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The development, packaging, and submittal of Digital Deliverable files helps facilitate the handoff between

design and construction phases of projects. This process allows these files to be used during construction to

automate, and simplify, construction methodology so that native design files can be used to construct the

proposed elements. This can help improve quality, reduce construction time, and reduce requests for

information.

Use cases for the data are listed in the table below with an emphasis on Automated Machine Guidance (AMG),

construction model building, Civil Engineering Inspection, and integration with other field equipment and

workflows.

Types of NCDOT Digital Deliverables:

Digital

design files and plan sheets.

Deliverable File Name & Format Description Purpose
All existing and proposed Input into various construction
Alignments & TIP#_CREF_ALG.xml controlling horizontal alignments ,
Profiles (LandXML) and vertical profiles referenced in and survey equipment for

reference and verification.

Final Grade Top
Surface

TIP#_CREF_TFG.xml
(LandXML)

Triangulated surface developed
from proposed modeled elements
that captures project
improvements and modifications.

Can be loaded into survey
equipment and construction
equipment for verification of
built conditions, as well as
being used for AMG
workflows.

Final Subgrade

TIP#_CREF_FSG.xml

Triangulated surface developed
from roadway models depicting

Can be used with AMG
equipment, or to verify site

design process depicting the
existing ground surface.

Surface (LandXML) the surface at the subgrade level of | conditions when preparing
the roadway improvements. subgrade.
Triangulated surface provided by Captures all breaklines from
the project surveyor which also survey to form existing
Existing Top TIP#_CREF_ETM.xml incorporates any update survey surfaces to provide as
Surface (LandXML) received throughout the project reference and for verification.

Includes all updated survey
received.

3D Breaklines

TIP#_CREF_BRK (.dxf)

3D linestrings generated by the
proposed project model which
represents the breaklines of the
proposed project elements.

Can be loaded as a native file
format into many construction
and survey software suites.

2D Planimetrics

TIP#_CREF_PLN(.dxf)

2D planimetric representation of
the design for use in construction
software and field equipment

Can be used in junction with
3D surface for rovers and AMG
workflows or for GIS
integration.

Note: IFC file exports to be added at a later date

These Digital Deliverable files may or may not be construction contract documents. Refer to the NCDOT CADD

Manual for submittal requirements and policy.
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NCDOT has adopted LandXML and CADD (.dxf) formats as the standard for delivery for Digital Deliverables,
including AMG files. LandXML includes basic geometry element types, and can be used by many software
platforms used in the construction industry including AGTEK, Trimble, Carlson, and others.
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Alignments and profiles are exported to LandXML files and represent the controlling geometry of projects.
These may include existing and proposal alignments / profiles, depending on what is available on the project.
Any proposed project elements, or project data, that references an existing alignment would require the
existing alignment (i.e. BL Survey) be included in the export as well.

Preparation & Review Best Practices
1. Review the following items in each .dgn file prior to exporting alignments and profiles:
e Geographic Coordinate System is set for 2D and 3D models
e Verification that unit settings are correct and file names match CAD manual requirements

e Alignments have the correct profiles set as active and are named correctly; if multiple profiles are
applicable to a single alignment (i.e. LT/RT PGL) then take note to ensure to export all profiles for that
alignment, not just “active” profile and cleanup any working linework or profile scratch linework, so
they don’t export

2. Compress files prior to exporting; fit view to ensure no elements floating off in space

Continued next page 2>
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Exporting of Files

1. Export each alignment using the following workflow:
e With the alignment file open, switch to the Default Model (2D) view
e Navigate to:

o Geometry > General Tools > Import/Export > Export Geometry

OpenReoads Modeling E = H I'._l EIE: f |.%_‘| E
Home Terrain Geometry Corridors Model [
&, *o:’ Import/Export * ¥ T | /L
Bl v < Import Geomet A
Element .., - mport beomety
@ Selection L. < Import Horizontal Geometry From Ascii File P
Primary Selection < Import Horizontal Points From Ascii File

\|/ —
L "r QQ Featun .7  Import Vertical Geornetry From Ascii File d

& FExport Geometry
B View 1, Defa

e Inthe Export Geometry dialog:
o Export Format: Select LandXML
o Select the alignment
o Version: Choose 1.2

o Include Profiles: Check export Only Active Profiles

J.%‘ Export =
LandXML -~
Yersion 12 e

Only Active Profiles @)

Export L3

Export Type Land*ML v

Note: If multiple profiles are associated with a single alignment, i.e. LT/RT PGL, and you wish for
all of them to be exported at once, uncheck this box to capture all profiles.

