjustment. This typically represents existing asphalt. There are a few options
to define how this information is provided.

Note: Please refer to the examples on the following pages for more clarity and to provide the
necessary context.
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D. The following examples demonstrate two parameter variations for the Overlay Vertical
Adjustment tool using the Minimum Overlay method. It is important to note that the
Minimum Overlay Thickness and Backbone Thickness parameters are interchangeable.
Therefore, NCDOT recommends setting the Backbone Thickness to 0.0’ and adjusting only the
Minimum Overlay Thickness, rather than configuring both parameters. These examples are
provided for clarity and guidance in applying this approach.

Example 1 — Minimum Overlay Method

1.5” Minimum Overlay Thickness with Backbone Thickness Value of 0.0’

BACKBONE
THICKNESS

PROPOSED ORD
CROSS SLOPE
(SUPERELEVATION)

MIN
. OVERLAY
T A e THICKNES

———————— CONTROL
POINT

Note: In the image above, the control point marks where the bottom of the 1.5-inch Minium
Overlay Thickness meets the existing asphalt, with the backbone thickness at 0.0’ in this
example. To determine the PGL (Profile Grade Line), we add the 1.5-inch overlay thickness to
the control point's elevation and project the Proposed ORD Cross Slope (superelevation)
toward the centerline of the roadway. The superelevation (variable) is applied based on
project-specific settings, not template defaults.
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Example 2 — Minimum Overlay Method

0.0’ Minimum Overlay Thickness with Backbone Thickness Value of 1.5”

MIN
OVERLAY
THICKNESS

PROPOSED ORD
CROSS SLOPE
(SUPERELEVATION)

BACKBONE
THICKNESS

,,,,,,,,, CONTROL
POINT

Note: In the image above, the Control Point marks where the bottom of the 1.5-inch Backbone
thickness meets the existing asphalt, with the Minimum Overlay Thickness at 0.0’ in this
example. To determine the PGL (Profile Grade Line), we add the 1.5-inch Minimum Backbone
thickness to the Control Point's elevation and project the Proposed ORD Cross Slope
(superelevation) toward the centerline of the roadway. The superelevation (variable) is applied
based on project-specific settings, not template defaults.
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E. The following examples demonstrate two (2) parameter variations for the Overlay Vertical
Adjustment tool using the Minimum Milling method. Please note that this method will not be
utilized in Module 9 and is provided solely for informational purposes. For those interested in
fully exploring this tool, it is encouraged to take the time to review and experiment with its
features.

Example 1 - Minimum Milling Method

Backbone Thickness Value of 0.0’ with the Use Maximum Milling option disabled

BACKBONE
THICKNESS

CONTROL
POINT

—— e e

———
—
———
—
——_——
e
—
——

PROPOSED ORD
CROSS SLOPE
(SUPERELEVATION)

Note: In the image above, the Control Point marks the lowest point along the existing asphalt
where it meets the bottom of the backbone. To determine the PGL (Profile Grade Line), we
project the Proposed ORD Cross Slope (superelevation) from the Control Point toward the
centerline of the roadway. The superelevation (variable) is applied based on project-specific
settings, not template defaults.
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Example 2 - Minimum Milling Method

Backbone Thickness Value of 0.0’ with the Use Maximum Milling option
Enabled and a Maximum Milling Thickness of 0.083’ (1-inch)

MAX
MILLING

PROPOSED ORD
CROSS SLOPE
(SUPERELEVATION)

Note: In the image above, the Control Point is marked at the lowest point along the existing
asphalt where it meets the bottom of the backbone, which has a thickness of 0.0, and is
determined by the Maximum Milling Thickness of 0.083’ (1 inch). Without this specified limit,
the Control Point would align with the small red circle, exceeding the allowable milling
thickness at that location. Therefore, the Control Point is adjusted to the Maximum Milling
Thickness to ensure compliance with specified constraints. To determine the PGL (Profile
Grade Line), we project the Proposed ORD Cross Slope (superelevation) from the Control Point
toward the centerline of the roadway

F. You may find it helpful to spend additional time exploring the various options within the
Overlay Vertical Adjustment tool, as it tends to be more complex than necessary for its
intended purpose. Familiarizing yourself with its features will help you navigate its
functionality more efficiently.

G. Please exit the Overlay Vertical Adjustment tool.
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7. Create a Resurfacing Grade Control Envelope for the Y16 Corridor
A. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder and
open the r2635c_rdy alg.dgn file.

Browse

B. Zoom in near the Y16 Alignment/Corridor as shown below.

Y16
Alignment/Corridor

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

C. Select the Open Profile Model button (Geometry > Vertical > Open Profile EB Open Profile Model
Model) and select the Y16 Alignment when prompted to Locate Plan
Element.

D. Next, select a view to open when prompted. This action will open the Y16 Profile View, as
illustrated below. At this point, you should have two (2) views open: the Plan View and the
Y16 Profile View.

Y16
EXISTING
PROFILE

Note: The Profile View needs to be open in order to use the Overlay Vertical Adjustment tool.

E. While keeping the Y16 Profile View open, click on the Overlay Vertical Adjustment Ty
button (Corridors > Miscellaneous > Overlay Vertical Adjustment) and select the -

Y16 Corridor from the plan view when prompted to do so.
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F. This will open the Overlay Vertical Adjustment tool. Set the following Parameters within the
Overlay Vertical Adjustment dialog.

&
. Parameters
e Vertical Name = Y16_Control v
_— ertical Name |Y167Cuntrol
e Start=10+00.00 Start [10+00.00
e Stop=23+99.78 st 22078
; Backbone Thickness [0.0000
* BaCkbone ThICkness = 0'0000 BackboneParametric Label |
¢  Minimum Mode = Minimum Overlay Minimum Mode Minimum Overtay
. . _ Minimum Overlay Thickness |DTESD
¢  Minimum Overlay Thickness = 0.1250 Ovorey Paramoticlabel |
L] Left Template Range POint = ~ETO Use Maximum Milling O
e Right Template Range Point = +ETO Lot Template Range Pt | =
Right Template Range Point | b
e Existing Ground Range = Match Existing Linear Existing GroundRange [Malch Existing Linear Geometry | .
Geometry Left Linear Geometry | ™
H H . . . Right Linear Geometry | E
e Solution Option = Examine All Cross Section Points Salution Option [Examine AllCross SectonPois IS
e Maximum Vertical Distance = 0.0000 Maxbmum# =g Sitferenss, #7120

G. After confirming the Existing Ground Range parameter and accepting the Match Existing
Linear Geometry value, you will be prompted to locate the Left and Right Linear Geometry. At
this stage, select the corresponding Left and Right Existing Edge of Pavement elements, as
displayed in the illustration below.

