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Introduction

Quality assurance is a way of preventing mistakes and avoiding problems when delivering a
product to customers. In this case, the product is an InRoads digital terrain model of a proposed
construction project. The procedures below are designed to familiarize the designer with the data
that is received at each stage of the design process, identify potential issues with the data, locate
areas of special concern within the project limits, and review produced data prior to its being
handed off to the next phase of design. The idea being to eliminate, as much as possible, passing
on errors or design flaws from one stage of the project to the next.

Quality assurance is especially important when project deliverables are electronic data files, such
as ALG (geometry), DTM (terrain models), DGN/DWG (CADD drawings), and/or LandXML
(geometry, terrain model, or cross section data translated to LandXML format). In the event that a
project is a candidate for 3D engineered modelling for highway construction, it is imperative that
they represent the intended design accurately because they can be used for Automated Machine
Grading (AMG). The result of following these quality assurance procedures along with the
Specifications DB 2016-4 (refer to PDM 8-33 to 36) is a 3D engineered model for construction that
is ready for use on the construction site.

Note: The creation of LandXML files is covered in Workflow IR 17 — Exporting A LandXML File

Outline for InRoads Quality Assurance

1. Initial Data Review - The initial evaluation process is used to determine how a project will
be designed. Itis also used as a final check of the existing ground surface to ensure that
there are no busts in the data and to identify areas of special concern. The following items
are used for the initial surface review:

a. Review existing surface Properties
b. Review existing surface Topo

c. Review existing surface Contours
d. Review existing cross sections

2. Setting Design Parameters and Reviewing Design Data — This includes various settings
that control where design data is generated and how data is displayed in MicroStation.
Each task in creating design data should be reviewed as it is completed so that the next task
will start with the most accurate data possible.

a. Geometry Review
i. Review Horizontal Geometry
1. Enter Event Points for areas of special concern.
ii. Reviewing Vertical Geometry
1. Profile Exaggeration
2. Annotating Profiles
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b. Roadway Designer Set up and Review

i. Template Drop Interval

ii. Changing Templates

iii. Using Event Points and other important stations
Horizontal and Vertical Cardinal Points (PC, PT,PVC,PVT, etc.)
Drainage structure crossings
Driveways
Median crossovers
Intersections
Pavement changes
Inlets and manholes

@0 ao0op

Note: Important locations could be stored as “Key Stations” within the
*.ird file in Roadway Designer. However, storing them as “Event
Points” within the *.alg file makes them available to team members
without having to load the *.ird file.
iv. Setting up and reading Roadway Designer displays
v. Review Component Quantities
3. Creating and Reviewing the Design Surface Model -
a. Set up the Create Surface command
b. Review design surface Properties
c. Review design surface Contours
d. Review design surface Topo
4. Comparing Existing Surface and Design Models Data — Design data should be
compared to the existing surface data and design criteria at the completion of each design
step to ensure that the most efficient design is being developed.
Cross Section set-up
End Area Volume set-up
Generating Triangle Volumes
Comparing Triangle Volumes to End Area Volumes
Using Mass-Haul Diagrams

®o0 TR
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1. Initial Data Review

The designer should review the existing ground dtm upon receipt. This is so that the designer can
become acquainted with the terrain and to verify that there are no errors in the surface. This review
should include reviewing the Surface Properties and reviewing contours of the surface.

a. Surface Properties
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The Surface Properties dialog box contains general information about the selected surface such
as the surface type, number and type of features within the surface, data ranges, etc. To review

the Surface Properties:

1. Right click on the surface name in the InRoads Explorer and select Properties from the list.
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2. Inthe Surface Properties dialog box, review the Data Range area. Look for entries that
seem abnormal for the area of the project. The most common and easily recognizable issue

iS a zero minimum elevation.
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CAD Data checking for Quality Assurance Guide



CDOT CADD Manager’s Office

Just because there is elevation data at zero does not necessarily mean a bust in the survey.
Untriangulated data stored in the surface at a zero elevation will not affect the triangles above.
However, seeing a zero elevation should prompt additional investigation to determine if the data
is valid or not.

1. Leftclick on the Advanced tab. The Cross Sections and Profiles Symbology should be set to
T_Existing_Ground. This symbology causes the existing ground to be displayed as a green
dashed line (the CDOT standard) in cross sections and profiles. If the symbology is set
incorrectly, inform the surveyor so that it can be reset.

Profies
Symbolagy

o @ o R W M

2. Left click Close to dismiss the dialog box.
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b. Review existing surface Topo

A MicroStation file of the surveyed topo can be found in the \ROW_Survey\Drawings\
Reference_Files folder under the project directory in ProjectWise. The illustration below shows
the path to the survey topo file in a sample project.

View Tools Window Help

Bl ProjectWise Explorer

Datasource  Folder

- WE RS @ 84 - search 3 + [ : intertace[coor ) : View Standara ~]
@ - D - [ address IQPWZ01.dot state.co. ocum 12345\ + > Go
{JJ ProjectWise Explorer e + | 5 L | @ Geospatal
- (% CDOT_Active_Projects (dot\ferreec) Nee 2 Description Versio
s "T‘: o 7 B 12345 Crossover_Topol00Scalel.dgn 12345 _Crossover_Topol00Scaledl 1 12872
& Configurstion 7 #A 12345R0W_Model.dgn 12345ROW_Model 1 12872
dmsSystem o/ #A 123455URV._Contourl00.dgn 123455URV_Contourl00 1 122
ais o/ A 123455URV Model.dgn 123455URV_Model 1 172872
= H /7 1234550V Topo_Scalel00.dgn 123455URV_Topo_Scale100 1 1282
& pmo || 7 #123855URV_Topo20.dgn 123455URV_Topo2d 1 1/28/2
= Projects 7 A 12455URY_Topod0.dgn 12455URV_Topod0 1 1282
J (7 00000-09999 o/ P 122455URV_TopoS0.dgn 123455URV_TopoSD 1 22
L 10000-10999 7 R 1231550RV Topol00.dgn 123455URV_Topol00 1 1282
L 1100011999 7 R 123455URV Topo200.dgn 123455URV_Topo200 1 1282
(& 000-099 7 B 123455URV_Topod00.dgn 123455URV_Topod00 1 172872
£ 100199 7 BA 123455URV_Topo500.dgn 123455URV_Topo500 1 1/28/2
L 20299 / M 123455URV_TopoCodes100.dgn 123455URV_TopoCodes100 1 1/28/2
5 1235 7 #A 122455URV,_Topolevations100.dgn 12345SURV_TopoElevations100 1 172872
7 Bridge /7 A 123455URV_TopoNames100.dgn 123455URV_TopoNames100 1 172872
4 Construction 7 B 123455URV_TopoNotes100.dgn 123455URV_TopoNotes100 1 17282
o Co 7 A 123455URY._TopoSymbols100.dgn 123455URV_TopoSymbols100 1 12872
o / A JERRY Elbert.dgn JERRY Elbert 1 1/28/2
- Hydra
411 Landscape_Environmental
4 (= Materials_Geotechnical
- Miscellaneous
41 Planning
- Plot Sets
{Z Project_Configuration
(= Project Manager Folder Propeties | Dependency Viewer | Access Cortrol
' Rediine Property value Property name Property value
T Reference_Files Folder Desc
cooT Enviror CDOT General Environment
Worksy
m-93222 Owner DOT\ferreec
Crested By DOT\ferreec Crestion Time 1/28/2015 42348 PM
s Updated By DOT\erreec Update Time 1/28/2015 423:48 PM
i [ Survey
& Working Workflow State
& Specifications Document Count 18 Disk Usage 17,62 MB (18,476,032 bytes)
= Traffic TS Parent Folder Training\InRoads\Students\Stude.. B
q1- Utilities kbl
0 objectis) selected 110PM

There may be several versions of the topo file in this folder. Because of the way that data is
written from the fieldbook, a version is created for each plan sheet scale.

Open the JPC#SURV_Topo_Scale##.dgn file read only so that no inadvertent changes are
made. Looking at the topo, items like right of way, utilities, drainage structures, and driveways
can be identified. Review the data with an eye towards items that can and/or will influence the
design such as existing pavement widths, Drainage structure and utility crossings, right of way,
buildings, guardrail, pedestrial paths, environmental sites, signage, and other structures near
the proposed roadway, etc.
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Generally, survey data is collected in a narrow corridor along the path of proposed construction.
However, having a larger view of the area surrounding the construction site can be beneficial.
This can be obtained through the use of aerial photographs. The top illustration below shows
the surveyed data of a project. The bottom illustration shows the same data overlaid onto an

aerial photo.

Survey data overlaid on aerial photo
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As can be seen in the two illustrations, items of interest show up in the photo that are not
represented in the survey data. CDOT has an archive of aerial photographs that cover the entire
state. Refer to the workflow Workflow MS 12 - Accessing Imagery Files to access and copy
photos from the archive to the project folder.

Rotating the view in MicroStation can also show large elevation differences in surface data.

