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Quantities and Earthwork Course Overview

In this course, you will learn various tools and methods to compute quantities and earthwork from the corridor model. You will learn how to
assign unit costs and generate an estimated cost report for your project using the Component Quantities and Element Component Quantities
tools. We will take a look at how to generate cut and fill volume reports from single corridor models as well as multiple corridor models. You
will also learn how Named Boundaries and the Quantities Report by Named Boundary tool can be used to separate quantities in the corridor
model. And lastly, you will learn how to create an End Area Volume Report and Mass Haul Diagram.

Skills Taught

= Component Quantities

= Assign Unit Costs

= Total Estimated Cost Reports

= Element Component Quantities

= 3D Cut/Fill Volumes

= 3D Cut/Fill and Remove/Replace Volumes
= Feature Definition Volume Options

= Named Boundaries

= Quantities Report by Named Boundary
= End Area Volumes Report

= Mass Haul Diagram
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Exercise 1: Component Quantities and Element Component Quantities

In this exercise, you will learn to start the software, select the proper WorkSpace & WorkSet, open the corridor model and how to use the
Component Quantities and Element Component Quantities to compute corridor quantities.

Skills Taught

= Start the Software

= Select WorkSpace & WorkSet

= Component Quantities

= Assign Unit Costs

= Total Estimated Cost

= Compute Quantities Report

= Display Cut and Fill Volumes on Cross Sections

= Element Component Quantities



Start The Software and Set the WorkSpace/WorkSet

In this section, you will start the software, set the proper workspace and open the Corridor Model.

1. Start the software.
2. Set the WorkSpace and WorkSet.

The WorkSpace and WorkSet define standards that are used by the software, and the ones used for this training are installed during the
software installation.

Typically, the WorkSpace contains organizational standards and the WorkSet contains project standards.

a. Select Training and Examples from the WorkSpace drop-down menu.
Training and Examples ~ Training-lmperial ~

b. Select Training-Imperial [Training-Metric] from the WorkSet drop-down |
menu. Recent Files

A

ntegrated Highway Lifecycle
3. Open Corridor-LondonRd.dgn [Metric-Corridor-LondonRd.dgn] ¥ou haven't openad any files rece EEEEG_G—G—_GG__GE S

Training-Metric

i

a. Select Open.
b. Browse to c:\Bentley Training\Quantities and Earthwork or other folder where you unzipped the dataset files.

c. Select the Corridor-LondonRd.dgn [Metric-Corridor-LondonRd.dgn].
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Component Quantities

In this section, you learn how to extract quantities from the corridor using the Component Quantities tool. Component Quantities is a reporting
tool that computes and reports the quantities of components in the corridor model. The volumes are calculated using the Average End Area
method and the accuracy of the quantities is determined by the template drop interval, key stations and any critical stations used within the
corridor. Items such as: pavement, subbase, aggregate, curb, sidewalk and cut & fill can be computed using the Component Quantities tool.
Additionally, you can assign unit costs to each item to generate an estimated cost report. Also, Corridor Clipping is NOT considered in the
quantities. This tool is intended for approximate quantities and is typically used in preliminary design.

1. Compute Component Quantities for the London Rd. corridor.
’ a. From the ribbon menu, select Home > Model Analysis and Reporting > Corridor Reports > Component Quantities
b. Locate Corridor, Select the London Rd. corridor.

The Component Quantities window will now appear displaying the Materials and Quantities.

Material Surface Area Volume: Units Unit Cost  Tatal Cost/Material
b |cu Volme 0.0000 77899276 cuy 7789.83
.F\II Volume .DDDDD “4335 4081 .CLIY 1.00 438541
| Mesh'\Aggregate TC_Aggregate Typ A . 0.0000 1 3492.2860 .Cu‘( 1.00 345229
.Mesh‘\Asphalt'-.TC_Rsph Conc Base Cse .DDDDD “2538.3353 .Cu‘( 1.00 2938.84
.Mesh‘\Asphall".TC_a%ph Cong Intermediate Cse .DDDDD 1 501.2683 .CuY 1.00 501.27
| Mesh'Asphatt\TC_Asph Conc Wearing Cze . 0.0000 “642.5455 .Cu‘( 1.00 64265
.Mesh \Concrete \TC_Curb and Gutter Typ 1 .DDDDD 1 300.8548 .Cu‘( 1.00 300.85
| Mesh'\Concrete \TC_Sidewalk . 0.0000 1 2357249 .Cu‘( 1.00 23572
| Mesh'Grading\.TC_Cutslope . 32576.7882 | 0.0000 .SqF 1.00 3257679
.Mesh \Grading\TC_Ditch .5?331 0719 | 0.0000 .SqF 1.00 57881.07
| Mesh'\Grading*.TC_Ditch Backslope . 14313.6627 1 0.0000 .SqF 1.00 1431366
. Mesh'\Grading\. TC_Fillslope .24?54 6092 1 0.0000 .SqF 1.00 2475461
Mesh'\(Grading\. TC_Grass Berm Back 7164.0843 0.0000 SqF 1.00 7164.08
.Mesh \Grading“ TC_Grass Berm Front .?1 64.0843 1 0.0000 .SqF 1.00 7164.08
Report Total Estimated Cost:
I =Clipping is not considered in guantiies.™ I Corrider Name:

You can assign unit costs to each item by entering the unit cost in the Unit Cost field and the Total Estimated Cost will be
computed. Also, note clipping is not considered in the quantities. If you have clipped corridors the quantities WILL NOT be reported
correctly.

Copyright © 2021 Bentley Systems, Incorporated DO NOT DISTRIBUTE - Printing for student use is permitted 5



2. Experiment with assigning unit costs to some of the materials by entering values in the unit cost fields.

a. Double-click in the Unit Cost field to enter a new unit cost value (any value will do) for some of the materials. Note how the Total Cost/
Material and Total Estimated Cost will update.

&4 Component Quantities — x
Material Surface Area Wolume Units Unit Cost  Total Cost/Material
» Cut Volume 0.0000 7789.9276 CuY 450 35054.67
Fill Volume: 0.0000 4385.4081 CuY 6.00 2631245
Mesh'Aggregate’ TC_Aggregate Typ A 0.0000 3492 2860 Cu¥ 200 6984 57
Mesh'Asphalt’TC_Asph Conc Base Cse 0.0000 25938.8383 CuY 300 2816.51
Mesh'Asphalt\TC_Asph Conc Intermediate Cse | 0.0000 501.2683 CuY 500 4506.34
Mesh'Asphalt\ TC_Asph Conc Wearing Cse 0.0000 642 6468 CuY 7.00 4453 53
Mesh'Concrete\ TC_Curb and Gutter Typ 1 0.0000 300.8548 CuY 300 502.56
Mesh\Concrete\TC_Sidewalk 0.0000 2357249 Cuy 200 47145
Mesh'Grading . TC_Cutslope 32576.7382 0.0000 SgF 1.00 32576.79
Mesh\Grading"\TC_Ditch 57381.0719 0.0000 SgF 1.00 57881.07
Mesh'Grading  TC_Ditch Backslope 14313.6627 0.0000 SqF 1.00 1431366
Mesh'\Grading\TC_Fillslope 24754 6052 0.0000 SqgF 1.00 24754 61
Mesh'Grading . TC_Grass Berm Back 7164.0843 0.0000 SgF 1.00 T164.08
MeshGrading . TC_Grass Berm Front 7164.0843 0.0000 SgF 1.00 716408
Report | Total Estimated Cost:
“*Clipping is not considered in quantities.™ Corridor Name:

3. Create Component Quantities Report.

a. Select the Report button on the Compute Quantities window to display the Component Quantities Report.
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b. Review the Component Quantities Report and note the detailed quantities it provides for each Material: Area, Volume and Length.
Corridor Model Component Quantities Report a

Report Created: Friday, August 6, 2021
Time: 11:16:30 AM

Corridor Name: LondonRd
Alignment Name:

Input Grid Factor: 1.000000 Note: All units in this report are in feet, square feet and cubic feet unless specified otherwise.
‘Component End Area Component Surface Area
Totals Totals
Unit Material
Station Material Area Volume Length Area Cost Cost
50+00.000
Cut Volume: 76.206 450 0.000
Fill Volume: 6.00 0.000
Mesh\Aggregate\TC_Aggregate Typ A: 18.450 200 0.000
Mesh\Asphalt\TC_Asph Conc Base Cse: 16.624 3.00 0.000
Mesh\Asphalt\TC_Asph Conc \ntsrmeg\:et_e 4732 500 0.000
Mesh\Asphalt\TC_Asph Conc Wearing Cse: 3.350 7.00 0.000
Mesh\Grading\TC_Ditch: 18.248 1.00 0.000
Mesh\Grading\TG_Ditch Backslope: 19.832 1.00 0.000
50+10.000
Cut Volume: 73.095 746 505 017 124.417
Fill Volume: 0.om 0.054 022 0.012
Mesh\Aggregate\TC_Aggregate Typ A: 18.724 185.873 0.07 13.768
Mesh\Asphalt\TC_Asph Conc Base Cse: 16.924 167.740 01 18.638
MeshtAsphaltiTG_Asph Conc \mermeg\:; et . iio e
Mesh\Asphalt\TC_Asph Conc Wearing Cse: 3412 33.810 026 8.766
Mesh\Grading\TC_Ditch: 18.248 182,479 1.00 182.479
Mesh\Grading\TC_Ditch Backslope: 19.592 197117 1.00 187117
50+20.000
Cut Volume: T.718 724.061 017 120.677
Fill Volume: 0.031 0.210 022 0.047
MeshiAggregate\TC_Aggregate Typ A- 1999 188 617 007 13972
Mesh\Asphalt\TC_Asph Conc Base Cse: 17.223 170.735 01 18.971

Note: By default, all units in this report are in feet [meters], square feet [square meters] and cubic feet [cubic meters] unless specified
otherwise. The volumes in this report are calculated using the Average End Area Volume method and the stationing is determined
from the template drop interval, key stations and critical stations within the corridor.

All of the materials listed are the different components that make up the corridor. The material names come from the Feature
Definitions that were assignhed to each component in the template that was used to create the corridor.

Component

MName: TC Agg Tvp A Shid R

Material: Meshh\Aggregate\TC_Aggregate Typ A Ext
slope: -4.00%
Width: 8.000
Height: 0.320
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c. Scroll down to the bottom of the report and review the volumes and total estimated cost.

Totals:

Cut Volume: 210328.045 017  35054.674
Fill Vialume: 118406.018 0.22  26312.449
Mesh\Aggregate\TC_Aggregate Typ A: 94291.722 0.07 6984 572
Mesh\Asphalt\TC_Asph Conc Base Cse: 79348.635 0N 8816.515
Mesh\Asphalt\TC_Asph Conc Intermegisa;_e 34334 243 0.19 4506341
Mesh\Asphalt\TC_Asph Conc Wearing Cse: 17351.464 0.26 4498.528
Mesh\Concrete\TC_Curb and Gutter Typ 1: 8123.078 011 902.564
Mesh\Concrete\TC_Sidewalk: 6364.573 0.07 471.450
Mesh\Grading\TC_Cutslope: 32576.788 1.00 32576.788
Mesh\Grading\TC_Ditch: 57881.072 1.00 57881.072
Mesh\Grading\TC_Grass Berm Back: 7164 084 1.00 7164084
Mesh\Grading'TC_Grass Berm Front: 7164084 1.00 7164 084

| Total Estimated Cost: 23140139 | Vv

d. Notice the volume quantities, the default volume units used in this report are displayed in Cubic Feet or Cubic Meters. Display the
volumes in Cubic Yards, in the Civil Report Browser window, select Tools > Format Options and toggle on the Convert to Cubic Yard

check box.

