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Chapter 20 Quantities

This chapter explains how to calculate quantities and generate reports from 3D Models.
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20A - INTRODUCTION TO QUANTITIES

This chapter covers the calculation of quantities from 3D Models created with Corridors, Linear Templates,
Surface Templates, and Civil Cells.

20A.1 Best Practices: Creating Corridors, Approaches, and Parking Lots

Easy and straightforward quantity calculations begin with proper setup of the mainline Corridor,
Approaches, and other modeling entities. It is highly recommended that these BEST PRACTICES are
considered at the beginning of project and before Corridor modeling.

BEST PRACTICE — ORD DESIGN FILE SETUP: Do NOT create Approach or Parking Lot models in the
same ORD File as the Corridor. Place Approach or Parking models in their own dedicated ORD File (i.e.,
“..._cor_appr.dgn” for approaches). When calculating quantities, it is very difficult or impossible to
separate mainline Corridor and Approach quantities when they are placed in the same file.

WARNING: When calculating Approach model quantities, create a dedicated Approach Quantities ORD
File and do NOT reference the Mainline Corridor into that File.

EXPLANATION: Typically, quantities for a Corridor are calculated with the Component Quantities
tool — which isolates the Corridor Quantities. The combined Surface Templates and Linear
Templates used to model an Approach are calculated in bulk with a Named Boundary element.

IMPORTANT: The Corridors, Surface Templates, and Linear Templates used to model Approach
Roads can NOT be isolated if a portion of the Mainline Corridor is within the Named Boundary.

As shown below, the Named Boundary would include unwanted Corridor quantities, if the mainline
Corridor and Approaches are referenced into the same Quantities ORD File.

——1| Quantities ORD File
B View 1, 2D Desigr - E\@

[E- -1 BLROTHDEE Y

A portion of the Mainline Corridor is inside the
limits of the Named Boundary.

The Unwanted portion of the Mainline Corridor
will be summed Approach Quantities.

Mainline
Corridor

WARNING: To isolate Approach Quantities, do

Approach Quantities ORD File.

w NOT reference the Mainline Corridor into the

Approach

Named Boundary
used to calculate
Approach Quantities

il
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BEST PRACTICE — CORRIDOR AND APPROACH MODELING TECHNIQUES: Whenever possible,
AVOID using Corridor Clipping in the mainline Corridor — particularly in the vicinity of an Approach.
Alternate strategies for addressing overlap between the mainline Corridor and Approach modeling entities
is discussed in 11A.5 Overlap Between Mainline Corridor and Site Modeling Features.

TIP: The preferred method for accommodating Approaches in the mainline Corridor is to use a
Road Template that utilizes Display Rules to trigger OFF shoulder and end condition components in
the vicinity of the Approach. See 11A.5.c Use a Template containing Display Rules to Address
Overlap.

BEST PRACTICE - FEATURE DEFINITIONS IN TEMPLATES: To decipher quantities reports, the User
must know the Feature Definition that each Template Point and Component is assigned to. In the report,
material quantities are listed by Feature Definitions. All Template Components assigned to a particular
Corridor will be summed together in the report. To separate material types in the report, each
unique material in the Template must be assigned to a unique Feature Definition.

Feature Definitions are assigned to Template Points and Components in the Template Editor. See 8C.2
Point Feature Definition and Name Properties and 8D.1 Component Symbology Properties.

EXAMPLE SCENARIO: In this scenario, a single Corridor utilizes two Templates. Both Templates
use asphalt, but the required asphalt mix type differs between the two Templates. This can be
problematic because it is FLH convention to place Components that represent asphalt on the
“XS_TC_Pavement Layer 1” Feature Definition. If the different asphalt mix Components are
assigned to the same Feature Definition (i.e., "XS_TC_Pavement_Layer 1”), then these two
different materials will NOT be differentiated in the report — even though they belong to different
Templates. To separate material types in the report, each unique material must be
assigned to a unique Feature Definition.

Consistent and logical Feature Definition assignments (for both Template Points and Template
Components) must be considered in Template creation to easily and appropriately separate materials and
easily decipher the resulting quantities report.

WARNING: Quantity Calculations from the ORD Software should NEVER be completely trusted. When
possible, use hand-calculations and engineering judgment to assure the validity of automatically
calculated quantities.

For example, for a concrete sidewalk quantity in a parking lot design; manually draw an enclosed
shape around the perimeter of the sidewalk. Compare the area of the enclosed shape with the
automatically calculated values derived from the Sidewalk Template Model.

BEST PRACTICE: For asphalt, use hand-calculations to validify the automatically calculated
quantities from the Road Template. To approximate the volume of asphalt: multiply the width
and length of the road against the depth of the asphalt. Compare this hand-calculation with the
report quantity. It is acceptable and advised to use the report quantity ONLY after its validity has
been established.

WARNING: Confirm that Cut/Fill (earthwork) quantities are within the expected order of magnitude. A
common mistake is forgetting to delete previously-created Cut/Fill mesh elements when re-calculating
quantities. This results in Cut/Fill quantities that are approximately doubled. See 20B.3 WARNING: Re-
creating Cut and Fill Meshes.
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20A.2 Calculation Methods: Prismatic vs Average Area End Method

There are two general methods for calculating quantities: Prismatic or Average Area End Method.

Prismatic Method: When using prismatic calculations, the entire length/area/volume of the 3D
elements are analyzed. With this method, the resulting quantity calculations will exactly reflect the
accuracy of the 3D Model.

Average Area End Method: The Average Area End Method is used to calculate earthwork
quantities at specified cross-section locations. With this method, the accuracy of the results
depend on how frequently cross-sections are analyzed. This method is most appropriate for linear
projects that utilize Corridors. This method is NOT appropriate for irregular site designs - such as
parking lot projects.

WARNING: With this method, the 3D Model is IGNORED in between the specified cross-
section locations. If an important feature is located in between adjacent cross sections,
then the corresponding quantities will not be reflected in Average Area End Method
quantity calculations.

BEST PRACTICE: In general, Prismatic Quantity tools should be used because the results better reflect
the 3D Model. Average Area End Method calculations should only be used if a Average Area End Method
earthwork report is required for the specific project.

20A.3 Tools used in Quantity Calculations

Tools used for quantity calculations and reporting are found in the following location:

OpenRoads Modeling workflow > Home tab > Model Analysis and Reporting panel

- - — - Te— i o
&4 OpenRoads Modeling  + @~ HEE «-2 5 kD@ = G E 5 & £ 5 C\Users\brendan\Desktop\NEW ORD CAD Files\Riverside\id-a215806"
File Terrain Geometry Site Caorridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View Help
. _ v v o Y Y £ () e
#Z None v || Default v q B * = o 2, @ ; ’ - ,;ré\‘ﬁ
B v & Rt kemad ¢ (S e +
v || = v | = v || @ - : + | Explorer Attach ) - Element Fence Reports Civil Corridor  pynamic Terraain
&0 e 0 =0 0 &0 = Tools~ &G + o~ Selection Tools> W) ~ v Analysis * Reports » pgn View @ Imporrt~

Attributes Primary

Anal 5 Component Quantities

T, Analyze Between Points ‘ Design Input Report

Calculate Area 9 Results Report

¥ Analyze Volume 7 Milling Report
. Inverse Points & Superelevation Report
Analyze Trace Slope

Analyze Pond

{l 4  Element Component Quantities

Prismatic Quantity

| #  Create Cut Fill Volumes 3
tools El

| /= Quantities Report By Named Boundary n

ﬁ Mass Haul Diagram

Average Area End NE
Method =

End Area Volumes Report n

. Cross Section Report

%‘ 3D Drive Through

NOTE: The Component Quantities tool and Element Component Quantities tool are very similar.
They both operate by simply selecting a Corridor, Linear Template, or Surface Template. However, each
tool has limitations. See the table on the next page for the advantages and disadvantages of each tool.
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Component
Quantities

Prismatic Quantity tools

Description:

Generates volume and surface area quantities for a single Corridor or Linear
Template. This tool is generally used to quickly calculate the quantities for the
mainline Corridor.

PRO: This tool generates Cut and Fill volume quantities without using the Create
Cut Fill Volumes tool.

CON: Only a single Corridor or Linear Template can be selected per report.
Surface Templates are NOT compatible with this tool. Unsuitable Materials CANNOT
be calculated with this tool

Operation of this tool is shown in 20C.1 Component Quantities tool for Corridors.

Element
Component
Quantities

Generates surface area and volume quantities for one or more Corridors, Linear
Templates, and Surface Template.

PRO: Multiple Corridors, Linear Templates, and Surface Templates can be selected
and totaled in a single report. Surface Templates are compatible with this tool.

CON: This tool does NOT generate Cut and Fill quantities. Cut and Fill Meshes for
Surface Templates must be generated with the Create Cut Fill Volumes tool and
calculated with the Quantities Report By Named Boundary.

Create Cut
Fill Volumes

This tool generates Cut and Fill Meshes between sub-grade and the Existing Ground
Terrain Model. This tool needs to be used prior to the Quantities Report By Named
Boundary tool and End Area Volume Report tool. This tool is discussed in 20B -
Create Cut Fill Volume Tool and Earthwork Calculations.

WARNING: Cut and Fill Meshes are STATIC - which means they will NOT adjust if
the design changes. If the design changes, then previously-created Cut/Fill mesh

elements must be deleted and re-created. See 20B.3 WARNING: Re-creating Cut
and Fill Meshes.

Quantities
Report By
Named

Boundary

Creates a report that calculates the lengths, volumes, and surface areas of all 3D
modeling elements located in the limits of a PLAN Named Boundary. However, this
tool does NOT require a PLAN Named Boundary to be created. If the "None” option
is selected, then the resulting report will reflect all quantities in the ORD File.

IMPORTANT: This tool needs to be used for models that utilize Surface Templates
- such as Parking Lots and Approaches. A detailed workflow for this tool is shown in
20C - Quantities Report Workflow for Roadway with Approaches.

End Area

Volume Report

Average Area End Method tools

Description:

Creates a report that calculates Cut and Fill areas and volumes at specified cross
section station locations. This tool requires the User to create CROSS SECTION
Named Boundaries to specify the stationing interval for cross section
calculations.

A detailed workflow for this tool is shown in 20D - Earthwork By Cross Sections.
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20A.4 Example Usages for Quantity Workflows

There are four workflows for quantities calculations. Each workflow has advantages, disadvantages, and limitations. The table below explains
which workflows can be used for specific design situations and project types.

IMPORTANT: To generate quantities for Surface Templates, the Quantities Report By Named Boundary workflow MUST be used.

Workflow:

Quantity Workflows

Component Quantities

20C.1 Component Quantities
tool for Corridors

Recommended Use: Compatibility:

Corridors

Very quick workflow for
calculating materials and
earthwork for single Corridor
or Linear Template. Typically,
used to calculate quantities
for the Mainline Corridor.

e Corridors
e Linear Templates

Disadvantages:

If the Corridor uses Clipping (not recommended), then
the clipped portions are included in the output report -
which produces quantities overlap with the clipping
feature.

Only a single Corridor OR Linear Template can be shown
in the output report.

Unsuitable Materials are NOT accounted for.

Quantities Report by
Named Boundary

20C - Quantities Report
Workflow for Roadway with
Approaches

All Corridor, Linear Template,
and Surface Template
quantities within a Named
Boundary are calculated.

Non-Mainline Corridor
quantity calculations:
e Approach Roads
e Driveways/Aprons
o Intersections
e Parking Lots
e 3D Linear Elements (i.e.,
guardrail)
e Site Design
e Unsuitable Material
Calculations

All and any
combination of 3D
Modeling elements
within the specified
Named Boundary:

e Corridors

e Linear Templates

e Surface Templates
e 3D Linear Elements

Reports can be difficult to decipher; especially when
inconsistent Feature Definitions are used amongst
Corridors, Linear Templates, and Surface Templates. For
guidance in deciphering the resulting report, see 20A.6
Deciphering and Understanding the Quantities Report.

Cut/Fill Meshes must be created with the Create Cut Fill
Volumes tool. Cut/Fill Meshes are STATIC - which means
they do not adjust when the design changes. If
previously-created Cut/Fill Meshes are NOT deleted, then
quantity overlap occurs.

Element Component
Quantities

20A.5.c. Element Component
Quantities tool.

Material quantities ONLY. Will
NOT generate earthwork
quantities.

e Corridors
e Linear Templates
e Surface Templates

Does NOT include cut/fill (earthwork) quantities.

End Area Volume Report

20D - Earthwork by
Cross Section

Not recommended unless
required for specific project.

Do NOT use for Parking Lots.

e Corridors
e Linear Templates
e Surface Templates

Due to the nature of By Section calculations, the resulting
output is generally less accurate than Prismatic
calculations. Specifically, this workflow should NOT be
used for Site Designs and Parking Lots.
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20A.5 Quantity Workflow Overviews

The following flow charts briefly describe how to use each Quantity Calculation tool.

20A.5.a Component Quantities tool

The Component Quantities tool works by simply selecting a Corridor or Linear Template. A detailed
workflow is shown in 20C.1 Setup the Corridor Quantity File and use the Component Quantities tool.

Create a new Corridor Quantity File.

Reference in the following ORD Files:

e Existing Terrain Model File
e Corridor Modeling File

1 I-'l

Use the Component Quantities tool.

Ribbon Location:
[OpenRoads Modeling — Home — Model Analysis and Reporting]

Select the Corridor Handle or
Linear Template Handle.

Save the Quantities Report.
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20A.5.b Quantities Report By Named Boundary tool

The Quantities Report By Named Boundary tool will sum ALL Corridors, Linear Templates, and Surface
Templates quantities within the limits of PLAN Named Boundary. ALTERNATIVELY, if PLAN Named
Boundary elements are NOT created, then all elements in the ORD File will be analyzed.

A detailed workflow is shown in 20C - Quantities Report Workflow for Roadway with Approaches. Also,
tips and guidelines for deciphering the resulting quantity report is discussed in 20A.6 Deciphering and
Understanding the Quantity Report.

Create a new Quantity File.

Reference in the following ORD Files:

e Existing Terrain Model File
e Design Files that contain desired Corridor, Linear Template,
and Surface Template models

OPTIONAL: Create PLAN Named Boundary elements
to specify specific calculation areas.

If Named Boundary elements are NOT created, then
all elements referenced into the ORD File are analyzed.

&

Create Cut/Fill Meshes with the
Create Cut Fill Volumes tool.

Use the Quantities Report By Named Boundary tool
to generate the quantity report.

Save the Quantities Report.
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20A.5.c Element Component Quantities tool

The Element Component Quantities tool is the EXACT same as the Component Quantities tool, with three

exceptions:

e This tool CANNOT calculate Cut/Fill (Earthwork) quantities - which can be done with the
Component Quantities tool.

e Multiple Corridors, Linear Templates, and Surface Templates can be selected and totaled in a single
report — which could be useful for quickly calculating pavement section quantities. The Component
Quantities tool can only select ONE Corridor or Linear Template at a time.

e This tool can calculate Component Quantities for Surface Templates. The Component Quantities
tool is NOT compatible with Surface Templates.

The procedure for operating this tool is the exact same as the Element Component Quantities tool. See
20C.1 Component Quantities tool for Corridors.

Create a new Quantity File.

Reference in the following ORD Files:

e Existing Terrain Model File
e Design Files that contain desired Corridors,
Linear Templates, and Surface Templates models

@&

Use the Element Component Quantities tool.

Ribbon Location:
[OpenRoads Modeling — Home — Model Analysis and Reporting]

Select a single or combination of Corridors,
Linear Templates, and Surface Templates.

Save the Quantities Report.
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20A.5.d End Area Volumes Report tool

The End Area Volumes Report will generate an Earthwork Report at each CROSS SECTION Named
Boundary station. In the resulting report, only Cut/Fill areas and volumes are shown.

A detailed workflow is shown in 20D - Earthwork By Cross Section (Average Area End Method).

Create a new Quantity File.

Reference in the following ORD Files:

Existing Terrain Model File

Alignment File

Design Files that contain desired Corridors,
Linear Templates, and Surface Templates

Create CROSS SECTION Named Boundaries
at desired station locations.

Z.

Create Cut/Fill Meshes with the
Create Cut Fill Volumes tool.

p
s’
Use the End Areas Volume Report tool
to generate the Earthwork Report.

Save the Quantities Report.
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20A.6 Deciphering and Understanding the Quantity Report

When using the Quantities Report By Named boundary tool, the resulting quantity report analyzes and

includes ALL 3D elements that are referenced into the 3D Design Model % - which can make the quantity
report appear cluttered. The following concepts must be considered when deciphering quantity reports:

CONCEPT 1 - Verify Quantity Calculations with Hand Calculations:

WARNING: Quantity Calculations from the ORD Software should NEVER be completely trusted. When
possible, use hand-calculations and engineering judgment to assure the validity of automatically calculate
quantities.

For example, for a concrete sidewalk quantity in a parking lot design; manually draw an enclosed
shape around the perimeter of the sidewalk. Compare the area of the enclosed shape with the
automatically calculated values derived from the Sidewalk Template Model.

BEST PRACTICE: For asphalt, use hand-calculations to validify the automatically calculated quantities
from the Road Template. To approximate the volume of asphalt: multiply the width and length of the
road against the depth of the asphalt. Compare this hand-calculation with the report quantity. Itis
acceptable and advised to use the report quantity ONLY after its validity has been established.