LEFT EXISTING
EDGEOF |
PAVEMENT

""""""" RIGHT EXISTING
EDGE OF
PAVEMENT

H. Then, continue left-clicking through the remaining prompts until you have completed the
process.

Note: Upon completion of this process, a green progress bar will briefly appear in the bottom
right corner of your screen, indicating that the corridor has been processed.
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I. Now, examine the Y16 Profile View and notice the newly created white linear Y16_Control
vertical alignment, located near the existing ground alignment, as illustrated below. This will
serve as the Bottom of your Control Envelope.

Y16_CONTROL

EXISTING (Bottom of Envelope)
PROFILE

J.  Next, we will establish the top of the Control Envelope by following the same process used to
develop the Y16_CONTROL alignment, using the same Parameters as before, except with the
following two (2) changes.

f‘\
Parameters
Vertical Name ‘Top_EnveIope
Start [10-00.00
e Vertical Name = Top_Envelope s T
o - Backbone Thickness [0.0000
e  Minimum Overlay Thickness = 0.2500 BackboneParametric Label | ¥
Minimum Mode ‘Minimum Overlay 4

Minimum Overlay Thickness ‘DZSDD

Qverlay Parametric Label ‘
Use Maximum Milling D

Left Template Range Point ‘

Right Template Range Point ‘

Existing Ground Range ‘Match Existing Linear Geometry

Left Linear Geometry ‘

Right Linear Geometry ‘

Solution Option ‘Examine All Cross Section Points | 3

Mayimum Mertical Diference Jo.0nne
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K. Zoom in on the Profile View, you'll now see the newly created Top_Envelope vertical
alignment, positioned 0.125' (1.5 inches) above the Y16_Control alignment. This completes
the Resurfacing Grade Control Envelope, which was developed based on the design criteria
and tailored to the specific needs of the individual project. The purpose of the Resurfacing
Grade Control Envelope is to establish vertical boundaries for the Proposed Resurfacing
Grade (Y16), which will be developed later in this module. The designer should aim to stay as
close to the bottom of the envelope as possible without dropping below it to prevent
undercutting the existing pavement. Additionally, the designer should avoid exceeding the top
of the envelope to minimize wedging.

TOP_ENVELOPE

Y16_CONTROL

8. Review the Y16 Corridor utilizing the Y16 _Control Vertical Alighment
A. Keeping the Y16 Profile View open, set the Y16_Control (Bottom) vertical alignment active by
selecting the Set Active Profile button as shown below.

SET ACTIVE
PROFILE

TOP_ENVELOPE @ y.w_i_ A
: ¥ A~

Y16 _CONTROL
(Bottom Profile)
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B. After setting the Y16_Control vertical alignment active, Click the Browse button (File>
Open > Browse) and path to the C:\NCDOT Training\Roadway\Training-RD_R-2635C\
Module 9\Roadway\Design folder and open the r2635c_rdy Y16 cmd.dgn file to view the

Browse

Y16 Corridor, now utilizing the Y16_Control vertical alignment.

C. Next, click on the Open Cross Section View button by navigating to (Corridors > N
Review > Dynamic Sections > Open Cross Section View). When prompted, select the e
Y16 Corridor from the plan view and choose a view to open.

D. Now, scroll through the cross sections and observe the 1.5 inches of Surface Course and the
Grade Point as you review the sections. You should see that the cross sections are adjusted to
be as close as possible to the existing pavement without undercutting it.

Note: Although the Y16 alignment may appear optimal in the cross-section view, it is not
feasible in practice because it does not meet NCDOT Standards. It will be used as an initial
reference, representing the bottom of the control grade envelope, and will guide the
development of a grade that adheres to NCDOT Standards.

E. Then, Key-in station 14+00 using the Station Key-In dialog as shown below and zoom in closely
to the cross section.

= View 7, Cross Section - Complex Element: Y16

View Properties |v| |- -l| 14+00.00 |v E'h-l
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In the illustration below, note that the Overlay Vertical Adjustment tool establishes the Grade
Point by maintaining a minimum overlay thickness of 1.5 inches. It identifies the lowest point
(Control) that meets this thickness and projects the Superelevation Cross Slope from this
point to define the Grade Point, ensuring that the profile closely follows the existing
pavement.

SUPERELEVATION
(CROSS SLOPE)

PGL
(GRADE POINT)

CONTROL
POINT

Note: It is important to recognize that the Overlay Vertical Adjustment tool incorporates
various parameters in addition to the ones used in this particular excercise. Ultimately, the
goal is to develop a proposed PGL elevation that aligns with the pavement design criteria.
Multiple combinations of these parameters can yield the same proposed PGL elevation.

9. Use the Y16 Vertical Control Envelope to develop a Best Fit Vertical Profile

Note: A Best-Fit profile is typically a starting point and will require adjustments to align with
your design intent and specific needs, applying engineering judgment. The purpose of this
module is to demonstrate tools and methods that will assist you throughout the process. If you
choose not to use the Best-Fit Vertical Profile option, you may skip this step and proceed to
Step 10 to manually develop your profile.

Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder and e
open the r2635c_rdy alg.dgn file.

Y16

Alignment/Corridor
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B. Zoom in near the Y16 Alignment as shown below.
Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

C. Select the Open Profile Model button (Geometry > Vertical > Open Profile EB Open Profile Model
Model) and select the Y16 Alignment when prompted to Locate Plan '
Element.

D. Next, select a view to open when prompted. This action will open the Y16 Profile View, as
illustrated below. At this point, you should have two (2) views open: the Plan View and the
Y16 Profile View.

TOP_ENVELOPE

Y16 Y16_CONTROL

EXISTING (Bottom Profile)
PROFILE

E. Now, Select the Best-Fit-Profile button (Site > Grading > Profiles > Best-Fit-Profile) k \j{
and set the following Parameters within the Best-Fit-Profile dialog. Profiles
4% BestFit.. — e
e  Minimum K-Value = 96.0000 Parameters ~
e Minimum Tangent Length = 0.0000 Minimum K-Value [Ts6 0000 ]

Minimum Tangent Length |0.0000

Maximum Slope 0.00%

Minimurm Z 0.0000
Maxipzum,Z- 0080

Note: This tool was not specifically designed for this application; because of this, only two
parameters are relevant in this context, while the others are disregarded. Additionally, since
there is only a single K-value parameter instead of separate values for sag and crest curves,
you should select the worst-case scenario of the two based on your design criteria.
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F. Then, select the Y16_Control (Bottom of Envelope) vertical profile when prompted to locate
the element, and then Left-Click through the subsequent Heads-Up Prompts that follow.