3. Using the View Controls, select Rotate View > Front View (or Right View)

s

= View1 - Top, CDOT Defautt = e e
Brd#~- AQQRE N>R E| Ry E%E
%3 1 Rotate View 2

pli
g 3 Front View

4 FRigt View

W

{

Eottom View

Back View

Left View
Right-lsometiic View

e oo |~ e |

=3 Open as ToolBox

4. Select Fit View. This fits all the data within the file into the view. The rotation shows the Z
axis (elevation) from top to bottom. The illustration below shows data with a large
variance in elevation.

. )
w View1 - Front, CDOT Default =] = [==]
B-@dw-ARQREHLN  WYFREL &7 6L E

&

Remember to rotate the view back to the Top View when the review is completed.
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c. Reviewing Contours

Reviewing contours of the existing surface will readily show if zero elevation data in the surface
is affecting the triangulated model. It can also indicate other anomalies that are not apparent in
the surface properties. Surface anomalies will generally appear as a group of densely packed
concentric contours.

To display contours of the existing ground surface:

1. From the InRoads menu bar, select Surface > View Surface > Contours. This displays the
View Contours dialog box.

' 5
M= Bentley InRoads V8i (SELECTseries 2) (== | =) ﬁ

i Trangulate Suface

Diemign Suface
Edt Suface
C Feature b 1T Sudace Bevations :
o+
Ready it Sutace Properties.. "2 Sape Vectors... .
i Single Paint q=
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2. Inthe View Contours dialog box, left click the Preferences button. This displays the
Preferences dialog box. Preferences are used to determine how the contours are displayed
in MicroStation.

.‘ View Contours A Elﬂ
Msin | Advanced | Labels

Surface: (12345 Bsting Gro »| [ Help |

gnore

020
4

Mame
DTM_Ex_Contour_Majar
[TM_Ex_Contour_Minar
DTM_Ex_Contour_Tesx
DTM_Ex_Contour_Teod
DTM_Ex_Cortour_Major
DTM_Ex_Contowr_Minar

3. Highlight the desired preference from the list then left click the Load button followed by the
Close button.

MName:
CDOT - )
Defaut | Load |

Exsting 1007 Myr - 200 Minor

Canny 100y 20
Propased

Proposad 1" My - 0.2 Minor _

Prremeead 11 e . 7 M
4 m [ 3 [

Active Prefarance: Basting 1" Mr - 0.2 Minor
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Using a small interval makes surface anomalies show up better, though it will increase
processing time. The illustrations below show the same area of a surface that contains a shot
with a 5 foot elevation bust. The major intervals used are (from left to right); 1°, 10’, 100’. Notice
how much easier the anomaly is to see in the left illustration.

1 foot contour 10 foot contour 100 foot contour

Any guestions regarding the existing ground surface should be referred to the surveyor
responsible for the data.

d. Creating Cross Sections

Reviewing cross sections of the existing surface is another way to verify the data. They can
also be used to determine various aspects of the surface, such as the side slope value on
existing roads.

1. Select Evaluation > Cross Section > Cross Sections from the InRoads bar menu.
This displays the Cross Sections dialog box.

2. From the Cross Sections dialog box, left click the Preferences button. This displays
the Preferences dialog box that is associated with Cross Sections.

3. From the Preferences dialog box, highlight the desired preference and left click
Load. Because these cross sections are for review only it is suggested to use the
Stacked 20 per column preference.

10
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4. Left click Close to dismiss the Preferences dialog box.

B Cross Sections = =
File
Crogz Section Set IMode: (@) Refresh Display On Diisplany CFf
- ﬂ Start Stop
S Create Cross Section Sat Name: SH a5
o o [oow e <]
Include Intenval: 50.00 ﬂ
{23 Cortrols e
23 Custam = 4000 ﬂ
23 Layou Flight Cffset: 80.00 4]
2 Gid Vettical Exaggeration: 2 0000
] Dietals || Show Diata Chtside Elevation Range .
{23 ASCH or LandXML ) cooT
2] Armatate Cross Section Surfaces: Defoult
[ Update Cross Section Chjsct Name PW 10H 5V 120 Wide
PV 20H 10V 120 Wide
(1 Endirea Volumes [ Defauit Defaul P 20H 10V 200 Wide
[<] 12345_Edsting_Gra.. T_Exigting_Ground PW 40H 20V 1607 Wide
PR 40H 200 2407 Wide
| Stacked 20 per column
| Properties...
| teoly  fPeiemnces || Cose || Hen |

L8

5. Set the Interval to the desired value. 10 is the standard template drop interval and
can be used for this review.

6. Set the Left Offset and Right Offset values to ensure that the entire width of the
design area is visible within the cross section window.

I LA Modz: @) Refresh () Display On () Display Off
N ﬂ Chant
{3 Create Crogs Section Set Name: SH 86
e Source Create: Windowand Data
Include Intarval: 10.00 +
-2 Contols o
{7 Custom ' -150.00 ﬂ
) Aoces sl .
) Geid Vertical Exaggeration: — 3 0000
-~ Detals || Show Dista Outside Bevafion Fange
e ammn . .
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7. Select the Source leaf and verify that the correct alignment is selected.

File
[

5H 86_13

;
ne— o I

I Create Cross Section

(21 Detals
{23 ASCIl or LandXML

Mode: (@) Refrash Displey On Diisplay OF
- ﬂ Star:  205+00.00 Stop:  205+00.00
© digrmert +
[ Single: Station: |203-30 25 +|
() Graphics
Higrement
©) Mulbipaint
HMigrment
(2 ASCH or LandXML File

8. Expand the Controls folder. Set the Limits as needed.

File
Cross

5H 86_13

xeChion set

Mode: (@) Refresh

- ﬂ Stat: 205+

Dsplgy Of

205+00.00

Display On

k0D

' Create Cross Section
; Genera

7| Elevation

9. Left click the Apply button then left click the location for the cross sections. This
creates a cross section set. Below is an example of what a cross section will look like.

L - =
-

STA. 2hje)

-0 -0 -0 [ 0 40 60
SIA. 200e00

=0 40 -20 L] 20 40 80
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To review existing sideslope data, annotate the segments of the existing surface.

10. From the Cross Sections dialog box, select the Annotate Cross Section leaf.

r | ‘
B Cross Sections =8 8 |
Fite
Cross Section Set: Mode: @) Refresh Display On Display OF
Start:  203+80.22 Stop:. 044216
Sufaces Preference ﬂ
BN 12345 _Exsting GroCDOT
U
Limts
|] Station Range
Start [203480.28 -] #|
Sto (260043.16 -]+
Location
@ Object  Auds . Frame
M U
ooty | [Preferences..| [ Close || Hep |
. A

11. Toggle off Include Points and Include Features.

File
Crass Section Set:

ade @) Refresh Cigplay OFf

[sHEs

Digplay On

']ﬂ Stait  203+80,28

IE0+43 16

() Create Cross Section

| Postion | Prefc | Sufie | Precision | Fomnat

0 I

O Carter 1

Gnd

Mode: (@ Refresh Cisplay On Display OFf

Stop:  ZEl=4316

B General
1 Points
L) Segmerts
L.

a Annotate Crose Section

| obiect | Position | Prefic | Suffex | Precision  |Format | Name | |
[ Leader
[E] Cffzet 1 OFf: 0.12
[ Bevation R Bew 012
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12. Toggle on Include Segments.
13. Toggle on Minimum Annotation Width and set the value to 5.
14. Toggle on Slope Tolerance and set the value to 1.00%.

f ~r
B Cross Sections = =
File
Cross Saction Set: fresh D=play On isplay OFf
|5HE6 |+
1 Creste Cross Section [¥] Include Segments
{23 Annotate Cross Sect
_." o Ga‘;ﬁ"oss = | otiect | Position | Prefix_| Suffc | Precision | Format | Name ]
i1 Pairts L wiatn 1 ' 0.12
{85 Sagments [ Sope Length 1 SpLen 0.1
| - # Geners [ Sape 1 012 5%
M Annotate [ Atemats Sape 1 0.1 20 B I
1 Features
@l Frame || Digplay Absclute Slopes
1 Updste Cross Saction Use Akemate Slope f Sope Exceeds:  10.00%
:| End-Area Wolumes
fi [
Aoy | |Frfernces.| | Cose || Hep |

ke

These options allow for an adequate amount of annotation and keep the plans readable. If
more annotation is required, adjust the values as needed.

15. Left click the Apply button to display the annotation. Below is an example of cross
sections with Segments annotated.

0.86% _|-261X -y,

-4.03% 2.28% pa. .g70% | -t e I
Suiis 2t B g sy | Lia

STA. 203+80

-60 -40 -20 0 20 40

16. Close the Cross Sections dialog box and review the annotated sections.
14
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Displaying Features in Cross Sections
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Displaying existing surface features, like drainage structures, in the cross sections will help to
evaluate design needs in areas that impact existing structures.