Continued next page 2
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e The Export to LandXML dialogue opens
o Select No Wizard (if option is given)
o Navigate to the appropriate export folder
o Enter the LandXML file name
o Verify that LandXML (.xml) is the Save as type

o Click Save

§ —
General

Folder Save

LR Cancel

Document

MName: TIP5307_CREF_ALG.xml E B

Description: 5307 Mainline Alignment and Profile

File Mame: TIPS307_CREF_ALG.xml

Format: * 1l Format...

Application: Department:

XML Data | Enone e

o Save the file in the appropriate project folder

o Repeat the above steps for each alighnment in the file
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Review of Exported Files

Each Digital Deliverable (.xml) file shall be reviewed to ensure all data is exported correctly. While third-party
construction and survey software can be used to review the exported files, e OpenRoads Designer can also be
utilized:

1. Create and open a new (blank) .dgn file from the NCDOT 2D seed
e Import the alignment LandXML (.xml) file
e Navigate to:
o Geometry > General Tools > Import/Export > Import Geometry
e Navigate to the .xml file, and click Open

o Expand the Alignment selection and expand down to the appropriate profile. Check the box next to
the profile.

o Check the box to Assign Feature Definition
o Select the appropriate Linear Feature Definition
o Check the box to Create Civil Rules

o Click Import

Import Geometry

o BY . LandXL
EI--HNignmerrt

B--ﬂNignmerﬂ'—-.Baseline
=@ BL_SR61

= Profile
. | BL_SF!EQ

[] Assign Feature Definitions from Table

Feature Definitions Table:

Assign Feature Defimtion

Linear Features: |Baseline ™ 0

Point Features: |Nu:u Feature Definition e |

& Create Civil Rules
l o Impaort Cancel
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2. Visually inspect the alignment file 2D and 3D models to ensure all controlling geometry has been captured

10

and exported.

Generate the Horizontal Geometry Report for the imported alignment and Vertical Geometry Report for
the imported profile, and compare to the original design file(s).

e Navigate to:

o Geometry > General Tools > Import/Export > Horizontal Geometry Report
e Click on the alignment
e Toggle on Lock to Start and Lock to End

e Toggle on Include Profiles (set to Active Profile)

48 Horizontal.. —

Parameters »

Lock To Start ]

Start Station 00000

Lock To End ]

End Station 9634 2211

Interval L3
[] Interval 0.0000

Event Points L3
Include Event Points  MNone ol

Profile s
B Included Profiles  Active Profile w

e The Horizontal Report dialogue will appear, with the default horizontal geometry report. This report
can be printed to PDF, or saved as an Excel file:

E’J Bentley Civil Report Erowser -

File | Tools
Open -
| Save As k Report (*.xml)
Append Web Page (*.html)
) Microsoft Word (*.doc)
Print
Microsoft Excel (*.xlsx)
Exit

_ ASCIText (*.tt)
GeometryPointsh oo —eormroocrrrros o .
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4. Once complete, click on VerticalAlignmentReview.xsl in the navigation bar on the left, this will load the
vertical report for the active profile:

a CrilGicsitry Vertical Alignment Review Report

GeometnPorntixl Repor Creabed Twesday, Decembar 16, 2025
GeometnPonsidS0E Commalelimiedal Tirmge T';J{vl AM
GeometnyPont_FesturebloPythool
Porippntalilgrmentines sl Project: Daofaulk
HoripprtpliigrmeniCheskintegrtyoal D seriptian:
Morippntalidigrment heckiniegriyColarCading x
orizontalidigrment{ ontroiLineCata Takle sl Filn Name: «

o plidigrmasna unse(lata Tableax! Last Rovissd: 91572005 2008928
ot aldlsgrmaeniunse et lementBesew s

HorzontaldligrmentEventPontlstos!
Horzoertalddigrmentinteryal XYL s! .