WARNING: Confirm that Cut/Fill (earthwork) quantities are within the expected order of magnitude. A
common mistake is forgetting to delete previously-created Cut/Fill Meshes when re-calculating quantities.
This results in Cut/Fill quantities that are approximately doubled. See 20B.3 WARNING: Re-creating Cut
and Fill Meshes.
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CONCEPT 2 - Feature Definition: The quantity report is listed by Feature Definition. All 3D elements assigned to a specific Feature
Definition are summed together and placed on the same line in the report. To separate material types in the report, each unique
material must be assigned to a unique Feature Definition.

TIP: Feature Definitions are assigned to Template Points and Components in the Template Editor. See 8C = Template Points and 8D.1

Component Symbology Properties.
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CONCEPT 3 - Template Points in the Report: All 3D elements in the current ORD File will be analyzed and included in the quantity report
- which means there will be extraneous and unimportant information to sift through. Specifically, Feature Definitions that correspond with
Template Points (3D Linear Elements) are often ignored because they are not relevant to bid items in the project.

Background Information: In the creation of Corridors, Template Points are extruded as 3D Linear Elements (which is graphically
depicted on the next page). As stated, all 3D elements found in the ORD File are be included in the report when the Quantities Report
By Named Boundary tool is used. See CONCEPT 4 for additional guidance in identifying 3D element types within the report.
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Report Created: Monday, October 25, 2021
Time: 2:07:38 PM

Named Boundary
Group: #Nane>

Alignment Name:

Input Grid Factor:

Note: All units in this report are in feet, square feet and cubic feet unless

specified othenwise.

Station Named Boundary Name Material Count

Length Top Sloped Area Volume

N.A.  Totals
XS_TL_Draft-DNC
XS_TL_Centerline Exist
Approach road maich line
XS_TL_Centerline 1
XS_TL_Centerline 2
XS_TL_Centerline 3
XS_TL_Subgrade
XS_TL_Centerline
XS_TL_Edge of Pavt 1
XS_TL_Edge of Pavt 2
XS_TL_Edge of Pavt 3
XS_TL_Edge of Pavt
XS_TL_Lane Line A1
XS_TL_Lane Line A2
XS TL Lane Line A3
XS_TL_Lane Line A

18382 .578
3676.516
3738.617
3676.516
3676.516
3676.516

14565.965
8395.019
7353.031
7353.031
7353 031
7353.031

Bren
XS_TL_Cut
XS T1_Fill

NOTE: Template Points (3D Linear Elements)
are reported in Linear Feet length.

Template Point lengths shown in the report
are typically unimportant.

XS_TC_Pavement Layer 3

27841.728
125216.458 40201.142
147863.136 69717.547
44466.056

21834.538
154220.505 506990.816
66867.317 120612.388
24516.917

2873.775

2873.775

Current Template Display
@Cumpunems

Close

Name: |Typ\caISecmon wj Display Rules ‘ O Constraints

Description: | ‘ DDlsp\ay PaintNames

[ Display All Components

Is Tunnel Template

Edge of Travel Way Point
Template Point Properties

=L oH-tDM

Feature Definition:

[JUse Feature Name Override:

"XS_TL Lane Line A"

Paint Properties ot

Mame: Pavt_Lane_LayerTop_R|

v|ﬂ| Apply |

Pawt_Lane_Layerlop_R

See the next page for a graphical depiction of the Edge of Travel Way Point in the 3D Design Model

Close
Feature Definition ~ late Pointi\Lsne’.,KS_TL_Laﬂe Line A .
< Previous
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]
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.
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CONCEPT 4 - Identify Template Points and Components by Reported Units of Measurements: To identify and distinguish between
Template Points and Template Components in the report, examine the Units of Measurement.

Template Points (3D Linear Elements) are measured in Length units. By default, Template Points (3D Linear Elements) are

reported Feet.

Template Components are reported by Surface Area (square feet) and/or Volume (cubic feet). Template Components can be Planar
or Volumetric — which is discussed on the next page.

IMPORTANT: Typically, volumetric plan set bid items are specified in CUBIC YARDS. Volume Components in the report are in CUBIC
FEET. Convert reported quantities to CUBIC YARDS for bid item purposes.

a Bentley Civil Report Browser - C:\Users\brendan\AppData\Local\, Temp\RPTgunp5mvc.xmi - O X Current Template Display —
File Tools Name ‘Typl:a\ Section wf Display Rules (® Components (O Constraints
EarthworkQuantities.xs D ‘ ‘ [Display Point Names
ElementsComponentQuantitiesReport.xs| Station Named Boundary Name Material Count ILengthITop Sloped Areal IVqumeI .
ElementsComponentQuantitiesReportSummary.xs| NA  Totl Is Tunnel Template [[JDisplay All Components
EndAreaVolume.xs| T .
MassHauToTIW el XS_TL_Draft-DNC: 18382.578 .
XS_TL_Centerine Exist 3676.516 Template Point
SightVisibilityAlternateRepart.xsl Approach road match line: 3738.617
SightVisibilityReport.xs| XS_TL Centerline 1: 3676.516 e
TerrainCheck.xsl - XS_TL_Centerline 2 3676 516 Length Feature Definition
Leg:%gg;spﬁn Tem|:_||ate Points and XS_TL_Centerline 3 3676.516 |l (Feet) "XS_TL_Edge of Pavt"
MepCheck 3D Linear Elements et XS_TL_Subgrade 26074.940
Milling XS_TL_Centerline 3676.516
Stakeout Measured in Length. XS_TL_Edge of Pavt 1: 14817.042
Superelevation XS_TL_Edge of Pavt 2: 7353.031
Templatelibrary XS TL Edge of Pavt 3: 14565.965
Turnouts XS TL Ecﬂe of Pawvt: §395.019
Tools o TR T
XS _TL_Lane Line A1: 7353.031
XS _TL_Lane Line A2: 7353.031
XS_TL_Lane Line A3: 7353.031
XS_TL_Lane Line A: 7353.031
Ditch 3634 .552
XS_TL_Cut 1128.789
XS TC Foreslope 27841728 Template Component
XS _TC_Pavement Layer 1: 125216.458 40201.142
| XS_TC_Pavement Layer 4: 147863.136 69717 547 Feature Definition:
Template Components XS_TC_Filt: 44466.056 "XS TC Pavement 1"
XS_TC_Cut: 21834.53
: Volumes_Cut: 154220.5054506990.816
Measured in Top Sloped -
p p Volumes_Fill: 66867.3174120612.388 Vo!ume
and Volume. (cubic feet)
XS_TC_Pavement Layer 2: 2873.775
XS_TC_Pavement Layer 3 2873.775 P Surface Area

(square feet)
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CONCEPT 5 - Planar Components versus Volumetric Components: As discussed in 84.2 Basic Parts of a Template, Template
Components can be Volumetric (enclosed shape) or Planar (open shape or line vector).

Planar Components: Planar components are reported in Surface Area units (square feet) — which is denotated as “Top Sloped Area” in the
report.

In a typical Road Template, common Planar components include:

e Cut/Fill End Condition Components (found on the “XS_TC_Cut” or “"XS_TC_Fill” Feature Definitions)
Real-World Application: The surface area of the Cut/Fill End Condition Components typically corresponds with Turf
Establishment quantities. For example, the Cut/Fill End Condition reported surface area value may represent the embankment
slope area which requires Turf Establishment.

¢ Pavement Section Foreslope Components (found on the “XS_TC_Foreslope” Feature Definition)
Real-World Application: The Pavement Section Foreslope surface area value may NOT be relevant for all FLH Projects.
However, if the project requires the Pavement Section Foreslope to undergo Turf Establishment, then this surface area value
could be utilized.

IMPORTANT: Planar components report the true, 3D sloped area value of the component. For example, if Turf Establishment area was
manually measured in the 2D Design Model 1, then the resulting value would be underestimated, because the embankment slope is NOT
accounted from a top-down measurement.

= wil e — -
d Bentley Civil Report Browser - C\Users\brendan\AppData\Local\Temp\RPTgunp5mvc.xml Pavement sectlon Foreslope com ponent
File Tools
St e Feature Definition:
CrossSectionGradebookWide x| Input Grid Factor: Note: All units in this report are in feet, square feet agi;:;g;cdfzter:;:\\’ ”XSiTciForesbpe" _ O %
EarthworkQuantities.xsl
ElementsComponentQuantitiesReportxs| Station Named Boundary Name Material Count Len tI‘ITo Sloped Areal Volu : .
ElementsComponentQuantitiesReportSummary.xsl NA Totals L g £ = NOTE-' In the Template Edltor, thlS Planar Display Close
EndAreaVolume.xs| XS_TL_Centerline 3676 516 Component is visually hidden behind the @ Components () Constraints
XS_TL_Edge of Pavt i
n WARNING:: E.)O NOT confuse - XS:TL:Edge of Pavt 4 Template Point overlapplng Pavement Components. g?sp:ay:::wames‘
XS?TL?Cut/ Fill" with XS?TC?Cut/Flll . XS_TL_Edge of Pavt (3D Linear E[ement) i spay AT -ompansnts
XS_TL
Feature Definitions that begin with the S kaneding A intion: _\.
e L g . XA TL_Lane Line Al FeaEure Deflnﬁlon.
premx: “A>_IL _..." represen *@ TL Lane Line A XS_TL_Fill
Template Points (3D Linear Elements). _TL Lane Line A" 735305
superelevation Ditch 3634.552
TemplateLibrary XS_TL_Cut: 1128.789
Turnouts XS TL Fil: 5226 533
Tools IXS_TC_FDres\Dpe 27841.728
XS _TC_Pavement Layer 1: 120216.456  40201.142
XSTCPaveTemﬁ: 147863 136 69717.547
XS_TC_Fil 44466.056 =
=~ Cut/Fill
XS_TC_Cut: 21834.538 .
oTImas._Cur Tha220 50D L0690 816 End Condition Components
Volumes_Fill 66867 317 120612.388
Baseline: 24516917 LB RRAE Bk Feature Definitions: 2
XS8_TC_Pavement Layer 2: 2873.775 n n
XS_TC_Pavement Layer 3 2873775 ”))((Séi-l';'((::i(liﬁﬁ'
_1C_Frl
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Volumetric Components: Volumetric Components are reported in both Volume (cubic feet) and Top Sloped Area units (square feet).
Commonly, Volumetric Components represent materials that form the pavement section, such as Asphalt ("Pavement Layer 1”) and
Aggregate Base (“Pavement Layer 4").

Top Sloped Area: For Volumetric Components, only the TOP surface area of the Component is measured and reported.

WARNING: The “Top Sloped Area” measurement is occasionally unreliable for Volumetric Components. When possible, use hand-calculations
to quantify surface areas - instead of relying on this reported value.

BEST PRACTICE: For example, when a sidewalk is modeled with Templates, it is advised that the sidewalk area is manually
measured for plan set quantities. See CONCEPT 1 - Verify Quantity Calculations with Hand Calculations.

Current Template Display Close

Name: |Typica|Section w/ Display Rules ‘ (@ Components () Constraints
Description | ‘ [ Display Point Names
Is Tunnel Template [ Display All Components

Top Sloped Area
for
Pavement Layer 1

The Top Sloped Area for the
Pavement Layer 1 component
includes the top of the taper.

e L] g >
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CONCEPT 6 - Non-Corridor Elements in the Report: As stated in CONCEPT 3, all 3D elements found
(or referenced) into the ORD File are included in the report. This means 3D Elements that were not
generated by a Corridor, Linear Template, or Surface Template are included in the report.

Two common examples are the Corridor Alignment (typically assigned to the “"Baseline” Feature Definition)
and Culverts (assigned to the “Pipe culvert” Feature Definition).

BACKGROUND INFORMATION: In both cases, Horizontal ORD elements are drawn in the 2D

Design Model Q-'l. Next, Vertical ORD Elements are drawn in the Profile Model EE. When the
Vertical Profile is activated in the Profile Model @, a 3D Linear Element is created in the 3D Design

Model .

The resulting 3D Linear Element is analyzed and included in the quantity report.

w View 2, 2D Design SurvFt-3D
ot

o iE- L L

o

725

RN =S %G

[p= o )

a Bentley Civil Report Browser - C\Users\brendan\AppData\Local\Temp\RPTjhzbudey.xml — O
File Tools
I* StationOffset L ] .
b ed Boundary N@he Material Count Length Top Sloped Area Volume
»qd This Culvert 3D Linear Elementis [ _
. NOT generated by a Corridor. XS_TifEdge of Pavt 8395.019
XS M Lane Line A1: 7353.031
i E o _ L Lane Line A2: 7353.031
However, it is included in the report XS_TL_Lane Line A3: 7353.031
because it is found in the XS_TL_Lane Line A: 7353.031
3D Design Model& and is assigned a Ditch 3631.932
. ey W P XS_TL_Cut: 1128.789
Feature Definition ("Pipe culvert”). A e, AN

=N s s L s g

ElementsComponentQuantitiesReportSummary.x:
EndAreaVolume.xsl

MassHaulToTIW.xsl

Quantities by Named Boundary Report.xsl
SightVisibilityAlternateReport.xsl
SightVisibilityReport.xsl

TerrainCheck.xsl

Volumes.xsl

* LegalDescription
* MapCheck
* Milling

LT R,

Pipe culvert:

XS _TU Foreslope:
XS_TC_Pavement Layer 1:
XS_TC_Pavement Layer 4:

XS_TC_Fill:

XS_TC_Cut:

Volumes_Cut:
Volumes_Fill:

Baseline:
XS_TC_Pavement Layer 2:
XS_TC_Pavement Layer 3:

24516.917

27841.728
125216.458 40201.142
147863.136 69717.547
44466.056
21834.538
154220.505 506990.816
66867.317 120612.388

2873.775
2873.775
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CONCEPT 7 - Earthwork Components: To display Cut/Fill Earthwork volumes in the quantities report,
the Create Cut Fill Volumes tool must be used to generate Cut and Fill Meshes. Cut and Fill Meshes are
discussed in 20B - Create Cut Fill Volume tool and Earthwork Calculations.

Cut and Fill Volumes are assigned to the “Volumes_Cut” and “Volumes_Fill” Feature Definitions.

WARNING: Confirm that Cut/Fill (earthwork) quantities are within the expected order of magnitude. A
common mistake is forgetting to delete previously-created Cut/Fill Mesh elements when re-calculating
quantities. This results in Cut/Fill quantities that are approximately doubled. See 20B.3 WARNING: Re-
creating Cut and Fill Components.

wView220Designsunil - Fill Component | Cut Component
&~ Siii-| 4 8 (BLUE) VAR (RED)
Feature Definition: Feature Definition
"Volumes_Fill” "Volumes_ Cut”

EJ Bentley Civil Report Browser - C\Users\brendan\AppData\Local\Temp\RPTjhzbudey.xml - O X
File Tools
I StationOffset i
b C;nlton ¢ Station Named Boundary Name Material Count Length Top Sloped Area Volume
b Civil Terrain N.A. Totals P S
C?VHGEOWE’EW XS_TL_Edge of Pavt: 8395.019
v Civilsurvey XS_TL_Lane Line Af: 7353.031
, comderodeiing XS_TL_Lane Line A2 7353.031
CrossSectionGradebook.xsl XS_TL_Lane L"-!e A3 7353.031
CrossSectionGradebookfromCL.xsl XS_TL_Lane Line A: 7353.031
CrossSectionGradebookNE.xs| Ditch: 3634 552
CrossSectionGradebookWide.xsl XS_TL_Cut: 1128.789
EarthworkQuantities.xsl XS TL Fill 59296 533
ElementsComponentQuantitiesReport.xsl Pipe_cug.fen' 104.407
ElementsComponentQuantitiesReportSummary.x: XS TC Foreslope: ) 27841798
EndAreaVol sl — i ’ ’
N:ass,r_le:u;ol-irmi; XS_TC_Pavement Layer 1: 125216.458 40201142
Quantities by Named Boundary Report.xsl| XS_TC_Pavement Layer 4: 147863.136 69717.547
XS_TC_Fill: 44466.056
Earthwork Quantities el ol Rdnas
I Volumes_Cut: 154220.504 506990.816
rld W ” “ S Volumes_Fill: 66867.311 120612.388
: Volumes_Cut” and “"Volumes_Fill s e
b MG XS_T 5775
C e M xs { WARNING: Ignore the 775
4 4

Top Sloped Area.
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20B - CREATE CUT FILL VOLUME TOOL AND EARTHWORK CALCULATIONS

The primary purpose of the Create Cut Fill Volume tool is to generate Cut and Fill Meshes. Cut and Fill
Meshes are necessary to calculate earthwork volumes for the following reporting tools:

e Quantities Report By Named Boundary
e End Area Volume Report

TIP: The Component Quantities tool is the ONLY earthwork calculation tool that does NOT require Cut and
Fill Meshes to be created. The limitation of Component Quantities tool is that only a single Corridor or
Linear Template can be selected and analyzed at a time. Models that utilize Surface Templates and
Terrain Models require Cut and Fill Volumes to be created and the Quantities By Named Boundary tool to
be used.

WARNING: The Create Cut Fill Volume tool does NOT allow the User to specifically select which Corridor,
Linear Template, or Surface Templates to create Cut and Fill Meshes for. This tool creates Cut and Fill
Meshes for ALL Corridors, Linear Templates, and Surface Templates created or referenced into the
current ORD File. In the Quantities ORD File, reference only ORD Files that contain the desired modeling
features.