11530

11540

EXIST FENCE
EXIST SURVEY LINE
EXIST ELECTRIC
EDGE_OF |ROAD

EDGE OF ROAD

11530 T |

STA. 36400

B -20 -10 0

11520

| EXIST TELEPHINE
EXIST ELECTRIC

EXIST| WaTER

!
)
<
|
~1
Pl
'
=)
b=
n
f=]
=
=1
o

EXIST FIBRE OFTICS

Note: Example Cross Section

11550

11540

EXIST TOWNSHIP LINE

11530

2
o
-
w
g
x
[}

11520

The procedure for displaying features in cross sections follows.

17. Verify that the Global Scale Factor is set to the desired scale prior to creating the cross

sections.
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18. From the InRoads, menu select Evaluation > Cross Section > Cross Sections. The
Create Cross Section dialog box will appear. Left click Preferences to load the
appropriate saved preferences. In this example the CDOT preferences will be used.

E Cross Sections
File

{25 Create Cross Section
----- % General

..... Source

----- Include

{7 Cortrols

{7 Custom

D Bxes

D Grid

{7 Details

{20 ASCIl or LandXML
[Z7 Annotate Cross Section
[Z3 Update Cross Section
23 End-Area Violumes

fo] & )
@) Refresh Display On Display Off
Set Name: SH 26
Create: Window and Data =
Interval: 50.00 ﬂ
Left Offset: -80.00 +|
Right Offset: 30.00 +|
Vertical Exaggeration: 2 0000
[ Show Data Outside Elevation Rangs
Surfaces:
Object MName
[] Defautt Defaut BYL
E 12345 existing groun... T_Bdsting_Ground BYL
[ sH a6 Default BYL
None
I Apply I [Preferences...] I Close I I Help I

19. On the Include leaf in the Cross Sections dialog box, verify that Crossing Features and
Projected Features are checked off.
20. Left click Apply. The dialog box will minimize allowing the selection of the origin for the
cross section set with a Left click in a MicroStation View.

8430

5530

' Viewl - Top, CDOT Default

B-O#-ARQRHY O WVYIRIE|H Ve LG

BE40

i = e IR I BESD
T
STh, POHX BEED
o a =0 a0 an B
g
e R I BESD
3T4, 203480 e
-z a = a0 a0 =

Cross Section Set Origin

[E=N NCl/)

BE3D

BEIE

B4
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Display True Scale Cells

1. Left click the Update Cross Section folder in the dialog box explorer.

B Cross Sections EI = @
File
Cross Section Set: Mode: @ Refresh () Display On () Display Off
[sHes ) #| st 200-8028 Stop:  260+43.16
[Z] Create Cross Section Limits
Annotate Cross Sectinn [7] Station Range
—= 2032028 #|
Surfaces 260+43.16 J

Components

Crossing Features
[ Projected Features
[ Storm and Sanitary [ Display Feature and Structure Bands

[Z1 End-Area Volumes

[ Show Features Outside Blevation Rangs

Apphy Preferences I Close I I Help I

The first set of features to display will be the features that are defined to be true scale. These
features have a defined size, such as pipes. In order to display these types of features properly, set
the scale factor and feature filter prior to displaying.

2. Change the InRoads Scale Factor to 1.

&% Scale Factors

Text: |1.0000 Apply |

Cell 1.0000 n Close

Line Style: |1 0000

Note: Scale Factor should be 1:1 for true scale cells so that cells come in at actual scale.

3. From the Locks toolbar Select the CELL_True-Scale filter from the drop-down list
and toggle on the Feature Filter lock button.

Locks

I CELL_True-Scale v| S 2w B

m [

4. Verify the correct Cross Section Set selected.
Left click the Crossing Features Leaf.
6. Toggle on the Display On radio button.

o

17
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7. From the Surface list box, select the surface name or names to display. The Feature
list box will then populate with the list of features found in the highlighted surface(s).
Use the Ctrl or Shift keys to select multiple names. Also, by right clicking in the
Feature list displays a menu that can be used to select all of the features.

ﬁ Cross Sections
File
Cross Section Set:

IsHs

4 b

[Z] Create Cross Section
[Z1 Annotate Cross Section
5 Update Cross Section
: General
Surfaces
Components
i 8 Crossing Features
----- Projected Features
e Storm and Sanitary
23 End-Area Volumes

Mode: () Refresh ) Display Off

Start:  203+80.28

Surface:

Stop:  260+43.16

Name

Description

[o] ® s

efault

H 86

Created from roadway de...

Feature:

Name

T_Cul Cor 5t 12"
T_Cul Cormr 5t 12629
T_Cul Corr 5t 18"

T_Cul Com 5t 18143
T_Cul Corr 5t 18153

Style

T_Cul Corr 5t 12"
T_Cul Corr 5t 12"
T_Cul Corr 5t 18"
T_Cul Corr 5t 18"
T_Cul Corr 5t 18"

[}

Description
Culvert Com Ste
Culvert Com Ste
Culvert Com Ste
Culvert Com Ste
Culvert Com Ste

Apply

Fitter...

Preferences... [

Close ] [ Help ]

Note: The feature names in bold are Feature Styles that can be displayed in cross sections.
Any names that are dithered are not configured to be displayed in a cross section view.

Note:

If no features are shown in the feature list box, there are no features that meet the
criteria for the filter selected in step 5. It may be necessary to associate the correct
feature styles to the desired features if this is the case. Feature styles can be re-
associated by using the Surface > Feature > Feature Properties command. See CDOT
Update InRoads Features.pdf for more information on the process involved.

8. Right click in the Feature list and then left click Select All from the menu. The
Features that can be displayed in cross section view will be highlighted.

CAD Data checking for Quality Assurance Guide
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9. Left click Apply. The dialog will minimize as the features are generated in the cross
sections. When the process is finished, the dialog will reappear.

6550 6550

6540 6540

%T/

TA, +7
8530 > i 6530

-80 =60 40 =20 o 20 40 &0 g0

Displaying Plot Scale Cells

The second set of features to display is those that have location only defined with annotation. In
order to display these types of features, the scale factor and the desired feature filter must be set
prior to displaying.

1. Change the InRoads Scale Factor to 20.

&% Scale Factors E]

Text (200000 —‘ Apply |
Ch 0000 @ o |

Line Skyle: |20_DDDD

Note: This is the desired plot scale for the set of Cross Sections we are working with. The
scale should be changed accordingly to match the scale of the original cross sections.

2. From the Locks toolbar select the CELL_Plot-Scale filter from the pull down list.
Verify that the feature filter is toggled on.

Locks

]
CELL_Flot-Scale - 8 /% B~ 5w BB

3. Verify that the correct Cross Section Set is selected.
4. Left click the Crossing Features Leaf.

19
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5. From the Surface list box, select the surface name or names to display. Once a
surface or surfaces are selected, the Feature list box will populate with the list of
features. Use the Ctrl and Shift keys to select multiple feature names. Also, by right
clicking in the Feature list displays a menu that can be used to select all of the

features.
E Cross Sections EI' =] '@
File
Cross Section Set: Mode: () Refresh () Display Off
| S ~J#| stan: 203028 Stop: 260+43.16
[ Create Cross Section Surface:
(27 Annotate Cross Section | Name Description
{23 Update Cross Section
Default
; General
Surfaces 12345 existing ground Existing Ground from multi...
Components SH 86 Created from roadway de...
% Crossing Features
Projected Features
b Storm and Sanitary
Feature:
(21 End-Area Volumes il
Mame Style Description i ﬂ
DES12345-ABC_Cent.. Centerine Created by madl—l
DES12345-HMA_Lift... Centerline Created by road
DES12345-HMA_Lift... Centerine
DES12345-HVIA_Lift.. Centerline szl SR
DES12345-LT_ABC_... D_EOP Select None Ctrl+N
r:r1|~11n.: R Invert Selection
Fiter...
Apply Preferences [ Close ] [ Help ]

Note: The names in bold are Feature Styles that can be displayed in cross sections. Any
names that are dithered are not configured to be displayed in a cross section view.

6. Left click Apply. The Update Cross Section dialog box will minimize as the features
are generated in the cross sections. When the process is finished, the dialog will

reappear.
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2. Setting Design Parameters and Reviewing Design

Data

This includes various settings that control where design data is generated and how data is

displayed in MicroStation. Each task in creating design data should be reviewed as it is completed
so that the next task will start with the most accurate data possible.

a. Geometry Review

Reviewing Horizontal Geometry — In creating a design model multiple horizontal alignments
can be used. These alignments should be reviewed individually and as they relate to each other
to ensure that they meet the designer’s intent.

The first review of horizontal geometry should be visual. Start with the project mainline
alignment. Display the alignment and its stationing into the JPC#DES_Model.dgn file then
reference in the JPC#SURV_Topo_Scale##.dgn file. This allows the designer to see the topo in
relation to the design corridor. Verify that the alignment is completely within the surveyed area. If
the alignment is partially outside the surveyed area additional survey will be required. If it is
wholly outside the survey area then it must be determined why the two datasets do not match up.

Review the other alignments associated with the project in the same manner. The illustration
below shows the main alignment in light red, a secondary alignment in dark red, and a diverging
alignment in blue.