" " y - Hoaizontal Alignmant: L
Feowrizoaliligrmentheew. sl Harizontsl Discription:

eoprizgernalilgpmimeniReewl S sl Hosizontal Style: AlgnmantNCDOTWroplalG_Centerling
Wwwwﬂﬂnl
Hewrieerenl ity et Vertlcal Alignment: L
Herizeenallagament Ta T as! Vertical Description:

HerizarnalAndVerticaldlgysrment v sl .
o rzenalElere ity Takle s Vartical Style: AlgamentNCDOTWrophalG_Canterling

FiaizsenalElements TableS rmplded 1l Station

HerrizernalElementaYZasl

HarizartalRegretgionPonsiblowt. ol Elemant Lisisar

Faua#.ﬂﬁr:ﬂ'ldmn PORE 1000 600

Sattinglh VPG 1034000

SattingutTakleDefectonnl

- il Tangant Gerade 0003

Teweerpel ureps5CTLa Tangent Length 30,000

Trpeerpel yrepa 3012 sl

Travernel urveR 501 Sas! Element Symmetrical Parabola

TrverpefcitaSmay Ve 10738 000

Tmversafointi] eckintegeityaal vl 1115.000

Veercalihgnmenil L

Verticalllignmensheckinsegrityl oloel oding sl VPT 1200.000

wraw-;nnwtwsubunilmmv:-rmc P 1121063
mtervalSistiont) rad Length 170,000
o Eritrancs Geacs -0.003

. - Exll Gaade Ga03

'n.lﬂ-.-:.lwgammrr.d =100 (g2 - gL 0360

Veereslibgnmenriagn Dansne e Senew asl K=11(g2 - g1} Y122

eertea L yrnenaTa T I s Middie Owdinate 3137

VertalfegressaaLitihLewer

VertalReane et Pomt BBt erter il Flamanr | maar

o Save the vertical report locally

o Navigate back to the project alignment file (.dgn) and repeat the same steps for the original
alignment and profile, and compare the reports to ensure the data matches.

11
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There are multiple types of surfaces that are exported as part of the Digital Deliverables; existing top grade,
proposed top grade, and proposed subgrade. These surfaces are exported to LandXML files and represent the
existing and proposed top surfaces, and the subgrade that will be constructed as part of any roadway
improvements. Surfaces may be broken up in order to maintain LandXML files of less than 500mb in size as a
best practice.

Preparation & Review Best Practices
1) Review the following items in each .dgn file prior to exporting surfaces:
e Geographic Coordinate System is set for 2D and 3D models
e Verify no visual gaps, spikes, lips, or overlapping areas exist within the surfaces
e Proposed surfaces (top and subgrade) are up to date and include all necessary proposed components
e Proposed top surface ties to existing surface without any gaps, voids, etc.
2) Best Practice - There are two primary considerations when developing proposed top surfaces

e Vertical Faces —triangulated terrains cannot resolve between two points that share the same xy values,
but at different elevations. As a result, true vertical faces cannot be present in a triangulated surface.
As a result, all model components used for surface creation must have a horizontal offset value of no
less than 0.01 feet.

e Caves and Cliffs — When generating subgrade surfaces, the triangulation cannot double back on itself
and create overlapping areas (i.e. extend over a component then wrap around either above or below
other triangles). As a result, all components, points, and breaklines used to generate surfaces must be
setup to avoid these situations.

Exporting of Files

1. Export the existing surface using the following workflow:
e Navigate to the survey file with the project's existing surface / terrain
e Verify the number of existing terrains (if more than one)
e Navigate to:

OpenRoads Modeling ~ M- HE # « - oo EBYERNE L -
Terrain Geometry Site Corridors Medel Detailing Drawing Production Drawing Utilities Collaborate View Help NCDOT Roadway

a ~ | @ From File gun @ ﬁ,% & Add Features @y Edit Model D;r P @‘ A7y ‘@ % @
E 5| From Graphical Filter ~ 2 T By RemoveFeatures @ Edit Complex Model 3 o iy iy ® B, Export To File
i

N El it . Additional ~ Tepo Active Transf Points (zlculate Volumes Hydraulic Reporting Aquaplaning
@q Seleer::g‘n = Q From Elements Metheds~  Import~ v <~ Change Feature Type 4:3 Boundary Options ~ ransterm v aAc,i: € v v A hd

