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Workflow — Earthwork Calculations using End Area Volumes &

General

This document provides guidance for calculating earthwork using the end area volume method on
MDOT projects using the MDOT02 Workspace. This document can be used for any MDOT design project
where a complete 3D model has been developed for both existing and proposed conditions. End area
volumes can be used to calculate all earthwork items including calculating the amount of topsoil
stripping and subtracting existing pavement from the end area volumes.

Utilizing this workflow is required to use the Earthwork Spreadsheet to calculate sheet quantities from
end area volumes. This spreadsheet can be found in the following location: Earthwork Spreadsheet

A working knowledge of CADD, OpenRoads and design modeling are necessary to complete the steps
described in this document.

Data Requirements

Existing Conditions 3D Model

The existing conditions 3D model must include all elements that are to be included in the earthwork
calculations. Examples of items to be included are existing pavement, and existing topsoil to be
removed.

The recommended method to create an existing 3D model is described in the MDOT workflow for
Modeling Existing Conditions

It is recommended that a new DGN file be created for each existing roadway or ramp model. End area
volumes will be calculated for any component that shows up in the cross sections (i.e. any component
that is currently displayed in the 3D view). It is much easier to display the necessary information when
the existing models are separated by roadway.

Existing Conditions for 3R Projects

Pavement that is being removed must be modeled as a separate surface template from pavement that is
remaining in place for 3R projects. Geopak will treat each surface template as a single component when
cutting the cross sections. The user will need to differentiate between pavement being removed and
pavement remaining in place as this will impact the earthwork calculations.

On 3R projects, it is important to give existing surfaces descriptive names so that users can determine
whether the material is being removed or staying in place.

Modeling Existing Topsoil
Geopak will include all components that are displayed in the cross sections when calculating earthwork
using the End Area Volume Method. Topsoil components should not extend past the slope stake line.

Proposed 3D Model

Proposed 3D models should be developed to a level that designer feels comfortable with the end area
volumes. Geopak will not honor any changes made by hand to cross sections after they are cut. The end
area volumes will only be as accurate as the existing and proposed 3D models.
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Workflow — Earthwork Calculations using End Area Volumes ‘

Geopak will not locate embankment areas that are enclosed by proposed model elements. These areas
will need to be modeled with enclosed shapes in order to be reported. The image below shows an area
behind curb and gutter where this would be necessary.

Model as
enclosed shape

Creating the Earthwork Cross Section File

1. Create a new 2D DGN using a Bentley Power GEOPAK OpenRoads edition product (SS4) and the
MDOT 02 Workspace. Name the file “Z-XXXXXX-Earthwork” replacing XXXXXX with the Job No.
per the standard MDOT naming convention.

2. Reference the existing terrain DGN file and set the existing terrain as active

3. Reference each DGN file containing a 3D model to be included in the earthwork calculations (all
existing and proposed models)

4. Inthe Default-3D model, turn off any levels that are not needed for earthwork calculations
along the corridor.

5. Save Settings

a. The components that will display in the cross sections are the components that were
displayed in the Default-3D model view as of the last time the settings were saved

Note that multiple cross section sets can be cut in the same file. It is helpful to create saved views in the
3D view for each cross section set to facilitate re-creating sets later in the design process.
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Cutting Cross Sections

1. Cut cross sections by using the Create Cross Section tool
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2. Choose the alignment for the desired cross sections
3. Load the preferences “NoSheet — GEOPAK Cell Only”

4. Give the cross section set a descriptive name — This will also be the name of the DGN model that
is created for the cross sections

5. Utilize the Custom Cross Sections section to define your cross section interval and to cut cross
sections at key locations. Examples of key locations include driveways or taper locations.

a. Note that these custom cross sections can be saved for later use if cross sections need
to be cut again for the same corridor

6. Select Apply to cut the cross sections
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Save As. .

Delete

Rename...