After these have been reviewed against the topo they should be review against the main
alignment and each other. In addition to a visual review, InRoads has reports that could be
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helpful. For example, the Station Base report shows offset distances from the main alignment to
other alignments at a specified interval. To create a Station Base report:

1. Select Tools > XML Reports > Station Base from the InRoads menu bar.

M Bentley InRoads V8i (SELECTseries 2) o-|[-E-
Fle Suface Geometry Dranage Evaluation Modeler Ste Modeler Drafing Quantities | Tools || Help
<Unnamed> >y ES 8\¥7” ™ =871 XML Reports »
| Name Type Descriptior & \Tfm_vXML Reports.. . % :abon g:’m
" racking 3 3t set...
53-8 fiﬂeometry Projects # | | le= Difference Vertical Align... 2 Ce: =
- Default HsHssv Vertical Align...  SH86 Vert & Named Symbology Manager. A Sakoos
= 12245DES_Geometry ES) Preference Manager... - &
I -3 CoqoBuffer = @ Style Manager.. g MLegal cﬁd(m
T F e Map
&9 Surfaces| 2 Geometry |||+ |, m S Highlight Al Pencil &3 Intersecting Algnment Stations ...
Creates station offset XML reports 2 Highiight All Ink &) Pont Validation...
[+ Convert Penci to Ink... 2 Sufaces
Locks »| B Suface Check...

2. Onthe General leaf of the Station Base Report dialog box, select the desired Horizontal
Alignment. In this example SH 86 is used.

B Station Base Repont

- Station Base Aepord
- General
Inciude
Horzontal Algnmanta
Features

E=3Eol ===

Fram
9 Horzria Mrmert +

Surtace: | 72A5DES

Feature 123450E5-HMA_Lift1_Centedin J
Limie

Shation

Start: ; J

Stap: . J

[ Apply .Pmlnrm::s...J [ Close Hep I
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Select the Include leaf.

In the Horizontal Points area, toggle on On-Alignment.
Toggle on Interval.

Key in the desired Interval value.

o0k w

et Station Base Report
=4 Station Base Report
[
~ 4l Include

0 HAligrimerts
Features

Event

Wertical Poirts
| On-Alignment

Everit

| Imterval: 100,00 -+

[ Cardinal Points of Selected Alignments/Featunea

l Apply F‘lrfcfu'lcn:..ll Close

CDOT CADD Manager’s Office

=] = =

7. Select the Horizontal Alignments leaf.

8. Inthe Include field, key in the desired alignment name (Off Ramp in this example) and

press the Tab key.

9. Left click the Apply button. This displays the Bentley InRoads Report Browser.

mat Spation Base Report === =
23 Station Base Report inchude + Fite
Gemeral
Selected:
o (¥ Bamp ALG_PRO
prefoences. | [ Cose | [ bew |
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10. In the Bentley InRoads Report Browser, select the StationBaseSingle.xsl from the
StationOffset folder in the left pane.

AP ProfieEdstingProposedBlevation xsl
;A ProfleStationBevation x3!

i A} StationOfieet
A StationOffsetAlong Single Aignment sl

-Aj] StationOffset Along Single Alignment WRadius xsl
~Aj StationOffsetWithVersne xs!

-Af] TreneverseFeature xsl

] Superlevation

[ Sufaces

1. Review the report in the left pane.

Station Base Report

Report Created: 4/1/2009
Time: 1:13pm

Project: 12345DES_Geometry
Description: SH 86 Design geometry
Baseline (Active) Alig SH 86
File Name: C\Projects\12345\Design\InRoads\123450ES_Geometry alg
Last Revised: cferree 4/1/2009 11:19:47 AM

Input Grid Factor: 1.00000000 Note: Allunts n ths report are in feet unless specified otherwise.
-------- Baseline Alignment - - - - - - - --------0Offset Alignment - - - - - - - -
Distance to Distance to
Station Offset Point Radial Direction Station Offset Point Radial Direction

Offset (Specified) Alignment: Off Ramp

205+00.00 0.00 S15%1441° W 1400.00 2400 S 1514417 W
206+00.00 0.00 S 1571441 W 2+00.00 24.00 S 1571441 W
207+00.00 0.00 S15%1441° W 3+00.00 24.00 S 1551441 W
208+00 00 0.00 S151441° W 4+00.00 2400 S 15%1441" W
209+00.00 0.00 S15%14a1™ W 5+00.00 24.00 S 1571441 W
210+00 00 0.00 S16%1441° W 6+00.00 2400 S151441° W
211+00.00 0.00 S 15%1441™ W 7+00.00 24.00 S 1571441" W
212+00.00 0.00 S15%1441° W 8400.15 28.69 S 20°4752" W

Note: There are other Station Base style sheets that may be helpful, like
StationBaseCoordinates.xs| and StationBaseVerticalClearance.xsl.
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ii. Enter Event Points for areas of special concern - Event points are those locations
along the design path (horizontal alignment) that require additional attention during the
design process. These include drainage structure crossings, driveways and entrances,
intersections, etc. Once the horizontal alignment has been laid out, the process of
identifying and storing Event Point can begin.

2. Zoom in to the beginning of the alignment close enough so that items of interest can
be easily identified. In the example below, three items are identified; the intersection, a
parking area entrance, and a culvert crossing.

3. To create an Event Point for the culvert, from the InRoads main menu select
Geometry > Horizontal Curve Set > Events. This displays the Horizontal Events
dialog box.

<Unnamed> wa(jmetrv ky - | s Q El.

Type Descriptior

= 7 AddPl H 86 Verti
w- P Te+ Insen P
a{7 Honzontal Element » g’ Move PI
.A ,  Vetical Bement ’ »/; Deleta PI
M Surfaces Simpified Honzontal Bement » a 2::";’“’" s
e x e Edtor...
Defines horizon  SmPiied Vettical Blement 1 Design Crtesta

Superslevation
Honzontal Regression >

o oan
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4. Inthe Horizontal Events dialog box, set Define By to Single Station.

-+
5. Click the target button J to activate the command.

T

Define By:  Wsingle Station

Add Aa
@ Stafion end Offset

() Morthing and Easting

() Cogo Point

() Mignment Point to Cogo
Seed Name Shation

Degcription; T
v 203+80.28

=i [D'f""t '] Stop
[ Add Vertical Evert Paints R

| Compute Blevation from Active Vertical Mignment

Everis
Morthing  Easting Blewvation Shyle

6. Select the Intersection snap mode from the Snap Mode tool bar (Note: This toolbar
may be docked).

7. Tentative snap to the intersection of the culvert crossing and the horizontal alignment
Left click to accept the location.

- S
T — W
- T
_— _—
e —
-\-\-\_"-\_ | - _\_-\- -
e = :
- e -
— S
=
. .y
. . =
- ———_ -\-\-""'-u\..
- - T T -,
T T
— —
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8. The station value is entered into the dialog box. A Name for the event point can be
entered if desired. This will help identifying what each event point represents. In the

Seed Name field, key in the desired name.

9. Click the Apply button to complete the command. The event point is added to the list

at the bottom of the dialog box.

B Horizontal Events

|I_I L M’ !

Define By: | Sngle Statien -

Locate By
Station:

Crtaat:

Add Aa

@ Skation and Offset 2311903
() Northing and Easting
") Cogo Pont

() Mignment Point to Cogo

Degerption:

e | Defaui -]

0.00

[ Add Viertical Event Points 260+43.16

| Compute Blevation from Active Vedical Mignment
Evenrts
filgt_.. Mama (Efeat  Morthing

0.00

Station Eagti

24in Steed Pipe 231471503

Offzets

1555585.93 128020987 0.00

==

Bavation 5t

The same method can be used for any item that crosses the alignment, like an intersection.
To add an Event Point for an item that does not cross the alignment:

10. Repeat steps 1 through 5 above as needed.
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11. Position the cursor in the center of the item and left click. If the item is a point feature
or has a line equal to the width of the item, tentative snap to the center of the element
then left click. The illustration below shows the cursor positioned in the center of the
parking entrance.

12. Adjustments to the Station value can be made within the Horizontal Events dialog

box prior to clicking the Apply button. In the Seed Name field, key in the desired
name.

13. Click the Apply button to complete the command. The illustration below shows the
dialog box entries for the parking entrance event point.

B Horizental Events lil_g
Det B
Add As Locate Bl' | ——
© S e St =
Morthing and Easting Okfaet: J | Helo |
Cogo Poirt

Mignment Point to Cogo

Seed Nam Sttion Offsets

Descrption: J J
Style |Dﬂ¢“ -|
[ Add Vetical Event Paints i J i J
| Compute Blevation from Active Vertical Aignment
Events
Method  Name Station Oiffaet Norhing Eagting Bavation
p— — w—

2266320 3406 155607283 327476112 0.00
e s e 0. 7
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iii. Reviewing Vertical Geometry — Mainline vertical geometry is a major determining factor
in the amount of earthwork required for a project.