20B.1 Cut and Fill Meshes

As discussed in 20A.6 Deciphering and Understanding the Quantities Report, the Quantities Report By
Named Boundary tool functions by calculating the volume of all Template Components and Meshes found
in the 3D Design Model . cut and Fill Meshes correspond with earthwork volumes. However, Cut and
Fill Meshes are NOT automatically created in the modeling of Corridors, Linear Templates, and Surface
Templates. Instead, the Cut and Fill Meshes must be manually created with the Create Cut Fill Volume
tool.

After Cut and Fill Meshes have been created, earthwork can be calculated and reported with the Quantities
Report By Named Boundary tool (20C - Quantity Report Workflow for Roadway with Approaches) or End
Area Volume Report tool (20D - Earthwork By Cross Sections (Average Area End Method)).

TIP: Advanced information relating to how the software creates Cut/Fill Mesh is discussed in 20G —
Advanced Information: Component Feature Definition and Volume Options.

m View 2, 2D Design SurvFt-3D E\@

e~ Olk 2 PREF ; X [=AVASACS
Fill Mesh Cut Mesh
(BLUE) (RED)
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As shown below, Road Components directly correlate with the Template used to create the Corridor, Linear Template, or Surface Templates.
Due to their irregular shape Cut and Fill Meshes are NOT built directly into Templates — which is why they have to be manually created.

B View 3, Cross Section - C

[ Vew poperses [-] |
8

Before Creation of
Cut and Fill Components =] e ]

- T

Road Components
generated by the
Corridor

NOTICE: There is a void between the
Subgrade and Existing Ground. In a
real-world scenario, this void would
correspond with general Fill.

Cut and Fill Components are irregular
shapes are NOT built into Corridor

Templates, so they have to be created
with the Create Cut Fill Volumes tool.

B View 3, Cross Section - Corri

[ vew poperies |- 1«

After Creation of

Cut and Fill Components =8O8 X~

SHTUOO0 Ll |

Fill Mesh (BLUE) Cut Mesh (RED)
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20B.2 Create Cut Fill Volumes tool - Workflow

This workflow demonstrates how to create Cut and Fill Meshes using the Create Cut Fill Volume tool. This
tool can also be used to calculate earthwork with respect to the removal of Unsuitable Materials — which is
shown in 20E - Unsuitable Material Modeling and Calculations.

BEST PRACTICE: Never use this tool in the Corridor Modeling File (_cor.dgn) or other Design Files. Cut
and Fill Meshes should ONLY be created in dedicated Quantity Files.

WARNING: Cut and Fill Meshes are STATIC - which means they will NOT adjust if the design changes. If
the design changes, then previously-created Cut/Fill mesh elements must be deleted and re-created. See

20B.3 WARNING: Re-creating Cut and Fill Meshes.

WARNING: This tool does NOT allow the User to specifically select which Corridor, Linear Template, or
Surface Templates to create Cut and Fill Meshes for. All Corridors, Linear Templates, and Surface
Templates created or referenced into the current ORD File will be sought out for Cut and Fill meshes
creation. In the Quantities ORD File, reference in ONLY the desired modeling entities.

EJ OpenRoads Modeling * Vg~ H l!r-l I o« ~ ,‘ = * }‘ a, & %T_?HE B 8 £3 +
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities

> r BN - Py 2] f
2 None * | Default v Q & _&‘ 9L | ’ (= .;_é\fl
n v @3 { e +
) v || = v || = v @ v . v | Explorer Attach — - Reports Civil Corridor  Dynamic Terrain
[ o = 0 =0 0 =0 P Tools» %55 ~ Gy - w7 Analysis¥ Reports ~ p|§n View Import~
Attributes Primary Mc 2 Analyze Point
3%, Analyze Between Points
W View 2, 2D Design SurvFt-3D F=NEc

G~ O~ |4 BRILCNINHNRBES &YX
Cut Feature Definition % Inverse Points
Parameters: Cut Feature Definition | Volumes_Cut| t} @ Analyze Trace Slope

Data Point to accept selection
E t} Fill Feature Definition

Parameters:Fill Feature Definition |Volumes_Fill[~

#8  Calculate Area
2

Analyze Volume

@ Analyze Pond

A  Element Component Quantities

o Create Cut Fill Volumes N

< Quantities Report By Named Boundary

ﬁ. Mass Haul Diagram

F Report

Parameters ~

Compute Unsuitable

Parameters: Compute Unsuitable | No Cut Feature Definition Volumes_Cut | ™

Fill Feature Definition  Volumes_Fill |~

Compute Custom

Compute Unsuitable I:‘
Compute Custom I:‘
Compute Substrata I:‘

Parameters: Compute Custom No|

Compute Substrata
Parameters:Compute Substrata Nol b

Cut and Fill Feature Definition: In steps o and o, the User is prompted to specify the Cut
Feature Definition and Fill Feature Definition. Do NOT change these Feature Definitions. Accept and use
the default Cut and Fill Feature Definitions.

The resulting Cut and Fill mesh elements (found in the 3D Design Model ﬁl'l‘) will be assigned to
these Feature Definitions. Later, when quantity reports are generated, Cut and Fill volumes will be
shown next to these assigned Feature Definitions.
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From the Ribbon, select the Create Cut Fill Volumes tool:
[OpenRoads Modeling > Home - Model Analysis and Reporting].

Prompt: Cut Feature Definition — Accept and use the default Cut Feature Definition — which
should be “"Volumes_Cut”. Left-Click in the View to accept and proceed to the next prompt.

Prompt: Fill Feature Definition — Accept and use the default Fill Feature Definition — which should
be “Volumes_Fill”". Left-Click in the View to accept and proceed to the next prompt.

Prompt: Compute Unsuitable - Typically, "NO” is selected.

If “YES” is selected, then Components and Meshes that utilize the “Unsuitable” Volume Option*
o will be considered in the creation of Cut/Fill Meshes. See 20G.2 Unsuitable Volume Option.

A detailed workflow for modeling and calculating Unsuitable materials is shown in 20E -
Unsuitable Material Modeling and Calculations.

Prompt: Compute Custom - Typically, *“NO” is selected.

o If “"YES” is selected, then Components that utilize the “"Custom” Volume Option* will be
considered in the creation of Cut/Fill Meshes. See 20G.3 Custom Volume Option.

Prompt: Compute Substrata — Typically, "NO” is selected.

o If "YES” is selected, then Meshes that utilize the “Substrata” Volume Option* will be considered in
the creation of Cut/Fill Meshes. See 20G.4 Substrata Volume Option.

o Prompt: Data Point to accept selection - Left-Click anywhere in the View to create the Cut and
Fill Meshes in the 3D Design Model "W

NOTE*: The Volume Option is found in the Feature Definition Properties — which is accessed in the Project

Explorer. Volume Options are discussed in 20G - Advanced Information: Component Feature Definition
and Volume Options.
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20B.3 WARNING: Re-creating Cut and Fill Meshes

Cut and Fill Mesh elements are static — meaning they will NOT automatically adjust if the design is

changed.

If the design changes and Cut/Fill quantities need to be re-calculated, then the Cut and Fill Meshes should
be deleted before the Create Cut Fill Volumes tool is used again.

BACKGROUND INFORMATION: If this tool is used for second time - without deleting the
initially-created Cut and Fill Meshes, then there will be two sets of Cut/Fill Meshes in the ORD File.

WARNING: In the resulting report, the earthwork quantities will be greatly overestimated
because the two sets of earthwork Meshes are both included and totaled together.

Cut and Fill Meshes can ONLY be selected and deleted from within the 3D Design Model .

EJ OpenRoads Modeling

~ 8~

Home Terrain Geometry

2. |None

1 T =0

v

¥ || Volumes_Fill
=4 " Q9

Attributes

HE %R «-» 220207

Site Corridors Model Detailing Drawing Production

o

" '
_____

0 - Fence

Selection

Toolsv I -

Place Place _ArC Modify Break  Trim _
Smartline Line T00ls™ /v A~ Element Element Mul iz
Placement

= % [ u e 3

Drawing Annotate Utilities Collaborate View Help

SO Qi 5 I S AR A

3D Design Model

/% Element Selection

= e
R+ -4

Enable the

Level

Road_Traffic Cones
Sawcut_Line
Site_Pad

Subgrade
Util_Profile_Run
Volumes_Cut
Volumes_Fill
X_Dimension
X_E_Building_Layer
X_E_Gravel_Surface
X_E_Ground_XS

Site_Temp_Construction

Element Selection
rtIS) tool
E a
s iﬁ Click the Arrow to
= reveal additional
" selection options

/]

Ensure Level tab is
selected

Left-Click on the

"Volumes_Cut" and "Volumes_ Fill"

Levels.

This will Select all elements assigned
to these Levels - which should only be

Cut/Fill Mesh elements.

N

With the Cut/Fill Meshes
selected, press the Delete
key or use the
Delete Element tool

Ensure that 3D Design Model &
is active.

Left-Click in a View that is
displaying the
3D Design Model & .
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20C - QUANTITY REPORT WORKFLOW FOR ROADWAY WITH
APPROACHES

In this workflow, a quantity report is created for the mainline Corridor using the Component Quantities
tool. Next, a second quantity report is created for the Approaches using the Quantities By Named
Boundary tool.

TIP: The procedure shown here could also be used to calculate Parking Lot or Approach Road
quantities.

PREREQUISITE WARNING: This workflow requires that the mainline Corridor and Approaches were
created in separate ORD Design Files. If the Corridor and Approaches were created in the same ORD File,
then it is very difficult to produce reports that separate mainline Road and Approaches quantities.

PREREQUISITE WARNING: In this workflow, the mainline Corridor quantities are calculated with the
Component Quantities tool - which produces inaccurate results when the Corridor is clipped. For Corridors
that were clipped, the Quantities By Named Boundary tool must be used. In lieu of Corridor Clipping in
approach/intersection modeling, use an alternative method discussed in 11A.5 Overlap Between Mainline
Corridor and Site Modeling Features.

Two ORD Quantity Files need to be created: a Corridor Quantity File and an Approach Quantity File.
Corridor Quantity File*: This file is exclusively used to calculate quantities for the Corridor.
Name: Project specific prefix_qty_cor.dgn (WFL File Naming Convention)

ORD Files to Reference* * *;
e Corridor Modeling File (_cor.dgn)
e Survey File (_sur.dgn) or Existing Terrain Model File (_ter.dgn) - which ever File
contains the Existing Ground Terrain Model.

Workflow to Calculate Corridor Quantities: Component Quantities tool.

Approach Quantity File: This file is exclusively used to calculate quantities for Approaches.
Name: Project specific prefix_qty_appr.dgn (WFL File Naming Convention)

ORD Files to Reference* * *;
e Approach, Driveway, and Intersection Modeling File (_cor_appr.dgn)***
e Survey File (_sur.dgn) or Existing Terrain Model File (_ter.dgn) - which ever File
contains the Existing Ground Terrain Model.

Workflow to Calculate Approach Quantities: Quantities By Named Boundary tool.

NOTE*: 1t is NOT necessary to create a Corridor Quantity File to isolate Corridor quantities with the
Component Quantities tool. This tool could be used directly in the Corridor Modeling File (_cor.dgn).
However, the Corridor Quantity File allows isolation of the Corridor if Corridor quantities need to be
separated by particular stationing limits — which is attained with the Quantities By Named Boundary tool.

WARNING***; A common mistake is referencing unnecessary Design Files into a Quantity File. For
example, it is unnecessary to reference the Alignment File (_ali.dgn) or Superelevation File (_sup.dgn) for
accurate quantity calculations. Besides the Existing Ground Terrain Model File, reference ONLY Design
Files that contain Corridors, Linear Templates, and/or Surface Templates.

WARNING***; Do NOT use Nested Reference in Quantity ORD Files.

20-26



20C.1 Component Quantities tool for Corridors

20C.1.a Setup the Corridor Quantity File and use the Component Quantities
tool

Create the Corridor Quantity File. See 3B - Create a New ORD File.

The new Corridor Quantity File should be named in accordance with ORD File Naming Conventions
listed in Chapter 3. See 3C = ORD File Naming Conventions.

Naming Convention for Corridor Quantity File by FLH Office:

WFLHD: project specific prefix_qty_cor.dgn
EFLHD: O0X_project number_XXX.dgn
CFLHD: XXX(alignment descriptor)project descriptor.dgn

In the 2D Design Model =1 of the new Approach Quantity File , Reference in the following files:

o e Survey File (_sur.dgn) or Existing Terrain Model File (_ter.dgn) — which ever File contains
the Existing Ground Terrain Model.
e Corridor Modeling File (_cor.dgn)

o Set the Existing Ground Surface as Active. See 3D.3 Activate the Existing Ground Terrain Model.

From the Ribbon, select the Component Quantities tool:
[OpenRoads Modeling > Home - Model Reporting and Analysis].

o Prompt: Locate Corridor — Left-Click on the Corridor Handle.

ﬂ OpenRoads Modeling ~ ~ 8~ HE R~ - 2D ER w @ Aig s
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities
. vl ~ P
# None || Default E Q ) 07 ¢ ’ - e
. @ dthn . —
== v = v |[§ - v || Explorer Attach : Reports Civil Corridor . pynamic Terrain
[0 S 0 =0 0 1.0 P Tools> %5, - M M Analysis~ Reports = p|;’n View Import~

Attributes Primary Mo p & Component Quantities M

) ) ' Design Input Report
B View 1, 2D Design SurvFt

F‘; -:3-':':':' 1 /@ /@ ‘:»jﬁ; = D’_Q':.‘)'é'f{:f: ©" Results Report

Milling Report

Superelevation Report

Corridor Handle

Q
5 h .
Locate Corridor
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20C.1.b Decipher and Save the Component Quantities Report

An example Component Quantities Report is shown below. There are two types of quantities that are calculated:

1. Earthwork Quantities - include Cut and Fill Volumes. Earthwork Quantities are calculated as the volumetric difference between the
Corridor Bottom Mesh and Existing Ground Terrain Model. See 9.1 Top and Bottom Meshes.

2. Component Quantities — are calculated from Template Components found in the Templates. Component Quantities can be planar
(Surface Area) or Volumetric.

NOTE: Cut Volume and Fill Volume (Earthwork Quantities) are NOT interchangeable with Cut and Fill (Component Quantities). The Cut/Fill
quantities correspond with the End Condition Components — which are Planar Components (See 8A.2.a Template Points and Components).
The Cut/Fill quantity values shown below represents the End Condition Component Surface Area.

& Component Quantities Component Quantities Report - x
Material Surface Area Volume LUnits Unit Cost  Tetal Cost/Material
Earthwork 0.0000 527.4960 CuY 1.00 527.50
Quantities 0.0000 §70.2725 cuy 100 970.27
| Mesh Modeling Components '-.Gradi 562 8126 0.0000 SgF 1.00 56281
Component { 25676.8750 0.0000 SoF (100 2567687
Q uan ti ti aes Mesh'Modeling '-.Components'-—.Paml 0.0000 406.0875 Cuy 1.00 406.09
Mesh'Modeling Components\Pawt'X5_TC_Pavement Layer 4 0.0000 7533754 CuY 100 753.38
Report Total Estimated Cost: [29236.92 |
~Clipping is not considered in gquantities.™ Corrider Mame: |F~!iverside Comidor |
Cumrent Template gl oK
Click Re pﬂrt to see .a. Name-. - Road Section COI’I’idOI’ Tem plate () Constrairts —
breakdown of quantities by LRI mes
each Template Drop station. il (] Display ALCam

Component Quantity
XS_TC_Pavement Layer 1

Component Quantity
XS_TC_Pavement Layer 4

The Report button can also
generate XML and Excel
versions of this report.

See the next page.

Component Quantity
XS_TC_Fill
(Surface Area ONLY)

Component Quantity
XS_TC_Cut
(Surface Area ONLY)

Earthwork Material
Fill Volume

>

Earthwork Quantity
Cut Volume

-
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IMPORTANT: Grand Totals for
Component Quantities are shown at
the end of the Report.