Help

E‘ Create Cross Section — >

Horzontal Alignment:  Ali_NL1 ﬂ
[ Single Station:  40-00.00 R1 +|
Start Station: |4.|}.mm R1 | ﬂ
Stop Station: |Mm R1 | ﬂ
Left Offset: |_-| 50.00 | ﬂ
Right Cffset: |15'I].DD |ﬂ
Interval: | 50.00 | ﬂ
Vertical Exaggeration: |'I.{H] |
Digplay in View: 1 »
Layout: (®) Stacked () Sheet

Model

Name: Earthwork_NB

Scale: ETET

Apply Preferences... Close Help
Preferences e
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Preparing Cross Sections for Earthwork

1. Review your cross sections to ensure the GFOPAK | Window  MDOT Tools  MDOT Level Fiters  MDOT View Set  Subsurace Uity Help
required components are displayed | e 2 FOADTodke -
= Project Manager
DRAINAGE ,
. . . Active Chain Contral
a. The Cross Section Navigator is helpful e
in thIS process Training 3PC AdHoc Attribute Manager
User Preferences
Activate Map

Geometry

Design & Computation Manager
Quantity Manager

Plans Preparation

DTM Tools

3D Tools

Cross Sections

Lilties

2. Compute End Area Volumes using the End Area
Volumes tool

MNavigator
Process Cross Sections
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Help Draw Cross Sections from Surfaces
Draw Cross Section Tabular Data

Draw Ancillary Features

Cross Section Labeling

Reporis
+ = .
3 @ /éi %. % EH E &" a Earthworks
- S et |“_"| | | o Limits of Construction
AW < ?; ] ,r"f % E’ \" Q\"’ Draw Cross Section Cells

Superelevation Shape Manager Tools

T @ & {HB- {ﬂ End Area Volume Pﬂﬂ
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Draw Pattems by Station Range
Draw Pattems from Cross Sections

Cross Section Sheet Composition

General Tab
1. Uncheck all surfaces of type Existing except for the existing survey terrain

2. Load Earthwork Preferences
3. Ensure the correct cross section model is selected
4. Ensure the Imperial Units are set to Cubic Yards

5. Ensure the Create XML Report is toggled on

Cross Section Model j' e

Method

November

Type
T
| I Eartfwork_MI15 “I [ ] lgnare_ExML Existing @ Standard
| End-Area Volumes T| ) Rem_ExShidr1 Existing (_) Comectfor Curvature
% Genaral [[] Rem_ExShidr Existing
Unsuitable Materials by Station [[] Rem_ExTopsail Existing Limits
Classications | | Rem_ExTopsail2  Existing [Istation Range
Compacton/Expansion JN116512C_ExDT... Existing
Volume Exceptions [] ExRock Substratum 59+2500R1 K|
Added Quantiies . §
Forced Balance [ ] Rem_ExTopsoill  Existing " iop [ESNE00R 4|
As Built < : 3
H Annotation
-2 Mass Haul Diagram Impenal Units
(@ Cubic Yards () Cubic Feet Ignore Areas Smaller Than: | g 0001
r Create XML Report (] Plot Mass Haul Diagram
Setings
Import Export
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Classifications Tab

1. Set existing materials that are being removed to the classification type of Unsuitable

2. Set existing materials that are remaining in place to the classification type of Ignore

¢

a. Ifthere are proposed materials over top of existing materials that are remaining in

place, these proposed materials must also be set to ignore

b. The name of the surface or corridor is shown in the “Parent” column. If descriptive