1. Profile Exaggeration — Choosing the appropriate exaggeration can make laying out
and reviewing a vertical alignment much easier. As a general rule, one should use a
larger exaggeration factor on projects with flatter terrain. The illustration below shows
two profiles of the same area. The bottom profile was created with an exaggeration of
1 and the top profile with an exaggeration of 5. The higher exaggeration of the top
profile makes grade changes much easier to see.

rrr ¥ e ¥

__________________________________________________________

1 times vertical exaggeration

When drawing or measuring in a profile using MicroStation commands, the vertical
exaggeration is not accounted for. The exception is when drawing using the Station /
Elevation or Distance / Grade precision key ins. Using the InRoads Vertical

Alignment Tracking does account for the vertical exaggeration.

2. Annotating Profiles — The first step in annotating a profile is to display the vertical
alignment annotation. To view the vertical alignment annotation:
1. From the InRoads menu bar, select Geometry >View Geometry > Vertical
Annotation. This displays the Vertical Annotation dialog box.
2. Verify the appropriate Horizontal, and Vertical Alignments are identified in
addition to the Profile Set.

3. Select Preferences, Load the desired preference then Close the Preferences

box.
H Preferences (=3
cor
Default Load
Ewisting I—I
Other Save
Proposed
Secondaty Save Az
Delete
Help
Active Preference: CDOT
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4. Left click the Apply button to display the vertical alignment and its annotation.

S

Mo Ports | Curves | Tangeres | Aces

Hoortd Mgwert: [spas <] 4 T Hep |
Vetcal Agrment: (S5 .‘:1]

Profie Set :‘SHS v

-

Lmits
[ Station

Lol

Lo o) (o

The illustration below shows an example of vertical alignment annotation.

-0.02

EL.-6576.35'

VPC=2 ¢2+oo,ooj
EL.=6580.54'
VP1=244+00.00

VPT=246+00.00
EL.=6567.81'

W.C. = 400.00'
K = 1B3.93
g = 11.09'
k] e
S50 = 696’

MDS = Symmetric Parabola

Additional annotation is displayed using the Annotate Profile command:
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5. From the InRoads menu bar, select Evaluation > Profile > Annotate Profile. This
displays the Annotate Profile dialog box.

rﬁ Bentley InRoads Vi (SELECTseries 2)

<Unnamed:>
= o Yolumes . oale rea
=
E-i Defoul Hychology and Harauics » | Ll Update Profe..
-] L2M50E5_Geometry e [52s Add Surface to Frofie...
= % Proflato Surface...
Sight \ieibiliy *| |+ Boints to Profile..
Sa Geometry | B Preference « [5 [« m L= Suryey Points to Profile.. b
Displays texbual and graphical inforrmation on existing profiles IE_R: Alignments to Frofile. .

L . Hename Profile Set...

6. Inthe Annotate Profile dialog box, select the Selection leaf.

7. Inthe Available column, select the desired items to annotate. Cut Depth and Fill
Height are selected in this example.

8. Left click the Add button. This moves the highlighted items from the Available
column to the Selected column.

" | Station Mumber
Cumuistive Station
Siation Imberval
Honzontal Cardinal
Curvature
Deflection

! Wertica Cardinal
20 Cumulative Station Wertical Algnment
Do |7 e
-5 Horzontal Cardinal Sight Distance

£-2 Curvature Suparelevation
i1 Deflection Cant Aignment

L2 Vedical Cardingl
L) Veertieal Mignment
i1 Grade and Distance
i 2 Vertical Ordinate Hanzontal Siew
Sonor s

g g”mvm Horzantal Event Points
L3 Ca f

27 Speed

Cut Depth
Fil Height

In this example, the two added items moved into slots 2 and 3, while Proposed was
moved to slot 4. In order for all items to display properly, Existing must be 1 and
Proposed must be 2. To move Proposed back to slot 2:

9. Highlight Proposed in the Selected column.
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10. Left click the Move Up button until Proposed is back at the 2 slot.

L Station Intervel
-7 Hosizontal Cardinal
+- 2 Curvaturs

i Deflection

L Vedtical Cardingl
=27 Verical Aignment
i Grade and Distance
] Verbcal Ordinate
i~{Z3 Sight Distance
L Superelevation
-] Cant Algriment
;-:JEpmﬂ

Station

" | Station Mumber
Cumulatve Station
Sation irterval
Horzontal Cardinal
Curvature
Deflection

‘Yertical Cardinal
Wertica Algnment
Grade and Ditance
Wertical Ordinste
Sight Distance
Superelevation
Cant Migrment
Speed

Template

Horizartal Sew
Wertical Slew

Rail Bevations
Hatizartal Evertl Painds

11. Left click the Apply button to initiate the command. The selected annotation is
displayed in or near the profile. The illustration below shows examples od existing
and proposed elevations, cut depth, and fill height.

6560

6540

3%
(=] L
g "
&
un
kit
) ]
L [
——o—i002
3l
gl<
Il
Ble
9IF
L
=l
V.C. = 400.00' g
K = 281.31 .
e = 0.71 Proposed Elevation
SSD = 959 o ]
MDS = Symmetric Parabolg Existing Elevation
s alm o~ S _la
= ] e o ] o
uw - 5] L) e o
=+ =\ = =t | M
u iy 7 jury ey i
L) W (=] [+ o] (7<) oo
00 256+00 57+00 25E+00 258+00
Cut Depth ~a «
™~
s 5 S

o

o

0.13
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b. Roadway Designer Set up and Review

Using the proper settings in Roadway Designer will allow the user to create an accurate model by
delivering appropriate feedback and creating design data at the required locations.

i. Setting up and reading Roadway Designer displays — Roadway Designer can be set
to automatically process additional template drops at critical stations. These include
Event Points defined in the corridor alignment, P.C.s and P.T.s, Superelevation transition
stations, Point Control stations, etc.

There are also various display options available. Some items, like the plan display are
controlled by the software. Other items that are displayed in the cross section view can
be toggled on as needed.

To understand the plan view display, examine the illustration below:

_— Limits of existing surface

_~ Corridor alignment

h

Template drop

. Current location in
__Roadway Designer
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The template to template transition symbology changes based on the amount of editing
done on the transition. The illustration below shows the three states of a template to
template transition. The left image show the initial state when no editing has been done.
The center image shows that some but not all editing has been done. The right image
shows the transition with all points connected.

Unedited Partially Edited Fully Edited

The basic cross section display shows the existing ground and the template with its
components. The following additional information can be added to the various Roadway
Designer displays:

o Reference Graphics — User specified alignments or surface features that are
displayed in the plan and cross section views to show the relationship of the
selected item to the design model. These are shown as solid magenta lines in the
plan view and dashed magenta lines or bold “+” signs in the cross section view.

¢ Transition Graphics — Plan view graphics that show where template to template
transitions occur and their editing status. These are displayed as described
above.

e Triangulated Surface — Plan view graphics that show the top of the triangulated
design surface. It is displayed as a bold dashed line in the color of the corridor’s
surface symbology.

e Cut and Fill Graphics — These are colored shapes that show where existing
surface material is removed (cut=green) and where additional material is brought
in (fill=red). Additionally, a bold blue line shows where on the template fill is
calculated to.

e Cut and Fill Values — This cross section display shows the Cut Area and the Fill
Area of the current template drop. Because it does not look back at the previous
template drop, the volumes remain at 0.00.

¢ Net Volume — This cross section display shows the Mass Ordinate for all of the
processed template drops up to the current location.

e Null Points — This cross section display shows the location of Null Points within
the template. They are displayed as bold “+” signs in the color relating to the
number of constraints applied to the point.

e Curve Set ID — These are displayed in the Plan and Profile views. They are
displayed as numbers relating to their location within the horizontal (plan view) or
vertical (profile view) alignments of the active corridor.
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e Cardinal Points — These are displayed in the Plan and Profile views. They
represent PCs, Pts, PVCs, and PVTs of the active corridor’s horizontal and
vertical alignments.They are displayed as normal white “+” signs.

e Cross Section Tracking — This cross section display is attached to the cursor
while it is in the cross section view. It shows the offset distance from the corridor
alignment and the elevation of the cursor’s location. If the cursor is within the limits
of the design model, it also shows the slope value of the design surface directly
above or below the cursor.

To select the desired options:

7. From the Roadway Designer menu bar, select Tools > Options. This displays
the Options dialog box.

Bt Roadway Designer - C:\Projects\Town Hal\SH_86.ird IR

File Corridar Superﬂwuliun e 2y Toals

Al ] T -

Pararmetric Constraints...

Curve Widening...
Vertical Gore Tool...

Component Quantities...

Design Input Report (ird file)
Results Report...

Milling Report...

Template Library...
:Z' Options... I

8. Inthe Options dialog box Display area, toggle on the desired options.
9. Left click the OK button.

h Roadway Designer Ciptions

Inciude Critical Sectiona
|+ Hodzartal Carding Pairts

| ertical Cardinal Pairts
Horizartal Evert Points

|| Viertical Evert Poirts
Extemal Control Points

Display Superslevation Display
[ Reterence Graphics | Key Station Lines
e Station Resub Reparting Opfiorss
Tranguiated Suface | End Condition Failures
Cut and Fll Graphicz | Display Fule Vaues
Cut and All Valuss | Pairt Cortrol Usage
Met Volume Companent Information
MNull Paints Pairt Information
| Curve Set ID
[#] Cardingl Points

Cross Section Tracking | Process Aiases Automatically
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Turn on only the items to be reviewed at that time. Having too many things on at once
can obscure the cross section and make things difficult to read.