ALTERNATIVELY: Change the report
type to "Corridor Model Component
Quantities.xIs" to view totals in an

. g i —
- SO A ppDetaLocah Temg B T2hinthgaom 4 o x
E 'n" = uz abbreviated report.
Cipen of To cenvert the Report to h h
R 2 Excel: g rrider Model Component Quant eport
Append i'}
) Roport Created: Tuesday, January 26,
Page Setup Go to File > Save As Tims: 8:27:26 PM ALTERNATIVELY
Frint
ot oo D s oo Right-Click in the
Exit fonent Cusntities sl Hobe: Al usks in this repert Report Screen and select
Lm&," “ll““l,, iExpm‘t to Microsoft Excel
up [ End  Coley
TempiateDrop.xel s Area Totals
TermnplateOrap sl errirants el Unkt  Materisl
" qum Station Moterial  Area Length Area  Cost Cost
! LegalDeworiplion
! mﬁm Cut Viluma 21,020 100 0.000
ool Fill Volume: 0698 100 0000
- Seakrmouk Mesh\Modaling'Components\GradingXS_TC_Fil 100 0.000
I StationCHfset MeshiModeling\Components P35 TC_Pavement
o e Lover 1. 428 1.00 0.000
Templatelib, odaling!Compon
T-:m : ary Mk ma'FM'm.‘:‘r_Tﬂ_Pmrr:d 17484 Back
' Themes Forward
e el gl
Showalal
Cut Veharme: 21261 e R e
Fill Volume: 0475 Set as background
Component Quantities are MeshModehngiComponertsiGiading5_TC_Fa e Copy background
caleulated for each Mool Gonmprnanta N TG Pt 5 2 Select all
Template Drop Station giComponents PXS_TC Pavermart 1o 0o Paste
i Craate shorteut
Add to favorites..
Cut Volume: 21909 View source
Fill Wlame: 0024
oo ¥
MashiModaling'Components\Geading X5_TC_Fil 1M : "
Mash\Modeling'Comp Pad\X5_TC_Pamment 9478 Print_
Print preview._.
&
i see s Rtk
ol = ¢ This PC » Desitop » ORDCAD Fies » Rrverside Road L Search Rregrude Ra '?'ﬁ' _‘E';".:"’!"!'E "'E_'E" “Is____:
Oeganize = Bew folder = Send to OneNate
O This PC * Hame = Dt 1 Properties
:’ i Cegects Plo fims rnatch yosir gsanch
B Dekcp
‘ Doerdicads
& M
= Pictures
- Videos
e 08I0
= Progects ()
== Gerseral (M)
= Adchiee Deree 2 (1) w [k e
File narme: | Frverside Comder Cusndity Repoet w
Save i NML Dt ("5 ||
KWL Data ["=mi}
Change the Save as type: ht

to Excel
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20C.2 Quantity Report By Named Boundary for Approaches
20C.2.a Setup the Approach Quantity File
Create the Approach Quantity File. See 3B - Create a New ORD File.

The new Approach Quantity File should be named in accordance with ORD File Naming
Conventions listed in Chapter 3. See 3C = ORD File Naming Conventions.

Naming Convention for Corridor Quantity File by FLH Office:

WFLHD: project specific prefix_qty_appr.dgn
EFLHD: OX_project number_XXX.dgn
CFLHD: XXX(alignment descriptor)project descriptor.dgn

***In the 2D Design Model 21 of the new Approach Quantity File, Reference in the following
files:
e Survey File (_sur.dgn) or Existing Terrain Model File (_ter.dgn) - which ever File contains
the Existing Ground Terrain Model.
e Approach Modeling File (_cor_appr.dgn)

o Set the Existing Ground Surface as Active. See 3D.3 Activate the Existing Ground Terrain Model.
WARNING***: To separate Corridor and Approach quantities, do NOT reference the Corridor Modeling

File (_cor.dgn) into the Approach Quantity File. If the Corridor Modeling File is referenced in, then the
Quantities By Named Boundary report would include Corridor quantities.

As shown in the graphic below, the Approach Quantity File should ONLY contain approach modeling
entities and the Existing Ground Terrain Model.

B View 1, 2D Design SurvFt WARNING: E\@

m-oiv L P LPCHNESE 5 Do NOT reference the

Mainline Corridor into this file.

Approach
Modeling Entities

Existing Ground
Terrain Model
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20C.2.b Create Named Boundaries for each Approach

To isolate the quantities for each approach, a PLAN Named Boundary is created around each approach. In
this configuration, a quantities report can be generated for each approach. Named Boundary creation is

discussed in 14A.3.a Place Named Boundary tool — Overview.

IMPORTANT: If the intent is to create a single quantities report that sums up quantities for ALL

approaches, then it is NOT necessary to create Named Boundaries. If this is the intent, skip to

20C.2.c Create the Cut and Fill Meshes for the Approaches.

NOTE: In this workflow, the By 2 Points mode is used to create the Named Boundaries. However, for
irregular shaped Named Boundaries the By Polygon mode could be used. Similarly, using the Civil Plan
By Element mode, an enclosed SmartLine can be converted into a Named Boundary for custom shapes.

ﬂ OpenRoads Modeling * (B~ HE ¥ « - 2 * )l [ L= O | o £1 =
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate
q & A B < A A ABC 4 4 1"=50
At B } I P la <> .
- (A ) ¥4 ACS Plane Lock
Element ..., Place Edit Change Text , Civil Element Drawing Cross Named .
E| Selection i-i ” Text Text Attributes -+~  Labeler Annotation~ Model Annotation~  Section Navigator Boundary ~ A Annotation Scale Lock
Primary Selection Text B  Labels M= Annotations M= Review 1 #  Place Named Boundary

ox=

B View 1, 2D Design SurvFt

&~ 6237~ [2].2 PLOT &) Qe ool

Named Boundary
to be created

B Adjust Profile Named Boundary

4% Place Named Boundary —

a1

Name: | Approach 1

Description:

Approach Group

mription:

|:| Create Drawing

From the Ribbon, select the Place Named Boundary tool:
[OpenRoads Modeling > Drawing Production > Named Boundaries].

o In the Place Named Boundary dialogue box, set the mode to By 2 Points D
o Set the Group to (New) from the drop-down.

o Assign the Group a Name. In this case, “"Approach Group” is typed into Name box.

Assign the Named Boundary to be created a Name. In this case, "Approach 1” is typed into the

Name box.

In the 2D Design Model Eﬂ, define the Named Boundary shape by clicking in two locations that

full encompasses the Approach modeling entities.

o Left-Click in the View to accept the placement of the Named Boundary.

Repeat this process and create a Named Boundary for each Approach.
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20C.2.c Create the Cut and Fill Meshes for the Approaches

To display cut and fill (earthwork) volumes in the Approach quantity report, then the Create Cut Fill

Volumes tool must be used. This tool creates Cut and Fill Meshes in the 3D Design Model . For more
information on Cut and Fill Meshes, see 20B - Create Cut Fill Volume tool and Earthwork Calculations.

WARNING: Cut and Fill Meshes are static - meaning they will NOT automatically adjust if the design is
changed. If the design changes, Cut and Fill Meshes should be deleted and re-created.

WARNING: If this tool is used for second time — without deleting the initially-created Cut and Fill Meshes,

then there will be two sets of Cut/Fill Meshes in the ORD File. In the resulting report, the earthwork
quantities will be greatly overestimated because the two sets of earthwork Meshes are both included
and totaled together. See 20B.3 WARNING: Re-creating Cut and Fill Meshes.

AL A AL

E té Fill Feature Definition

From the Ribbon, select the Create Cut Fill Volumes tool:
[OpenRoads Modeling -» Home -> Model Analysis and Reporting].

Prompt: Cut Feature Definition — Accept and use the default Cut Feature Definition — which
should be “Volumes_Cut”. Left-Click in the View to accept and proceed to the next prompt.

Prompt: Fill Feature Definition - Accept and use the default Fill Feature Definition — which should
be “Volumes_Fill”. Left-Click in the View to accept and proceed to the next prompt.

Prompt Compute Unsuitable — In this case, "NO” is selected.
Prompt Compute Custom - In this case, "NO” is selected.

Prompt Compute Substrata - In this case, "NO” is selected.

Prompt: Data Point to accept selection - Left-Click anywhere in the View to create the Cut and
Fill Meshes in the 3D Design Model ™.

a OpenRoads Modeling v BT H |!r-' I o« ~ ,‘ ] b }‘ - u ®F £ s
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities

g MEct Y A & T &

= Mone * | Default {
v 62 ] a‘

- v || = v || = v ||Ig v v | Explorer Attach - Reports Civil Corridor  pDynamic Terrain
[0 s 0 =0 @0 (0 P Tools ¥5; ~ Gy - v Analysis¥ Reports ~ p|§n View Import~
Attributes Primary Mc¢ 2 Analyze Point

32 Analyze Between Points
W View 2, 2D Design SurvFt-3D F=NEE
or - - 3. A Calculate Area
[~ O~ | BROCAVNHBEET SVXY ,
#% Analyze Volume

Cut Feature Definition - — Inverse Points
Parameters:Cut Feature Definition | Volumes_Cut| t} Analyze Trace Slope

—
Data Point to accept selection @
A Analyze Pond
-

Element Component Quantities

o “%  Create Cut Fill Volumes L\\,

v Quantities Report By Named Boundary

Parameters:Fill Feature Definition |Velumes_Fill [~

ﬁ Mass Haul Diagram

F Report

Parameters L

Compute Unsuitable

Parameters:Compute Unsuitable | No| Cut Feature Definition  Volumes_Cut | ™

Fill Feature Definition  Volumes_Fill |~
Compute Unsuitable |
Compute Custom D
Compute Substrata Compute Substrata |

Compute Custom
Parameters:Compute Custom | Nol

Parameters-Compute Substrata | No| bed
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20C.2.d Generate the Report with Quantities Report By Named Boundary tool

In this step, the Quantities Report By Named Boundary tool is used to generate the quantities report.

From the Ribbon, select the Quantities Report By Named Boundary tool:
[OpenRoads Modeling > Home > Model Analysis and Reporting]

15 g

Prompt: Named Boundary Group - Select the Group create in step o

o IMPORTANT: If the "<None>" option is selected, then the Named Boundaries are ignored. All
quantities in the ORD File will be totaled and shown in the Report. Quantities will NOT be

separated by Named Boundaries.

Prompt: Display Clipped Graphics — select "No”. Ensure this option is NOT used.

WARNING: If this option is used (“Yes” is selected), then a duplicate set of Components and 3D

Linear Elements are created and placed in the 3D Design Model .

This is PROBLEMATIC if the

Quantities Report By Named Boundary tool is used for a subsequent time. The duplicate set of

OVERESTIMATED and DOUBLED.

Components and 3D Linear Elements are included in the report — which results in quantities being

BACKGROUND INFORMATION: This option is intended as a method to verify quantities shown
in the report. The User can verify if the correct quantities are calculated by visually examining

the duplicated 3D elements. However, do NOT use this option if a subsequent report is to be

created in the current ORD File.

EJ OpenRoads Modeling v | MBI H |:-' I 5? — | * }‘ Q ey @ LS S
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate
% None " | Default 7 O\ @ - . vz P 5 ?:t.
= L -
o ~[[Bo ~-[&Eo ~[@o ~[Ao -] Bplorer JE 2.0 REPS analysis s Reports+ Plan View
Attributes Primary M¢ + Analyze Point

B View 1, 2D Design SurvFt

GGk~ 4 RPN EE &

19

%

J% Quantiti... X

Parameters N

Mamed Boundary Group | Approkch Gro ™

Display Clipped Graphics Ol

Display Clipped Graphics
Parameters:Display Clipped Graphics | Nol

7.5 Analyze Between Points

Calculate Area
Analyze Volume
Inverse Points
Analyze Trace Slope

Analyze Pond

Element

Create Cut lumes

Utilities

[
P

Terrain
Import *

nt Quantities

Quantities Report By Named Boundary

Mass Haul Diagram
End Area Volumes Report
Cross Section Repart

3D Drive Through
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20C.2.e Decipher and Save the Approach Quantities Report

For guidance in deciphering the contents of quantities report produced by the Quantity Report By Named
Boundary tool, see 20.A.6 Deciphering and Understanding the Quantities Report.

To save the Earthwork Report, right-click in the report window and select “Export to Microsoft Excel”.

File Tools

a Bentley Civil Report Browser - C\Users\brendan\AppData\Local\Temp

StationCffset

Cant

Civil Terrain

CivilGeometry

CivilSurvey

CorridorModeling

4 Evaluation

CrossSectionGradebook.xsl
CrossSectionGradebookfromCL.xsl
CrossSectionGradebookNE.xsl
CrossSectionGradebookWide.xsl
EarthworkQuantities.xsl
ElementsComponentQuantitiesReport.xsl
ElementsComponentQuantitiesReportSummary.xs!
EndAreaValume.xsl
MassHaulToTIW xsl

[Quantities by Named Boundary Report.xsl

Sicba\licibilis Al (=} el

Approach

Quanitity Report

Quantities Report by Named Boundary

Report Created: Tuesday, October 26, 2021
Time: 73816 PM

Named Boundary Group: Approach Group
Alignment Name:
Input Grid Factor:

Note: All units in this report are in feet, square feet and cubic feet unless specified otherwise.

Quantities within the limits of the
Approach 2 Named Boundary

MapCheck
Milling
Stakeout
Superelevation
Templatelibrary
Turnouts

Toals

Quantities within the limits of the
Approach 1 Named Boundary

Station Named Boundary Name Material Count Length Top Sloped Area Volume
N.A. Approach 2
Volumes_Cut: 1709.240  2569.278
Volumes_Fill: 41337 4492
Baseline: 55.954
XS_TL_Edge of Pavt: 398.342
XS_TL_Edge of Pavt 1 102 726
XS_TL_Subgrade: 193.687
XS_TL_Fill: 87.745
XS8_TC_Cut: 150.446
XS_TC_Fill: 54.098
XS_TC_Foreslope: h 362 386
XS TC Pavement Layer 1: Back 391.788
XS_TC_Pavement Layer 4: Forward 397.818
XS_TC_Pavement Layer 2:
XS TC Pavement Layer 3: Save background as..
N.A. Approach 1 - Set as background e —
Volumes_Cut Copy background 111.561
Volumes_Fill: Select all 1.124
Baseline: Paste
XS_TL_Edge of Pavt: 6
XS_TL_Edge of Pavt 1- | (GeldimE
XS_TL_Subgrade: 2 Add to favorites...
XS TL Fill: 1 View source
XS_TC_Cut: Encoding >
XS_TC_Foreslope: Print..
XS_TC_Pavement Layer 1: pnere »87.880
XS_TC_Pavement Layer 4: Refresh 143.594
XS_TC_Pavement Layer 2
XS_TC_Pavement Layer 3: [ Export to Microsoft Excel
XS_TC_Fill: Send to OneMote
Properties [—

SAVING THE REPORT

Right-Click and select
"Export to Microsoft Excel"
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20D - EARTHWORK BY CROSS SECTIONS (AVERAGE AREA END METHOD)

In this workflow, the End Areas Volume Report tool is used to generate an Earthwork report.

As a precursor procedure, CROSS SECTION Named Boundaries have to be created. Average Area End
Method calculations are performed at each CROSS SECTION Named Boundary station location. CROSS
SECTION Named Boundaries are discussed in Chapter 16 — Cross Section.

DESIGN ITERATIONS WARNING: CROSS SECTION Named Boundaries are static and will NOT
automatically adjust if the Alignment is edited. If the Alignment is edited, then CROSS SECTION Named
Boundary elements will have to be re-created for earthwork calculation purposes.

20D.1 Create the Earthwork Quantity File

TIP: Typically, Average Area End Method earthwork reports are coordinated with the Cross Section plans
deliverable. It is conventional to perform Average Area End Method calculations at each station location
shown in the Cross Section plans. As an alternative to creating a new ORD Quantity File, perform a Copy
or Save As of the ORD Cross Section File (_xs.dgn) and rename it to prefix_qty_ew.dgn (WFL Naming
Convention). If this alternate procedure is used, then proceed to 20D.3 Create Cut/Fill Meshes with the
Create Cut Fill Volumes tool.

Create the Earthwork Quantity File. See 3B - Create a New. ORD File.

The new Earthwork Quantity File should be named in accordance with ORD File Naming
Conventions listed in Chapter 3. See 3C = ORD File Naming Conventions.

Naming Convention for Corridor Quantity File by FLH Office:

WFLHD: project specific prefix_qty_ew.dgn
EFLHD: 0X_project number_XXX.dgn
CFLHD: XXX(alignment descriptor)project descriptor.dgn

In the 2D Design Model ("-‘11, Reference in the following files:

e Survey File (_sur.dgn) or Existing Terrain Model File (_ter.dgn) — which ever File contains
the Existing Ground Terrain Model.
o e Alignment File (_ali.dgn)
e Corridor Modeling File (_cor.dgn)
e OPTIONAL: Reference in all ORD Design Files that need be included in earthwork
calculations. It may be necessary to reference in the Approach Modeling File
(_cor_appr.dgn) or a Parking Lot Design File (_cor_park.dgn).

o Set the Existing Ground Surface as Active. See 3D.3 Activate the Existing Ground Terrain Model.

20-35



20D.2 Create the CROSS SECTION Named Boundaries

For explanations of all settings found in the Place Named Boundary dialogue box, see 16B.2.a Initial Setup
of the Named Boundary Dialogue Box. In the steps below, only the parameters important to earthwork
calculations are discussed.

IMPORTANT: To create CROSS SECTION Named Boundaries, a View displaying the 3D Design Model 'i'l‘,
must be opened. The 3D Design Model W s automatically created after the Existing Ground Surface is
set as Active.

ﬂ OpenRoads Modeling * VBT HE B « - = k }' ligqgeg@E ket -
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View Help

Frn ] ) ABC " .
a (] /'A 6 A ) B A v/ A ABC <0 / 1"=50
: Ar A ) ) ~> 4
v : At . s ACS Plane Lock
Element .., Place Place @ Place Edit Change Text A Civil Element Drawing Cross Named A 5
o Selection i-i | Note Label Text Text Attributes ~~ ™ Labeler ~Annotation~¥ Model Annotation ™ | Section Navigator Boundary ¥ £ Annotation Scal
Primary Selection Notes Text fa | Labels M= Annotations e Revie #  Place Named Boundary L\,

E\@ B Adjust Profile Named Boundary

CROSS SECTION Named Boundaries

Earthwork Calculations are made at each
Cross Section

6 s

f” Place Named Boundary Civil Crass Sectio -
=yl O parduls
Drawing Seed: 30 Scale XS Landscape b
Detail Scale: |1"=30" A
Group: |(New) -

Namé.:.g Earthwork Group|

7

Description:

Select the Start Location: | 10+00.00 |«
Corridor Alignment [+] Stop Location:  252+43.28 >
Left Offset:  -225.000000 —_
Right Offset: = 225.000000 f—
@ Interval: | 50.000000 i

Vertical Exaggeration: | 1.000000

o Top Clearance: | 24.000000

= — 2[_) Design SuwFt—3D'm - E‘E Bottor: Clearance: = 44.000000

@7 O i — /e ’o E wl & g i BEER Dl_j W(&"Q Elevation Datum Spacing: = 2.000000

n Event Point List: |[(None) -

nclude Event Points Only

l:‘ Include Control Points

D Backward Facing
0 D Create Drawing
Show Dialog

Open a View showing the
3D Design Model g3 .