names are used, this column can be used to easily find materials that should be

classified as unsuitable or ignore

3. After classifications are set, Select Apply to generate an XML report of the end area volumes

B End-Area Volumes

Cross Section Model:
Earthwork_M15

‘2 End-Area Valumes
General
Unsuitable Materizls by Station

# Classifications
Compaction/Expansion
Volume Exceptions
Added Quantities
Forced Balance
As Built
- Annotation
21 Mass Haul Diagram
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Object |Saun:e |F'arenl Classification [Mass On:linate|Cul F e
JN116512C_ExDTM_3-0|Surface 1.001
P_Trvl_HMA_Lwl Component M-15 Designed Exclude
P_Shidr_Agg Component M-15 Designed Exclude
P_GdRail Component Linear Templat} Designed Exclude
P_Trvl_ HMA_Top Component M-15 Designed Exclude
P _Shidr HMA_Lwvl Component M-15 Designad Exclude
E_Shidr_Pawt Component Rem_ExShidr1 jUnsuitable
P_Shidr_HMA_Base Component M-15 Designed Exclude
P_Shidr_HMA_Top Component M-15 Designed Exclude
E_Shildr_Pavt Component Rem_ExShidr SUnsuitable
P_Pavt_ HMA_Wedge Component Designad Exclude
P_RdBase Sub Component : | Designed Exclude
E_Trvl_Pavt Component ExPavt Surfacelignore
P Slane Crmnanant M-15 MNesinnead Feclude 4
{ >

Apply Clase Help
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Below is a description of each classification and how it will be treated in the end area shapes
Ignore — Geopak will treat the component as if it does not exist. The component will not be reported.

Unclassified — The end area of the component will be reported, but it will be ignored in the cut and fill
shapes.

Unsuitable — Existing materials that must be removed. Two quantities will be reported. One for
unsuitable materials that are above or within the proposed components (Not Replaced), and one
quantity for unsuitable materials that are below the proposed components (Replaced). Volume of
unsuitable material is not included in normal cut / normal fill.

Rock - Should only be used to classify surfaces. This classification reports the end area of proposed
elements that are below the rock surface. Rock end areas will be excluded from the normal cut and fill
shapes.

Designed — Proposed component. Reports the end area of components.

MDC -Two quantities are reported: The quantity of material above the existing surface, and below the
existing surface. The end areas of MDC shapes are included in the normal cut and fill shapes. It is not
recommended to use the MDC classification.
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Reporting End Area Volumes

1.

In the Bentley Civil Report Browser, Choose the VolumesWithReplacedAddedToNormalFill.xs|
report

Ensure your report Options are set properly by selecting Tools = Format Options
Right click in the upper left corner of the report browser and choose Export to Excel.
Import the report into cell Al of Microsoft Excel

Save the report as an excel spreadsheet. This report can now be utilized for use with the
Earthwork Spreadsheet to calculate earthwork sheet quantities.

9] Bentley Civil Report Browser - C:\Users\arnoldiT\AppData\Local\ Temp! \RPT37C3.0ml -