Other display options have to do the exaggeration of the cross section view. These are:

e Fit Solution — This option adjusts the horizontal and vertical exaggeration so that
the entire design model fits into the cross section view.

e Center Backbone — The user specifies the amount of the template backbone that
will be displayed in the cross section view and sets a value for the vertical
exaggeration

e Center on Current Offsets — The software computes the backbone that will be
displayed in the cross section view and vertical exaggeration based on the current
zoom factors. Anytime the zoom is adjusted the new zoom value is used when the
station is advanced.

To access the cross section display settings:

1. Right click in the cross section view port.
2. Select Display Properties. This displays the Cross Section View Properties
dialog box.

Display Properties...

Edit Station...
Place Temporary Dimension Line

Display...

3. Toggle on the desired View Mode.

FACross Section View Properties ﬁ

v Vo
Fit Soktion

@ Certer Backbone —Cancu—f
Center on Cument Offsets Heb

Backbone Screen Width: 1p0% v

Vertical Exaggeration: 100 v

4. If either of the Center options are selected, the Backbone Screen Width and
Vertical Exaggeration can be set.

5. Left click the OK button. This applies the settings and dismisses the dialog
box.
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Fit Solution is the View Mode most commonly used. It ensures that the entire template is
always visible. Because of their static exaggeration settings, the Center options are best
for verifying template cross slopes and checking for changes in backbone width in
transition areas.

ii. Template Drop Interval — The template drop interval determines how often design data
is processed along the corridor. The recommended maximum template drop interval is
10’. In areas of complex modeling (intersections, for example) a 1’ interval is specified.
These intervals were selected to provide a balance between accuracy and intricacy of the
model with the ability to provide a clean and useable model suitable for use with
Automated machine Control.

iii. Changing Templates — There are two options to choose from when changing templates
along a corridor, to transition or not to transition. The transition option should be used
when the two templates have the same basic structure and only the width is different. Do
not transition between templates when the pavement structure is different (curb and
gutter to open section or asphalt to concrete, etc.).

When using the transition option, the transition occurs over the distance from the last
template drop of the first template to the first template drop of the next template. In the
illustration below, the left image shows two template drops. Based on the stations of
those template drops, the transition occurs over 869.72 feet. In the right image a second
template drop has been added that uses the first template. This reduces the transition
length to 250 feet.

B Template Drops UM [t Template Drops LIM
Comdor: [ 54 86 Maning - Add Comdor: |54 26 Manine v dd
Stabion:  210-00,00 + | Stabion:  220+50,00 +| -
Interval: 4000 ﬂ _____ : Interval:  Single Siation ﬂ .....
Library Templates = Library Templates
4 1-Templates s | |a E 3 C\Projects'. 12345\ Design InFeads\1| [,

= 12345_HMA_2lans

= 12345_HMA_2lanelaft S _
= 12345 _HMA_4lane |
= COMNC_4Lane_Fight-Side _
== COMNC_Divided_Typef_dL
== COMNC_Ramp

=, HMA_Crowned_B10

b R Plidnd Tomo i
(111 3

Cument Templats Dropa: Cument Templste Drope:

Staftion mter . Templste Enable Tr.. Rev Lib St afion rber . Templste Enable Tr.. Rev Liby
203+80.28 1000 12345 HMA_Zlame MN/A ITL C:u 203+8028 1000 12345_HMA_Zlame MN/A ITL C:l
N2+5000 1000 12345 HMA dlane X ITL il 20+0000 1000 12345 HMA 2lane ITL Cil

2125000 1000 12345_HMA_4lane X ITL T
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iv. Using Event Points and other important stations — Additional template drops should
occur at event points (defined in the geometry project), geometry cardinal points,
superelevation transitions, and external control locations.

1. From the Roadway Designer menu bar, select Tools > Options. This displays
the Options dialog box.

B Roadway Designer - C:\Projects\Town HalhSH_86.ird IR

File Coridor Superelevation Iverlay Tools

Mﬂjﬂgdgﬂ Target Aliasing...

Parametric Constraints...

Curve Widening...
Vertical Gore Toal...

Component Quantities...

Design Input Report (ird file)
Results Report...

Milling Report...

Template Library...
-::' Options...

2. Inthe Options dialog box Include Critical Sections area, toggle on the
desired options.

3. Letft click the OK button. The illustration below show the typical settings for the
Include Critical Sections area.

h Roadway Designer Opticns E

Include Critical Sechona
| Honzomal Carding Pairts

| Vestical Cardinal Poirs

[ Horizontal Evert Paints

\estical Evert Poirs
Extenal Conirol Points

Diisplay Superelevation Display
[¥] Reference Graphica ¥ Ky Station Lines

[¥ Transition Gragh

@ ih 1= Station Resull Repoding Options
Trangulated Suface | End Condition Failures
Cut and Fill Graphics +| Display Fule Velues
Cut and Bl Valuss | Pairt Contral Usage

Met Volume Companent Information

[ Muil Painte Paint Information
Curve Set ID
| Cardinal Paints

Cross Section Tracking | Process Alases Automatically
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Point controls, parametric constraints, and Superelevation transition stations are External
Control Points.

v. Review Component Quantities - The Component Properties command gives a volume
total of the surfacing components and the area of linear components. Components that
use the same feature style a lumped together into a single quantity. To generate
Component Properties:

1. Left click the ! to advance the Station indicator to the end of the
corridor.

Station J | | 260+43 16 m

Interval: 10.00

Template: 12345_HMA_dLane

2. Left click the Process All button. If either step 1 or 2 are omitted, the
guantity will not be correct for the corridor as a whole.

| FProcess Yisible Hange
Display Mode: @ Nomal

Superedawvation
.:)..,m.

3. From the Roadway Designer menu bar, select Tools > Component
Properties. This displays the Component Properties dialog box.

b ety O T 5
File Corridor Superelcvahon erlay Tool
B ] A < )

Target Aliasing...
Parametric Constraints.,
Curve Widening..

Vertical Gore Tool...

Component Quantities... Il

Design Input Report (ird file)
Results Report...
Milling Report...

Template Library...

Options...
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Note: that volumes are given in cubic feet and area is given in square
feet.

b oo T i
Material | Surfsce Area |Volume | Units | Uit Cost |Taucwmm

D_ABC Clas= 6 21191571 CF 00D 0.00
D_HMA_Pvmt 26416251 CF 000 000
D_SHOULDER-Embe 137784 57 SF 000 00D
D_ToectFil 5949836 SF 000 000
D_Topof Cut 12036.94 SF 000 (00D

L= 3

Tatal Estimated Cost: g pp

An estimated material cost can be generated entering a dollar amount in the unit cost field.
Remember, unit costs may need to be converted to the appropriate unit (cubic feet for
volumes and square feet for area).

4. Key in the desired value in the Unit Cost field and press the Tab key at
accept. The total estimated cost for the item and the grand total are
automatically calculated.

b recsie SO i

Material | Surface Area |Volume | Units
D_ABC Clazz & 211915. CF
D_HMA_Pymt 264162, CF
D_SHOULDER-Embe 137784 57 5F
D_ToatFil 55438 36 SE

D_Top-of-Cut 12036.34 SF

e — T —

An XML report of the estimated quantities can be created. The reports converts cubic feet to
cubic yards but it leaves the area measurements in square feet.

3. Left click the Report button. This displays the Bentley Civil Report Browser
with the estimate data.

TS

Material | Surfsce Area |Volume | Units | Urit Cost | Totsl Cost/Material |

D_ABC Clas= 6 2171915, CF 1.11 -
D_HMA_Pyrmi W62 CF 426 112533401
D_SHOULDER-Embe 137784 57 5F (003 440901

D_Toa<tFil 53435836 SF 003 190395 | teb |
D_Top-of-Cut 12036.94 SF 003 38518

Total Estimated Cost:  1357252.69
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Below is an example of the report.

Roadway Designer Component Quantities Report

Report Created. G/24/2015

Time: 1:26pm
Corridor Name: SH 86 Mainlne
Alignment Name: SH 86
Input Grid Factor: 1000000 Mote: Alunits in this report are in feat, square feet and cubic yards unless specified otherwise.