G. This will activate the Best-Fit command, swiftly displaying and updating several profile options
and variations in orange (see below), creating an animation-like effect as OpenRoads Designer
develops a Best-fit option based on the Y16_Control profile. Ultimately, a selection will be
made, resulting in the generation of a Best-Fit profile.

H. Once the Best-Fit Profile command is complete, close the Best-Fit window. If you zoom in
closely on the Y16_Profile view, you should see the newly created Best-Fit profile, which
closely follows the Y16_Control profile. This is the profile generated by the Best-Fit Profile
tool.

wew 8, Profile - Y16

BEST-FIT TOP_ENVELOPE
PROFILE

Y16_CONTROL
Y16 EXISTING ' (BOTTOM OF

PROFILE ENVELOPE)
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I. Now, select the Set Feature Definition button (Geometry > General Tools > Standards > Set
Feature Definition) and configure the Parameters in the Set Feature Definition dialog box as
outlined below. Then, click on your Best-Fit profile to update it with the appropriate NCDOT
Standards and rename the profile to Y16.

— - e

J% setFeature Def.. — X

‘ Feature A~
L Feature Type = Alignment 1FeatureType ‘Allgnmem Vl
° Feature Definition - ALG_Centerline Feature Definition ‘ G_Centerline Mmchuadway-l

--& Mo Feature Definition

: Alignment
Minor Roadway & NeooT
+ -8 Exist
L] Name = Y16 = Prop
- & ALG_Centerline
- & ALG_Centerline Collector-Distributor
& ALG_Centerline Culvert
- @ ALG_Centerline Driveway
-@& ALG_Centerline Loop
b | =
—

& ALG_Centerline Median Crossover
e
- & ALG_Centerline Onsite Detour
- @& ALG_Centerline Ramp
& ALG_Centerline Temporary
- Roadway

J. Select the Y16 profile and note that the Vertical Curves display only the K Values, rather than
both the Curve Lengths and K Values. This occurs due to the functionality of the Best-Fit
Profile tool.
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K. To address this issue and convert your profile into a more manageable format, select the
Table Editor button (Geometry > Common Tools > Table Editor), select your profile (Y16) p
when prompted to Locate Alignment. This will open the Y16 Profile within the Table
Editor. Once the Y16 Profile is opened as shown below, click the Apply button within the
Table Editor. This will reformat the profile to function as a standard VPI based OpenRoads
Designer profile.

d

E:ﬁ;em Slchke Station Elevation Egnwg?h \Pf’alue gr:paed ?:::ng
Length Length
» IO e Oz L 57 64042
16.4042 [J|-157% [J11+0292  |[]|3505231 173.0269 22845705 []|-150% 130.1945
[J]-150% [/14+0848 |[]|345.9520 1777118 1339668 [ ]|-022%
[J)-022% [J/15+7984  |[|3455799 446342 960000 []/025%
[J|0.25% O17+1721  |[0]345.9203 47,9888 962119 |[1]0.75%
[Jjos% [J20+7679  |[]|3486048 1474471 52442217 [J/072% 100.876
[Jlo72% [[]|22+5784 |[[]|349.9055 128924 960000 [ ]/058% 1354936
SN 00 = |
APPLY
BUTTON
< ‘
Report Afply

L. With the Table Editor still open, you may notice some clear discrepancies in the Stationing,
Slopes, and Elevation Readouts. Additionally, certain portions of the profile do not fall within
the Resurfacing Grade Control Envelope established in Step 7. This is because we aim to align
as closely as possible to the Y16_Control profile (Bottom of Envelope). While the Best-Fit
Profile tool provides a good initial approximation, it's not a perfect solution—just a starting

point.

TOP_ENVELOPE

Y16_CONTROL Y16 PROFILE
(BOTTOM OF
ENVELOPE)
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M. As you proceed to refine the Y16 Profile that was developed using the Best-Fit Profile tool.
Consider the following tips to guide you through the refinement process.

Note: The intent of the Resurfacing Grades Module is to offer general guidance and introduce
tools and methods to assist you. It is not intended to teach roadway design, as that requires
not only the use of tools but also the application of engineering judgment, which comes with
years of experience. When designing your resurfacing grade, it’s essential to use your
engineering judgment alongside the tools presented in this module. This distinction is crucial
to understand.

Refinement Tips for the Y16 Profile:
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Refine the stationing by rounding appropriately and adjust the grade and elevation values
to two decimal places.

Adjust the Y16 Profile to remain as close to the Resurfacing Grade Control Envelope as
possible. It is crucial to understand that if the profile falls below the envelope, it may
encroach upon the existing pavement. Conversely, positioning the profile above the
envelope will result in excessive elevation, potentially leading to excessive wedging. While
a slightly higher profile may be acceptable, it is generally better to be lower unless it
results in undercutting the pavement. This is an example of when engineering judgment
and a clear understanding of the project's intent are essential.

Open the Plan, Profile, and Cross-Section views of the Y16 Corridor simultaneously for a
comprehensive review. Right-click in the Plan view, select View Control, and choose the 3
Views Plan/Profile/XS setting. The Cross-Section View is crucial for spotting details that
the Profile View may miss, helping you assess variations. Take notes on your observations
and adjust the profile as needed.

View Control P
g i 1View
k Element Selection 3 2 Views Plan/3D
5 co = :
= Py g 2 Views Plan/XS
[ by
=3 Move g 2 Views Plan/Profile
:JI Scale g 2 Views Plan/Superelevation
05 Rotate __] 3 Views Plan/Superelevation/XS
AN Mirror "3 Views Plan/Profile/3D
- 5| 3 Views Plan/Profile/Xs |
%2 Select Links » - 1

Place Horizontal Temporary Dimension
Place Vertical Temporary Dimension
Remove All Temporary Dimensions
Edit Station
Locate Station Via Datapoint
Level Off
o Open View Attributes dialog
Model Properties
Clip ¥aliumee >
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Adjust the Vertical Exaggeration Factor while fine-tuning your grade to
remain close to the bottom of the Resurfacing Grade Control Envelope,
ensuring that you stay within its limits. Achieving a close alignment with

an Exaggeration Factor of 100X indicates a precise adjustment. You can ATTRIBUTES

® View 8, Profile - Y16

VIEW

find the Exaggeration Tool in the Profile View under the View Attributes
Dropdown in the Top Left Corner of the Profile View. Once you have
established a tight grade at 100X, switch back to 1X or 5X to see the true
quality of your grade. This feature is particularly beneficial, as it allows for
on-the-fly changes, unlike Geopak, enhancing convenience and ease of
use.