ﬂ Format Options X

Mode Precision Format o

Help

Northing/Easting/Elevation: 0123 -
Angular: Degrees ~ [ 0223 ~ | | ddd.ddd L2
Slope: 0123 *|]05 >
Use Alternate Slope if Slope Exceeds: 0.00%
Alternate Slope: 0,123 v[|05 i
Linear: 0123 ¥
Station: 04123 ¥ | | ss+ssss ~ | Delimiter:
Acres/Hectares: 0123 ¥
Area Units: 0123 ¥
Cubic Units: 0123 % Convert te Cubic Yard No need to adjust this
Direction: Bearings | [paz3 v || adddda - when working in Metric
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4. Close the Format Options dialog and note how the volumes are now reported in cubic yards.

Totals:
Cut Volume:
Fill Volume:
Mesh\Aggregate\TC_Aggregate Typ A:
Mesh\Asphalt\TC_Asph Conc Base Cse:

Mesh\Asphalt\TC_Asph Conc Intermediate
Cse:

Mesh\Asphalt\TC_Asph Conc Wearing Cse:
Mesh\Concrete\TC_Curb and Gutter Typ 1:
Mesh\Concrete\TC_Sidewalk:
Mesh\Grading'TC_Cutslope:
Mesh\Grading\TC_Ditch:
Mesh\Grading\TC_Grass Berm Back:
Mesh\GradingiTC_Grass Berm Front:

5. Close the Bentley Civil Report Browser

6. Close the Component Quantities dialog.

7789.928
4385.408
3492.286
2938.838

901.268

642 647
300.855
235725

J2576.765
57881.072
7164.084
7164084

4.50
6.00
2.00
3.00

5.00

7.00
3.00
2.00
1.00
1.00
1.00
1.00

Total Estimated Cost:
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35054674
26312.449
6984.572
8816.515

4506.341

4498.528
902 564
471.450

32576.788
57861.072
7164.084
7164.084
231401.39



Review the Cross Sections and Display the Cut and Fill Graphics and Values

In this section, we will demonstrate how to display the cut/fill graphics and cut/fill values on the cross sections. Displaying the cut/fill graphics
and their values is a good way to verify the cut and fill values computed in the Component Quantities report.

Click in View 7 to make the Cross Section Model view active.
In the upper left corner of the cross section view, Select the View Properties.

Adjust the View Properties as shown.

0w bd =

Using the cross section navigation tools at the top of the cross section view window,
navigate through and review the cross sections. Notice how the cut and fill graphics are
displayed on the cross section as well as the cut and fill quantities.

B View 7, Cross Sectionc Corridor: LondonRd Pla

( View Properties

® IFit Senic.l.';_

() Center Backbone

O Center on Current Offsets
Backbone Screen Width: 0.80
Vertical Exaggeration: 1.00
[ ] pisplay Null Points

Display Cut and Fill Graphics
Display Cut and Fill Values

B View 7, Cross Section - Corridor: LondonRd Plan: LondonRd Profile: LondonRd
View Properties |~ |4 <[  61+500000  [+] > >

184
1824
180+
1784
176
1744
172
170+ |
168
166+
164
1624
1604 Swciion Fill Amwa: 18,58, Volume: 4. Dlicy
158+ Section Cut Arma: 44,21, Volume &, Blcy

156

Reviewing the cut and fill values on the cross sections is a good way to verify the quantities in the report (if the cut/fill values are too small

to read just increase the size of the view window).

5.  When done reviewing the cross sections undisplay the cut and fill graphics and values via the View Properties tool.
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Element Component Quantities

In this section you will learn about using Element Component Quantities which computes quantities directly from the 3D elements in the
corridor model. Element Component Quantities will produce more accurate results than the Component Quantities tool. Also, this tool does
allow quantities to be computed from Clipping Corridors.

Note, this tool only calculates volumes for closed shape components, thus cut and fill volumes ARE NOT computed since cut and fill
components are typically not closed shape components. Furthermore, quantities are not reported by station.

1. Compute Element Component Quantities for the London Rd. corridor.
~ a. From the ribbon menu, select Home > Model Analysis and Reporting > Civil Analysis > Element Component Quantities
b. Locate First Element: Select the corridor.
C. Locate Next Element - Reset to Complete: Right-click to complete.

The Element Component Quantities window will now appear displaying the materials, quantities, unit cost and estimated cost.

ﬂ Element Component Quantities — X
Material Surface Area Wolume Units Unit Cost  Total Cost/Material
» Mesh'Grading\TC_Ditch 5?4?2.4554 0 SgF .00 i 5747250
| Mesh\Aggregate\TC_Aggregate Typ A [o | 3491.3913 Jewr 100 3491.39
| Mesh“Aggregate'.TC_Aggregate Typ A .157122.4141 lo ..SqF 1.00 15712241
| Mesh'\Asphalt\TC_Asph Conc Base Cse [o | 2538 6445 Jeur :1.00 2933.64
.Mesh'\Asphah'\TC_Asph Conc Base Cse .1 68972 2935 | 0 ..SqF :1 00 16897229
| Mesh\Asphat\TC_Asph Conc Intemnediate .. |0 | 5009854 lor 100 om0
Mesh“Asphalt’\TC_Asph Conc Intermediate ... .1 67261.8250 [ 0 ..SqF .00 167261.82
.Mesh'\Asphah'\.TC_Asph Conc Wearing Cse D 5423454 . CuY '||I| 642,35
| Mesh'Asphalt\ TC_Asph Conc Wearing Cse .1 66795.7606 lo ..SqF | 1.00 166795.76
| Mesh\Concrete\TC_Curb and Gutter Typ 1|0 | 300.3204 Jour 1.00 300.32
| Mesh'Concrete \ TC_Curb and Gutter Typ 1 .H}‘I 86.3711 lo ..SqF 1.00 10186.37
.Mesh'-.Grading'-.TC_Grass Berm Back 71525778 | 0 .SqF :'I.l]] 7152.58
| Mesh\Grading\TC_Grass Berm Front 7152 4508 lo lsor 100 |715245
| Mesh"Concrete TC_Sidewalk G 2353328 . CuY 1.00 23533
| Mesh'\Concrete\TC_Sidewalk 22252 4249 lo Jaqr 11.00 2225242

You can assign Unit Costs to each item by entering the unit cost in the Unit Cost field and the Total Estimated Cost will be
computed.

2. Experiment with assigning unit costs for each material by entering values in the Unit Cost fields.
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3. Create Element Component Quantities Report.
a. Select the Report button on the Compute Quantities window to display the Element Component Quantities Report.

b. Review the Element Component Quantities Report. Note, only the volumes of closed shape components are computed.
Elements Component Quantities Report i

Report Created: Friday, August 6, 2021
Time: 11:50:29 AM

Input Grid Factor: Note: Allunits in thiz report are in feet, square feet and cubic yards unless specified otherwize.

Surface  Material Area Volume  Unit Cost Material Cost

Corridor: LondonRd

Mesh\Grading\TC_Ditch: 57472.496 1.00 57472496
Mesh\Aggregate\TC_Aggregate Typ A: 3491.39 1.00 3491.391
Mesh\Aggregate\TC_Aggregate Typ A: 197122 414 1.00 197122 414
Mesh\Asphalt\TC_Asph Conc Base Cse: 2938.64 1.00 2938.644
Mesh\Asphalt\TC_Asph Conc Base Cse: 168972.294 1.00 168972.294
Mesh\Asphalt\TC_Asph Conc Intermediate Cse: 900.99 1.00 900.985
Mesh\Asphalt\TC_Asph Conc Intermediate Cse: 167261.825 1.00 167261.825
Mesh\Asphalt\TC_Asph Conc Wearing Cse: 642.35 1.00 642.345
Mesh\Asphalt\TC_Asph Conc Wearing Cse: 166795.761 1.00 166795.761
Mesh\Concrete\TC_Curb and Gutter Typ 1: 300.32 1.00 300.320
Mesh\Concrete\TC_Curb and Gutter Typ 1: 10186.371 1.00 10186.371
Mesh\Grading\TC_Grass Berm Back: 7152.578 1.00 7152.578
Mesh\Grading\TC_Grass Berm Front: 7152.451 1.00 7152.451
Mesh\Concrete\TC_Sidewalk: 235.33 1.00 235333
Mesh\Concrete\TC_Sidewalk: 22252 425 1.00 22252 425
Mesh\Grading\TC_Cutslope: 32716.841 1.00 32716.841
Mesh\Grading\TC_Ditch Backslope: 14062.165 1.00 14062.165
Mesh\Grading\TC_Fillslope: 25184 264 1.00 25184 264
Mesh\WModeling\Top Mesh: 345304.690 1.00 345904.690
Totals:
Mesh\Grading\TC_Ditch: 5747249 1.00 5747249
Mesh\Aggregate\TC_Aggregate Typ A: 3491.39 1.00 3491391
Mesh\Aggregate\TC_Aggregate Typ A: 197122 414 1.00 197122 414
Mesh\Asphalt\TC_Asph Conc Base Cse: 2938.64 1.00 2938.644
Mesh\Asphalt\TC_Asph Conc Base Cse: 168972.294 1.00 168972.294
Mesh\Asphalt\TC_Asph Conc Intermediate Cse: 900.99 1.00 900.985
Mesh\Asphalt\TC_Asph Conc Intermediate Cse: 167261.825 1.00 167261.825
Mesh\Asphalt\TC_Asph Conc Wearing Cse: 642.35 1.00 642 345

c. Close the Bentley Civil Report Browser.

d. Close the Element Component Quantities dialog.
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Exercise 2: 3D Volumes & Earthwork

In this exercise, you are going to learn how to create 3D mesh elements that represent the cut and fill volumes between the existing terrain
model and the corridor model. This is a more exact method than using average end area method for volumes since it is calculating the
volumes directly from the 3D data and using a true prismoidal method. You will also learn how to create quantities and volumes reports.

Skills Taught

=  Create Cut and Fill Volumes (i.e. 3D Mesh Elements)
= Quantities and Volumes Report

= Feature Definitions and Volume Options

= Advanced 3D Volumes
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3D Volumes & Earthwork Overview

Earthwork quantities are now calculated from 3D mesh elements. You no longer need to create a set of cross sections to get cut and fill
volumes. Earthwork quantities are now truly 3D. The Create Cut Fill Volumes tool creates a 3D mesh element for cut and a 3D mesh element
for fill. These meshes can then be used to extract earthwork quantities and reports directly from the 3D Model. 3D cut/fill meshes can be
created from terrains, corridors, linear templates, civil cells or any 3D mesh element that has a civil feature definition.The software scans the
DGN file for Feature Definitions that represent Existing and Design elements. For Design elements a bottom mesh is automatically
formulated (in memory) and is used to compare to the existing elements (typically an existing ground terrain). The result of this process is 3D
cut/fill mesh elements that represent cut and fill volumes.