Component End Area Totals Component Surface Area Totals

Station Material Area Volume Length Area Unit Cost Material Cost

203+80.28
D _Top-of-Cut: 1221 0.03 0.00
D_ABC_Class & 270 111 0.00
D_SHOULDER-Embankment: 24.33 0.03 0.00
O_HMA_Pvmt: 324 4.26 0.00

203+87.30
0_Top-of-Cut: 1238 86.3 0.03 276
D_ABC Class 6: 27.0 7.0 29.97 210.36
D_SHOULDER-Embankment: 2433 1708 0.03 547
O_HMA_Pvmt: 32.8 85 115.02 979.32

203+90.00
0 _Top-of-Cut: 1243 s 0.03 1.07
DO_ABC_Class 6 210 27 29.97 80 .89
0_SHOULDER-Embankment 2433 65T 0.03 210
D_HMA_Pvmt iz 33 115.02 376 56

260+43.16
D_Top-of-Cut: 0.03 0.00
D_ABC _Class &: 30 46 29.97 136.89
D_Toe-of-Fill: 613 19.1 0.03 0.61
0_SHOULDER-Embankment: 2433 76.9 0.03 246
0_HMA_Pvmi: 488 57 115.02 656.73

Totals:

D_Top-of-Cut: 12036.9 0.03 385.18
D_ABC Class & 7487 2397 235226 44
0 _Toe-of-Fill 594984 0.03 1903.95
0_SHOULDER-Embankment 137784.6 0.03 4409.11
O_HMA_Pymi 9783 8 1156.02 112533401

Total Estimated Cost: 1367258.69
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3. Creating and Reviewing the Design Surface Model

The design model should be reviewed in a similar manner as the existing surface. The main
difference in the models is that the design model has 3 dimensional components that define the
pavement structure which is not present in the existing ground model.

a. Set up the Create Surface command

The last step in Roadway Designer is creating the design model. Understanding the options
available in the Create Surfaces dialog box is key to getting an accurate design model. Design
models created from a single corridor are straight forward. Creating a design model from
multiple corridors can be a little more complex.

General Options — These are items that can be applied to any design model. Below is a brief
explanation of each option.

New Surface for Each Corridor — When on, all surfaces created are named using the
corridor's name. The Name field is greyed out so that nothing can be entered in it. If
multiple corridors are selected a design model for each corridor is created using only the
data defined in that corridor.

When off, only one corridor is created. The user must enter a name in the Name field for
the design model. If multiple corridors are selected the design model contains data from
all corridors selected.

Empty Design Surface — When on, if the design model being created uses the exact
name of a surface currently loaded, the data in the loaded surface is deleted before the
corridor(s) is processed. When off, the corridor data is added to the existing dtm.

Include Null Points — When on, any Null Points defined in the template are added to
the design model as untriangulated breaklines. Null Points are generally used as
measuring devices for point controls and various point constraints and including them in
the design model resulting in clutter.

Triangulate — When on, the triangle mesh for the design model is computed and stored
with the surface. When off the triangle mesh is not created. The triangles will have to be
created before any view surface commands can be used.

Create Alternate Surfaces — Alternate surfaces are created from points identified in the
template. Any points within the template can be identified including points that are not
normally triangulated. So, an alternate surface can be created to represent the top of
grading for example. When on, the alternate surface(s) is created.

Process Visible Range Only — When on, the corridor(s) is only processed to the
extents that are visible in the plan view of Roadway Designer. When off, the entire
corridor(s) is processed.
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o Remove Loops — Loops in a surface are created when template drops overlap. This can
occur on the inside of arcs with a small radius. This can cause problems with the
triangulation of the design model. The illustration below shows a corridor with Remove
Loops toggled off (left) and with Remove Loops toggled on (right).

Features — The Create Surface command make liner breakline features out of every point
(except null points) defined in the template. The Features area allow two other feature
types to be added to the design model.

e Add Transverse Features — A transverse feature represents the design surface that
is displayed in cross sections. When on, a transverse feature is created at each
template drop. In most situations, transverse features are redundant and should not
be used. However, in areas where side slope vary greatly and in intersections
transverse features are very useful.

The DTM_Transverse Style is used when using this option. Transverse features are
named after the template drop station where they occur.

Featues
T eplace —
| Add Trangvema Features

Style: DTM_ Transvemns -
' Add Bderor Boundary

Style: OTM_Estenar -
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o Add Exterior Boundary — An exterior boundary is used to contain triangles within the
actual construction area. The boundary feature is given the name Exterior Boundary
automatically. The Style used for the exterior boundary is DTM_Exterior. The illustration
below shows the results of a design model using an exterior boundary (left) and the
same model without the boundary (right). The extra triangles in the right image do not
represent design data and will cause errors in volume calculations. Therefore, and
exterior should always be used unless there is a specific reason not to use it.

\

e Duplicate Names — When Empty Design Surface is toggled off additional data can be
added to a model that already contains information. These options determine what
happens to features/components with identical names are stored into the same model.

o Append - The new data is added to the existing data creating a single
feature/component. This may result in data being duplicated within the same area.

o Replace — The existing feature/component is deleted and the new one is added to
the model. This could result in the unwanted loss of data.

o Rename - The new feature/component is renamed (usually by adding a “1” to the
end of the name) and added to the model. This could result in two features with
duplicate data.

o Modify — This option modifies the existing feature/component by the new
feature/component where the two are different. If the modifications to the corridor
result in templates

e Densify using Cord Height Tolerance — When placing templates around a horizontal
curve, points to the outside of the curve will be further apart than what is specified in the
template drop interval. Vertical curves create a similar distortion, but for the full width of
the template. This option is used to create additional data in areas of horizontal and/or
vertical curves to reduce this distortion. Toggle on one or both options as desired.
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o Display in Plan View — When the Create Surface command processing is complete
the selected items are displayed in MicroStation. The items are displayed in 3D so
that they are spatially correct.

o Features — As the corridor is processed, template points with the same name
are connected between each template drop. This creates the breakline features
that define the model. When toggled on, these linear elements are displayed.
This setting honors the Feature Filter setting, so if the Feature Filter Lock is on
only features that pass through the filter will be displayed.

o Components — As the corridor is processed, the features are connected
together to form the components as defined in the template. This produces 3D

solids of the surfacing material. When toggled on, these solids are displayed in
MicroStation.

e Create Surface(s) from — This area is used to select the corridors that will be used
to create design models. Corridors can be selected and processed one at at time or
as a group. If multiple corridors are selected, the output is determined by the setting
for New Surface for Each Corridor. If on, a new dtm is created for each corridor. If
off, data from all of the selected corridors is stored in a single dtm.

To select a single corridor left click on the desired corridor name. To select multiple
corridors hold the Ctrl key and left click on the desired corridor names A group of
consecutive corridors can be selected by left clicking on the first corridor, then
holding the Shift key and left clicking on the last corridor. The All and None buttons
can be used to select or deselect all of the corridors.

o Caorridor Clipping - Clipping is the removal of overlapping components from a
design model created from two or more corridors. In situations where two
corridors are combined into a single model, One corridor, the clipping corridor, is
used to determine which components are removed from the clipped corridor.

= Clipping Corridor — Target Aliasing is used to determine which corridor is
the Clipping Corridor. A corridor with aliasing that targets another corridor is
the cutting corridor. The targeted corridor is subject to clipping.

= Targeted Corridor — A corridor that has been selected as a target for
another corridor is subject to clipping. Where components overlap between
the Clipping and the Targeted corridors, the targeted corridor’'s components
can be deleted based on the Clipping Option selected.

o Clipping Options — These specify what components can be removed from the
targeted corridor. The available options are:

= Clip None — All components from the targeted corridor are added to the
design model.

= Clip End conditions Only — End condition components that are partially of
fully covered by the clipping corridor are removed from the model. All
backbone components of the target corridor are added to the design model.

= Clip All — All components that are partially of fully covered by the clipping
corridor are removed from the model.
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Clip None
End Condition
Design Surface Component
- ) Z Slope Backbone
Clipping Corridor Component
T - i ————

Median Ditch Bottom/

Clip End Conditions Only

Z Slope Backbone

Clipping Corridor Median Ditch Bottom\ /ZComponent
— e
Design Surface 7_/

Clip Al

Clipping Corridor Design Surface

- ——————

Median Ditch Bottom

The example above shows the same template drop showing all three clipping options.
The top illustration shows the results of the Clip None option. Notice that the design
ground line is attached to the end condition of the targeted corridor. When Target
Aliasing is used the targeted corridor must be processed first in order for the Clipping
Corridor to have something to hit. Because the end condition and the Z Slope
components of the targeted corridor were initially triangulated, they retain that setting in
the combined surface resulting in the design surface following those features.

The middle illustration shows the Clip End Conditions Only option. Notice that the end
condition component of the Targeted Corridor is gone. The Z Slope is a backbone
component so it is retained and used to create the triangulated surface.
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The bottom illustration shows the Clip All option. Because the end condition and the Z
Slope components are both removed, the design surface extends from the end of the
Clipping Corridor, the Median Ditch Bottom, then to the left edge of pavement of the
target corridor.

Any features that are overlapped by the Clipping Corridor will be deleted based on the
Clipping Option selected. Features of deleted components that are not overlapped are
retained in the design surface and may be used for triangulation of the combined
surface. The illustration below shows a cross section of a combined corridor surface
where the Clipping Corridor overlaps into the Targeted Corridor’'s surfacing components.
Even though the surfacing components have been deleted, the features have not.