232 Placy Paint
Tem Field background

Global Brightness: ’

3 izl Geometry Info
(Lo

Use the Profile Insert Curve tool (Geometry > Vertical > Modify > Profile
Insert Curve) to add additional Vertical Curves if necessary.

Use the Delete Vertex tool (Drawing > Modify > Delete Vertex) to delete any
Vertical Curves or VPI’s if necessary.

= -

Refer to the Project Design Criteria and/or NCDOT Standards to define and comply with

the Minimum and Maximum Grade and K-values.

If the existing cross slope does not align with the proposed superelevation, it

may lead to

excessive wedging on one side of the road. Depending on the specific circumstances and
guided by sound engineering judgment as well as an understanding of the project's intent,

you may consider adjusting the proposed superelevation to better match the
conditions.

existing

Implement standard design practices at both the beginning and end of the resurfacing
limits to ensure a smooth and compliant transition between the new and existing

pavement, in accordance with NCDOT Guidelines.

For additional assistance with vertical geometry, please refer to Module 4 - Vertical

Alignments.
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Exercise 2 - Resurface Grade Tie-in

Exercise 2 provides a concise example illustrating how to tie in your grade to the existing pavement. In
this example, we will demonstrate how to transition from a proposed grade to an existing grade using

a vertical curve to ensure a smooth connection. It is important to recognize that multiple methods
may be available for this process. Depending on the specific circumstances, you may encounter
limitations that affect your options. In many cases, achieving the desired outcome may require

flexibility and compromise. As previously noted, the objective of this module is not to teach you how
to engineer or design a resurfacing grade. Rather, the goal of Module 9 is to familiarize you with the

tools within OpenRoads Designer that can support your design process. Ultimately, all design

decisions should be based on sound engineering judgment and experience.

1. Launch OpenRoads Designer 2023

Double-click on the OpenRoads Designer 2023 icon on your desktop to launch

OpenRoads Designer.

2. Set the Workspace and Workset
Select DOT-US North Carolina from the Workspace menu.
Select Training-RD_R-2635C from the Workset menu.
Select NCDOT_Roadway from the Role menu.

OpenRoads Designer 2023

WaorkSpace WarkSet Role

IDOT—US North Carolina - Training-RD_R-2635C - NCDOT_Roadway I'

3. Open the r2635c_rdy_alg_tie-in.dgn file and zoom in closely to the Y16 Alighment

A. Click the Browse button (File> Open > Browse) and path to the Module
9\Roadway\Alignment folder and open the r2635c_rdy alg_tie-in.dgn file.

B. Zoom in near the Y16 Alignment as shown below. The Y16 Alignment will be used

throughout this exercise.
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4. Open the Y16 Profile
A. Select the Open Profile Model button (Geometry > Vertical > Open Profile
Model) and select the Y16 Alignment when prompted to Locate Plan
Element.

BEH Open Profile Model

B. Next, select a view to open when prompted to do so. This will open the Y16 Profile View as
shown below. Notice the proposed Y16 Profile does not tie properly to existing.

Y16
PROFILE

5. Transition from the proposed Y16 grade to the existing grade using a vertical curve
A. Zoom in closely to the beginning of the proposed grade as shown below.

PROFILE
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B. Using the Feature Definition Toggle Bar set the Active Feature Definition to ALG Component
Tangent (Alignment > Roadway > Component > ALG Component Tangent).

-~ @ Mo Feature Definition
- Mignment
- NCDOT
Roadway
f Companent
i i@ ALG Component Curve

ALG Component Tangert
- |

+-@l Planning
=--[ 1 Linear

<

5"; |ALG Component Tangent g—‘{f y 4 "’|“‘ A ;\;". /

C. Now, using the Profile Line Between Points (Geometry > Vertical > Lines > Profile l_
Line Between Points) tool, draw a line in snapping to existing from Sta 10+00 to
approximetely Sta 10+60 as shown below. This will establish a grade that matches
existing at the Tie-In location.

Lines

-

Y16
PROFILE

D. Next, click on the vertical line that was drawn in the previous step and use the Arrow
Manipulator to extend the line out to where it intersects (approx 11+85) the proposed grade
as shown below. This step is not necessary but can be helpful to understand the proposed
geometry while making decisions regarding vertical curve placement.

MANIPULATOR
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E. Using the Feature Definition Toggle Bar set the Active Feature Definition to ALG Component
Curve (Alignment > Roadway > Component > ALG Component Curve)

& Mo Feature Definition
= Alignment
| - NCDOT
- Roadway

Component
@
@ ALG Component Spiral Curve S
- @@ ALG Component Tangent
Drainage Ditch
Planning

o @ A SH Y

F. Then, using the Parabola Between Elements (Geometry > Vertical > Curves > Profile
Curve Between Elements > Parabola Between Elements) tool, click on the two (2)

Curves
Vertical Tangent Lines, key-in 150’ Curve Length and place the Proposed Vertical
Curve as shown below.

Parameters ~

[ Vertical Curve Parameter [1408.064
Length 150.0000
Feature ~

Feature Definition Jse

MName UR

G. Again, there a multiple ways to tie profiles back to exisitng conditions. For additional
assistance with Vertical Geometry, please refer to Module 4 - Vertical Alignments.
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Exercise 3 — Divided Facilities

Exercise 3 is focused exclusively on Divided Facilities. While many tools, methods, and workflows
from Exercise 1, which established a resurfacing grade for Undivided Facilities, remain applicable,
there are notable differences. This exercise will highlight these distinctions and provide
comprehensive guidance on making the necessary adjustments to develop a resurfacing grade for a
Divided Facility. It's important to note that the Overlay Vertical Adjustment tool has specific
functional limitations when working with Divided Roadways, and much of the focus will be on
addressing these limitations. Despite these challenges, the tool remains highly effective when used

properly.

1. Launch OpenRoads Designer 2023
Double-click on the OpenRoads Designer 2023 icon on your desktop to launch
OpenRoads Designer.

2. Set the Workspace and Workset
Select DOT-US North Carolina from the Workspace menu.
Select Training-RD_R-2635C) from the Workset menu.
Select NCDOT_Roadway from the Role menu.

OpenRoads Designer 2023

WorkSpace WorkSet Role

|DOT—US North Carolina ~ Training-RD_R-2635C - NCDOT_Roadway |

3. Examine how a divided facility template with a median ditch impacts the operation of the
Overlay Vertical Adjustment tool

A. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder and open S

the r2635c_rdy_alg_div_ditch.dgn file.