Existing Terrain Model

|
& -
. . Cut/Fill 3D Mesh Elements
Corridors, Linear Templates,
Civil Cells, Terrain Models or, {
3D Meshes
Quantities Report by Named Boundary
Report Created: Friday, August 6, 2021
Time: 12:02:29 PM
Named Boundary Group: <Mone>
Alignment Name:
Input Grid Factor: Note: Allunits in this report are in feet, square feet and cubic yards unless specified otherwise.
Station Named Boundary Name Material  Count Length Top Sloped Area Volume
N.A. Totals

Volumes_Cut: 229790 514 7917.226

Volumes_Fill: 117435.417 4215.226
TL_Base Ext 1: 8636.407
TL_Base Ext: 7298.915
N FELETEp

T i nefinne
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Create 3D Cut and Fill Volumes

In this section, you are going to learn how to create the 3D cut/fill mesh elements that represent the cut and fill volumes between the
existing terrain model and the bottom mesh of the corridor model. We will use the Create Cut Fill Volumes tool to accomplish this task.

1. Create the 3D cut and fill mesh elements.

a. Open the file named Open Volumes-Cut-Fill_LondonRd.dgn [Metric-VVolumes-Cut-Fill_LondonRd.dgn], the existing terrain model,
geometry and corridor are already attached as reference files.

View 1 is the 2D plan view, View 3 is the 3D model view and View 7 is the cross section view.
b. Left-click in View 1 to make it active.
Ay c. Select Home > Model Analysis and Reporting > Civil Analysis > Create Cut Fill Volumes

d. Follow the heads up prompts (after each prompt, Left click to accept values
and move to next prompt):

m  Cut Feature Definition: Volumes_Cut
n  Fill Feature Definition: Volumes_Fill

s The options to Compute Unsuitable, Compute Custom and Compute
Substrata should be set No or unchecked in the toolbox.

= Data Point to accept selection: Left-click to complete the command.

3D mesh elements are now created displaying where the cut and fill are
located in the 3D model. This is useful for visualizing earthwork and for the
extraction of volumetric quantities. The Blue 3D mesh element indicates Fill
and the Red 3D mesh element indicates Cut.

Also, note a proposed terrain model of the corridor(s) is no longer required
to produce cut and fill volumes.

Volumes are now based on Feature Definitions that are assigned to civil
elements (terrains, corridor components, linear templates, civil cells, etc.)
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2. Review the Cut/Fill 3D Mesh Properties.

k a. Using the Element Selection tool, select any of the 3D mesh elements. %m_m
©)] b. Hover your cursor over the 3D mesh and then select Properties from the heads-up display. 229790514 Sq.'
229311.807 5q.
The 3D mesh elements have volume attributes associated with them which can be viewed via the 213765113 Cu”
Properties tool. Note the volume is in cubic feet [cubic meters] which is based on the linear units of Description
the DGN file. Volume Option Cut

Also, take note of the Feature Name and Feature Definition. The Feature Definition controls the display of the 3D meshes and assigns
the volume options of Cut or Fill to the 3D mesh (the Volume Option will be discussed in the next section).

The cut and fill quantities report can be created by using the Quantities Report by Named Boundary and End Area Volumes Reports.
We will discuss those in more detail in later sections.

3. Review the cross sections.

a. Left-click in View 7 to make the cross section view active.

166

165

164

163

> b. Navigate through the cross sections and notice that the cut and fill graphics are being displayed on the cross sections. The cut/fill
graphics come directly from the 3D model.
B View 3, Cross Section - Complex Element: LondonRd =N o=
[ viewProperies [] t« <« |[  e1+s500000  [+] » »
ES
1724
17H
1704
169
168+
e
os|
165+
164
1631
2 VST o oS oM o oS B o0 N Y & & ST M ST AT Wl & TV W T (T (Y T (@ o o oV ol o1 o T VN S
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4. Review the 3D Model to get a better understanding of where the cut and fill areas are located along the corridor.
a. Left-click in the 3D view.
] b. Select Home > Primary > Attach Tools > References
c. Select Corridor-LondonRd in the references dialog.
&l d. Select the Display icon to toggle off the London Rd. corridor.
5. Change the 3D Model Display Style to Smooth: White Background.

a. Select the View Attributes tool, in the upper left portion of the View 3 (Default-3D) window.

b. Set the Display Style to be Smooth: White Background
6. Rotate the view and observe the cut and fill areas in 3D.
*J a. Select the View Rotation tool at the top of the view window.
b. Left click and hold the left mouse button to begin view rotation. Slowly move your mouse up and down or side to side to rotate the view.

c. Release the left mouse button and Right click to reset.
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Quantities and Volumes Report

In this section, you will learn how to create a report of the corridor quantities and volumes for the entire corridor model using the
Quantities Report by Named Boundary tool. This report will compute Length, Slope Area and Volume from the 3D Model.

#* 1. Select Home > Model Analysis and Reporting > Civil Analysis > Quantities Report by Named Boundary

a. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):

m  Named Boundary Group: <None>

=  Display Clipped Graphics: No
= Left Click to display report.

Quantities Report by Named Boundary B
Report Created: Friday, August 6, 2021
Time: 12:02:23 PM
Named Boundary Group: <MNone>
Alignment Name:
Input Grid Factor: Note: All units in this report are in feet, square feet and cubic yards unless specified otherwise.
Station Named Boundary Name Material Length Top Sloped Area Volume
N.A. Totals
Volumes_Cut: 229780514 7917.226
Volumes_Fill: 117435417 4215226
TL_Base Ext 1: 8636.407
TL_Base Ext: 7298.915
TL_Centerline: 4101.114
TL_Centerline 1: 4101.114
TL_Centerline 2: 4101114
TL_Centerline 3: 4101114
TL_Centerline 4: 4101114
TL_End Cond Hinge: 7255712
TL_Edge of Pavt 1: 8240912
TL_Edge of Pawvt 2: 8240912
TL_Edge of Pavt 3: 8240.912
TL_Edge of Pavt 4: 8240.912 2

2. Review the report (note the volumes are still reported in cubic yards).

Copyright © 2021 Bentley Systems, Incorporated

DO NOT DISTRIBUTE - Printing for student use is permitted

18



The cut and fill volumes are determined from the 3D cut and fill mesh elements that were created using the Create Cut Fill Volumes tool.
The other material quantities are computed directly from the 3D corridor models that have been attached as reference files.

If you only want the cut/fill volumes displayed in this report just detach the necessary corridor reference files.

Quantities Report by Named Boundary 7
Report Created: Friday, August 6, 2021
Time: 12:02:29 PM
Named Boundary Group: <Mone:
Alignment Name:
Input Grid Factor: Note: Allunits in this report are in feet, square feet and cubic yards unless specified otherwize.
Station Named Boundary Name Material  Count Length Top Sloped Area Volume
N.A. Totals
Volumes_Cut: 229790.514 T917.226
Volumes Fill: 117435417 4215226
TL_Base Ext 1: 8636.407
TL_Base Ext: 7298.915
TL_Centerline: 4101.114
TL_Centerline 1: 4101114
TL_Centerline 2: 4101.114
TL_Centerline 3: 4101114
TL_Centerline 4: 4101114
TL_End Cond Hinge: 7255712
TL_Edge of Pavt 1: 8240.912
TL_Edge of Pavt 2: 8240.912
TL_Edge of Pavt 3: 8240.912
TL_Edge of Pavt 4: 8240.912 -

3. Close the Bentley Civil Report Browser.

The quantities listed in the report when a Named Boundary does not exist are the total quantities extracted from the 3D Model. The
software also provides the ability to compute quantities within a closed boundary area known as a Named Boundary.

Named Boundary creation will be discussed in more detail in later sections of this course.
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Feature Definition Volume Options

In order to display and calculate earthwork between terrain models and corridors you need to assign them with the proper Feature
Definition and Volume Option. When classifying and calculating earthwork the software looks at the Feature Definition and the Volume

Option (Existing, Design, Cut, Fill, etc.) to determine how to quantify and classify material volumes.

The Volume Option determines how earthwork will be classified and calculated. For example, an existing ground terrain would typically

have the volume option set to Existing and proposed corridor components would be set to Design.

Another example would be if you have an existing road where pavement removal occurs, the existing pavement could be classified as

Unsuitable.

In order to create the most basic cut and fill volumes the Existing and Design volume option must be defined between any two terrains

or corridors.

Volume Options:

Design
Existing
None
Subgrade
Substrata
Cut

Fill
Unsuitable

Custom

Feature Definition -~
Mame TC_Aggregate Typ A

Description Aggregate Type A

Mame Seed TC_Aggregate Typ A
Mesh ~

Surface Feature Symbole TC_Aggregate Typ A

Items

ltems Attached None

Unsuitable
Custom

Refer to Appendix B for descriptions of each of the volume options.
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Review the Volume Options

1. Review the Volume Option for the Existing Terrain.

a.

Copyright © 2021 Bentley Systems, Incorporated

In the Explorer pane navigate to the OpenRoads
Model.

. Left-click the arrow next to each of the following

items to expand this list:

= Referenced Models

m Terrain_Existing.dgn (Default)
= Terrain Models

Select the Existing Boundary feature definition.

. Right-click and select Properties. The Properties

window will open.

You may have to do step d. twice for the
Properties to appear.

. Review the Volume Option and note it is set to

Existing. This defines how the terrain will be
classified when creating the 3D mesh for cut/fill
volumes.

Properties (OpenRoads Model)

4[] Selection (1)
< Existing Boundary

Feature Definition

Mame Existing Boundary

Description

Mame Seed EB

Item Type

| ltem Type

Terrain

‘olume Option Existing
Surface Feature Symbology  Existing Boundary
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¥ Items
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Q@ L.

| Searfl
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4 Z 3D Volumes.dgn (Default)
# Alignments
% Terrain Models
fﬂ Corridors
€\ Linear Template
A surface Templates
<l Civil Cells
7 Superelevation
< Cant
/" Linear Geometry
&2 3D Linear Elements
+ Points
4 < Referenced Models
b < Geometry.dgn (Default)
4 < Terrain_Existing.dgn (Default)
~ Alignments
- % Terrain Models

T corridors
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2. Review the Corridor Volume Options for the London Rd. Corridor.

a. Open Corridor-LondonRd.dgn [Metric - Broperties (OpenRoads Stenderds) vix
CorridorLondonRd.dgn] 2 O selection (1) A File v

b. In Explorer pane, navigate to the OpenRoads 7§ TChgsrese T v reme v
Standards group. -/ OpenRoads Model v

L SheetIndex v
C. Click the down arrow to expand the group. ' OpenRoads Standards -
. (: g I
d. Left-click the arrow next to each of the = Blo v

following items to expand the list:

- Ee Standards

s Standards

3 Libraries

Feature Definition ~
4 @ Corridor-LondonRd.dgn (Default)
. Name TC_Aggregate Typ A .