Primary Selection Create Edit Analysis Miscellaneous

OpenRoads Modeling > Terrain > Miscellaneous > Export to File

o Select the terrain

o Select the Export Format: LandXML

o Enter the Project Name

o Enter the Project Description: Existing Surface

o Select the Export Options: Both

13
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Parameters 4

Select Terrain DTMPr o

Export Format Land XML { xml) e

Export Options LS

Project Mame SRE1

Project Description Existing Surface

Export Options Export Both w

e Save the file in the project folder
2. Create and Export Final Surface Files: Final Grade Top Surface & Final Subgrade Surface
e Surface Creation Option 1 — Graphical Filter
o Inaclean design file, reference in proposed modeling files
o Open the Terrain Filter Manager
o Setup, or use an existing, graphical filter to define model breaklines to include

= Note: Separate filters can be developed and combined into a Filter Group to easily apply
all filters at once

o Open the Create Terrain by Graphical Filter tool
o Specify the Filter, or Filter Group, to apply
o Specify the edge method to be used
= Best Practice — specify Max Triangle Length for the method, with a value of 25
o Set the Feature Definition to the appropriate terrain feature definition
o Provide the appropriate terrain name
o Click through the options to generate the terrain
e Considerations with Surface Creation Option 1 - Graphical Filter method:

o Changes to the reference models will not automatically update terrains created using this
method. Updates can be captured by re-opening the file with the live terrain, Opening the
Project Explorer, navigating to the terrain, right-clicking and choosing “Update Terrain Source”

o This methodology requires careful setup and review of references linestrings/breaklines to be
used for the generation of the terrain

o Careful review of the terrain(s) compared to the proposed model should occur to ensure all
necessary components were taken into account

e Surface Creation Option 2 — From Breaklines
If this option is selected, it is recommended to first generate the 3D Breakline file outlined in Section 4
of this document, then create the surface from that information (abbreviated steps below).

14
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Open up a new, clean, design (.dgn) file using the 3D design seed

Reference in the proposed modeling files 3D model space which contain elements to be
included in the surface. Do not include any 2D references or 3D cells.

Set the Geographic Coordinate System of the file to match the reference

Turn off all unnecessary construction lines, working lines, and surfaces that are not intended to
be included in the surface

Use the “Merge into Master” tool in the Reference Manager to merge all 3D breaklines (linear
feature lines) into the file

Delete 3D mesh elements, leaving only the 3D linestrings

Any linestrings from surface templates will require manual offsetting of linework for linestrings
at the edges of components (i.e. top of pavement and bottom of pavement) to avoid a vertical
face between these linestrings which won’t triangulate

Manually clean up gaps or overlaps in the merged linework; reference in and compare to model
files to ensure consistency between the files

Use the Create Terrain Model from Elements tool and select all breaklines (3D linestrings)

Select the feature option of “Break Line”, and set the Edge Option to Max Triangle Length
starting with a value of 25 and refining as needed afterwards (larger value may be needed)

e Considerations with Surface Creation Option 2 — From Breaklines method:

©)

©)

This method may still require cleanup of breaklines prior to surface/terrain creation

This method is less dynamic than other methods as breaklines are merged/copied into the file,
so any further model updates will not be considered, and the workflow must be repeated.

Ensure the feature definitions for the modeled components are set to “Enable Linear Features”
when placed. This results in 3D linestrings being generated in 3D model space to form
breaklines.

Continued next page 2>
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e Surface Creation Option 3 — From Meshes
o Open the modeling files with roadway corridor models live

o Modify the applied corridor feature definition properties to toggle Top Mesh Display (or Bottom
Mesh Display) to True

o Use the Create Terrain Model from Elements tool and select all mesh elements

Select the feature option of “Break Line”, and set the Edge Option to Max Triangle Length starting
with a value of 25 and refining as needed afterwards (larger value may be needed)

e Considerations with Surface Creation Option 3 — From Meshes method:

o This method requires detailed management of corridor template properties to ensure the
correct components are included in top and bottom meshes.

o This method is somewhat dynamic, as terrains created from meshes generated by corridors will
update once the original meshes used to create the terrains update (if the rules to the original
meshes are still intact)

o Areas outside of corridors, without top/bottom mesh, must still be manually selected to be
included (i.e. slopes, surface templates, etc.)