B. Zoom in near the Y16 Alignment and Corridor as shown below.

Y16
Alignment/Corridor

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.
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C. Select the Open Profile Model button (Geometry > Vertical > Open

F.

Module 9 — Resurfacing Grades

. EH Open Profile Model
Profile Model) and select the Y16 Alignment when prompted to Locate

Plan Element.
Next, select a view to open when prompted to do so. This will open the Y16 Profile View as
shown below.

Note: The Y16 Corridor is currently using the existing Y16 profile as shown above.

While keeping the Y16 Profile View open, click on the Overlay Vertical Adjustment T
button (Corridors > Miscellaneous > Overlay Vertical Adjustment) and select the -
Y16 Corridor from the plan view when prompted to do so.

This will launch the Overlay Vertical Adjustment tool. Set the following Parameters within the
Overlay Vertical Adjustment dialog. Please note the inability to exclude the template median,
which is a key issue that will be addressed during this exercise.

e Vertical Name = Y16_DIV_DITCH_EXAMPLE -
Parameters f
e Start =10+00.00 Verical Name [¥16_DIV_DITCH EXAMPLE
o Stop=23+99.78 o —————
[ Step 23+99.78
e Backbone Thickness = 0.0000 Backbore Thickness  [0.0000
« . e e BackboneParametric Label | !
¢  Minimum Mode = Minimum Overlay irimur Mode [ v
e Minimum Overlay Thickness = 0.2500 gl ——
Overlay Parametric Label %
o Left Template Range Point = “ETO Use Maximum Milling O
. . - Left Template Range Point  (~ETO .4
i nght Template Range POInt - +ETO Right Template Range Paint |+ETO ~
e Existing Ground Range = Match Existing Linear Bisfing Ground Range  [Match Extng Lnear Gearety |
Left Linear Geometry o
GeomEtry Right Linear Geometry [

e Solution Option = Examine All Cross Section Points Selfion Optior !E‘WE”'C"’“ Secton Ports _ [
Maximum Vestical Diffacanassii) 1000
e Maximum Vertical Distance = 0.0000
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G. After confirming the Existing Ground Range parameter and accepting the Match Existing
Linear Geometry value, you will be prompted to locate the Left and Right Linear Geometry. At

this stage, select the corresponding Left and Right Existing Edge of Pavement elements, as
displayed in the illustration below.

§ LEFT EXISTING S
EDGE OF
PAVEMENT

RIGHT EXISTING
EDGE OF
PAVEMENT

H. Then, continue left-clicking through the remaining prompts until you have completed the
process.

Note: Upon completion of this process, a green progress bar will briefly appear in the bottom
right corner of your screen, indicating that the corridor has been processed.

I. Now, examine the Y16 Profile View and notice the newly created Y16_DIV_DITCH_EXAMPLE
vertical alignment, located above the existing ground alignment, as illustrated below.

Y16_DIV_DITCH_EXAMPLE

-
——— e o e
——— i e e e i
[l I TR ———— P

Y16

EXISTING
PROFILE
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J.

K. Now, Click the Browse button (File> Open > Browse) and path to the C:\NCDOT

Keeping the Y16 Profile View open, set the Y16_DIV_DITCH_EXAMPLE vertical profile active
by selecting the Set Active Profile button as shown below.

SET ACTIVE
Y16_DIV_DITCH_EXAMPLE PROFILE

Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Design folder and open Bromee

the r2635c_rdy_cmd_div_ditch.dgn file.

Note: Upon opening the CMD file, a green progress bar will briefly appear in the bottom right
corner of your screen, indicating that the corridor has been processed after setting the newly
created Y16_DIV_DITCH_EXAMPLE profile as active in the ALG file.

Next, click on the Open Cross Section View button by navigating to (Corridors > Review Nt
> Dynamic Sections > Open Cross Section View). When prompted, select the Y16 qoynamic
Corridor from the plan view and choose a view to open.

. Now, scroll through the cross-sections and observe that the Overlay Vertical Adjustment tool

did not apply the expected adjustments. Instead of minimizing the overlay pavement as
intended, the cross-sections appear significantly elevated overall. This outcome was
anticipated and intentional, designed to bring awareness to the discrepancy for further review.

. Let’s take a closer look. Key-in station 10+00.00 using the Station Key-In dialog as shown

below and zoom in closely to the cross section.

B View 7, Cross Section - Complex Element: Y16

View Properties |"’ |4 - 10+00.00 [ -
_%
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O. Notice that, because the median was not excluded from processing, the Overlay Vertical
Adjustment tool follows its default logic. It evaluates the existing surface to identify the
Control Point closest to the bottom of the backbone, then adds an additional 3” based on the
provided input to calculate the PGL. However, the tool incorrectly includes the grass median in
its calculations, when it should only consider the proposed pavement. As previously
mentioned, this is a flaw in the application that we will address.

PGL
(GRADE POINT)

4. Adjust the divided facility median ditch template to ensure compatibility with the Overlay
Vertical Adjustment tool, enabling it to function as intended.

A. Next, click on the Create Template button by navigating to (Corridors > Create > yc‘-..
Template > Create Template). This should load R-2635C (Training)_RDY.itl as shown Template
below. .

F - 2:2 Lanes Medion Dich

ested 2021.05.13 Modfied 2024 05.09
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B. If the R-2635C (Training)_RDY.itl does not load, or if your just unsure, select (File > Open)
from the top left corner of the Create Template dialog box and browse to C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Design folder and open the
R-2635C (Training) RDY.itl to load it manually.

B! Create Template
File Edit Add Tools

bed ? Cument Templa:
Open... Ctrl+0 Name: A,
Description:
Save €S L Median C3G CSLP esciplion: g
Save As... itch
ftch_MOD
Close

C. Now, double click on the DF-2+2 Lanes Median Ditch template to activate it as shown below.

IR BETD SH-EERER P

~TR-EfP<RIEReR TR ETPSPREAR
+SK_EPI
~SK_EPO +SK_EPO

S8IK_EPI_HMIN2 +§K_EP|_HMIN3
~SK. EEOSKENERL: HMAXT +SK_EPOSK AR HmAX2

AN BwW B o i

»&GL1 A=

"
q
£98GI DLT /
\M’_EEI_I_.EBM_B

M_NULLMAXS_E

EX CL ELE-B

+3X12v
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D. Zoom in closely to the median ditch area, then right-click and select (Add New Component >
Unconstrained) as shown below.

~ETI DRAW

EFBint:

Add New Component
Template Documentation Link...
Check Point Connectivity.