[ ] CorFIdOI‘-Londoan. dgn (Defa Ult) Description Aggregate Type A 4 [ Feature Definitions

Name Seed TC_Aggregate Typ A /" Alignment
u Feature DeflI’IItIOI’IS Item Type ~ % Terrain

| ltem Type | b ﬂ Carridor

u MeSh Mesh -~ i Superelevation

Surface Feature Symbology TC_Aggregate Typ A ED' Linear Template
= Aggregate Volume Option Design 88 Surface Template

€. Select TC_Aggregate TypA

This feature definition is assigned to the
aggregate components in this corridor.

(©F f. Right-click and select Properties.

g. Review the Volume Option and note it is set to
Design.

Generally, the volume option for corridor
components should be set to Design.

b v & Linear
+ Point
4 v dk Mesh

4 & |7 Aggregate
< TC_Aggregate Typ A
4 & |7 Asphalt

L4 e TC_Asph Conc Base Cse
~ @ TC_Asph Conc Intermediate Cse
L4 e TC_Asph Conc Wearing Cse

b v |7 Concrete

P~ |7 Grading
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3. Review the Cut and Fill Volume options of the Cut/Fill 3D Mesh.

a. Open Volumes-Cut-Fill_LondonRd.dgn [Metric - Properties (OpenRoads Standards)
Volumes-Cut-Fill_LondonRd.dgn] 4 () Selection (1)

v @ Volumes_Cut

b. In Explorer pane, navigate to the OpenRoads
Standards group.
C. Click the down arrow to expand the group.

d. Left-click the arrow next to each of the following items
to expand the list:

s Standards

Feature Definition

s Volumes-Cut-Fill_LondonRd.dgn (Default) gz:jrimn A
MName Seed vC

s Feature Definitions

Item Type
ltem Type No ltem Type
= Mesh
Mesh
- Volumes Surface Feature Symbology Velumes_Cut
Wolume Option Cut
Cut Factor 1.0000

€. Select Volumes_Cut

This feature definition is assigned to 3D mesh elements
that represent cut volumes.

@) f. Right-click and select Properties.
g. Review the Volume Option and note it is set to Cut.

Generally, the volume option for a cut elements should
be set to Cut.

4. Repeat the steps above to review the volume option for Volumes_Fill.

Close the Properties pane.
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Advanced 3D Volumes & Earthwork

In this section you will learn how to create more advanced 3D volumes & earthwork that take into account existing pavement removal,
removal of muck material and topsoil stripping.

1. Apply Existing Pavement Surface Template to the existing pavement terrain.

i

a. Open Exist_Pavt.dgn [Metric-Exist_Pavt.dgn].

A terrain model representing the top surface of the existing pavement has already been created. We are now going to apply an
existing pavement surface template to this terrain so that we can get the volume of existing pavement for quantity and earthwork
purposes.

b. Select Modeling Detailing > 3D Tools > Apply Surface Template
c. Follow the heads-up prompts:
= Locate a Terrain Model: In View 2, select the Exist_Pavt terrain model.
s Apply External Clip Boundary: No
= Select Template - <ALT> Down to Browse Templates: Select Surface Templates\Existing Pavement
» Data point to accept selection: Left-click

The existing pavement surface template is now applied to the terrain. The surface template applies a material thickness to the terrain.

Feature Definition ~
Name TC_Existing Pawvt
Description Existing Pavement
Name Seed TC_Existing Pawvt
Mesh ~
Surface Feature Symbolog TC_Existing Pavt
Velume Option Unsuitable
Split False

Note: The Existing Pavement Surface Template uses a feature definition named TC_Existing Pavt and its volume option is set to

Unsuitable. When using the Unsuitable volume option, the existing pavement will be removed and replaced with the default fill material
where necessary.
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2. Apply Muck Surface Template to the existing muck terrain.

=% a. Open MUCK.dgn [Metric-MUCK.dgn].

a. Select Modeling Detailing > 3D Tools > Apply Surface Template
b. Follow the heads-up prompts:
s Locate a Terrain Model: In View 2, select the Exist_Pavt terrain model.
m  Apply External Clip Boundary: No
= Select Template - <ALT> Down to Browse Templates: Select Surface Templates\Muck

m Data point to accept selection: Left-click

The Muck Surface Template is now applied to the terrain.

The Muck Surface Template uses a feature definition named TC_Unsuitable Material and its volume option is set to Unsuitable. When
using the Unsuitable volume option, the muck will be removed and replaced with fill material where necessary.

Feature Definition ~
MName TC_Unsuitable Material
Description Unsuitable Matersial
MName Seed TC_Unsuitable Material

Mesh ~
Surface Feature Symbolc TC_Unsuitable Material

Veolume Option Unsuitable

Split False

Items ~
ltems Attached Nene
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Create 3D Mesh for Cut/Fill/Existing Pavement and Muck

In this section, you are going to learn how to create 3D mesh elements for Cut/Fill, Existing Pavement and Muck.

Left-click in View 3 (this is the 3D model view) to make it active.

Open Volumes-Cut-Fill_LondonRd.dgn [Metric-Volumes-Cut-Fill_LondonRd.dgn], the existing terrain model, geometry and corridor are
already attached as reference files. View 1 is the 2D plan view, View 3 is the 3D model view and View 7 is the cross section view.

2.
* 3. Using the Element Selection tool, select all of the previously created 3D cut/fill elements and delete them.
4.

Attach Exist_Pavt.dgn [Metric-Exist Pavt.dgn] and Muck.dgn [Metric-MUCK.dgn] as reference files.

Left-click in View 1 to make it active.

a.
b. Select Home > Primary > Attach Tools > References

o

Go to Tools > Attach, the Attach Reference dialog will appear.

d. Change the Attachment Method to Coincident World.

e. Browse to the location of the course files and select Exist_Pavt.dgn [Metric-Exist Pavt.dgn] and MUCK.dgn [Metric-MUCK.dgn]

Attachment Method
Coincident World ~

f. Click OPEN and then Close the References dialog.

@ References (6 of 6 unique, 5 displayed) — X
Tools  Properties
.E_:E Vi @ §Q ‘_‘] 5() —;} (C,, Q rf_1 Sj j; _E':lfi :_‘3 gfﬂ ng )(j Hilite Mode: | Boundaries
Slot F A File Name Maodel Description Logical Orientation Presentation  Visible Edges =l oj k :f,
1 Corridor-LondonRd.dgn Default Master Model Caoincident - World Wireframe Wireframe v N v
2 Geomnetry.dgn Default Master Model Geometry - Horizont., Coincident - World Wireframe Wireframe
3 Terrain_Existing.dgn Default Master Model Coincident - World Wireframe Dynamic
4 Exist_Pavt.dgn Default Master Model Coincident - World Wireframe Wireframe
5 MUCK.dgn Default Master Model Coincident - World Wireframe Wireframe
6 Volumes- Cut-Fill_LondonRd.dgn Default-30 Ref Coincident - World Wireframe Dynarmnic
Scale | 1.000000000 :| 1.000000000 Rotation | D0°00'00" Offset X | 0.000 Y | 0.000
IE[EI a‘ .°‘®|:| [:@F ) Nested Attachments: | No Nesting * | Nesting Depth: | 1 Display Overrides: |Allow ¥ | New Level Display: | Config Variable ~
Georeferenced: | Mo A
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5. Create the 3D Mesh Elements.
V- a. Select Home > Model Analysis and Reporting > Civil Analysis > Create Cut Fill Volumes

b. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):

m  Cut Feature Definition: Volumes_Cut &5 Create Cut

= Fill Feature Definition: Volumes_Fill R
Fill Feature Definition

= Compute Unsuitable: Yes (This tells the software to create 3D meshes for the unsuitable materials | compute Unsuitable
you defined, i.e. existing pavement and muck). Compute Custom [

Compute Substrats [

c. Data Point to accept selection: Left-click.

6. Review the cross sections.
a. Left-click in View 7 to make the cross section view active.

> b. Navigate through the cross sections and notice that the cut/fill, existing pavement and muck graphics are being displayed on the cross
sections.

B View 3, Cross Section - Complex Element: LondonRd

T ——— e <[ em0000 [ » »i
166.5+
166.0+
165.54
165.0
164.5+
164.0

163.5+

163.0+

162.5-

162.0
161.54

161.04

'gbl '§3I }b.l '&v }QI :bQ,l :bqal ﬂbb‘l ’rglJ ?JQJ .@J ’qs)l ’r‘?‘l :{y ’rE)I ’,\cbl ’r\col !\hl ',\q) :\QI '%I 'q)I 'b.l :'U QY v o '\QI ,\q) ,\g.l ,\q:l ,\cbl q,ol "DJ f],b‘l fﬁ)l '],%' erj rgu n_,'ﬁl "J@ ’bﬁj 'DtQI b‘tv bp\l @I b‘:tll <§)I K
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4=, 7. Select Home > Model Analysis and Reporting > Civil Analysis > Quantities Report by Named Boundary
a. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):
m  Display Clipped Graphics: No
= Left Click to display report.
b. Select Volumes.xsl to change the report type and review the report.

Report Created: Thursday, August 26, 2021
Time: 1:11:23 PM

Cross Section Set Name: <None=
Alignment Name:

Input Grid Factor: HNote: Allunits in this report are in feet, square feet and cubic yards unless specified otherwise.
Adjusted Included in Mass
Station Type Area Volume Factor Volume Mass Ordinate? Ordinate
0-+00.00 584.32
Volumes_Cut: 6280.75 1.00 6280.75 Yes
Volumes_Fill: 5696.43 1.00 5696.43 Yes
TC_Aggregate Typ A: 3491.39 1.00 3491.39 No
TC_Asph Conc Base Cse: 2935.64 1.00 2938.64 Na
TC_Asph Conc Intermediate Cse: 900.99 1.00 900.99 No
TC_Asph Conc Wearing Cse: 642 35 1.00 642.35 No
TC_Curb and Gutter Typ 1: 300.32 1.00 300.32 No
TC_Sidewalk: 23533 1.00 23533 No
TC_Unsuitable Material: 2820.73 1.00 2820.73 No
TC_Existing Pavt: 3N7.64 1.00 3764 Mo
Totals:
Volumes_Cut: 6280.75 6280.75 Yes
Total Volumes_Cut: 6280.75 6280.75
Volumes_Fill: 5696.43 5696.43 Yes
Total Volumes_Fill: 5696.43 5696.43 !
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Excavation of Other Materials

In the next example, we are going to have a 4 inch [0.700 m] topsoil stripping layer, a variable depth sandstone layer and normal cut material
layer.