3. Review Terrains Prior to Export
e Review terrains for any gaps, spikes or errors

e Remove any extra triangles around any interior curves or features
e Utilize the Report Crossing Features and Report Conflicting Points tools to check the terrains for errors
e Update source information and recreate terrains if any issues are found

4. Exporting Terrains
e Navigate to:

o OpenRoads Modeling > Terrain > Miscellaneous > Export to File

OpenRoads Modeling - M HE T « - fTe@YRER L -
Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Utilities Collaborate View Help NCDOT Roadway

A i3 1 | From File }% @ ﬁ‘% & Add Features iy Edit Model O | e @‘ Ay ‘@ % @6

5| From Graphical Filter ~ ! Remove Features Edit Complex Model gi
Element .. L] e @i Additional ~ Tepo Active & % E Transform = Points Calculate Velumes Hydraulic Reporting Aquaplaning
(] Selection "=¢ Q From Elements Methods ~  Import = v %/ Change Feature Type £ Boundary Options ~ v Area v v v v Visil

By Export To File

Primary Selection Create Edit Analysis Miscellaneous

o Select the terrain

o Select the Export Format: LandXML

o Enter the Project Name

o Enter the Project Description: Final Grade Top Surface (or: Final Subgrade Surface)
o Select the Export Options: Both

o Click through the options, save the .xml file(s) in the appropriate project folder
Review of Exported Files

Review of exported LandXML (.xml) surfaces is the same for all surface types.

e Create a new, clean, file using the 3D seed

16
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e Set the Geographic Coordinate System
e Create (Import) a terrain from the LandXML (.xml) surface using the Terrain > Create > From File tool
e Review the terrain visually for any spikes, gaps, or other errors

e Run the Report Crossing Features and Report Conflicting Points analysis tools

17
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The development of 3D model breaklines helps facilitate the generation and importing of design surfaces and
information into construction and survey applications. Only top, proposed, surface breaklines should be
included in this file.

Preparation & Review Best Practices

1.

Review the following items in each .dgn file prior to generating and exporting breaklines:

Geographic Coordinate System is set for 2D and 3D models
Verify no visual gaps, spikes, lips, or overlapping areas exist within the model
Proposed corridors are up to date and take into account all necessary proposed components

Proposed model ties to existing surface without any gaps, voids, etc.

Best Practice - These are some considerations to take into account when developing proposed top surfaces

Level naming and feature definitions should be consistent for the same types of elements from model
breaklines

Names should be unique between the different layers of material

If the model contains surface templates, then ensure feature definitions are set to “Enable Linear
Features” when placed.

Ensure linear template feature definitions are set to Final

Utilize point and component feature name overrides to reduce, or eliminate gaps between different
template drops along corridors

Exporting of Files

1.

19

Create a new Microstation (.dgn) file using the 3D design seed file (Note: this new file will only have a 3D
design model in it, not a 2D design model)

Reference the 3D models of all proposed model files; do not include any 2D model information

Set the geographic coordinate system of the file to match the reference files

Filter / turn off all construction class lines and unnecessary linework, turn off anything that isn’t a breakline
(i.e. cells)

Continued next page 2
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E| References (2 of 2 unique, 2 displayed)

Teols | Properties

Attach...

Detach

Detach All

Reload

Reload All

Exchange

Open in Mew Session
Activate

Deactivate

Move
Copy
Scale

Rotate

Merge Into Master

Make Direct Attachment

Create Drawing Boundary

=

In the Reference Manager use the Merge into Master tool to copy all breaklines (3D linestrings) live into

Delete/remove any non-breakline elements that may have been copied in (i.e. 3D meshes, 2D
linework, etc.)

Select all 3D model breaklines and use the OpenRoads Modeling > Drawing > Groups > Drop Complex
Status tool to simplify all breaklines.

Continued next page 2>
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6. Review and cleanup the merged breaklines.

Gaps or overlaps may occur and require a manual approach to 3D model breakline cleanup. The Design
File Cleanup tool can be used to review and resolve gaps, overlaps, and duplicates:

a&d
T

ss# Design File Cleanup

File
General Duplicates Overlaps
Process View: 1 h Cleanup Actions
[J Create Backup Duplicates: - none -
Use Fence:  Inside ~
o Overlaps: - none -
[_] Save Flags in File
Flag Size: | 1.0000 Gaps: - none-
Overview

*

Gaps
#Found
NA
NA
NA

Duplicate: When 2 elements of the same type share the same location and geometry.