Delete Components

Simple
Constrained
Unconstrained

Mull Point

6L PGL
i
M_NULLBW_R

R —
™EPDBEEC 1
Change Template Origin End Cendition

T EPDABEL1

I

PEISABBC-SH Delete Constraints from All Points Overlay/Stripping
Set Dynamic Origin Circle

EFDSEB31

\“ PSI_SUB

\\\ ) //

S\.M-BELESMAE R

E. Then, set the Feature Definition to TC_Draft-DNC as shown below.

425 Mesh
3 neoar
.23 Roadway
~{Z1 Aggregate
-2 Asphalt
[ Concrete

1@
[ Grading
(1 Guardrail
{21 Modeling
~{Z7 Structural
~{27 Volumes
(1 water

-8 = ] & g

Current Component

Name: l:l Feature Definition

~ y\DNCNTC_Draft-DNC
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F. Now, draw a line from the “ETI_DRAW point to the CL_PGL point, as illustrated below.

pE 4
i
D031 hamg. M_NULLBW_R
TERDBEC] T\~ g o T TGSLN

EFDABECT  \-opcnage.sH S

EPCSSID] ~PSI_SUB

e

xtﬁ) LT

H. In addition to providing the previous steps, | have also included a template called DF - 2+2
Lanes Median Ditch_MOD in the R-2635C (Training) RDY.itl that has already made these
changes.

Note: Once the grade has been established, the TC_Draft-DNC lines previously added to the
template should be removed.

5. Apply the modified DF-2+2 Lanes Median Ditch Template and see how it impacts the Overlay
Vertical Adjustment tool.
A. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Design folder and open the S
r2635c_rdy_cmd_div_ditch.dgn file.
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B. Zoom in near the Y16 Alignment and Corridor as shown below.

Y16
A —— A|icnment/Corridor

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

C. Next, click on the Synchronize Template button by navigating to (Corridors > Miscellaneous
> Synchronize Template plate). This will update the Y16 Corridor template to incorporate
the changes made in Step 13.

D. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder and open
the r2635c_rdy_alg div_ditch.dgn file.

E. Zoom in near the Y16 Alignment and Corridor as shown below.

S ! Y16
— Alignment/Corridor

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

F. Select the Open Profile Model button (Geometry > Vertical > Open
Profile Model) and select the Y16 Alignment when prompted to Locate
Plan Element.

G. Next, select a view to open when prompted to do so. This will open the Y16 Profile View as
shown below. The Y16_DIV_DITCH_EXAMPLE profile is still set to active.

Y16_DIV_DITCH_EXAMPLE
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H. While keeping the Y16 Profile View open, click on the Overlay Vertical Adjustment button
(Corridors > Miscellaneous > Overlay Vertical Adjustment) and select the Y16 Corridor from

the plan view when prompted to do so.

I.  This will launch the Overlay Vertical Adjustment tool. Set the following Parameters within the
Overlay Vertical Adjustment dialog. Please note the inability to exclude the template median,

which is a key issue that will be addressed during this exercise.

e Vertical Name = Y16_DIV_DITCH_EXAMPLE2 # —

e Start=10+00.00 Vet Neme

o Stop = 23+99.78 0

e Backbone Thickness = 0.0000 e
e Minimum Mode = Minimum Overlay i vt T
e  Minimum Overlay Thickness = 0.2500 e P o
e Left Template Range Point = “ETO et Tt o o

Right Template Range Peint

e Right Template Range Point = +ETO

e Existing Ground Range = Match Existing Linear
Geometry

e Solution Option = Examine All Cross Section Points

e Maximum Vertical Distance = 0.0000

—

Examine All Cross

Section Points

J. After confirming the Existing Ground Range parameter and accepting the Match Existing

Linear Geometry value, you will be prompted to locate the Left and Right Linear Geometry. At

this stage, select the corresponding Left and Right Existing Edge of Pavement elements, as

displayed in the illustration below.

§ LEFT EXISTING [

EDGE OF
PAVEMENT

RIGHT EXISTING
EDGE OF
PAVEMENT
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K. Then, continue left-clicking through the remaining prompts until you have completed the
process.

Note: Upon completion of this process, a green progress bar will briefly appear in the bottom
right corner of your screen, indicating that the corridor has been processed.

L. Now, examine the Y16 Profile View and notice the newly created Y16_DIV_DITCH_EXAMPLE2
vertical alignment, located in between the Y16_DIV_DITCH_EXAMPLE profile and the Y16
existing ground profile, as illustrated below.

Y16_DIV_DITCH_EXAMPLE

M. Keeping the Y16 Profile View open, set the Y16_DIV_DITCH_EXAMPLE2 vertical profile active
by selecting the Set Active Profile button as shown below.

SET ACTIVE
PROFILE

Y16_DIV_DITCH_EXAMPLE2

N. Now, Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Design folder and open B
the r2635c_rdy _cmd_div_ditch.dgn file.

Note: Upon opening the CMD file, a green progress bar will briefly appear in the

bottom right corner of your screen, indicating that the corridor has been processed N
after setting the newly created Y16_DIV_DITCH_EXAMPLE profile as active in the ALG gDynamic
file.
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O. Next, click on the Open Cross Section View button by navigating to (Corridors > Review >
Dynamic Sections > Open Cross Section View). When prompted, select the Y16 Corridor from
the plan view and choose a view to open.

P. Now, scroll through the cross-sections and observe that the Overlay Vertical Adjustment tool
now works as expected. It minimized the overlay pavement as intended. Exactly how it worked
with the undivided facility in Exercise 1.

Q. Let’s take a closer look. Key-in station 10+00.00 using the Station Key-In dialog as shown
below and zoom in closely to the cross section.

B View 7, Cross Section - Complex Elerment: Y16

View Properties || |< 10+00.00 | -
_%

R. Itis important to note that, due to the added elements connecting the PGL to the Inside EOT
points, the Overlay Vertical Adjustment tool now operates as intended. The median ditch is
ignored, and these elements are treated as if they represent the top of pavement. The system
then evaluates these elements against the existing surface to identify the Control Point closest
to the bottom of the backbone, subsequently adding 3" based on the provided input to
calculate the PGL. While this is not a perfect solution, it is a highly effective one.

PGL
(GRADE POINT)

e ————
e
e
-

i
- —==
—_——
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6. Examine how a divided facility template with a raised median impacts the operation of the
Overlay Vertical Adjustment tool
A. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder and open
the r2635c_rdy alg divided.dgn file.