View Propetties |=]| I« <« |[ seze000000  [*] >
174+ 174
1724 72
170+ 170
168 168
166 ( Topsoil Stripping 166
164+ 164
162 162
160+ o 160
158 Sl ). L1s8
156 . ———~"—"~ T TTTTTTT 156
154+ 154
152+ 152
150+ 150
148 148
146+ 146
144+ 144
142+ 142
140+ 140
138 138
136 136
134+ 134
1324 132
130 130
1284 128
A26- T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T =128
:ﬁp:&“,’\“:ﬁyﬁ“nﬁﬁﬁ%@:&d;@“,«‘*’”,\“’;x@“,\‘?’,\‘p;@“,«’ﬁ,\@,\@ PP L S Y U S S SIS, Op\@(\o@v\@\,g\@l’&bﬂq \“’dﬁbm@d‘dq‘fq‘fjfﬁpr@gﬁfﬂ%@g
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Topsoil Stripping

So far you have learned how to handle pavement removal and muck removal quantities. Now let’s take a look at how to handle topsoil
stripping. In this section, you will learn how to use the Create Closed Mesh tool to create a 3D mesh element that represents the topsoil

stripping. By creating a topsoil stripping 3D mesh element it can be used to compute the amount of topsoil removed.

1. Create 4” [0.100 m] Topsoil Stripping.

a. Open Topsoil_Stripping.dgn [Metric-Topsoil _Stripping.dgn].

@ [

a. Select Modeling Detailing > 3D Tools > Create Closed Mesh

b. Follow the heads-up prompts:
m  Method: Element to Depth using Element Boundary
m  Select Top Surface Element: Select the existing terrain model
= Depth: 0.333 [0.100 m]
m  Select Boundary Surface Element: Select the S.R. 97 corridor
m Feature Definition: TC_Topsoil Stripping

m Data point to accept selection: Left-click

4'}?3 Create Closed Mesh -

Parameters

Use Fence

Method |Element to Depth using Element Boundary

Depth [0.323

Feature Definition |TC_Top50iI Stripping

MName |TC_TopsoiI Stripping

You now have a 3D mesh element that represents the 4” [0.700 m] topsoil stripping. The 3D mesh element is used to calculate the

amount of topsoil stripping.

The Create Closed Mesh produces a closed mesh for a variety of functions. It creates closed mesh entities representing substrata (i.e.
rock), unsuitable materials (i.e. poor soil material), and a variety of Design artifacts. The closed meshes created can be used for many
purposes but the main function is to facilitate volumetrics and earthwork computations. If substrata quantifications are required for a
project, the substrata layer must be closed mesh entities with appropriate feature definitions designated so the Create Cut Fill volume tool

can perform the analysis with their inclusion.

This tool has the capability to work with terrain models, corridors, linear templates, and mesh elements and is able to distinguish if the
mesh is closed or not which enables the user to select the top or the bottom of the closed mesh for use for the top or bottom of the
resultant closed mesh. If a corridor or linear template is selected it will use the top mesh of these objects.
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2. Review the amount of topsoil removed using the Quantities Report By Named Boundary tool.
a. Select Home > Model Analysis and Reporting > Civil Analysis > Quantities Report by Named Boundary
b. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):
» Display Clipped Graphics: No
= Left Click to display report.

3. Select Volumes.xsl to change the report type and review the report.

Volumes Report @
Report Created: Thursday, August 26, 2021
Time: 4:34:22 PM
Cross Section Set Name: <None-
Alignment Name:
Input Grid Factor: Note: All units in this report are in feet, square feet and cubic yards unlezs specified otherwise.
Adjusted Included in Mass
Station Type Area Volume Factor Volume Mass Ordinate? Ordinate
0+00.00 0.00
TC_Topsoil Stripping: 2750012 1.00 2750012 Mo
TC_Concrete Pavt: 28059.33 1.00 28059.33 MNo
TC_Aggregate Typ A Ext: 974565 1.00 974565 No
TC_Aggregate Typ A: 10921.38 1.00 10921.38 MNo
Totals:
TC_Topsoil Stripping: 2750012 27500.12 Mo
Total TC_Topsail Stripping: 2750012 2750012
Total Road_EdgeOfFavement: 0.00 0.00
Total TL_Edge of Pawvt 1: 0.00 0.00 v
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Rock Removal

On some projects there may be areas where rock removal is required. In the previous exercise the topsoil stripping was a constant depth

which is typical for topsoil removal but when working with rock and other substrata materials the depth usually is not constant. In this section,

you will learn how to handle the rock removal by again using the Create Closed Mesh tool and setting the method to Element to Element

which will create the rock depth between the bottom of the topsoil and the rock terrain.

1. Create Rock 3D Mesh

[ a. Open Mesh_Rock.dgn [Metric-Mesh_Rock.dgn].

Note that the rock terrain model and the topsoil stripping mesh are attached as reference files.

@ a. Select Modeling Detailing > 3D Tools > Create Closed Mesh

b. Follow the heads-up prompts:

Method: Element to Element

Select Top Surface Element: Select the topsoil_stripping mesh
Select Side of Close Mesh: Bottom

Select Bottom Surface Element: Select the rock terrain model
Feature Definition: Mesh\Existing\TC_Sandstone

Data point to accept selection: Left-click

The rock mesh will now be created.

@ Create Closed Mesh

Parameters
Use Fence
Method Hement to Blement
Festure Definition  TC_Sandstone

Name TC_Sandstone

2. Review the rock quantities using the Quantities Report By Named Boundary tool.
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Now that you have mesh elements that represent the topsoil stripping and rock, let’s incorporate those materials into the earthwork

calculations for the S.R. 97 corridor.

3. Compute the earthwork quantities for the S.R. 97 corridor.

a.
b.

Y- C.

Open Volumes-Cut-Fill_SR97.dgn [Metric-Volumes-Cut-Fill_SR97.dgn]

Left-click in View 1 and attach the Mesh-Topsoil_Stripping.dgn and Mesh-Rock.dgn [Mefric-Mesh-Rock.dgn] as reference files using

the References tool.

Select Home > Model Analysis and Reporting > Civil Analysis > Create Cut Fill Volumes

. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):

m Cut Feature Definition: Volumes_Cut
m  Fill Feature Definition: Volumes_Fill

m  Compute Unsuitable: Yes (This tells the software to create 3D meshes for the unsuitable materials
you defined, i.e. topsoil stripping and rock).

. Data Point to accept selection: Left-click.
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Cross Section Set Mame: <None=

Alignment Name:

f. Review the rock quantities using the Quantities Report By Named Boundary tool.

Volumes Report

Report Created: Thursday, August 26, 2021
Time: 5:34:16 PM

Copyright © 2021 Bentley Systems, Incorporated

Input Grid Factor: Note: All units in this report are in feet, square feet and cubic yards unless specified otherwise.
Adjusted Included in
Station Type Area Volume Factor Volume Mass Ordinate? Ordinate
0+00.00 0.00
Volumes_Cut: 449345.98 1.00 449345.98 Mo
Volumes_Fill: 581631.59 1.00 581631.59 Mo
TC_Concrete Pavt: 28059.33 1.00 28059.33 Mo
TC_Aggregate Typ A Ext: 9745 65 1.00 974565 No
TC_Aggregate Typ A: 10921.38 1.00 10921.38 No
TC_Unsuitable Material: 2820.73 1.00 2820.73 No
TC_Sandstone: 34231.00 1.00 34291.00 Mo
TC_Topsoil Stripping: 2750012 1.00 2750012 No
Totals:
Volumes_Cut: 44934598 44934598 Mo
Total Volumes_Cut: 44934598 449345 .98
Volumes_Fill: 581631.59 581631.59 Mo
Total Volumes_Fill: 581631.59 581631.59
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Create Quantities and Earthwork From Multiple Corridors

Up to this point we have focused on generating quantities and earthwork for one corridor. At some point you may need to create
quantities and earthwork from multiple corridors, linear templates and civil cells. In this section, you will learn how to create quantities
and earthwork from multiple design files (.dgn) that contain corridors, linear templates and civil cells.

1. Create 3D Volumes From Multiple Corridors.
. Open Volumes-Cut-Fill_Project.dgn [Metric-Volumes-Cut-Fill_Project.dgn]

b. Click anywhere in View 1

i
f' C. Select Home > Primary > Attach Tools > References
d. Review the attached reference files and note that multiple corridors have been attached. Quantities will be extracted from the attached
references.
|r!_ References (15 of 15 unique, 15 displayed) - X
Tools  Properties
- L B R & . e
E-Bxd EDPEDN P RHDPITO X
St ¥ 3 File Name Maodel Description Logical Orientation Presentation  Visible Edges (| oj k
1 MUCK.dgn Default Master Model Coincident - World Wireframe Wireframe ¥ ¥ ¥
2 Exist_Pavt.dgn Default Master Model Coincident - World Wireframe Wireframe ¥ v v
3 Exist_Topsoil.dgn Default Master Model Coincident - World Wireframe Wireframe v B v
4 Corridor-AbutmentWalls.dgn Default Master Model Coincident - World Wireframe Wireframe ¥ ¥ v
5 Volumes-Cut-Fill_Project.dgn Default-30 Ref Coincident - World Wireframe Dynamic v v
6 Corridor-ChruchRd.dgn Default Master Model Coincident - World Wireframe Wireframe ¥ v v
7 Corridor-ForestCt.dgn Drefault Master Model Coincident - World Wireframe Wireframe v [l v
8 Corridor-LondonRd.dgn Default Master Model Coincident - World Wireframe Wireframe v B v
g Corridor-RampA.dgn Default Master Model Coincident - World Wireframe Wireframe L - R
10 Corridor-RampB.dgn Default Master Model Coincident - World Wireframe Wireframe v [ v
1 Corridor-RampC.dgn Default Master Model Coincident - World Wireframe Wireframe ¥ v v
12 Corridor-RampD.dgn Default Master Model Coincident - World Wireframe Wireframe ¥ Y v
13 Corridor-5R%7.dgn Default Master Model Coincident - World Wireframe Wireframe v Bl v
14 Geometry.dgn Default Master Model Coincident - World Wireframe Wireframe v N v
16 Terrain_Existing.dgn Default Master Model Coincident - World Wireframe Dynamic v [ ¥

e. Close the References dialog.
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2. Create 3D Volumes.
Vg a. Select Home > Model Analysis and Reporting > Civil Analysis > Create Cut Fill Volumes
b. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):
m  Cut Feature Definition: Volumes_Cut
»  Fill Feature Definition: Volumes_Fill

= Compute Unsuitable: Yes (This tells the software to create 3D meshes for the unsuitable materials you defined (i.e. existing
pavement, existing topsoil stripping and muck).

= Data Point to accept selection: Left-click to complete the command.
3. Review the cross sections.

a. Left-click in View 3 to make the cross section view active.

h- b. Navigate through the cross sections and notice that the cut/fill, existing pavement, existing topsoil and muck graphics are being
displayed on the cross sections.
B View 3, Cross Section - Complex Element: LondonRd EI@
| viewPropetties || 1« <« || sseo00000  [+] » »
17H F171
170 170
1694 169
168 i e — 168
167 . 167
166 166
165 L N - 165"
AN
164+ 164
- Existing Topsaoil Existing Pavement s
Removed and Removed and
162 Replaced with Fill Replaced with Fill 162
16 161
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4. We will now use the Quantities Report by Named Boundary tool to generate quantities from all of the attached reference files.
Py a. Select Home > Model Analysis and Reporting > Civil Analysis > Quantities Report by Named Boundary
b. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):
m  Named Boundary Group: <None>
C. Left Click to display the report.
d. Review the report and then close the report window.