The 3D Design Model Igj must
be opened for creation of
d
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Open a second View displaying the 3D Design Model . Most Named Boundary procedures are
performed in the 2D Design Model Q.

WARNING: If CROSS SECTION Named Boundaries are attempted to be created without the 3D
Design Model 'i'l‘, then an error message will be displayed.

From the Ribbon, select the Place Named Boundary tool:
[OpenRoads Modeling -» Drawing Production > Named Boundaries)].

o In the Place Named Boundary Dialogue Box, select the Civil Cross Section mode by clicking on
the icon &

Prompt: Place Named Boundary Civil Cross Section > Identify Path Element — Left-Click on the
Corridor Alignment.

Drawing Seed: CROSS SECTION Named Boundaries created for earthwork calculations are NOT
presented in plans. Therefore, choose a large Drawing Seed to ensure the Corridor and/or
Approaches fit within the limits of the resulting Named Boundaries. To determine the Total
Length for each Drawing Seed, see 16B.2.a.i Cross Section Drawing Seed Table and Total
Lengths.

0

In this case, the “"30 Scale XS Landscape” Drawing Seed is used to ensure all 3D Modeling
elements fit in the Named Boundaries.

Group Name: Assign the Group to be created a logical name. In this case, “Earthwork Group” is
typed into the Group Name box.

Interval: The Interval sets the cross section spacing that will be used for Average Area End
Method calculations. The Interval will depend on project requirements for earthwork calculations.
In this case, the Interval is set at every 50 feet.

Include Control Points: If this box is CHECKED then a Cross Section is placed and earthwork
calculations are made at each horizontal Alignment geometry point (i.e., PC/PT of curves).
Conventionally, this box should be CHECKED.

Create Drawing: Ensure this box is UNCHECKED. It is NOT necessary to create Drawing Models
[ and Sheet Models [ for earthwork calculations.

Set the Start Location and Stop Location: In the dialogue box, type in the Start Location and
End Location.

@ 990 0 ¢

Alternative: In the 2D Design Model QJ, follow the Prompts in the lower-left corner and specify
the Start Location and End Location with the mouse-cursor.
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20D.3 Create Cut/Fill Meshes with the Create Cut Fill Volumes tool

The Create Cut Fill Volumes tool must be used to calculate earthwork volumes. If Cut and Fill Meshes are
NOT created, then the resulting earthwork report will be blank. For more information on this tool and Cut

and Fill Meshes, refer to 20B - Create Cut Fill Volumes tool and Earthwork Meshes.

A detailed workflow for this tool is shown in 20B.2 Create Cut Fill Volumes tool — Workflow.

§J OpenRoads Modeling ~ + 18* ™ I b [T « ~ 2R B e £ 5
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities

# None

|| Default - 6‘ M ﬁ TEe T j&;f'}_" V- ' ?:: 3&

v = v |[== - - Explorer Attach Reports Civil Corridor  Dynamic Terrain
[£ 0 2 0 =0 @0 P Toolsv o v ~ v Analysis» Reports » p|§n View Import~
Attributes Primary Mc 2 Analyze Point

T.¥, Analyze Between Points
roee
o Vi 2D Design SurvFt-3D
iew 2, Sl E‘E #  Element Component Quantities

E T}\ Fill Feature Definition

G~ Ok~ 2 RROCENAD|¢ i1 QE 3 [=PAVAS AN o #  Create Cut Fill Volumes NS

@h\K

- tities Report By N d Bound
31} ‘ Data Point to accept selection Quantities Report By Named Boundary

Cut Feature Definition ﬁ Mass Haul Diagram

Parameters: Cut Feature Definition | Volumes_Cut| ~
= ~~ End Area Volumes Report

“

Y

Cross Section Report

= %‘ 3D Drive Through

~

Parameters

Cut Feature Definition  Wolumes_Cut |

Fill Feature Definition  Volumes_Fill |
Compute Unsuitable D
Compute Custom |:|
Compute Substrata D

Compute Custom
Parameters:Compute Custom Nal et

Compute Substrata
Parameters: Compute Substrata No| b

CACAA AL

From the Ribbon, select the Create Cut Fill Volumes tool:
[OpenRoads Modeling -» Home - Model Analysis and Reporting].

Prompt: Cut Feature Definition — Accept and use the default Cut Feature Definition — which
should be “Volumes_Cut”. Left-Click in the View to accept and proceed to the next prompt.

Prompt: Fill Feature Definition — Accept and use the default Fill Feature Definition — which should
be “Volumes_Fill”. Left-Click in the View to accept and proceed to the next prompt.

Prompt Compute Unsuitable — In this case, "NO” is selected.
Prompt Compute Custom - In this case, "NO” is selected.

Prompt Compute Substrata — In this case, "NO” is selected.

Prompt: Data Point to accept selection - Left-Click anywhere in the View to create the Cut and
Fill Meshes in the 3D Design Model "™
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20D.4 Generate the Report with the End Area Volumes Report tool

After CROSS SECTION Named Boundary elements and Cut/Fill Meshes have been created, then the
earthwork report can be generated with the End Areas Volumes Report.

TIP: As shown in steps o and ®, it is possible to exclude a range of Cross Sections — which is
referred to as a “volume exception” by the software. The range of Cross Sections designated as a
“volume exception” will NOT be included and calculated in the earthwork report.

In this case, a “volume exception” is used to exclude the Named Boundaries in the vicinity of a bridge.

Ej OpenRoads Modeling v Mg~ HE & e~ £ kDiig S E u &8 -
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities

= v v i 7 -~
= None v || Default v Q @ 2- 2 ’ ' 5-2'['\
LI : = - ¥
v || = v | = v || g - Explorer Attach Reports Civil Corridor  Dynamic Terrain
D 0 2 0 =0 @ 0 P Tools & ~ @ ~ v Analysis* Reports ~ pgn View | Import~
Attributes Primary Mc 2 Analyze Point

$%  Analyze Between Point
B View 1, 2D Design SurvFt deh  ANalyze between Foints

e~ GLig~ | JEEndArn.  — %

Calculate Area

Parameters ~

B B

Analyze Volume

Named Boundary Group  Earthwork Gra) ™ Inverse Points

Analyze Trace Slope
Named Boundary Group

—
Parameters:Named Boundary Group | [SEIdisICA€T(s10s] | % pvsiRng
-

Element Component Quantities

e ot R R T “  Create Cut Fill Volumes

# Quantities Report By Named Boundary
ok ﬁ Mass Haul Diagram

I | .. End Area Volumes Report %

Cross Section Report

3D Drive Through

Select the end cross section named boundary for velume

exception. Reset to complete. exception. Reset to complete.

From the Ribbon, select the End Area Volumes Report tool:
[OpenRoads Modeling > Home - Model Analysis and Reporting].

o Prompt: Named Boundary Group - select the Group that was created in step o
Prompt: Select the start cross section named boundary for volume exception. Reset to complete.

OPTION 1: If the desire is to perform earthwork calculations at every cross section location,
then Right-Click in the View and the earthwork report will be created.

OPTION 2: To create a gap or “volume exception” in the report, then Left-Click on the first
Named Boundary to be included in the “volume exception”
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OPTION 2: Prompt: Select the end cross section named boundary for volume exception. Reset

@ to complete -

Left-Click on the last Named Boundary to define the “volume exception”.

OPTION 2: Prompt: Select the start cross section named boundary for volume exception. Reset

to complete.

©

If no other “volume exceptions” are to be specified, then Right-Click in the View to create the

report.

20D.5 Saving the Earthwork Report

To save the Earthwork Report, right-click in the report window and select “Export to Microsoft Excel”.

TIP: The Earthwork grand totals are listed at the end of the report.

Earthwork Report
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20E - UNSUITABLE MATERIAL MODELING AND CALCULATIONS

In real-world construction, unsuitable materials, such as existing pavement and topsoil are often
encountered. Before building a new roadway or parking lot, the unsuitable material must be removed
from the ground. After removing unsuitable materials, the ground surface may be lower than the
surveyed Existing Ground Terrain Model, which is used for the design and earthwork (cut/fill) quantity
calculations of the new road or parking lot.

This workflow demonstrates how to account for the removal of Unsuitable Materials in the creation of
Cut/Fill (earthwork) Meshes. Before using the Create Cut Fill Volume tool, the area where Unsuitable
Materials are located and the depth of the Unsuitable Material must be modeled using Surface Templates.
In the graphic below, the Unsuitable Material is a 6” depth of topsoil that is located past the Existing Road
Shoulder.

NOTICE: The Fill Mesh in the
Existing Topsoil areas extends
below the Existing Ground line.

6-inch Topsoil This is to account for a 6-inch Topsoil
Surface Template [ removal. The true Fill area begins at | &=
Model the bottom of the Topsoil removal
(Yellow)

Fill Mesh (Blue)
(Represents the Fill area
for this Cross-Section)

4

s

Existing Existing Road S Existing
Topsoil and Shoulder Topsoil

NOTICE: When the Cut/Fill Meshes are created, they will extend below the Existing Ground Terrain Model
surface and begin at the bottom of the Unsuitable Material Surface Template, which simulates the removal
of the Unsuitable Material and provides a more accurate account of Cut/Fill (earthwork) quantities in
calculation.
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20E.1 Process Overview for Modeling Unsuitable Materials

The general processes for modeling Unsuitable Materials are discussed below.

Process 1 — Create a new ORD File for Modeling the Unsuitable Material:

Do NOT model Unsuitable Materials in a Corridor ORD File or other Design ORD File. Create a new ORD
File that is solely used for modeling the Unsuitable Material. Use a 2D Seed File when creating the new
ORD File.

In the new ORD File, reference in the Survey ORD File or whichever ORD File contains the Existing
Ground Terrain Model. The Existing Ground Terrain Model will be directly used to create the Surface
Template discussed in the remaining processes. It is NOT necessary to reference in the Corridor ORD File
into this new ORD File.

Process 2 — Draw a 2D Closed Element to represent the area of the Unsuitable Material:

A 2D Closed Element must be drawn to represent the limits (footprint area) of the Unsuitable Material.
The 2D. The 2D Closed Element must be located within the boundary of the Existing Ground Terrain
Model. As discussed in the next process, the Surface Template is applied to the Existing Ground Terrain
Model, but ONLY within the limits of the 2D Closed Element.

2D Closed Element represents
the area limits for the
Unsuitable Material

| Existing Ground

i e T — — i — — e — — — — — — — — el — —

NOTE: The Unsuitable Material Surface Template does NOT interact with the Corridor or other proposed
modeling elements until earthwork calculations are performed. The footprint area of the Unsuitable
Material Surface Template does NOT need to be coordinated with the footprint area of the Corridor. The
area of the Surface Template can extend past the footprint of the Corridor and correct earthwork
calculations are still achieved.
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Process 3 - Create the Unsuitable Material Template in the Template Editor:

Unsuitable Materials are modeled with Surface Templates. The Surface Template represents the depth of

the unsuitable material. Create the Unsuitable Material Template in the Template Editor. Creation of

Surface Templates in the Template Editor is shown in 8H.3 Create a Surface Template Workflow.

IMPORTANT: The Surface Template component must be assigned to an “Existing” Feature Definition. If
NOT then the Unsuitable Surface Template will NOT be accounted for in earthwork quantity calculations.

Unsuitable Material . Close
Constraints
Surface Template o

Current Template

Name: Surface-Exist Tops

es

Description

Is Tunnel Template

[1Display All Components

Assign the Component an

‘Exlslmg Topsoil Component

|

Oy Name Override

"Existing" Feature Definition

Existing Topsoil Component

Feature Definition: w

Mesh\Exist\Exist Topsoil

Apply
Close

<Previous

fl Display Rules @ No Feature Definition i ‘
3 Mesh
Parent Component -1 Barriers |
23 curbs
D th f DExc\ude From Top/Botte £ pue
epth o :
H = Vertex Fillet Tangent Len: -2 Drainage
Unsuitable Material ot caiziz o ocic ol Sow
n = = n Exist Ground
EXIStII‘Ig ... Exist Pumt Layer 1
Feature Definitions @ Bust umt Layer 2
Madian Boul L@
Median_Pavel 0.1 .3 Grading
Median_got 04 3 median
Median_Botl {2 Mesh and Volume
= (21 Pavement
3 shoulder
1 sidewalk

Process 4 — Apply the Surface Template to the Existing Ground Terrain Model:

After the 2D Closed Element is created, the Apply Surface Template tool can be used to model the

Unsuitable Material. When using this tool, the 2D Closed Element and the Existing Ground Terrain Model

are both selected. The Existing Ground surface is specified as the Terrain Model and the 2D Closed

Element is specified as the External Clip Boundary.

With the External Clip Boundary specified, the Surface Template is ONLY applied to the Existing Ground

within the 2D Closed Element.

EJ OpenRoads Modeling - M H l!-' e~ ; =l .- Q, 95 |k L~ ﬂ E
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate
(&1 [IL JL Create CivilC . ~ . .-
Q -l"'\ ,.% "'{»ﬁﬁ > '-!"J N 5
v Apply Surface Template :
ply Surface Create 3D Create  Iransverse
CE 5 tool plate Templates ¥ Clgsed Mesh Elements Conjc Slope  Tools ~
Primary Selection Civil Cells & Apply Surface Template

%0 Edit Surface Template
3

Select the 2D Closed Element as
the External Clip Boundary when
creating the Surface Template

Apply External Clip Boundary
General:Apply External Clip Boundary | Yes| >

Unsuitable Material
Surface Template

Jln

General ~

Template
Apply External Clip Boundary

Project Templates\Surface-Exist Topsaoil | --
Feature ~

Feature Definition Disable Linear Features 52

Ensure the
Apply External Clip Boundary

Narme NoLF

box is CHECKED
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Process 5 - Create a new Quantities ORD File and Calculate Earthwork Quantities:

Create a new Quantities ORD File using a 2D Seed File. Reference in the following ORD Files:
e The Survey ORD File or whichever ORD File contains the original Existing Ground Terrain Model.
e The Unsuitable Materials ORD File, which was created in Process 1.

e The Corridor ORD File and other Design ORD Files that contain proposed design models.

Use the Create Cut Fill Volume tool to create the Cut/Fill Meshes. When using this tool, ensure the
Compute Unsuitable option is set to Yes. The resulting Cut/Fill Meshes will extend below the Existing
Ground surface to account for the removal of the Unsuitable Materials. See 20B.2 Create Cut Fill Volumes
tool — Workflow.

BEST PRACTICE: After using the Create Cut Fill Volumes tool, examine the resulting Cut and Fill
Meshes in a cross-section view. Ensure that the Cut and Fill Meshes are created with the respect to
the Unsuitable Materials removal. To view cross-sections, use the Dynamic Cross Section Viewer
(9F.1 Accessing the Dynamic Cross Section Viewer)

Use the Quantity Report By Named Boundary tool to calculate the earthwork quantities and generate a
report. See 20C.2 Quantity Report By Named Boundary for Approaches.

In the quantities report, the “Volumes_Cut” and “Volumes_Fill” feature definitions represent the earthwork
quantities and reflect the removal of Unsuitable Materials. For more information deciphering this report,
see 20E.3.b Unsuitable Materials in the Quantities Report.

WARNING: In the quantities report, the Feature Definition used to create the Unsuitable Material
Surface Template will be shown (i.e., “"Exist Topsoil”). This volume should be IGNORED and
NOT used for plan quantities.

The Unsuitable Material Surface Template feature definition corresponds with the total volume of
the Surface Template. This quantity may NOT correlate with the volume of Unsuitable Material that
needs to be removed. If the Surface Templates extend past the Corridor footprint area, then this
quantity will be greater than the Unsuitable Material volume that actually needs to be removed to
construct the road.

TIP: To determine the actual Unsuitable Material removal volume, the 2D Closed Element that is
used to create the Surface Templates must NOT extend past the Corridor footprint area. If the 2D
Closed Element and Corridor footprint area are coordinated, then the Unsuitable Material feature
definition volume may be used.
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20E.2 Model the Unsuitable Material with Surface Templates - Workflow
20E.2.a Create a New ORD File for the Unsuitable Material Models

It is advised that Unsuitable Material are modeled are created in a dedicated Unsuitable ORD File.

References Needed in the Unsuitable ORD File: In the new Unsuitable ORD File, reference in the
Existing Survey ORD File. For this process, Existing Ground Terrain Model must be referenced in and
Activated. Also, the Existing Shoulder survey linework, which represents the front edge of the Topsoil
Removal Area, must be copied into the Unsuitable ORD File.