Owverlap: When 2 elements partially overlap one another.
Gap: When an element has an endpoint too far from another element

Apply

e —

Done

7. Review breaklines to identify any that would create a vertical face; since triangulation cannot occur in a

21

vertical plane, any breaklines that directly overlap one another need to be offset by 0.01 ft to create a
slight slope / delta between the breaklines to facilitate triangulation.

Continued next page 2>
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8. Once cleaned up, compress the file by navigating to:
e File > Tools > Compress Options
e Turn on all options (except for Include References at the bottom) and click Compress

:J Compress Options
On/Off Delete Alias

Empty Cell Headers EMPTY_CELL
Empty Text Elements EMPTY_TEXT
Text Elernents Containing Only Spaces SPACE_TEXT
Unused Cell Definitions CELLDEFS
Unused Line Styles LIMESTYLES
Unused Dimension Styles DIMSTYLES
Unused Text Styles TEXTSTYLES
Unused Levels LEVELS
Unused MNested Attachrment Levels LEVELTABLES
Unused Multi-line Styles MLIMESTYLES
Unused Element Templates ELEMEMTTEMPLATES
Unused [tem Type Libraries ITEMTYPES

[[] Include References

Compress oK Cancel

o Save the file
o Save an AutoCAD (.dxf) copy of the file by navigating to File > Save As
o Don’t set any options, just provide a name and the correct location and click Save

o Adialogue pops up, select US Survey Feet and Click OK
&4 DWG/DXF Units

OpenRoads Designer requires that the file units be accurately specified in order for "True" scaling to be calculated correctly
when working with cells and reference files.lt is not possible to infer the units for the DWG or DXF file:

The "Design Center Units" option has been selected, but Design Center units are not specified in this file.

Units:  US Survey Feet r
[ ] Do not display again (Use this setting for all DWG/DXF files of this type)

Review of Exported Files

22
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Upon saving the .dwg file, OpenRoads Designer will open it in DWG Work Mode (indicated by the blue cross
hair icon in the bottom right of the Microstation menu)

1

Wl 2« (= |9 ®
1. Reference in the 3D model file(s), compare the breaklines to the models and planimetric linework.

e |dentify any breaklines with gaps, overlaps, or duplicates and resolve as necessary.

e Allinstances of the breaklines should matching including the 2D and 3D CREFs, DSN, CMD, XSC, and
any other location in the plans.

23






NCDOT | Digital Delivery

AL,

| | DIGITAL

%2~ ) DELIVERY
lrge

This list of reference materials are provided for informational purposes and are not directly cited in the text.
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FDOT 3D Deliverables Support Resource
FHWA ORD Manual Chapter 23
MDOT Workflow for LandXML and Breaklines [mdotjboss....tate.mi.us]

Ohio DOT LandXML Alignment Creation Guide
Oregon DOT LandXML Export Guide
TxDOT 3D Model Breakline Creation Process Draft January 2025



https://www.fdot.gov/docs/default-source/cadd/downloads/publications/CADDManualFDM/FDOT3DDeliverablesSupportResource.pdf
https://highways.dot.gov/sites/fhwa.dot.gov/files/ORD-Manual23-Physical-Data.pdf
https://mdotjboss.state.mi.us/SpecProv/getDocumentById.htm?docGuid=be9b9bbe-9cad-49f6-85ab-37d4a15ade5e&fileName=Workflow%20-%20Creating%20Model%20Line%20String%20and%20LandXML%20RID%20Files.pdf
https://mdotjboss.state.mi.us/SpecProv/getDocumentById.htm?docGuid=be9b9bbe-9cad-49f6-85ab-37d4a15ade5e&fileName=Workflow%20-%20Creating%20Model%20Line%20String%20and%20LandXML%20RID%20Files.pdf
https://bentleysystems.service-now.com/community?id=kb_article_view&sysparm_article=KB0024596
https://www.oregon.gov/odot/EAST/Documents/GeometryExportImportUsingLandXML.pdf
https://www.txdot.gov/content/dam/docs/division/des/digital-delivery/ddp-3d-model-breakline-creation-2025.pdf
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