The quantities listed in the report are determined directly from the 3D Models attached as reference files. Also, it's important to note
that the cut and fill volumes are computed from the 3D cut/fill mesh elements.

&d Bentley C — i
| File Tools
I Cant
I Civil Terrain Quantities Report by Named Boundary il
I CivilGeometry
: Ei:r”ris::r':;ade“n Report Created: Monday. August 9, 2021
} 9 Time: 1:23:10 PM
4 EBvaluation
CromsSec ot el iy i oui Sivies
CrossSectionGradebookME.xs| Alignment Name:
CrossSectionGradebookWide. xsl Input Grid Factor: Note: Allunits in this report are in feet, square feet and cubic yards unless specified otherwise.
EarthworkQuantities.xsl
E:Z:::EEE:Ez::::gﬁ:::::xsj::jlmmaryxsl Station Named Boundary Name Material Length Top Sloped Area Volume
EndAreaVolume.xsl N.A. Totals
MassHaulToTIW xs| TC_Existing Pavt: 84197 257 3117.639
E¥iagiie shyeitamed BotmoasyHepopts| Volumes_Cut: 1330908 413 487648 806
é:g:x:::z:j:zs'::g::ﬁ”m"5' Volumes_Fill 2168521047 742951188
y TC_Unsuitable Material: 76179.690 2820.732
Volumes.xsl TC_Topsoil Stripping: 10775000.329 199476.093
I LegalDescription TL_Ret Wall FG: 2415720
: mﬁﬁrfghec“ TL_Ret Wall UG: 4228 899
b Stakeout TC_Ret Wall-Cut: 15801.015 644.803
I StationOffset TL_Base Ext 1: 65597.362
: ?:i61213?;'r:n TL Base Ext: 64259 864
4 TL_Centerline: 27455 432
b Took TL_Centerline 1: 27909.857
Reports TL_Centerline 2: 30580634
TL_End Cond Cut Tie: 30600.656
TL_End Cond Dit In: 16603.302

e. Close the Bentley Civil Report Browser.
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Exercise 3: Create Quantities Report by Named Boundary

In this exercise, you will learn how to extract and compute quantities from the 3D Model using the Named Boundaries and Quantities Report
by Named Boundary tools. The Named Boundary tool allows the user to create custom boundary shapes along the corridor, quantities can
then be calculated within a Named Boundary using the Quantities Report by Named Boundary tool.

Practical applications include quantities reported between station ranges for earthwork, construction phasing and/or staging.

This exercise will focus on how to create Named Boundaries along the London Rd. corridor and then how to calculate quantities within each
Named Boundary.

Skills Taught
= Create Named Boundaries

= Create Quantities Report by Named Boundary
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Create Quantities Report Using Named Boundaries

In this section, the objective is to create a quantities report at 100 foot /30 m] intervals along the London Rd. corridor.

=13
—! 1. Open Named Boundaries-LondonRd.dgn [Metric - Named Boundaries-LondonRd.dgn].

/ 2. From the ribbon menu, select Drawing Production > Named Boundary > Place Named Boundary
A 3. Select the Civil Plan tool and populate the following fields with the values shown:
m  Set Drawing Seed: ANSI D_PLAN [A1_PLAN]
m Detail Scale: 1”=50’ [1:500]
m  Name (under Detail Scale): LondonRd
m  Set the length: 100 [30]
= Left Offset: -200.0 [-60] |
= Right Offset: 200.0 [60]
s Overlap: 0
= Boundary Chords: 10

m  Create Drawing: Disable

. Select London Rd. alignment to identify path element.

A

. Select Lock Start Location icon to lock the starting location.
bl C. Select Lock End Location icon to lock the end location.

d. Left-Click to accept (Multiple Left-Clicks are be required to complete).
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4. Select Home > Model Analysis and Reporting > Civil Analysis > Quantities Report by Named Boundary

»  Named Boundary Group: LondonRd

m  Display Clipped Graphics: No

m Left Click to display the report.

a. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):

5. Review the report and note all of the materials are being quantified by the station range of each named boundary. Also, the quantities
included in the report are extracted from all reference files attached to the design file (.dgn).
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£ Bentley Civil Report Browser - C:\Users\scott.urbas\AppData\Local Temp\RPTSn3oalba.xml - u] X
File_Tools
b Cant
I Civil Terrain Quantities Report by Named Boundary fal
I CivilGeometry
I CivilSurvey Report Created: Monday, August 9, 2021
I CorridorModeling Time. 1.08.45 PM
4 Evaluation
CronseioncdeboakramcLs Naitiod Bouniary GAoup:Lopiene
CrossSectionGradebookNExs| Alignment Name: LondonRd
CrossSectionGradebookWidexs! Input Grid Factor: Note: Allunits in this report are in feet, square feet and cubic yards unless specified otherwise.
EarthworkQuantities.xsl
i s Station Named Boundary Name Material Length Top Sloped Area___ Volume
EndAreaVolumens! 51+00.000 Plan 1
MassHaulToTWoxs! TL Base Ext 1: 300.090
TL_Base Ext: 200.090
e
TerrainCheckasl TL_Centerline 1 100.000
Volumes.xs! TL_Centerline 2: 100.000
P Ligailecipton TL_Centeriine 3: 100.000
| Mﬁﬁng“ TL_Centerline 4: 100.000
I Stakeout TL_End Cond Hinge: 200.090
I StationOffset L Edge of Pavt 1: 200.090
: ?::E":‘:;Srﬂ: TL_Edge of Pavt 2: 200030
M TL_Edge of Pavt 3: 200.090
I Tools TL_Edge of Pavt 4: 200.090
Reports TL_Edge of Paut: 200.090
TL_Edge of Shid 1: 200.090
TL_Edge of Shid 2: 200.090
TL_Edge of Shid 3: 200.090
TL_Edge of Shid 4: 200.090
TL_Edge of Shid: 200.090
TL_ES Outside Bot: 200.090
TL_Lane Line A1: 200.090
TL_Lane Line A2: 200.090
TL_Lane Line A3: 200.090
TL_Lane Line Ad: 200.090
TL Lane Line A- 200.090
TL_Pavt Wedge 1: 200.090
TL_Pavt Wedge 2: 200.090
TL_Pavt Wedge 3: 200.090
TL_End Cond Cut Tie: 200,440
TL_End Cond Dit In- 200.090
TL_End Cond Dit Out: 200.090
TC_Aggregate Typ A: 4367.987 73414
TC_Asph Conc Base Cse: 3704.647 67.117
TC_Asph Conc Intermediate Cse: 3568 575 19.143
TC_Asph Conc Wearing Cse: 3531.200 13.563
TG Ditch: 1824 892
TC_Ditch Backslope: 1548 221
Geom _Baseline: 100.000
TC_Existing Paut: 2026.751 75.053
Volumes_Cut: 5448723 123729
Volumes_Fill: 1771 624 36.279 L
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6. Review the Volumes report.

a. Select the Volumes.xsl (this style sheet only displays the volumes for each material type).

Cant

Civil Terrain

CivilGeometry

CivilSurvey

CorridorModeling

Evaluation
CrossSectionGradebook.xs|
CrossSectionGradebookfromCLaxsl
CrossSectionGradebookME.xs|
CrossSectionGradebookWide.xsl
EarthworkQuantities.xsl
ElementsComponentQuantitiesRepart.xsl
ElementsComponentQuantitiesReportSummary.xsl
EndAreaVolumexsl
MassHaulToTIW xsl
Quantities by Named Boundary Reportxsl
SightVisibilityAlternate Reportusl
SightVisibilityReport.xs]
TerrainCheck.xs|

LegalDescription

MapCheck

Milling

Stakeout

StationCffset

Superelevation

TemplateLibrary

Turnouts

Tools

Reports

i e

Volumes Report

Report Created: Monday. August 9, 2021
Time: 1:31:23 PM

Cross Section Set Name: LondonRd
Alignment Name: LondonRd

Input Grid Factor: Note: Allunits in this report are in feet, square feet and cubic yards unless specified otherwise.

Adjusted Included in Mass
Station Type Area Volume Factor Volume Mass Ordinate? Ordinate
91+00.000 87.450
TC_Aggregate Typ A: 73414 1.000 73.414 No
TC_Asph Conc Base Cse: 67117 1.000 67.117 Mo
TC_Asph Conc Intermediate Cse: 19.143 1.000 19.143 Mo
TC_Asph Conc Wearing Cse: 13.563 1.000 13.563 No
TC_Existing Pavt (removed): 46.047 1.000 46.047 Mo
Total TC_Existing Pavt: 75.053 1.000 75.053
Volumes_Cut: 123.729 1.000 123.729 Yes
Volumes_Fill: 36.279 1.000 36.279 Yes
52+00.000 -78.432
TC_Aggregate Typ A: 83.575 1.000 83.575 Mo
TC_Asph Conc Base Cse: 78.210 1.000 78.210 Mo
TC_Asph Conc Intermediate Cse: 22 378 1.000 22378 Mo
TC_Asph Conc Wearing Cse: 15.874 1.000 15.874 Mo
TC_Existing Pavt (removed): 0.046 1.000 0.046 Mo
Total TC_Existing Pavt: 75.324 1.000 75.324
Volumes_Cut: 11.435 1.000 11.435 Yes
Volumes_Fill: W77 1.000 W7 Yes
53+00.000 -586.557
TC_Aggregate Typ A: 88.655 1.000 88.655 No
TC_Asph Conc Base Cse: 83.756 1.000 83.756 Mo
TC_Asph Conc Intermediate Cse: 23.995 1.000 23.995 Mo
TC_Asph Conc Wearing Cse: 17.030 1.000 17.030 No
TC_Existing Pavt (removed): 0.000 1.000 0.000 Mo
Total TC_Existing Pavt: 75.225 1.000 75.225
Volumes_Cut: 0.003 1.000 0.003 Yes
WVolumes_Fill: 508.128 1.000 508.128 Yes

b. Close the Bentley Civil Report Browser dialog when done reviewing.
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Create Named Boundaries for Northbound and Southbound

This section will focus on how to create Named Boundaries along the northbound side and southbound side of the corridor model. The
objective is to create a quantities report that can be used for construction phasing on the northbound and southbound sections of the project.

Phasing.dgn]

Open NamedBoundaries-LondonRd-Phasing.dgn [Metric - Named Boundaries-LondonRd-

2. Create Named Boundaries for the northbound side of London Rd.

a. Select Drawing Production > Nam

ed Boundary > Place Named Boundary

4
Py b. Select the Civil Plan tool and populate the following fields with the values shown:

m  Set Drawing Seed: ANSI D_PLAN [A1_PLAN]

m Detail Scale: 1”=50" [1:500]

s Name (under Detail Scale): NB
s Set the length: 1100 [335]

= Left Offset: 0.0

= Right Offset: 200.0 [60]

s Overlap: 0

= Boundary Chords: 10

m  Create Drawing: Disable

c. Select London Rd. alignment to identify path element.

l"‘ d. Select Lock Start Location icon to lock the starting location.

..-I e. Select Lock End Location icon to lock the end location.
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f. In the Name (Under Group) field key in: LondonRd-NB, press Tab on your keyboard

g. Left-Click to accept (multiple Left-Clicks may be required). Named boundaries will now
be created on the northbound side of London Rd.