Create a new ORD File to contain the Unsuitable Material Models. See 3B = Create a New ORD
File.

The new Unsuitable Material Model ORD File should be named in accordance with ORD File
o Naming Conventions listed in Chapter 3. See 3C = ORD File Naming Conventions.

Naming Convention for Unsuitable Material Model ORD Files by FLH Office:

WFLHD: project specific prefix_unsuitable.dgn
EFLHD: OX_project number_XXX.dgn
CFLHD: XXX(alignment descriptor)project descriptor.dgn

o Set the coordinate system for the new ORD Sheet File. See 3D.1 Set the Coordinate System.

In the 2D Design Model 21 of the new ORD Sheet File, Reference in the necessary Survey ORD
Files.
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20E.2.b Create a Closed Element to represent the Unsuitable Materials Area

In this process, the User must create a 2D CLOSED Shape element to delineate the area of the Unsuitable
Material, which is in this case is topsoil. The 2D CLOSED Shape element could be a closed SmartLine.

2D Closed Element represents
the area limits for the
Unsuitable Material

| Existing Ground
Terrain Model

e ———— i — — e e e e —

However, in this workflow, linework found in the Survey ORD File is copied into the Active ORD File and
incorporated into the CLOSED Shape element with the Create Complex Shape tool. Specifically in this
example, topsoil exists outside of the existing road Shoulder line. The Shoulder line will be copied from
the Survey ORD File and used as a defining edge of the topsoil area.

B View 1, Default EI@

v él o~ & 0P IG=-

Topol begins at the
Existing Edge of Shoulder

Existing Edge of
Shoulder (White)
to be copied into the
Active ORD File

— e e ———— ——— SESS S e e ———— R e e S S e — ——— — — —

e —— o — —— O o ——m " —————— S T e s e i e ———— e e

Existing Edge
of Asphalt
(Grey)
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20E.2.b.i Copy or Merge Survey Linework into the Active ORD File

In this example, the Existing Edge of Shoulder — which is in the Survey ORD File — needs to be brought
into the Unsuitable Material ORD File (Active). There are two methods for bringing in Survey elements

into the Active ORD File:

Use the Copy tool: With this method, the Copy tool is used with linework found in reference ORD
File (Survey). When referenced Linework is Copied, the resulting copies are placed in the Active
ORD File. This method could be tedious because the User must manually select each Survey
element to be copied in.

Merge Into Master: With this method, the Merge Into Master is used. When this tool is used, all
displayed reference linework (Level = ON) is brought into the Active ORD File. Before this tool is
used, toggle OFF the Levels of all elements that do NOT need to be brought into the Active ORD
File. Only elements that are displayed in the View are brought into the Active ORD File. This
method is convenient because Survey linework is brought in without manually referenced
elements. The Merge into Master tool is discussed in 1E.7.a Merge Into Master tool (Import
Reference into Current ORD File).

In this workflow, the Merge Into Master tool is used to bring in all Survey elements assigned to the
“E_RDW_Shoulder” Level. The “"E_RDW_Shoulder” Level contains all linework that represents the Existing
Edge of Shoulder - which will be used to delineate the Topsoil areas.

= Level Display - View 1 —
% N View Display

R:_;—’: ?(non

=] id-a2138061_unslitable.dgn, Default
{8 id-a2158061_sur.dgn

Marne
E_SUR_Monuments

E_SUR_Meonument_Description

E_SUR_Control_Text
E_SUR_Control_Reference
E_SUR_Control
E_RDW _Shoulder
E_RDW_Edge_of_Road

E_RDW_Edge_of_Pavement

E_RDW_Edge_of_Gravel
E_RDW _Curb

B View 1, Default

Active ORD File

"id-a2158061 unsuitable.dgn”

Survey ORD File (Reference)

"id-a2158061_sur.dgn”

p—
[
—— — —

——————— o ——

E| References (4 of 4 unique, 4 displayed) -

Tools  Properties

[ £

Bk By X4
Hilite Mode: | Boundaries ~

Slot " File Name
1 id-a2158061 _sur.dgn

Scale | 1.000000000 3

e =
Mested Attachments: Mo MNesting

Display Overrides: | Allow ™ Ged

AP P BB

Medel G
Attach...

Detach

Reload

Exchange

Open in New Session
Activate

Deactivate

Move T
Copy
Scale
Rotate

Merge Inte Master

Make Direct Attachrment

Add Link to Element

Create Drawing Boundary B

In the Level Display manager, toggle OFF all Levels of the Survey ORD File — except for the
linework Levels to bring into the Active ORD File ("E_RDW_Shoulder”).

In the References manager, Right-Click on the Survey ORD File reference. Select the Merge Into

Master tool.

o Prompt: Select View For Merge... - Left-Click in the View to complete the command.

IMPORTANT: After the Merge Into Master tool is used, the Survey ORD File reference is removed. If the
Existing Ground Terrain Model is in this file, then it will have to be re-referenced for later steps.
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20E.2.b.ii Examine Survey Linework for Discontinuities, Gaps, and Breaks

WARNING: Survey Linework - such as the Existing Edge of Shoulder line — may appear as a single
continuous element but is often segmented. Adjacent segments may NOT share a common start/end
point, which can be problematic when using the Create Complex Shape tool to combine elements into a
single CLOSED Shape.

The User must examine the Start/End Point of each Survey Linework element and ensure that it coincides
with the neighboring element. If Survey Linework does not exactly align, use a grip-edit to snap the two
ends together.

Similarly, there may be gaps between Survey Linework elements. Use a SmartLine element to span gaps
between Survey Linework elements.

B View 1, Default El@
l_| 1 | oo B o, B i B o | P M :Z_". =

oL i Use a SmartLine to

Span Gaps.

Examine and Zoom-In
on the Start/End Point to
ensure continuousness

Snap to Both Ends.

. e ——
—
. e ——— —
R ——— ke Y ——

NOTICE: These adjacent
elements appear continuous,
but are are actually
two distinct elements.

WARNING: Adjusting Survey Linework to be continuous is important when joining elements together
with the Create Complex Shape tool. The Create Complex Shape tool allows for a "Maximum Gap”
between elements to be joined. However, this Maximum Gap is often unreliable. For best results with the
Create Complex Shape tool, all elements should be Snapped to each other.

BEST PRACTICE: For each Survey linework element, manually Snap the element End Point to the Start
Point of the adjacent element - as shown below:

Use another Grip-Edit and
Snap to the Start Point of
the adjacent element

Use a Grip-Edit to
move the End Point
out of the way
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20E.2.b.iii Manually Draw the Outside Edges for the 2D Closed Shape

In this process, the remaining elements for the CLOSED Shape are manually drawn by the User. When
drawing the Outside Edges, be sure to provide enough area to fit the proposed Corridor and Site Modeling
features within the CLOSED Shape. However, the Outside Edges should NOT expand past the boundary of

the Existing Ground Terrain Model.

IMPORTANT: Only the Unsuitable Materials directly underneath the Corridor and Site Modeling features
are factored into Earthwork (Cut/Fill) calculations.

B View 1, Default E@

E-& -4 2 LR0

Elements
Existing Edge of
Shoulder

———
—— —— —
——
— e — —— O —
—— ——
— ——— —— — —— —

/ / SmartLine to Close off area

Bounry of Existing Ground between
Terrain Model Survey Linework Elements
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20E.2.b.iv Join Elements into a Single Closed Shape

In this process, the Survey linework elements and SmartLine Outside Edges are formed into CLOSED
Shapes with the Create Complex Shape tool.

The Create Complex Shape tool is discussed in greater detail in 6H.3 Create Complex Shape tool.

&1 | Drawing v HE e « - L = ) = elE & > 4t W5 T e 171 s CAUsers\brendan'\De
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’;l' i = @ = Smartline Line Tools™ pf - A v ’ i Region \2MG ~
Attributes Placement Manipulate Groups [
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B View 1, Default
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4% Create Complex Shape -

Methed: | Automatic ©

25 Properties — X

Maximum Gap: | 0.1000

B
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———————— ——
——— e e e e T =

_____ Fill Type: | Mone ©
Fill Color: I 0 -

General

Geometry
Extended
Raw Data

Material
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Pattern Parameters

From the Ribbon, select the Create Complex Shape tool:
[Drawing > Home -> Groups].

Before following the Prompts and selecting elements, configure the Dialogue Box:

Method: Automatic
o Maximum Gap: 0.1000

NOTE: If the Create Complex Shape is NOT working for the Automatic Method, then try
changing the Method to Manual. This method is tedious for larger areas but will produce a
CLOSED Shape.

Prompt: Automatic Create Complex Element Shape > Identify Element — Select the first element
to be included in the Complex Shape.

Prompt: Automatic Create Complex Element Shape > Accept/Reject (select next input) — With
the Automatic Method, it may be necessary to manually select the next element to be included
in the CLOSED Shape.

If the Shape is NOT showing as closed, select the next element in line to be included

If the Shape is showing a closed, left-click anywhere in the View to create the CLOSED Shape.
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20E.2.c Create the Surface Template in the Template Editor

In this process, the Surface Template used to model the Unsuitable Material is created. The creation and

editing of Surface Templates is discussed in detail in BH = Surface Templates.

TIP: New Surface Templates configurations should be created by copying and then modifying a pre-made
Surface Template found in the FLH Standard Library. See

Template Origin
Point
(Unconstrained)

aplate

NOTE: The Top/Outside Points
follow the Terrain Model Boundary
- which makes the Constraint Types
and Values INCONSEQUENTIAL

. Constraint 1 Constraint 2
o] Type: Slope Horizontal
Value: 2.00% -12.0000

Component Feature Definition
"XS_TC_Exist_Topsoil”

Parent Point

WARNING: For Unsuitable Material
Modeling, the Surface Template
must be on a Feature Definition
found from the "Exist™ Folder.

Constraint 1 Constraint 2
Type: Vertical Horizontal
Value: -0.5000 0.0000

Component If the Surface Template is_Np:r on
i - Properties an appropriate Feature Definition
e . then later Quantity Calculations
Name: [X5_TC_Bising Topsail | Component
[] Use Name Ovenide: %5 TC Parcway Feature Defintion
Description: | |

< Previous

Feature Definition: ~ omponents\Exist\XS_TC_Exist Topsoil =
423 Mesh

Parent Component: -2 Modeling

[ Exclude From Top/Bof | & Bottom Mesh

Companents
Vertex Filet Tangent Ls =3 Comp
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Select points to apply fi

MName

Median_Park -l X5_TC_Pwist Agar
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{7 Parkway
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20E.2.d Apply the Surface Template with an External Clip Boundary

After creating the Unsuitable Material Surface Template in the Template Editor, it can be applied to the
Existing Ground Terrain Model with the Apply Surface Template tool.

For Unsuitable Material models, the Apply External Clip Boundary should be CHECKED and the CLOSED
Shapes (created in previous steps) are used as the External Clip Boundaries.

WARNING: Ensure the Existing Ground Terrain Model has been Activated before creating the
Surface Template Model.

€l OperRoadsModeling -~ S HET « -2 Sk ecB@B > AL VMM «

ﬂ Home Terrain Geometry Site Layout Corridors Model Detailing Drawing Production Drawing View

&, Explorer | _]I_‘u._ H Create Civil Cell % [; 7% Create Conic Slope
Bl pttack Tonle v St ——— M process Civil Cell } A . = Create Transverse Align...
Resulting Surface Template Model [rer™rete Surface Template| Eements * | % Create Tronsverse Tunnel
is only created within the limits of the il = il R
External Boundary Element i
(CLOSED Shape) &
General ~

Template Praject Templates'Surface-Existing Topsail
Apply External Clip Boundary

o D
. — e B Feature Definition |Disable Linear Features

Select Template - <Alt> Down To Browse Templates
General: Template | Project Templates'Suface-Existing Topsoil

Apply External Clip Boundary
General:Apply External Clip Boundary | Yes|

al Boundary Element

Diatz Point to sccept selection

Existing
Terrain Model

From the Ribbon, select the Apply Surface Template tool:
[OpenRoads Modeling > Model Detailing > 3D Tools].

In the Dialogue Box, select a Feature Definition. Typically, the “"Disable Linear Features”
options is used.

o In the Dialogue Box, enter a Name for the Unsuitable Material Surface Template.
o Prompt: Locate Terrain Model - Left-Click on the Existing Ground Terrain Model.

o Prompt: Apply External Clip Boundary - Select Yes - or CHECK the box in the Dialogue Box.
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Prompt: Select External Boundary Element — Select the CLOSED Shape created in 20E.2.b Create
o a Closed Element to Represent the Unsuitable Material Area.

IMPORTANT: The Closed Shape is the External Boundary Element.

Prompt: Select Template - <Alt> Down To Browse Templates — Press the ALT and DOWN Arrow
o to access the Template Selection List.

Select the Unsuitable Material Surface Template created on the previous page.

Prompt: Data Point to accept selection — Left-Click (Data Point) anywhere in the View complete
creation of the Unsuitable Material Surface Template model.

RESULTS

B View 8, Cross Section - Corridor: COR_MAIN_Riverside Plan: ALI_MAIN_Riverside Profile: PRO_MAIN_Riverside | = || = |[s5s]

|« - 7+00.00 = -

6-inch Topsoil
Surface Template
Model

'__._‘-.-‘--------...._--__‘

Existing & A Existing Road iR Existing

Topsoil and Shoulder Topsoil
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20E.3 Unsuitable Material Calculations
After modeling the Unsuitable Materials with Surface Templates, quantity calculations can be performed.

If the previous processes in this workflow were followed, then the resulting Quantities Report will reflect
the removal of Unsuitable Materials in the Cut and Fill volume quantities.

B View 3, Cross Section - Corridor: ALI_MAIN_Riverside Plan: ALI_ MAIN_Riverside Profile: PRO_Main_Riverside | = ” (=] ”i&‘

View Properties || |- -a 68+54.23 | >
a7

1782
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20E.3.a Unsuitable Material Calculation Workflow

The calculation and reporting process for Unsuitable Materials is the same as the Quantities Report By
Named Boundary workflow shown in 20C.2 Quantity Report By Named Boundary for Approaches - with a
notable exception:

IMPORTANT: Set Compute Unsuitable to “YES” when using the Create Cut Fill Volumes tool. See
20B.2 Create Cut Fill Volumes tool - Workflow.

Create a new Quantity File

Reference in the following ORD Files:

Existing Terrain Model File

Design Files that contain desired Corridor, Linear Template, and
Surface Template models

Unsuitable Material Modeling File (created in 20E.2.a Create a New ORD
File for the Unsuitable Materials)

OPTIONAL: Create PLAN Named Boundary elements to
specify specific calculation areas.

If Named Boundary elements are NOT created, then all elements referenced
into the ORD File are analyzed.

Z\

Create Cut/Fill Meshes with the Create Cut Fill Volumes too

IMPORTANT: Set the "Compute Unsuitable” option to YES

Use the Quantities Report By Named Boundary tool
to generate the Quantity Report

Save the Quantities Report

BEST PRACTICE: After using the Create Cut Fill Volumes tool, examine the resulting Cut and Fill Meshes
in a cross-section view. Ensure that the Cut and Fill Meshes are created with the respect to the Unsuitable
Materials removal. To view cross-sections, use the Dynamic Cross Section Viewer. See OF 1 /Accessing
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20E.3.b Unsuitable Materials in the Quantity Report

In the Quantity Report shown below, the “Volumes_Cut” and “Volumes_Fill” feature definitions represent
earthwork volumes. The “Volumes_Cut/Fill” values should reflect the removal of Unsuitable Materials.

ﬂ Bentley Civil Report Browser - C\Users\brendan\AppData\Local\Temp\RPTtjzwOymc.xml

File Tools

StationOffset

Cant

Civil Terrain

CivilGeometry

CivilSurvey

CorridorModeling

Evaluation
CrossSectionGradebook.xs!
CrossSectionGradebookfromCLxs!
CrossSectiog il

LY

Quantities Report by Named Boundary

Report Created: Wednesday, October 27, 2021
Time: 5:17:44 PM

Named Boundary Group: <None>
Alignment Name:
Input Grid Factor:

- ]

Note: All units in this report are in feet, square feet and cubic feet unless specified otherwise.

X

Cut and Fill Meshes

Named Boundary Name Material Count Length Top Sloped Area

Volume

Totals

volumes
Volumes_Cut 727953.593 1892303.222
ﬁL%m 500829 522 1619216.072
(Accounts for the removal of XS T Dranbne TR
Unsuitable Materials) XS_TL_Centerline Exist 22267 765
SightVisibil Ty e arres Approach road malch line 22329 866
TerrainCheck.xs! XS _TL_Centerline 1 22267.765
Volumes.xs! XS_TL_Centeriine 2 20267765
LegalDescription XS _TL_Centerline 3 22267.765
MapCheck XS_TL_Subgrade 156213.685
Milling XS_TL_Centerline 22267765
gtakec’”t XS_TL_Edge of Pavt 1 89182.039
=y R R XS_TL_Edge of Pavt 2 88930.962
B UnSU|tab|e Mater|a| XS_TL_Edge of Pavt 3 44535 530
Tﬂ XS_TL_Edge of Pavt: 45577517
Surface Tem P late XS_TL_Lane Line Af- 44535 530
o TL_Lane Line A2: 44535530
Feature Definition e Lns A3 4355
XS_TL_[Wge Line A 44535530
XOTL_Fill 44348.299
- - XS_TC_Folslope 166718.188
WARNING: Ignore this Quantlty | TC_Pavement Liver 1 743306117 238506.040
See the next page | TC_Pavement Lalter 4 878943.950  358028.408
XS_TQ Fil 335303 572
xs_TCCut 75723.854
Basfine 132.488
XS_TC_Pavement L: 2 2873.775
XS I 3 2373775
XS_TC_Exist Topsoil 329310791 103748 527|
Cument Template Display Close
Mame: Surface Existing T, | T = L ) Constraints

Description :

ls Tunnel Temd

Unsuitable Material |
Surface Template

Feature Definition:
"XS_TC_Exist Topsoil"
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WARNING: In the quantities report, the Feature Definition used to create the Unsuitable Material Surface
Template will be shown (i.e., "XS_TC_Exist Topsoil”). This volume should be IGNORED and NOT
used for plan quantities (i.e., existing topsoil removal quantity).