File Tools Help
[ Eap=teetiont T_02\Grvil Standards\ReporBrowse|
Format Options... ~ Volumes with Replaced Material Added to Normal Fill Report
(23 Civil Terrain
(£ CivilGeomeiry Report Created: 10/30/2018
(& cwilsurvey Time: 8:51am
1 Clearance
E‘ ESZ:;’M““””Q Cross Section Set Name: Earthwork_M15
(23 DataCollecton Alignment Name: Ali_NL1
a zvaA\uam S Input Grid Factor: 1.000000 Note: All unts in this repor are in feet, square feet and cubic yards unless specified athenwise.
Al AverageCrossSlopeArea s
% EaskEndiveaNolimsSaincesaton | Adjusted Included in Mass
é CroasSachons Station Type Area Volume Factor Volume Mass Ordinate? Ordinate
i CrossSechons!
M| CrossSectionAlFeatures xs| 59+25.00 R1 0
%l] CrossSechonASCllnputFormatxs! Normal Cut 10.0765 0 1.00 0 Yes
‘Aj] CrossSectonASCllinput-ormatF eature xs!
Al CrossSectionASClinpufFormatWithPanc odes xsl Horrpal PIE 35287 0 100, 9 e
Bl GrossSeckonCrossSiopes xa Normal Fill plus Replaced Material 9.8460 0 0
A CrossSecionDesignSurtaceF eatures.xsl
Aj] CrossSectionGradebook xs| Addad Gl Ho
A CrossSectonGradsbookNE xs! Added Fill No
Aj] CrossSectionGradebookWide xs| E_Shidr_Pavt: 8.1961 0 1.00 0 No
A CrossSectonPoints xs!
] CrossSectonPointsListxs! E_Earth_Topsoil (replaced) 6.3193 0 1.00 0 Yes
%II CrossSectonProfileListxs! E_Earth_Topsoil (not replaced) 3.5355 0 1.00 0 No
‘Aj CrossSectonSlopeStakeListing xs!
A CrossSectonSiakingas| Total E_Earth_Topsoil. 9.8548 0 1.00 0
A CrossSechonStakingTable xs! P_PrkLot_HMA_Top 3.0525 0 1.00 0 No
A CrossSectionsToCSVxsl P Trl HMA Lui 19300 o 100 0 N
Ajl CrossSectionSurveyFormataxs! — = g o
I & CrossSectionWCenterLineCoordinates xs| — P_Trvi_ HMA_Top 14475 a 100 0 No
Aj] CrossSectionWide xs! P_RdBase_Agg: 21.0802 0 100 0 No
:]I CrossSectonkizs! P_Shidr_Agg 2.1667 0 1.00 0 No
] Element Companent Quanities-MDOT XSL P_Shidr_HMA_L . 1.3333 0 100 0 Ho
&) ElementsComponentQuantiiesReportxs! P_Trvi_HMA_Base 2.8951 0 1.00 0 No
ﬁ:d-& 15 vQuani 1 P_Shidr_HMA_Top 1.0000 0 1.00 0 No
Al EndAreaVolume xs!
A EndAreaVolumePageTotals xs! P_PrLoLHMA_Lu. 4.0100 9 100 0 No
Al EndAreaVolumeStatonRange xs! P_Shidr_HMA_Base 2.0000 0 1.00 0 No
K] MulipleMaterialVolumes.xs!
Aj Roadway Designer Component Quantiies Summary.xsl 59+50.00 R1 6
A Roadway Designer Component Quantites xsl
) TriangleVolumeByStation1 xs! Hormal Cut 9.1619 9 1.00 9 Yes
Aj TrizngleVolumeByStation2 sl Normal Fil 34974 3 100 3 Yes
K TriangleVolumes.xsl Normal Fill plus Replaced Material 92601 a
Al TriangleVolumesSumShapas xs!
Al Volumes xs| Added Cut: No
& VolumesToCSVxs! Added Fill No
F]VolumesWitiReplacedAdded ToNomalFillxsl] E Shidr Pavt 91852 8 1.00 8 No
(21 Geomatry _Shidr_|
5 o E_Earth_Topsoil (replaced) 51717 6 1.00 6 Yes
mages
(23 IntersectingAlignmentStatons EﬁEEﬂhiTDDSD” (not replaced): :'19“:’ ................. 3 100 3 KKK 3 Ho
1 LandihL Total E_Earth_Topsoll 89617 a 1.00 )
o ramey Roadva Desn P_PrkLot_HIA T 3.0407 3 00 3 N
(= LegalDescripion _PriLot_HMA_Top: A o
£ MapCheck P_Pavt_HMA_Wedge: 0.0008 o 1.00 0 No
(3 Milling P_Trv_HMA_Lv 1.0337 2 1.00 2 No
B Sosoler P_Trv_HIMA_Top 1.4503 1 1.00 1 No
(2 signvisibility P_RdBase_Agg. 21.1020 20 1.00 20 No
3 Stakeout P_Shidr_Agg 2.1667 2 100 2 No
(2 StationOffset hd D Chidr LA 1 12292 1 1nn 1 N
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Format Options > ‘