3. Create Named Boundaries for the southbound side of London Rd.

N\

a. From the ribbon menu, select Drawing Production > Named Boundary > Place Named
Boundary

A b. Select the Civil Plan tool and populate the following fields with the values shown:
m  Set Drawing Seed: ANSI D_PLAN [A1_PLAN]
m Detail Scale: 1”=50" [1:500]
m  Name (under Detail Scale): SB
m  Set the length: 1100 [335]
= Left Offset: -200.0 [-60]
= Right Offset: 0.0
s Overlap: 0
s Boundary Chords: 10
m  Create Drawing: Disable
. Select London Rd. alignment to identify path element.
. Select Lock Start Location icon to lock the starting location.

. Select Lock End Location icon to lock the end location.

S0 o O

. Inthe Name (Under Group) field key in: LondonRd-SB, press Enter on your keyboard.

Left-Click to accept (multiple Left-Clicks may be required). Named boundaries will now Named Boundary
be created on the southbound side of London Rd. SHapes

Q@
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Create Northbound and Southbound Quantities Report by Named Boundary

This section will show how to compute the corridor quantities within each named boundary.

44, 1. Create the Quantities Report for LondonRd-NB.
a. Select Home > Model Analysis and Reporting > Civil Analysis > Quantities Report by Named Boundary
b. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):
= Named Boundary Group: LondonRd-NB
m  Display Clipped Graphics: No
= Left Click to display report.

2. Review the report and note the station ranges are based on the begin and end location of each named boundary placed and the
quantities are calculated within each named boundary. Close the Bentley Civil Report Browser dialog when done.
Quantities Report by Named Boundary

Report Created: Friday, January 10, 2020
Time: 1:19:37 PM

Named Boundary Group: LondonRd-MB
Alignment Name: LondonRd

Input Grid Factor: Note: All unitz in this report are in feet, square feet and cubic yards unless specified otherwisze.
Station Named Boundary Name Material Count Length Top Sloped Area Volume
61+00.000 NB
TL_Base Ext 1: 1092431
TL_Base Ext: 1092.430
TL_Centerline: 0.682
TL_Centerline 1: 0.682
TL_Centerline 2: 0.682
TL_Centerline 3: 0.682
TL_Centerline 4: 0.682
TL_End Cond Hinge: 1092.466
TL_Edge of Pawt 1: 1094.326

TL_Edge of Pavt 2: 1094.326

TIP: When Display Clipped Graphics is set to Yes, the 3D data inside of each named boundary will be clipped and copied into the 3D
model. This is useful for checking and verifying the results of the Quantities Report by Named Boundary. One could simply select a
clipped 3D element and use the Properties tool to verify the quantity.
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Create the quantities report for LondonRd-SB.

a. Select Home > Model Analysis and Reporting > Civil Analysis > Quantities Report by Named Boundary

b. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):

m  Named Boundary Group: LondonRd-SB

= Display Clipped Graphics: No
= Left Click to display the report.

Review the report.

I Cant

I Civil Terrain

I CivilGeometry

I CivilSurvey

I CorridorMadeling

4 Evaluation
CrossSecticnGradebook.xs|
CrossSecticnGradebookfromCLxs|
CrossSecticnGradebookNE.xs|
CrossSectionGradebookWide.xs!
EarthworkQuantities.xsl
ElementsComponentQuantitiesReport.xsl
ElementsComponentQuantitiesReportsummary.xs|
EndAreaVolumexsl
MassHaulToTIW.xsl
Quantities by Named Boundary Report.xs|
SightVisibilityAlternateReportxsl
SightVisibilityRepart.xs|
TerrainCheckxs|
Volumes.xsl

LegalDescription

MapCheck

Milling

Stakeout

StationOffset

Superelevation

TemplateLibrary

Turnouts

Tools

Reports

Quantities Report by Named Boundary

Report Created: Monday, August 9, 2021
Time: 2:00:12 PM

Named Boundary Group: LondonRd-SB
Alignment Name: LondonRd

Input Grid Factor: Note: Allunits in this report are in feet, square feet and cubic yards unless specified otherwise.
Station Named Boundary Name Material ~ Count Length Top Sloped Area Volume
61+00.000 SB

TL Base Ext 1: 2067.060
TL_Base Ext: 958.158
TL_Centerline: 1099.317

TL_Centerline 1: 1099.317

TL_Centerline 2: 1099.317

TL_Centerline 3: 1099317

TL_Centerline 4: 1099.317

TL_End Cond Hinge: 958.146
TL_Edge of Pavt 1: 1105.851
TL_Edge of Pavt 2: 1105.851
TL_Edge of Pavt 3: 1105.851
TL_Edge of Pavt 4: 1105.851
TL_Edge of Pavt: 1105.851
TL_Edge of Shid 1: 957.940
TL_Edge of Shid 2: 957.940
TL_Edge of Shid 3: 957.940
TL_Edge of Shid 4: 957.940
TL_Edge of Shid: 957.940
TL_ES Outside Bot: 958.146
TL_Lane Line A1: 1102.009
TL_Lane Line A2: 1102.009
TL_Lane Line A3: 1102.009
TL Lane Line Ad: 1102.009

5. Close the Bentley Civil Report Browser dialog when done reviewing.
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Exercise 4: End Area Volumes Report

In this exercise, you are going to learn how to create the End Area Volumes Report for the London Rd. corridor. The workflow is very similar to
the process used to create the Quantities Report By Named Boundary. Instead of creating plan view named boundaries you will create cross
section named boundaries and then run the End Area Volumes Report tool.

Skills Taught
s Create Cross Section Named Boundaries

= Create End Area Volumes Report

Cross Section Named Boundaries
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L

Volumes Report

Report Created: Friday, September 21, 2018
Time: 1:42:06 PM

Cross Section Set Name: LondonRd
Alignment Name: LondonRd

Input Grid Factor: Note: Al units in this report are in feet, square feet and cubic feet unless specified otherwise.
Adjusted Included in Mass
Station Type Area Volume Factor Volume Mass Ordinate? Ordinate

50+00.000 0.000
TC_Aggregate Typ A: 18.450 0.000 1.000 0.000 Mo
TC_Asph Conc Base Cse: 16.624 0.000 1.000 0.000 No
TC_Asph Conc Intermediate Cse: 4732 0.000 1.000 0.000 No
TC_Asph Conc Wearing Cse: 3.350 0.000 1.000 0.000 Mo
Volumes_Cut: 76.370 0.000 1.000 0.000 Yes

50+50.000 2613.965
TC_Aggregate Typ A- 19.822 956.800 1.000 956.800 No
TC_Asph Conc Base Cse: 18.122 868.648 1.000 868 648 No
TC_Asph Conc Intermediate Cse: 5.169 247514 1.000 247 514 Mo
TC_Asph Conc Wearing Cse: 3.662 175.293 1.000 175.293 Mo
TC_Existing Pavt (replaced): 4643 116.066 1.000 116.066 Mo
TC_Existing Pavt (not replaced): 15.888 397.200 1.000 397.200 Mo

Total TC_Existing Pavi: 20531 513266 1000 513 266

Volumes_Cut: 33854 2755600  1.000 2755600 Yes
Volumes_Fill: 5.665 141.635 1.000 141.635 Yes

51+00.000 2925354
TC_Aggregate Typ A: 21.194 1025.385  1.000 1025.385 No
TR Acnh Fane Bann o 10 &40 Q42897 4000 042 £92 Na
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Create Cross Section Named Boundaries

In this section, you are going to learn to create the cross section named boundaries every 100’ /30 m] along the London Rd. corridor.

1. Create Cross Section Named Boundaries every 100’ [30 m]

] a. Open XS NamedBoundaries-LondonRd.dgn [Metric-XS NamedBoundaries-LondonRd.dgn]
74 b. Select Drawing Production > Named Boundary > Place Named Boundary
@ c. Select the Civil Cross Section tool

d. Identify Path Element will display at the lower left corner of screen, Select the London Rd. centerline geometry.

e. Populate the following fields with the values shown:

Copyright © 2021 Bentley Systems, Incorporated

Drawing Seed: ANSI D_XS [A1_XS]
Detail Scale: 1”=10" [1:100]
Group: (New)

Name: London Rd

Start Location: 50+00 [1+524]
End Location: 91400 [2+774]
Left Offset: -100 [-30]

Right Offset: 100 [30]
Interval: 100 [30]

Vertical Exaggeration: 1

Top Clearance: 8.0

Bottom Clearance: 1.0

Elevation Datum Spacing: 1.0

JF;E Place Named Boundary Civil Cross Section -

= el O

Drawing Seed: |ANSI D_XS -
Detail Scale: |1"=10' -
Group: | (Mew) -

Mame: | LondenRd
Description:
Start Location: | 50+00.0000
Stop Location: | 91+00.0000
Left Offset: | -100.000000

&l E]

Right Offset: | 100.000000
Interval: | 100.000000
Vertical Exaggeration: | 1.000000
Top Clearance: 3,000000
Bottom Clearance: | 1.000000
Elevation Daturn Spacing: | 1.000000
Event Point List: (Mone) -
Include Event Points Only
[] Include Control Peints
[] Backward Facing
[] Create Drawing
Show Dialog
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f. Left-click to complete (you will have to left click multiple times to complete).

The Cross Section Named Boundaries will now be placed in the 3D model. You can think of cross section named boundaries as
windows into the 3D model at a specific station. They are cross sectional “slices” or “cuts” through the 3D Model.

TIP: When creating cross section named boundaries make sure the 3D model elements fit inside the named boundaries. Using the

appropriate left and right offset along with the top and bottom clearance options will allow you to customize the size of each cross
section named boundary.

Cross Section Named Boundaries
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Create End Area Volumes Report

In this section, you are going how to learn to create the End Area Volumes Report using the Cross Section Named Boundaries created
previously.

- 1

> Select Home > Model Analysis and Reporting > Civil Analysis > End Area Volumes Report

a. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):
m  Named Boundary Group: LondonRd
m Select the start cross section named boundary for volume exception. Reset to complete: Right-click (or Reset).