The Unsuitable Material quantity ("XS_TC_Exist Topsoil”) corresponds with the total volume of the Surface
Template.

_MAIH_Rwerslae !’an: !E _M H_Rlvemde Profile: PRO_MAIN_Riverside El@

p
WARNING:

The Unsuitable Material quantity
includes the volume that extends
past the Road Corridor.

T+00.00 | =

6" Topsoil Component
Feature Definition =

e —————— "XS_TC_Exist Topsoil"
"4 £

R

___._._.
T R

-

_.
R e e e
~
=]

e - |
2L

[ )

-
=] oo oo O
~ ® O O =

=~=J

A by ) © N n A 2 Nl I

Volume of Unsuitable Material
that needs to be removed to
construct the Road Corridor

Volume of Unsuitable Material
shown in the Quantities Report
This quantity may NOT correlate with the volume of Unsuitable Material that needs to be removed to

construct the road. If the Surface Templates extend past the Corridor footprint area, then this quantity
will be greater than the Unsuitable Material volume that needs to be removed to construct the road.

In most cases, it will be necessary to estimate the volume of Unsuitable Material to be removed through
hand calculations. For example, use hand calculations to determine the volume of existing topsoil that
must be removed.

TIP: To determine the actual Unsuitable Material removal volume, the 2D Closed Element that is used to
create the Surface Templates must NOT extend past the Corridor footprint area. If the 2D Closed Element
and Corridor footprint area are coordinated, then the Unsuitable Material feature definition volume may be
used.
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20F — MISCELLANEOUS QUANTITY WORKFLOWS

20F.1 Culvert Excavation — Workflow

This workflow demonstrates how to model Culvert Excavation in a way that it can be calculated separately
from Road Embankment Earthwork.

Advanced configuration of the Culvert Template and Component Feature Definitions is required to

separate Culvert Excavation volumes from the Cut/Fill Meshes that quantify Road Embankment Earthwork.

Before performing this workflow, review the Volume Option concepts found in 20G - Advanced
Information: Component Feature Definition.

20F.1.a Culvert Template Configuration

Build the Culvert Template as

IMPORTANT: All Component Feature Definitions in the Culvert Template must be set to the “"None”

shown below.

Volume Option. See 20G.5 None Volume Option. If any Component Feature Definitions are set to the
“Design” Volume Option, then the Culvert Template will interfere with the creation of Cut/Fill Meshes for
the Road Embankment Earthwork.

IMPORTANT: The Circle Culvert Component must have the “Exclude from Top/Bottom Mesh” box

CHECKED in the Component Properties. See the next page.

Excavation Bottom
Planar Component

Feature Definition:
Excavation Limits

F=hoH-tOan <

Display
Excavation | (@ Components
| [] Display PointN
1plate [] Displf All Conm

Culvert Center

=4

Excavation Slopes

End Condition Component

Feature Definition:
Excavation Limits

Culvert

Circle Component

Feature Definition:
Underground Water

Botiom¥ dil BacklillEfdv _Cwottem _
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Culvert Component Properties: The Circle Culvert Component must have the “Exclude from
Top/Bottom Mesh” box CHECKED in the Component Properties. If this box is NOT checked, the Culvert
Component will interfere with the Create Closed Mesh tool — which is used in 20F.1.d Calculate Culvert
Excavation Volume.

Current Template Display
Name: |35" Culvert with Excavation | '@ Components '::} Constraints
Description: | | Display Point Names

Is Tunnel Template [ ] Display All Components

WARNING: The Culvert Component
must have the

Exclude from Top/Bottom Mesh

box CHECKED.

_‘I_: ulvert Center

Botiomy dll B acklillB&dy

F=E oM tPda b g

Component Properties x

Name: |Cu|ver124—|nch | ﬂ

|:| Use Name Overmride:  Culvert 24-Inch

Close
Description: | | e
revious
Feature Definition: ~ inents\Utilities\XS_TC_Underground Water
. Next >
Display Rules: |

Parent Component

Exclude From Top/Bottom Mesh I

Circle Properties
Radius: 1.5000 Label: v
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Excavation Slopes and Excavation Bottom Configuration: Consider the following Template
configuration and Point Constraints when creating the Excavation Components.

The Excavation Slopes (End Condition Components) CANNOT begin from a common Template
Point. If End Condition Components begin at a common Point, then only ONE End Condition is
solved for in the Linear Template. The Excavation Bottom (Planar Component) is necessary to
separate the End Condition Components.

The Excavation Bottom should account for culvert bedding. In this case, 6” of bedding is heeded
beneath the culvert so the Excavation is set 0.5 feet below the Culvert invert.

LA

Use the following configuration in the Point Properties of the Excavation Slopes End Condition Points.

Ensure the Check for Interception, Place Point at Interception, and End Condition Is Infinite boxes
are CHECKED.

Use the Slope and Vertical Constraints for the End Condition Points.

Set the Slope Constraint to match the required Excavation Slope in construction. In the example
below, the Slope constraint is set to 1V:1.5H (66.66%). If the Excavation Slope is vertical in
construction, then set the Slope Constraint to a very large value (i.e., 1,000%) to mimic a
vertical Excavation Slope.

Q 9@

Point Properties X

Name: Excv_Daylight_L | #] Apply

[]Use Feature Name Override Exev_Daylight_L

Close

Feature Definition: ~ | Template Points\Grading\XS_TL_Cut
< Previous

] superelevation Flag

Next >

Alternate Surface w
End Condition Properties
Check for Interception Member of

XS_TC_E tion Limit_L
o [|Place Point at Interception -~ --Sxeavaton Limr

End Condition is Infinite

["]1Do Mot Construct
—

Constraints -
Constraint 1 Constraint2 TIP: If the Slope Constraint
OIWF’E | stope V| ] verca ~| is set to a large value
Parent1 Ewn B L v #|  [Excv_Botom L ~|#| || (i.e. 1,000%) then a vertical
Paent2 [ [IRGIeuervales) slope is created.

Value: [6667% e |[=] [o1000 |[=
Y ] -]

D Horizontal FESIW LinearAUX elements\AUX_01
AL

End Condition |

Point Properties

The Excavation Bottom Component

is necessary to prevent Excavation
EYev_Daylighi_L Slopes (End Condition Components)
for beginning at a common point.

Culvert Cen/e

\ <+

~.
TIP: The Origin Point (Pink Box) \
of the Template should be at the
Culvert Invert.

N Exov &

*=AoH-t0u

b ¢
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20F.1.b Create the Culvert Linear Template

The Culvert Linear Templates can be created in the Corridor ORD File. However, BEST PRACTICE is to
create Culvert Linear Templates in a dedicated Culvert Design ORD File.

The creation of Linear Templates is discussed in 9B.2 Create a New Linear Template.

r

Culvert
Linear Template

ESS EEE ™5

Culvert
Alignment

After creating the Culvert Linear Template, scroll through the Cross Sections for the Culvert Linear
Template. Pay close attention to the Proposed Road Sub-Grade in relation to the Existing Ground.

If the Proposed Road Sub-Grade is ABOVE the Existing Ground, then the Proposed Road is in
a Fill Condition. In this case, the Culvert Excavation Volume should be measured between the
Existing Ground and the Culvert Excavation datum. See 20F.1.d.i Proposed Road Fill Condition.

If the Proposed Road Sub-Grade is BELOW the Existing Ground, then the Proposed Road is in
a Cut Condition. In this case, the Culvert Excavation Volume should be measured between the
Proposed Road Sub-Grade and the Culvert Excavation datum. See 20F.1.d.ii Proposed Road

Cut Condition.

Proposed Road

Proposed Road

B View 2, Cross Section - Linear

Fill Condition

View Properties || |« < 0+30.00 [ »

b [ )

Cut Condition

B View 2, Cross Section - Lin

VewPoee] proposed Road is BELOW Ll
the Existing Ground

Proposed Road [§
Sub-Grade M
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20F.1.c Set the Volume Options for Culvert Feature Definitions

The Components in the Culvert Template use the following Feature Definitions:
XS_TC_Excavation Limit: Excavation Slopes and Excavation Bottom Components.

XS_TC_Underground Water: Culvert Component.

Component Feature Definitions properties are accessed through the Project Explorer:

Project Explorer > OpenRoads Standards > Current DGN Name (Default) > Mesh

", Explorer - X NOTE: Feature Definitions must be
@ Items v edited in the same ORD File that contains
OpenRoads Model v the Culvert Linear Templates.

& sheet Index v
[ openroads standards | ~ Only edit Feature Definitions after the
QQl, Culvert Linear Template is created.
|Sssmb PR ¥

4 "U Standards -

[ Libraries

§ <4 W& id-a2158061_cor.dgn (2D Design SurvFoll
—

4 Feature Definitions

> v Alignment
bV % Terrain
b f{ﬂ Corridar

Set the Volume Option is set to None
for ALL Feature Definitions in the
Culvert Template

7 Superelevation

P & & Linear Template

PV A surface Template

8] Properties (OpenRoads Standards) — o

> v & Linear

4 [ Selection (1)
+ Point

PN & Mesh

« @ XS_TC_Excavation Limit

4 v Modeling
Feature Definition ~
4 v Components

MName XS_TC_Excavation Limit

4 v Grading Description XS_TC_Excavation Limit

. o Name Seed XS_TC_Excavation Limit

I v @ XS_TC_Excavation Limit I
- Mesh ~
4 v Utilities es
v @ XS_TC_Underground Waterl ation Limit
— Volume Option

Drainage and Utilities Model v s »

Items Attached None
Survey v
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20F.1.d Calculate Culvert Excavation Volume

Culvert Excavation can be calculated in the Corridor Quantities File. However, BEST PRACTICE is to
create a dedicated Culvert Quantity ORD File for the calculation of Culvert Excavation Volumes.

20F.1.d.i Proposed Road Fill Condition

In the Proposed Road Fill Condition, the Culvert Excavation Volume is measured from the Culvert
Excavation Slopes/Bottom to the Existing Ground.

Using the Create Closed Mesh tool with the Element to Element Method, a Mesh element is created
between the Culvert Linear Template and the Existing Ground Model. The resulting Mesh Element
represents the Culvert Excavation volume. See the next page.

WARNING: Place the resulting Mesh element on a Feature Definition with a "None” Volume Option. If
the “Design” Volume Option is set, then the resulting Mesh element will interfere with Cut/Fill Meshes
when the Create Cut Fill Volumes tool is used to calculate Road Embankment Earthwork.

ﬂ OpenRoads Modeling v MET HE % e - ) = e L os £ =

Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilit

a * _Hi &= Create Civil Cell —\ o 7k Create Conic Slope

— e || e Ali

& I Apply Select the Existing Ground

Parameters -~ 2D Tools Terrain Model as the
Use Fence Top Surface Element.
Method |E|ementto Element Ii“&"ﬂ
Feature Definition |XS_TC_SL|bex_Exc'I i

Name |XS_TC_SL|bex_Exc‘I

Select Top Surface Element

Method
Parameters:Method | Element to Element]

Select the Handle of the
Culvert Linear Template
as the Bottom Surface.

Feature Definition Select Bottom Surface Element

Parameters:Feature Definition |XS_TC_Subex_Excl |

From the Ribbon, select the Create Closed Mesh tool:
[OpenRoads Modeling - Model Detailing > 3D Tools].

o Prompt: Method - Select the Element to Element Method.
o Prompt: Select Top Surface Element - Select the Existing Ground Terrain Model.

o Prompt: Select bottom Surface Element - Select the Handle of the Culvert Linear Template.

Prompt: Feature Definition — Select a Feature Definition. In this case, the "XS_TC_Sub_Excv1”
Feature Definition is used. See the WARNING above.
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The resulting Mesh element is shown in the Cross Section Viewer for the Culvert Linear Template.

Use the Quantities Report By Named Boundary tool to generate the quantities report. The Excavation
Volume is shown next to the Feature Definition selected on the previous page.

A detailed workflow for the Quantities Report By Named Boundary tool is shown in 20C.2 Quantities
Report By Named Boundary for Approaches.

| View 2, Cross Sq Cross Section Viewer =)
View Properties T TEITOT ol 2

Culvert Linear Template

Mesh Element
represents the
Culvert Excavation
Volume

Mesh Element
Feature Defintion:
"XS_TC_Subex_ Excl"

a Bentley Civil Report Browd

Quantities Report By Named Boundary

I CorridorModeling

4 Evaluation
CrossSectionGradebook.xs!
CrossSectionGradebookfromCL.xsl
CrossSectionGradebookMNE.xs|
CrossSectionGradebookWide.xsl
EarthworkQuantities.xsl
ElementsComponentQuantitiesReportxsl
ElementsComponentQuantitiesReportSummary.xsl
EndAreaVolume.xsl
MassHaulToTIW.xsl
SightVisibilityAlternateReport.xsl
SightVisibilityReport.xsl
TerrainCheck.xsl
Volumes.xsl

I LegalDescription

I MapCheck

I Milling

I Stakeout

I Superelevation

I TemplateLibrary

I Turnouts

I Tools

- X
File Tools Report
I StationOffset %
> Cant Quantities Report by Named Boundar, "
I Civil Terrain
b CivilGeometry Report Created: Wednesday, December 8, 202
I CivilSurvey Time: 7:27:23 PM

Named Boundary
Group: shone>

Alignment Name:

Note: All units in this reporygfire in feet, square feet and cubic feet unless

Input Grid Factor: specified otherwise.

Named Boundary
Station Name

Top Sloped
Length Area

Volume

N.A.  Totals
7889.609

XS_TL_Draft DN 57197 817

XS_TL Centerline E 9508.745
XS_TC_Pavement Lay, 332934.562 107125383
XS_TC_Pavement La 400447 702 365666.200
XS_TC_Underground 656.727 966.153

i ANNN NR1
XS_TC_Subex_Exc1: 1067.616 | 3867.044
= Daselne. 8760.126
Approach ropd.match.line 174875

xs_1c_Pavd Culvert Excavation p4
XS_TC_Pave VO I ume v

(Cubic Feet)
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20F.

1.d.ii Proposed Road Cut Condition

In the Proposed Road Cut Condition, the Culvert Excavation Volume is measured from the Culvert
Excavation Slopes/Bottom to the Proposed Road Sub-Grade.

By default, the Culvert Excavation Slopes (End Condition Component) target the Existing Ground

Terrain Model (Active Surface), as shown below. The configuration shown below is problematic because
the Culvert Excavation would overlap with Road Embankment Excavation.

For correct calculation, the Culvert Excavation Slopes (End Condition Component) must target the

B View 2, Cross Section - Linear Template Project IMPORTANT: In this COnﬁguratiDn,
the Culvert Excavation overlaps
with the Road Excavation.

Proposed Road
Sub-Grade

The Culvert Excavation Slopes
(End Conditions) must Target the

Proposed Road Sub-Grade datum.

Proposed Road Sub-Grade. This is accomplished by:
Creating a Proposed Road Sub-Grade Terrain Model with the Create Terrain Model From Design

Meshes tool.

Use the Target Aliasing tool on the Culvert Linear Template. Set the Proposed Road Sub-Grade

Terrain Model as the target.
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Create the Proposed Road Sub-Grade Terrain Model

The Create Terrain Model From Design Mesh tool is used to create the Proposed Road Sub-Grade
Terrain Model. This tool is discussed in 9I.2 Create Finished Grade and Subgrade Terrain Models from
Corridor.

ﬂ OpenRoads Modeling * V8~ L—_"I:I I & ~ Ff — | * Q, o os £1 =
Home Terrain Geometry Site Corridors Madel Detailing Drawing Production Drawi

a * ) @ FromFile 2 @ ‘ftg £ Add Features ¥ Edit!

22| From Graphical Filter = {Q Remove Features @;; Edit (

Element ... Additional Topo Active

B Selection o0 " ﬁ’s From Elements Methods * Import ~ - %/ Change Feature Type 4J Bour

’Eﬁ Create Terrain Model From Ascii File

B View 1, 2D Design SurvFt %3 Create From Point Cloud a@

Create Clipped Terrain Model

Create Complex Terrain Model

Create Delta

Create Corridor Alternate Surfaces

Create Terrain Model from Design Meshes

Select the Bottom option
to create a
Sub-Grade Terrain Model.

&

Parameters ~

Select Side of Closed Mesh Bottom b

Design Surface Feature Definition  Subgrade_Bound;

Select the

Rule Exterior |:|
Rule Void 1€ "Subgrade_Bqupc_:lary”
Void Minimum Area |D.DDDD | Feature D'Eflnltlon

From the Ribbon, select the Create Terrain Model from Design Meshes tool:
[OpenRoads Modeling > Terrain - Create - Additional Methods].