B. Zoom in near the Y16 Alignment and Corridor as shown below.

Y16
Alignment/Corridor

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

C. Select the Open Profile Model button (Geometry > Vertical > Open
Profile Model) and select the Y16 Alignment when prompted to Locate
Plan Element.

D. Next, select a view to open when prompted to do so. This will open the Y16 Profile View as

shown below.

Note: The Y16 Corridor is currently using the existing Y16 profile as shown above.

E. While keeping the Y16 Profile View open, click on the Overlay Vertical Adjustment

button (Corridors > Miscellaneous > Overlay Vertical Adjustment) and select the Overlay

Browse

I

EE Open Profile Model

Vertical Adjust...

Y16 Corridor from the plan view when prompted to do so.
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F. This will launch the Overlay Vertical Adjustment tool. Set the following Parameters within the
Overlay Vertical Adjustment dialog. Please note the inability to exclude the template median,
which is a key issue that will be addressed during this exercise.

Vertical Name = Y16_RAISED_MEDIAN_EXAMPLE f"P . ’
Start = 10+00.00 it [ O o e
Stop = 23+99.78 g - %
Backbone Thickness = 0.0000 Backbone Thickness [0.0000

Minimum Mode = Minimum Overlay e }Mimwa, :
Minimum Overlay Thickness = 0.2500 E‘PD‘tT”L:;’ ‘%ﬂm g
Left Template Range Point = “ETO UscMaimumbillng ]

Right Template Range Point = +£TO s ;
Existing Ground Range = Match Existing Linear g G e [Metch Exstng Linear Geometry
Geometry —
Solution Option = Examine All Cross Section Points Sluten Ogton [Ermine M Ooss Secton Porrs_ [

Maximum Yegtical Diffarence. 1n pooo.

Maximum Vertical Distance = 0.0000

G. After confirming the Existing Ground Range parameter and accepting the Match Existing
Linear Geometry value, you will be prompted to locate the Left and Right Linear Geometry. At
this stage, select the corresponding Left and Right Existing Edge of Pavement elements, as
displayed in the illustration below.
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Then, continue left-clicking through the remaining prompts until you have completed the
process.

Note: Upon completion of this process, a green progress bar will briefly appear in the bottom
right corner of your screen, indicating that the corridor has been processed.

Now, examine the Y16 Profile View and notice the Y16_RAISED_MEDIAN_EXAMPLE vertical
alignment, located above the existing ground alignment, as illustrated below.

Y16_RAISED_MEDIAN_EXAMPLE

EXISTING
PROFILE

Keeping the Y16 Profile View open, set the Y16_RAISED_MEDIAN_EXAMPLE vertical profile
active by selecting the Set Active Profile button as shown below.

SET ACTIVE

Y16_RAISED_MEDIAN_EXAMPLE PROFILE

Now, Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Design folder and open the
r2635c_rdy_cmd_divided_facility.dgn file.

Browse

Note: Upon opening the CMD file, a green progress bar will briefly appear in the

bottom right corner of your screen, indicating that the corridor has been processed A g
after setting the newly created Y16_RAISED_MEDIAN_EXAMPLE profile as active in the gDynamic
ALG file.
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L. Next, click on the Open Cross Section View button by navigating to (Corridors > Review >
Dynamic Sections > Open Cross Section View). When prompted, select the Y16 Corridor from
the plan view and choose a view to open.

M. Now, scroll through the cross-sections and observe that the Overlay Vertical Adjustment tool
works as expected. It minimized the overlay pavement as intended. Exactly how it worked with
the undivided facility in Exercise 1.

N. Let’s take a closer look. Key-in station 10+00.00 using the Station Key-In dialog as shown
below and zoom in closely to the cross section.

B View 7, Cross Section - Complex Elermnent: Y16

View Properties || |< - 10+00.00 = > >
_%

O. Itisimportant to note that, due to the functionality of the Overlay Vertical Adjustment tool,
the raised median is essentially disregarded in this process. This occurs because the median
does not influence the Proposed Ground Line (PGL) in this scenario. Additionally, the raised
median is positioned above the proposed pavement, in contrast to the Median Ditch, which
lies below the proposed pavement. As a result, the Overlay Vertical Adjustment tool functions
as intended, ignoring the Raised Median. This allows the system to assess the Proposed
Pavement against the Existing Surface, identify the Control Point closest to the bottom of the
backbone, and then apply a 3” adjustment based on the provided input to calculate the PGL.
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Exercise 4 — Profile Reporting & Proposed Resurfacing Model Review

Exercise 4 focuses on methods to check the Resurfacing Profile against the Resurfacing Grade
Control Envelope that was developed in Exercise 1.

1. Generate a report of the Y16 Profile.

A. Click the Browse button (File> Open > Browse) and path to the C:\NCDOT
Training\Roadway\Training-RD_R-2635C\Module 9\Roadway\Alignment folder and Browse
open the r2635c_rdy alg.dgn file.

B. Zoom in near the Y16 Alignment/Corridor as shown below.

Y16
Alignment/Corridor

Note: All reference files that are required for the Resurfacing Grades module have already
been attached to the files you will be working in.

C. Next, select the Open Profile Model button (Geometry > Vertical > Open
Profile Model) and select the Y16 Alignment when prompted to Locate HH Open Profile Model
Plan Element. Then select a view to open when prompted to do so. This will
open the Y16 Profile View.

D. Inthe Y16 Profile View, left-click on the Y16 Profile and pause briefly to display the toolbar as
shown below. Next, activate the Y16 Profile by selecting the Set Active Profile button, as
illustrated and then close out of the profile view.

TOP_ENVELOPE

SET ACTIVE
PROFILE

Y16 PROFILE

Y16_CONTROL | 3| > 27 A Y
(Bottom Profile)
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E. Next, select the Horizontal Geometry Report button (Home >

Model Analysis and Reporting > Reports > Horizontal Geometry
Report) and configure the Parameters in the Horizontal

Geometry Report dialog box as outlined below.

e Start Station = Lock To Start

e End Station = Lock To End

e Interval =50.0000

¢ Include Event Points = None

¢ Included Profiles = Active Profile

J?_.

Parameters
Lock To Start

Start Station 0.0000'
Lock To End

End Station 1399 7804'
Interval
Interval 50.0000

Event Points
Include Event Points  Mone

Profile

~

Included Profiles  Active Profile |

Note: The Interval is used to determine a stationing interval for reporting purposes. This

should be set based on the need.

F. Then, select the Y16 Alignment when prompted to Locate First Element and then Right-Click

& Reset to Complete.