Mode Precision Format T Clozs
Maorthing/Easting: 0 ~
Elevation: 012 ~ i
Angular Degrees - | ||} - | ddd"mm'ss.s” ~  [_]Include Angular Suffix
Slope: (012 v| 50% > ;

_ Change to Imperial —
Lse Alternate Slope if Slope Exceeds: .
Defaults to metric
Altemate Slope: |D o | 200 A

Linear [IRF] i
Station: |g_12 V| o « [Pelimiter: [+

Acres/Hectares: ||} ~ |

Area Units: [IRF] i

Cubic Units: lm—v‘ [~*] Convertto Cubic Yards
Direction: |Bean'ngs V| |D V| ddd"mm'sss”

Face: |Ftigh| Face ~ |

Veriical Observation |Zen'|-|h e |

Volumes with Replaced Material Added to Normal Fill Report A
L Report Created: 10/30/2018
Forward Time: 8:55am
z:ve beckotatind as le: Earthwork_M15
't as background le: Ali_NL1
Copy background " - 2
jor: 1.000000 Note: Al units in this report are in feet, square feet and cubic yards unless specified othervise.
Select all
Paste Adjusted Included in Mass
Type Area Volume Factor Volume Mass Ordinate? Ordinate
s9+250  Create shonc»ut 0.00
A vatites Normal Cut: 10.98 0.00 1.00 0.00 Yes
i solkee Normal Fill: 353 0.00 1.00 0.00 Yes
Encoding > Fill plus Replaced Material: 985 000 000
Print... Added Cut: No
Print preview... Added Fill: No
Refresh E_Shidr_Pav: 820 0.00 1.00 0.00 No
Emmmumw h | Earth_Topsolil (replaced): 6.32 0.00 1.00 0.00 Yes
Send to OneNote rth_Topsoil (not replaced): 354 0.00 1.00 0.00 No
Pioperties Total E_Earth_Topsoil: 985 0.00 4005 XXX 0.00
P_PrkLot_HMA_Top: 3.05 0.00 1.00 0.00 No
P_Trd_HMA_Lvi: 1.93 0.00 1.00 0.00 No
P_Tri_HMA_Top: 145 0.00 1.00 0.00 No
P_RdBase_Agg: 21.08 0.00 1.00 0.00 No
P_Shidr_Agg: 217 0.00 1.00 0.00 No
P_Shidr_HMA_Lvi: 133 0.00 1.00 0.00 No
P_Trvi_HMA Base: 290 0.00 1.00 0.00 No
P_Shidr_HMA_Top: 1.00 0.00 1.00 0.00 No
P_PrkLot_HMA_LvI: 4.07 0.00 1.00 0.00 No
P_Shidr_HMA_Base: 2.00 0.00 1.00 0.00 No
59+50.00 R1 6.07
Normal Cut: 9.16 932 1.00 932 Yes
Normal Fill: 3.50 3.25 1.00 325 Yes
Normal Fill plus Replaced Material. 957 885 ¥ W LY % 885
Added Cut: No
Added Fill: No
E_Shidr_Pavt 9.19 8.05 1.00 8.05 No
E_Earth_Topsoil (replaced): 5717 5.60 1.00 560 Yes
E_Earth_Topsoil (not replaced): 3.19 3.1 1.00 3.1 No
Total E_Earth_Topsoil: TEUgee T e 100 T8
P_PrkLot_HMA_Top: 3.05 283 1.00 283 No
P_Pavt_HMA_Wedge: 0.00 0.00 1.00 0.00 No
P_Trd_HMA_Lvi: 1.93 1.79 1.00 1.79 No
P_Tri_HMA_Top: 145 134 1.00 1.34 No
P_RdBase_Agg: 21.10 19.53 1.00 19.53 No
P_Shidr_Agg: 217 201 1.00 201 No v
D Chidr HMA 1 122 177 1nn 177 Na
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