2. Review the End Area Volume Report.

Cant

I
I Ciil Terrain End Area Volume Report s
I CivilGeometry
b CivilSurvey Report Created: Monday, August 9, 2021
I CarridorMadeling Time: 2:69:44 PM
4 Evaluation
CrossSectionGradebook.xs|

CrossSectionGradeboakfromCLus| ErgssSection SetName: LandooRd

CrossSectionGradebookNE.xs| Alignment Name: LondonRd
CrossSectionGradebookWide.xsl Input Grid Factor: Note: Al units in this report are in feet, square feet and cubic yards unless specified otherwise.
EarthworkQuantities.xsl
i s et I A e T VAt e v Station Quantifies ---- - -~
Baseline . " o0 o m oAt L e A A P AN R e e Mass
MassHaulToTIW.xsl Station Factor Area Volume Adjusted Factor Area Volume Adjusted Ordinate
Quantities by Named Boundary Report.xs| 50+00.000 1.000 76.370 0.000 0.000 1.000 0.000 0.000 0000 0.000
::g::::::::::gﬁ:;::;:rﬂm"5' 51+00.000 1.000 10.047 160.030 160.030 1.000 25.758 47.699 47.699 112331
Torranthetica 51460 358 1.000 3983 74 669 74 669 1.000 61387 142470 142470 0.000
Volumes.xs! 52+00.000 1.000 0.000 18.605 18.605 1.000 84.787 204712 204 712 -73.776
: kﬂfﬂagesiﬁpﬁm 53+00.000 1.000 0.000 0.000 0.000 1.000 158 064 449725 449 725 523501
: Mﬂﬁng & 54+00.000 1.000 0.000 0.000 0.000 1.000 161.124 591.089 591.089 -1114.590
b S 55+00.000 1.000 0.000 0.000 0.000 1.000 167223 608.049 608049 1722 639
I StationOffset 56+00.000 1.000 0.547 1.013 1.013 1.000 67.576 434812 434 812 -2156.438
: %ur:erlelevfgon 57+00.000 1.000 98.355 183.151 183151 1.000 0.000 125140 125140 2098 427
s 58+00.000 1.000 130.688 424.154 424154 1.000 0.000 0.000 0.000 -1674.273
I Tools 59+00.000 1.000 44 065 323617 323617 1.000 9.938 18.404 18.404 -1369.060
Reports 60+00.000 1.000 32192 141216 141216 1.000 25 794 66.170 66.170 1294 014
61+00.000 1.000 35372 125118 125118 1.000 50 464 141218 141218 1310115
£2+00.000 1.000 28.246 17.812 117.812 1.000 25 576 140.816 140.816 1333119
63+00.000 1.000 50.269 145 398 145 398 1.000 7.073 60.461 60 461 248182 ¥

3. Close the Bentley Civil Report Browser.
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Mass Haul Diagram (Technology Preview)

The Mass Haul Diagram is a graphical representation of the amount of earthwork involved along a highway project. It shows accumulated
volume at any point along the highway centerline. In this section you are going to learn how to create a mass haul diagram along the London
Rd. and S.R. 97.

1. Create Mass Haul Diagram for London Rd.

a. On the ribbon, navigate to Drawing Production > Drawing Scales and set the Annotation Scale to 1”=100" [1:1000]

b. Navigate to Home > Model Analysis and Reporting > Civil Analysis > Mass Haul Diagram

c. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):

Method: Interval or Cross Section Boundary

Locate Alignment: Select the LondonRd centerline

Start Station: 50+00 [1+524]

End Station: 91400 [2+774]

Interval: 100 [30]

Left Offset: -100 [-30]

Right Offset: 100 [30]

Vertical Exaggeration: 0.05 [0.05]

Annotation Group: Press and hold <ALT> Down Arrow and select Profile > Drawing > Mass Haul Diagram
Mass Haul Model Name: LondonRd Mass Haul

Display Clipped Graphics: No

d. Left click to complete.
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The software will process and the Mass Haul Diagram will be created and opened in a separate Drawing Model.

MASE ORINRATE

MASS HALL DLAGHAM

The Bentley Civil Display Browser will open and display the Mass Haul report.
E’J Bentley Civil Repor U t

| File Tools Help

wser - ChUsers\scott.urbas\AppData\Local\ Temp\RPTzuidf 10d xm

CAProgram Files\Bentley\OpenRoads Designer CONNEC | SEIEEE  MaiE huEusce

I Cant -
I Civil Terrain

' CivilGeometry

I CivilSurvey

I' CorridorMaodeling

4 Evaluation

CrossSectionGradebook.xsl BEe s AR
CrossSectionGradebookME.xs|
CrossSectionGradebookWide.xsl
EarthwarkQuantities.xsl
ElementsComponentQuantitiesReport.uxs|
ElementsComponentQuantitiesReportSummary.uxe

51+00.000 87.450

53+00.000 -586.557

2. Review the report.

Note: When the Mass Haul Diagram is created the mass ordinate value in the report is multiplied by the vertical exaggeration and then
plotted on the diagram.

3. Close the Bentley Civil Display Browser.
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4. Create Mass Haul Diagram for S.R. 97

i

a. Open Mass Haul-SR97.dgn [Metric-Mass Haul-SR97.dgn]

b. Select Home > Model Analysis and Reporting > Civil Analysis > Mass Haul Diagram
c. Follow the heads up prompts (after each prompt, Left click to accept values and move to next prompt):
= Method: Interval
= Locate Alignment: Select the Route97-Extension centerline
= Start Station: 581+00 [17+731]
= End Station: 690400 [27+100]
= Interval: 100 [30]
m Left Offset: -200 [-60]
= Right Offset: 200 [60]
m  Vertical Exaggeration: 0.005 [0.005]
= Annotation Group: Press and hold <ALT> Down Arrow and select Profile > Drawing > Mass Haul Diagram
= Mass Haul Model Name: Route97-Extension Mass Haul
» Display Clipped Graphics: No

d. Left click to complete
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The software will process and the Mass Haul Diagram will be created and opened in a separate Drawing Model.
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MASS HAUL DIAGRAM

The Bentley Civil Display Browser will open and display the Mass Haul report.

File Tools Help

CAProgram Files\Bentley\OpenRoads Designer CONNEC

I* Cant

I+ Civil Terrain

I CivilGeometry

I CivilSurvey

I* CorridorModeling

4 Evaluation
EarthworkQuantities.xsl
ElementsComponentQuantitiesReport.xsl
ElermentsComponentQuantitiesReportSummary.xs
EndAreaVolume.xsl
Quantities by Named Boundary Report.xs
SightVisibilityAlternateReport.xsl
SightVisibilityReport.xs|
TerrainCheck.xs|
Volumes.xsl

I Images

I' LegalDescription

I MapCheck

5. Review the report.

6. Close the Bentley Civil Display Browser.
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Skills Assessment

The questions below will test your retention of the skills covered in this course.

1.  Component Quantities computes volumes based on the average end area method
a. True
b. False
2. To calculate cut and fill quantities from multiple clipping corridors, which tool would work best?
a. Component Quantities
b. Element Component Quantities
C. Quantities Report by Named Boundary
3.  Which tool do you use to create the 3D cut and fill mesh elements?
a. Create Corridor
b. Create Cut Fill Volumes
C. Quantities Report by Named Boundary
4. Which tool creates boundary shapes along the corridor?
a. Component Quantities
b. Element Component Quantities
c. Named Boundary
5. Which tool will calculate liner feature lengths, areas and volumes?
a. Component Quantities
b. Element Component Quantities

C. Quantities Report by Named Boundary
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Skills Assessment - Answers

The answers to the skills assessment questions are highlighted below.

1.  Component Quantities computes volumes based on the average end area method
a. True
b. False
2. To calculate cut and fill quantities from multiple clipping corridors, which tool would work best?
a. Component Quantities
b. Element Component Quantities
C. Quantities Report by Named Boundary
3.  Which tool do you use to create the 3D cut and fill mesh elements?
a. Create Corridor
b. Create Cut Fill Volumes
C. Quantities Report by Named Boundary
4. Which tool creates boundary shapes along the corridor?
a. Component Quantities
b. Element Component Quantities
c. Named Boundary
5.  Which tool will calculate liner feature lengths, areas and volumes?
a. Component Quantities
b. Element Component Quantities

C. Quantities Report by Named Boundary
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Summary

As you can see Quantities and Earthwork can be reported with many different tools. First, we looked at the Component Quantities tool which
computes quantities and earthwork from the corridor via the dynamic sections. This is the least accurate method since it uses an average end
area volume and it will only be as accurate as the interval of your template drops in the corridor. When using Component Quantities corridor
clipping is not considered in the quantities.

Second, we looked at Element Component Quantities which extracts the quantities directly from the 3D model but does not compute cut/fill
volumes.

Third, we looked at creating 3D cut/fill meshes with Create Cut Fill Volumes tool and the Quantities By Named Boundary Report. This method
will yield the most accurate results since it is truly a 3D prismoidal approach. Quantities are extracted directly from the 3D model and mesh
elements.

Lastly, we looked at creating an End Area Volume Report based on Cross Section Named Boundaries and generating a Mass Haul Diagram.
Appendix A on the following page details the differences between the various civil analysis tools used for computing quantities and volumes.

Appendix B lists and describes the various volume options available that can be assigned to features such as terrain models and corridor
components.
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Appendix A: Civil Analysis QuantityTools Comparison

CUT AND FILL VOLUMES

Computes Cut and|Computes Cut and Computes
Fill Volumes Using| Fill Volumes from Computes Computes Quantities within | Computes Linear Computes Total
Average End Area 3D Mesh Quantities from | Quantities from Named Feature Displays Quantity | Material Cost and | Supports Clipping
Civil Analysis Quantity Tools Method Elements 3D Elements  |Multiple Corridors|  Boundaries Quantities Station Ranges |Total Estimated Cost| Corridors
Component Quantities YES NO NO NO NO NO YES YES NO
Element Component Quantities NO NO YES YES NO NO NO YES YES
Quantities Report by Named Boundary NO YES YES YES YES YES YES* NO YES

*If Named Boundaries are created the quantity station ranges will be displayed in the repor
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Appendix B: Feature Definition Volume Options

None - The mesh/terrain is totally ignored when the earthwork is computed. This is good for items like structures. There is no fill under a
bridge.

Design - Mesh/Terrain(s) that are proposed design. The cut fill tool finds the bottom of all elements that have a Feature Definition that has
volume option of Design and compares it to existing ground.

Existing - Finds all Mesh/Terrain(s) that are Existing and formulates a composite mesh sheet for earthworks. Typically, the existing ground is a
Terrain(s).

Substrata - Volume option is for a geotechnical terrain model/mesh. The Cut Fill Volumes tool will take this in account when toggled on. It
separates cut meshes into 2 distinct meshes so a volume can be formulated for the "substrata" and normal cut so one can get distinct
volumes for each.

Cut - Volume option is for the resultant Cut mesh created for the Cut Fill Volumes tool. Do not confuse this with template end conditions, these
items are Design, as they were since the conception of ITL and the Roadway Designer.

Fill - Volume option is for the resultant fill mesh created for the Cut Fill Volumes tool. Do not confuse this with template end conditions, these
items are Design, as they were since the conception of ITL and the Roadway Designer.

Unsuitable - Volume option is for items like Muck/Swamp/Existing Pavement that is needed to be removed. The Cut Fill Volumes tool has a
toggle to include this. This will in essence modify existing ground by taking the unsuitable material out. But the material is broken into 2
meshes-Remove Only & Remove and Replace. One cannot build a road on a void.

Custom is an extension of unsuitable but different. This allows you to model the likes of structural excavation in your template, so you can get
a volume for backfill. but it allows you to get 2 volumes. One for the volume of existing ground that needs to be removed to fit this and a
volume of this backfill does not need to remove existing. This is done to quantify the two items since their costs are different, the cut/fill tool
has a toggle to take this in account.

Subgrade - Volume option is from the old InRoads realm. This was done back in the day for As-Built surveys. The logic is still there for terrain
model to terrain model here but this item is not needed in the OpenRoads Designer generally but can be handy for old data.
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