G. Please proceed by clicking through the remaining prompts, which have been pre-populated

based on the parameters specified in the Horizontal Geometry Report dialog. This action will
open the Bentley Civil Report Browser, defaulting to the Horizontal Alighment Review

Report, as illustrated below.

e Toals

Project: Default
Description:

Last Revised: 10/4/2024 00:54:10

Allgnment Name: Y16
Alignment Description:

Elament: Linear

Elament: Circular

PC (FC)
HP (HP1)
cc (ce)
PT (PT)
Radius:
Dell
Degras of Curvature (Arc)
Length
Tangent
Chord:
Widdle Ordnale
Extemsl

Back Tangent Direction
Back Radal Draction
Cherd Direction

Ahead Radial Diraction
Anead Tangent Direction
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Report Created: Friday, October 4, 2024
Time: 12:54:16 AM

Station

1000 000
1420.403
Na7 931°E
470 403

1420 403
1660.700

1900 574
20000.000

1377 Right
0386
480571
240 297
480.560
1443
1448
N7.934°E
52 066°E
Nag 623°E
S0689'E
NB3 311°E

Horizontal Alignment Review Report

Alignment Style: AlignmentNCDOTIProp!ALG. Centerline Minor Readway

Northing

754374724
754389.876

754380876
754398537
734402.871
754401 420

File Name: G INCDOT Training\Roadway Training-RD-2636CiModule SiRoadway'Alignmentr2635¢_rdy_alg dgn

ote: Allurits i thiz seport see n ot unless spacifisd ctharaisa,

Easting

2001027 192
2031447321

2031447 321
2031687 462
2002168473
2001927 742
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H. Next, please select the VerticalAlignmentintervalStationElevationGrade.xsl from the list on
the left side of the Bentley Civil Report Browser, as shown below. You will see that the report
presents the Stations with intervals that correspond to the parameters defined in the
Horizontal Geometry Report dialog, along with their respective Elevations.

o ende, vl Repuit coewset - oo apinF sy ean

-ile  Tools

ant o
“vil Terrain
ivilGeometry
Aquaplaning.xs| Report Created: Friday, October 4, 2024
GeometryPoints.xs Time: 12:59:32 AM
GeometryPointsASCII_CommaDelimited.xsl
GeometryPoints_FeatureNoPath.xs| Project: Default
HorizontalAlignmentArea.xs! Description:
HorizontalAlignmentCheckintegrity.xsl . ey L 4
HorizontalAlignmentCheckintegrityColorCodingaxsl File Name: C:\NCDOT Training\Roadway\Training-RD-2635C\Module 9\Roadway'Alignment\r2635¢_rdy
HorizontalAlignmentControlLineDataTable.xs! Last Revised: 10/4/2024 00:54:10
HorizontalAlignmentCurveDataTable.xs| Note: All units in this report
HorizontalAlignmentCurveSetElementReview.xs!
HorizontalAlignmentCurveSetReview.xsl
HorizontalAlignmentEventPointList.xsl
HorizontalAlignmentintervalXYZ.xs|

Profile Station Elevation Report

Alignment Name: Y16
Alignment Description:

HorizontalAlignmentLength.xs| Alignment Style: AlignmentiNCDOT'Prop'ALG_Centerline
HorizontalAlignmentReview.xs| Minor Roadway
HorizontalAlignmentReviewASClLxs| Station Elevation Grade
HorizontalAlignmentReviewWithPlxs| 1000.000 352 141 _0.016
HorizontalAlignmentStationEquations.xsl .
HorizontalAlignmentToTIW.xsl 1020000 351.357 0.016:
HorizontalAndVerticalAlignmentReview.xs| 1100.000 350.584 -0.015
HorizontalElementsTable.xsl 1150.000 349822 -0.015
HorizontalElementsTableSimplified xs| 1200.000 349071 -0.015
Hor!zonta\EIEments)(VZ‘xsl 1250.000 348323 -0.015
HorizontalInterpolatedSlews.xs|
HorizontalRegressionPointsNSlews.xs| 1300.000 347.575 -0.015
HorizontalRegressionPointsReview.xs| 1350.000 346.860 -0.013
SettingQutTablexs! 1400.000 346.31 -0.009
SettingOutTableDeflection.xs| 1450.000 345042 _0.006
Traverse.xsl
TraverseCurveASCllxsl 1500000 H5753 -0:002
TraverseCurveASClI2.xs| 1550.000 345.645 -0.002
TraverseCurveASCII3.xs| 1600.000 345630 0.002
TraverseEditASCll.xsl 1650.000 345 754 0.002
TraversePoints.s! 1700.000 345.880 0.003
VerticalAlignmentChecklntegrity.xs!
Nerticah " & L 1750.000 346.165 0.007
VerticalAlignmentintervalStationElevationGrade.xs| 1800.000 346538 0.007
icalAl i 1850.000 346912 0.007

VerticalAlignmentPointsXY.xsl 1900.000 347 285 0.007

tartical Alin plaso '

I.  Finally, Save the report as a Microsoft Excel (.xlIsx) file and call it Y16_Vertical.

:J Bentley Civil Report Browser - C\Temp\RPTImwzIimgu.xml

File | Tools
Open -
Append Web Page (*.html)
Microsoft Word (*.doc)

Microsoft Excel (*xlsx)

Bxt tArea.xsl
HorizontalAlignmentCheckIntegrity.xsl
HorizontalAlignmentCheckintegrityColorCoding.xsl
HorizontalAlignmentControllineDataTable.xs| L.
HorizontalAlignmentCurveDataTablexs!
HorizontalAlignmentCurveSetElementReview.xs|
HorizontalAlignmentCurveSetReview.xsl
WarizonialdlianmentEventPoisthistxs]

Print ‘
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2. Generate a report on the Top Alignment of the Y16 Resurfacing Vertical Control Envelope, as
developed in Exercise 1.

A. Please follow the same procedures that were used to generate the Y16 Profile Report.

3. Generate a report on the Bottom Alignment of the Y16 Resurfacing Vertical Control Envelope, as
developed in Exercise 1.

A. Please follow the same procedures that were used to generate the Y16 Profile Report.

4. Compare the three profiles using the Excel reports generated in the previous steps. Assess
whether the Y16 profile remains within the envelope boundaries by examining the elevations.

A. Copy the Stationing and Elevations from all three profile reports into a new excel document.

B. Utilize a formula to evaluate the Y16 Elevations for each station against the Top and Bottom
Profiles of the Envelope.

C. Ifthe Y16 Profile falls outside the Envelope Elevation at a specific station, access the cross-
sections to identify the cause. Subsequently, document the reason in the spreadsheet.
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