Prompt: Select Side of Closed Mesh - Select the Bottom option.

Prompt: Design Surface Feature Definition — Select a Terrain Model Feature Definition for the
Proposed Road Sub-Grade Terrain Model. In this case, the "Subgrade_Boundary” Feature
Definition is used.

Prompt: Rules Exterior — Select NO.

VAR AN,

Prompt: Rules Void - Select NO.
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Set the Target Aliasing for the Culvert Linear Template

Using the Target Aliasing tool, set the Culvert Linear Template target to the Proposed Road Sub-Grade
Terrain Model. The Target Aliasing tool is discussed in 9G.8 Target Aliasing.

EJ OpenRoads Modeling v Mg HE & « - L et & M @ £1 =
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities

Q, * {Z'E) @ l;‘g. —+ Copy Template Drop 'A' & @0 Define Target Aliasing| .S.

= K ¥ Import IRD — 4\ (# Corridor References &3-
Element ... New New ‘ Template Edit Bdits . q ) o
L:E Selection i T | Corridor Template Drop W b v Template Drop  * a1 & Corridor Clipping ~
Primary Selection Edit Miscellaneous

Select (highlight) the
Sub-Grade Terrain Model
and push the Add button.

Aliases 9

Subgrade_Boundary Model - Subgrade_Boundary Apply
Riverside Road_LIDAR_Sur

B View 1, 2D Design SurvFt

b4

a Define Target Aliasing

<Active Su

Target:

Surface or Corridor

<- Remove Close

Move Up

Move Down

Locate Corridor

Use Closest

Select the Handle of the
Culvert Linear Template.

From the Ribbon, select the Define Target Aliasing tool:
[OpenRoads Modeling > Corridor > Miscellaneous].

o Prompt: Locate Corridor — Select the Culvert Linear Template Handle

In the Define Target Aliasing menu, select the Proposed Road Sub-Grade Terrain Model and
push the Add button.

o Push the Apply button.

After setting the Target Aliasing, scroll through the Cross Sections for the Culvert Linear Template. Ensure
that the Culvert Excavation Slopes (End Condition Component) intercept and target the Proposed
Road Sub-Grade
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In the Proposed Road Cut Condition, the Culvert Excavation Volume is measured from the Culvert
Excavation Slopes/Bottom to the Proposed Road Sub-Grade Terrain Model.

The Create Closed Mesh tool with the Element to Element Method is used to create a Mesh element that
represents the Culvert Excavation. For the Top Surface Element, select the Proposed Road Sub-Grade
Terrain Model. For the Bottom Surface Element, select the Handle of the Culvert Linear Template.

WARNING: Place the resulting Mesh element on a Feature Definition with a "None” Volume Option. If
the “Design” Volume Option is set, then the resulting Mesh element will interfere with Cut/Fill Meshes
when the Create Cut Fill Volumes tool is used to calculate Road Embankment Earthwork.

K‘J OpenRoads Modeling v Mg~ HE D e~ 2 k@ L] o £1 =
Home Terrain Geometry Site Caorridors Model Detailing Drawing Production Drawing Annotate Utilit
a * =) 14 2k Create Civil Cell —\ : = 7% Create Conic Slope
. Cell — = Create Transverse Align...
& Apply sVl 3D =
1l Linear Template Templates ¥ Elements* =% Create Transverse Tunnel
(FETEIHE RS » 3D Toals Technical Preview
Use Fence
Method |Elementto Element b E@
Feature Definition |KS_TC_SL|bex_Exc1 Bk

MName | X5_TC_Subex_Excl

Feature Definition
Parameters:Feature Definition |XS_TC_Subex_Excl |~

Method
Parameters:Method | Element to Element

Select the Proposed Road
Sub-Grade as the

B View 2, Cross Section - Linear Template Project TOP Surface Element.

View Properties |~ | | -«

This can be selected from
the Cross Section View.

Select Bottom Surface Element

Select the Handle of the
Culvert Linear Template
as the Bottom Surface.

: Sub-Grade
1 Terrain Model

From the Ribbon, select the Create Closed Mesh tool:
[OpenRoads Modeling > Model Detailing > 3D Tools].

o Prompt: Method - Select the Element to Element Method.

o Prompt: Select Top Surface Element - Select the Proposed Road Sub-Grade Terrain Model.
TIP: The Proposed Road Sub-Grade Terrain Model can be selected in the Cross Section View.

o Prompt: Select bottom Surface Element — Select the Handle of the Culvert Linear Template.

Prompt: Feature Definition — Select a Feature Definition. In this case, the "XS_TC_Sub_Excv1”
Feature Definition is used. See the WARNING above.
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The resulting Mesh element is shown in the Cross Section Viewer for the Culvert Linear Template.

Use the Quantities Report By Named Boundary tool to generate the quantities report. The Excavation
Volume is shown next to the Feature Definition selected on the previous page.

A detailed workflow for the Quantities Report By Named Boundary tool is shown in 20C.2 Quantity Report
By Named Boundary for Approaches.

B View 2, Cross Secti

Culvert Linear Template

Cross Section Viewer

ver.. ||| (=

0+35.00 M2

Mesh Element

represents the

Culvert Excavation
Volume

Mesh Element
Feature Defintion:
"XS_TC Subex_ Excl"

a Bentley Civil Report Browd

File Tools

Quantities Report By Named Boundary

Report

I StationOffset

I Cant

I Civil Terrain

I CivilGeometry
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20G - ADVANCED INFORMATION: COMPONENT FEATURE DEFINITION
AND VOLUME OPTIONS

This section explains the inner workings of the Create Cut Fill Volumes tool and how the Volume Option
Feature Definition setting affects the resulting Cut/Fill Meshes.

In the Feature Definition settings, the Volume Option determines how Cut/Fill Meshes will interact with the

Template Components.

Component Feature Definitions properties are accessed through the Project Explorer:

Project Explorer > OpenRoads Standards - Current DGN Name (Default) > Mesh

&, Explorer - X

¢ Items v
OpenRoads Model v

& Sheet Index v
OpenRoads Standards I S

Q@rL.

|Ssam*} 0ol0 ¥

4 “Wp standards
3 Libraries
id-a2158061_cor.dgn (2D Design Suert]I
I 4 Feature Deﬂnl’tionsl

/7 Alignment
b %Terrain
> vl corridor
7 Superelevation
/&' Linear Template
& Surface Template

> v & Llinear

¥ Point
4 v % Mesh
4 v Modeling

v @& Bottom Mesh

4 v Components
D Grading
4 Pavt

v & XS_TC_Pavement Layer 1

. XS_TC_Pavement Layer 4
&

v @& Top Mesh

k4 Trace Slope

Template Component
Feature Definition ml
®

NOTE: The Volume Option must be edited in the Design ORD File that contains the Template

Cut

Copy
Rename
Delete
Properties %

Zoom

Isolate

Clear Isolate

@]

4[] Selection (1)
v @ XS_TC_Pavement Layer 4

Feature Definition

MName XS_TC_Pavement Layer 4
Description - 4
nameseed | VOlume Option |«

Mesh

Volume Option Design
Items

Items Attached

Right-Click and select
Properties a view/edit
Volume Options

Components. For example, the Volume Options for Corridor Template Components can ONLY be edited in

the Corridor ORD File to take effect. Do NOT change the Volume Option in the Quantity ORD File.
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20G.1 Design Volume Option

Proposed features are typically set to the “"Design” Volume Option. In the graphic below, all Road
Template Components (Cut/Fill End Conditions, Pavement Layer 1, Pavement Layer 4) are set to the
“Design” Volume Option.

When the Create Cut Fill Volumes tool is used, the software seeks out the BOTTOM EDGE of all "Design”
Components to create a Sub-Grade Datum. Cut and Fill Meshes are created between the Sub-Grade
Datum and the Existing Ground Terrain Model.

B View 2, Cross Section - Corridor: ALI]

View Properties |~| |« -

BEFORE PRO_Main_Riverside | — || (=) [3m

Cut/Fill Components
are created

All Components in the
Road Template are set to
the Design Volume Option.

Existing Ground
Terrain Model

(Active)

Set to the Existing
Volume Option.

BOTTOM EDGE of all
Design Components
establishes the
Sub-Grade Datum

Cut/Fill Components
are created

Cut Component
Existing Ground (top)
Sub-Grade datum (bottom)

Fill Component
Sub-Grade Datum (top)
| Existing Ground (bottom) |

NOTICE: In the graphic above, the Pavement 1 Layer (which typically represents asphalt) is assigned to
the “Design” Volume Option. However, the Pavement 1 Layer Component is NOT positioned on the
BOTTOM EDGE of the Road Template, so it is irrelevant to Cut/Fill Mesh creation.
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20G.2 Unsuitable Volume Option

The “Unsuitable” Volume Option is applied to existing materials that are unsuitable for construction, such
as topsoil, loam, and existing asphalt. Unsuitable Components and Meshes are applied to the Existing
Ground Terrain Model with Surface Templates and the Create Closed Mesh tool.

WARNING: Road Templates and Proposed Modeling Features should NOT use Components with
Unsuitable Feature Definitions.

When “Unsuitable” Components and the Existing Ground Terrain Model overlap, then the Existing Ground
is ignored. The resulting Cut and Fill Meshes are created between the BOTTOM EDGE of the “Unsuitable”
Components and the Sub-Grade Datum.

A detailed procedure for modeling and calculating unsuitable material quantities is shown in 20E -
Unsuitable Material Modeling and Calculations.

NOTE: Ensure that the Compute Unsuitable option is CHECKED when using the Create Cut Fill Volumes
tool.

B View 4, Cross Section - Corridor:

: BEFORE file: PRO_Main._.. v = [ E) i3]

< <
Cut/Fill Meshes are
created
BOTTOM EDGE of all
) Desigh Components
All Components in the establishes the
Road Template are set to Sub-Grade Datum
the Design Volume Option. ]
6" Existing Topsoil
Component
© Set to the Unsuitable
Volume Option.
B View 3, Cross Section - Corridor: ALI_M pdblRicaccida Do ALLALAIN DivorcidoDeatilo, _Mairts T—rT
View Properties || |« < AFTER
: Cut/Fill Meshes are
created
RIS
SIS

Unsuitable Material
6" Topsoil

Fill Mesh
Sub-Grade Datum (top)
Unsuitable Component (bottom)

The Fill Mesh starts at the Bottom of
the Unsuitable Material, instead of
the Existing Ground
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20G.3 Custom Volume Option

When the Create Cut Fill Volumes tool is used, “"Custom” Volume Option Components are NOT considered
in the formation of the Sub-Grade Datum.

As shown in the retaining wall example below, the Bedding Component of the wall is assighed to the
“Custom” Volume Option. All other Components in the Template are assigned to the “Design” Volume
Option. The Sub-Grade Datum excludes the Bedding Component when creating Cut/Fill Meshes.

In this scenario, the excavation for the Bedding Component needs to be separated from the excavation
for all the Wall Components. The Cut Component represents the excavation volume for all Wall
Components - but excludes excavation necessary for the Bedding Component.

TIP: In the Quantities Report, the Feature Definition that corresponds with the Bedding
Component will display the volume - which also corresponds with the additional excavation
needed to place the Bedding Component.

NOTE: Ensure that the Compute Unsuitable option is CHECKED when using the Create Cut Fill Volumes
tool.

il

End Condition Component
Design Volume Option

B View 4, Cross Section - Linear Template Projec] BE Fo RE
View Properties || |« - 0+15.0( .
Cut/Fill Meshes

are created

This area is shown as Fill in the
) e graphic below, because its outside
of the Backfill Component zone.

5.5

End Condition Component
Design Volume Option

Bedding Component
Custom Volume Option

Backfill Component
Design Volume Option

NOT included in the
Sub-Grade Datum

R A N N e

Sub-Grade Datum
Bottom Edge of all
Design Volume Option
Components

" AFTER
Cut/Fill Meshes
are created

Fill Mesh
Subgrade Datum (top)
Existing Ground (Bottom)

This area is NOT shown as Fill
because it is apart of the
Backfill Component zone.

Cut Mesh
Existing Ground (top)
Sub-Grade Datum (bottom)

The Sub-Grade Datum follows the
Bottom Edge of all Components
assigned to the Design Volume Option.

IMPORTANT: The Bedding Component is
NOT included in the Cut Component because
t is on the Custom Volume Option.
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20G.4 Substrata Volume Option
The “Substrata” Volume Option is used to account for different geo-technical layers in the existing ground.

In this example, there is an Existing Rock Component that represent lime stone and is located 3-feet
below the existing ground grade. The Existing Rock Component Feature Definition is set to the
“Substrata” Volume Option. When the Create Cut Fill Volumes tool is used, Rock Excavation required to
construct the proposed ditch is quantified and separated from conventional excavation (which his
represented by the Cut Mesh).

NOTE: Ensure that the Compute Substrata option is CHECKED when using the Create Cut Fill Volumes
tool.

BEFORE 1

B View 4, Cross Section - Corridor: ALI_X Cut/Fill Meshes foleinRveside| o TTCE: The Proposed Ditch

| View Properties |+] |4 < are created = il require Rock Excavation
TO construct.

Existing Rock Component
Substrata Volume Option

Section cut graphics

X5_TC_Exist Rock

Level:

Ref: 2D Design SurvFt-3D (id-a2158061_gty_unst.dgn)

B View 4, Cross Section - Corridor: AL 0O_Main_Riverside — =N
View Pro i ~ A FT E R }
| View Properties |~] |4 < Cut Mesh does NOT

Cut/Fill Meshes

nclude Rock Excavation.

are created

Substrata Component
created to represent
Rock Excavation.

The quantity of necessary
Rock Excavation is shown in
the report. See the next page.

= o = = ==
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After using the Quantites Report By Named Boundary tool, locate the Volumes.xsl report.

WARNING: Do NOT consult the Quantities By Named Boundary Report.xsl — which is initially shown
be default. The value shown in the default report represents the total volume of the Existing Rock

Substrata Com

ponent.

The Rock Excavation required to construct the ditch will have “...(removed)” added to the Feature
Defintion name.

File Tools

© StationOffset
» Cant

+ Civil Terrain

» CivilGeometry
» CivilSurvey

[ —

Evaluation
CrossSection
CrossSection
CrossSection
CrossSection

* CorridorModeling

Gradebook.xsl
GradebookfromCLuxs!
GradebookNE.xsl

a Bentley Civil Report Browser - C\Users\brendan\AppData'\Local\Temp\RPTwrpagjfkxml

Volumes Report

Report Created: Tuesday, December 7, 2021

Alignment Name:

Time: 5:37:13 PM

Cross Section Set Name: <None>

Input Grid Factor: Mote: All units in this report are in feet, square feet and cubic feet unless specified otherwise.

GradebookWide.xs|

0

L
* MapCheck
* Millir

EarthworkQuantities.xsl Adjusted Inck;::: n Mass
EIementsComponentQuant!t!esReportxsl Station Type Area Volume Factor Volume Ordinate? Ordinate
ElementsComponentQuantitiesReportSummary.xsl
EndAreaVolume.xs| 0.000 116052 20(;
XS_TC_Underground Water: 229 890 1000 229 890 No

V. XS_TC_Pavement Layer 1: 11790.762 1.000 11790.762 No

SightVisibilityReport.xs| XS_TC_Pavement Layer 4: 23723.414 1.000 23723.414 No
: sl - -

T XS_TC_Exst Rock {removed): 8340.873 1.000 8340.873 No I

© Staks
* Supe

Toold

To view the necessary

=m{ Rock Excavation quantity,
'™ |ocate the Volumes.xsl report.

2080341.070 1.0002080341.070

The necessary Rock Excavation
quantity will have "...(removed)"

Total Pipe culvert:

Total AUX_01:

added to the
Existing Rock Component
Feature Definition name

on the p

This total volume is far greater than the
necessary Rock Excavation quantity.

WARNING: The Quantities by Named Boundary Report
shows the total volume of the Existing Rock Component

roject.
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20G.5 None Volume Option

Components assigned to the “"None” Volume Option are completely ignored by the Create Cut Fill Volumes
tool.

In the example shown below, a Culvert Component is examined. If the Culvert Component is assigned to
the “Design” Volume Option, then the Culvert Excavation recognized in the Cut Component. This is
undesirable because the Culvert Excavation quantity is mixed in with Road Embankment quantities. Also,
a sliver of required Road Embankment is excluded due to the presence of the Culvert with a “Design”
Volume Option.

If the Culvert Component is assigned to the “None” Volume Option, then the culvert does NOT interfere
with calculation of Road Embankment quantities.

A detailed procedure for the calculation of Culvert Excavation quantities is shown in 20F.1 Culvert
Excavation - Workflow.

SR BEFORE -
& Views GossBeddl  Cut/Fill Meshes are F=e

[ view ropares | reaton

Road Template

All Components set to
"Design" Volume Option

AFTER " After

Cut/Fill Meshes Cut/Fill Meshes
are created are created

s vewscel Culvert Volume Option: SSES | |« viewscesd Culvert Volume Option: [[=Es
View Propel DESIgn None

o

NOTICE: The Fill Meshes is
interrupted at the Culvert.

Culvert is ignored by
Cut/Fill Meshes.

o » i X1 [ G o

A sliver of Fill is unaccounted for

and a Cut Mesh is created.
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