Features“

To prevent the unwanted deletion of surfacing components, additional templates with
vertical edges where the corridors merge. Also, point controls should be defined so that
the corridors meet but do not cross each other.
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Creating The Design Surface - To create the design surface:

1.

Select Create Surfaces from the Corridor dropdown menu or from the button bar E ]
This displays the Create Surfaces dialog box.

Key in the desired surface Name, if needed.

Select the corridors from the Create Surface(s) from area and set the Clipping
Options.

Make the desired General Option, Features, Densify, and Display settings.

Left click the Apply button. This executes the command and creates the design
model(s).
MmateSurface

Name

—

12345DES_Combred

Defaut Preference: [Dafauk i~ [

General Options
[ New Surface for Each Comdor  [7| Create Akemate Sufaces

|V Empty Desgn Suface | Process Visible Range Only
| Include Nul Points | Remove Loops

|V Trangulate

Features

[ Add Transverse Features

Stle
| Add Bxeror Boundary

Stye: [ Extenor Boundary v

Densafy using Chord Height Tolerance Display i Plan View
| Horizontal Curves | Features

|7 Vertical Curves "| Components

b. Review design surface Properties

This is done in the same manner as 1.a above.

1.
2.

Right click on the surface name in the InRoads Explorer and select Properties from the list.
In the Surface Properties dialog box, review the Data Range area. Look for entries that
seem abnormal for the area of the project. The most common and easily recognizable issue
is a zero minimum elevation. There should be no zero elevations in the design surface.
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3. Left click on the Advanced tab. The Cross Sections and Profiles Symbology should be
setto D_Finished-Grade or D_Surface.# (the # represents the numbers 1 through 10). The
D_Finished-Grade is used to represent the mainline surface. The D_Surface_# symbologies
are used for all other design surfaces. Use the drop down menus to select the appropriate
symbology for the surface. Use the same style for both Cross Section and Profile
symbology.

vl. 7| Use Fegtures Only [I

= . | Lok Symbologes

ffset Distance Symbology Color
] > 000 (oot |
D CRAL W e oodleh | 000 [Dcfou a| |
B e e
1] -
s o e =
il -
D-LANELINE a | Defauit |
D_LEVELING-Asphakt 14 900 | Defanit -l
D_MEDIAN
DML (% 00 [odai 3l
D_PROFILE_Annatabion & 0.00 | Defaut 3l |

O_Roadway_Mec
D_ROADWAY-Asphalt
D_ROADWAY-Dirt

D _ROADWAY-Gravel
D_Sawcut
0_Shoulder
D_SUBBASE-Tap
D_SLIBBASE-Top_Left
D_SUBGRADE-Tap

D_SURFACE_]

D_SURFACE_10
D_SURFACE_2
D_SURFACE

D_SURFACE_4
D_SURFACE_&
D_SURFACE &

D_SURFACE_T
D_SURFACE

D_SURFACE

O Top-of-Cut
0_Wal -

4. Left click the Apply button to accept the changes. Left click Close to dismiss the dialog box.

c. Review design surface Contours

To display contours of the design model surface:

1. From the InRoads menu bar, select Surface > View Surface > Contours. This displays the
View Contours dialog box.
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2. Inthe View Contours dialog box, left click the Preferences button. This displays the
Preferences dialog box. Preferences are used to determine how the contours are displayed
in MicroStation. There are several Proposed preferences that are available. These are used
for displaying contours of design surfaces so that they can be distinguished from existing
ground contours.

3. Highlight the desired preference from the list then left click the Load button followed by the
Close button.

F — = ™
B Preferences g
g | Cose |

Basting 1" My - 0.2 Minor -

BExdsting 10" My - 2' Minor

Edsting 100" Myr - 20" Minor m
Edatina 3" Me . 1" Min Save

Qsed
Proposed 1" My - 0.2 Minor

Propasad 10' My - 2 Minor Save fe... |

Proposed 100' My - 20° Minor

Froposed 5 Myr - 1" Minor Deiet= |
Heb |

Active Preference: CDOT

The same logic applies to design model cross sections as it does to existing ground cross
sections. Use an interval that provides enough information without obscuring other important
information. The illustration below shows an example of design model contours as the roadway
transitions from the standard template on the left to a superelevated template on the right.

&)
O
+
O
M
3 2
£
~
\J
—— .
N
>
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Most anomalies in the design model should have been taken care of before the surface was
created. However, some of these anomalies may not be clearly identifiable within Roadway

Review design surface Topo

CDOT CADD Manager’s Office

Designer. Reviewing the triangulated features of the design surface provides another chance to
locate these anomalies. To view the triangulated design features:

1. From the InRoads Locks toolbar, select the feature filter XS Excluded from Triangulation.

This filter only allows triangulated features to be displayed.

2. Toggle on the Feature Filter Lock. This activates the filter so that it is used.

=28 Surfaces
- Default
T
- 17345 _Existing_Ground
[ SHES_Offset_Left

B Sufaces S Gmmdr_.r| P

Data Type

15 Breakline Fe...
# Contour Fea...
| Exteriar Feat...
J% Inferred Brea...
'3 Interior Feat...
+* Random Fea...
i Range Paints
;ﬂ Triangles

« 1

Active
1257
0

502

E-FI-DDD

sy s s IO

Fie Suface Geometry Drainage Evaluation Modeler

N

Drafting Cuartiies Tools Help
% B mid

Features
201

[ =T — I — I ]

292

Toggles Locate Features/Locate Graphics mode

3. From the InRoads main menu, select Surface > View Surface > Features. This displays

the View Features dialog box.

IE Tnangulate Suface .
Desgn Suface
Edt Suface
Feature

@ Suface Propedies

i Active Surface...
S "am & Copy Suface..
8 Delete Surface...
Display M Renzme Surface...

’ )/ &motatc Fea‘b.n:

¥ 1% Suface Hevations...

\? Slope Vectors
Single Port

X Two Point Slope

O View Crossing Segments...

Z¥ Infemed Breakiines .
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Geomelry Dranage Evalustion Modder Drafting Quartties Tools

Features
201

[~ I — I i ]

292
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4. Inthe View Features dialog box, verify that the Surface is set to the design model.
5. By default, all of the features are selected. Left click the Apply button to activate the
command.

Muione 0 e

DTM_Exerior Created by roadway ..
in, . Centedine Crealed by roadway
...D_EOP Created by roadway ...
.D_LAMELINE Created by roadway ..
O _POSS Created by roadway ...
D_Tae-ofFil Created by roadway ..
O_Tae-af-Fl Created by roadway ..
D_Top-of-Cut Created by roadway ...
D_Tap-of-Cut Created by roadway
RT_HMA_Lift1_EOP-..0_EOP Created by roadway ...
RT_HMA_Lift1_Lane. .0_LANELINE Created by roadway ..

6. Left click the Close button to dismiss the View Features dialog box.

The illustration below shows an example of an anomaly in the design model. In this case, a
single toe of slope extends far past the surrounding data. Viewing the design model feature
data in conjunction with the survey TOPO can help to determine if the anomaly is caused by
an existing terrain element (like a creek channel) or if its and issue with either the corridor
path (horizontal and/or vertical alignment) or the template design.

2]

2!5.,,00
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If the problem is with a design element (template or alignment, for example) fix the element, update
the corridor with the fixes, and re-create the design model. If the issue is legitimate, then some
modifications to the corridor can eliminate or reduce the severity of the anomaly. Depending on the
problem, some options include End Condition Overrides, Point Controls, and Single Station Edits.

4. Comparing Existing Surface and Design Models
Data

The final steps to complete the QA process are to compare the design model to the existing ground.
This helps to determine the feasibility of the design and can be used to maximize efficiency. In
order to ensure consistency between electronic data and plan set data, End Area Volumes
(included in the plan set) need to be compared to Triangle Volumes (electronic data). Because
Triangle Volumes only use the triangulated surface data from the existing and design models, the
cross sections used to compute end area volumes must also only contain triangulated data. That
means the Component display must be turned off. Once it has been verified that the end area
volumes are within the tolerances when compared to the triangle volumes, surfacing and other data
can be added to the cross sections and final end area volumes can be calculated.

a. Cross Section set-up

Cross sections have been one of the standard tools for evaluating designs for decades. The
advantage of using cross sections for earthwork quantities is that the quantities are checkable
by hand. The disadvantage of using cross sections for earthwork quantities is that not all of the
data is used to compute the volumes.

In order to maximize the data used and the accuracy of the computations, cross sections should
be generated in the same locations as the template drops in Roadway Designer.

To set up cross sections to match Roadway Designer template drops:

6. Select Evaluation > Cross Section > Cross Sections from the InRoads bar menu.
This displays the Cross Sections dialog box.

7. From the Cross Sections dialog box, left click the Preferences button. This displays
the Preferences dialog box that is associated with Cross Sections.

8. From the Preferences dialog box, highlight the desired preference and left click
Load.
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9. Left click Close to dismiss the Preferences dialog box.

ﬁ Crass hechons
File

{3 Create Cross Section
5 General
Source
i Include
(21 Cordrols
20 Custom
{ ut

P
21§

3

===

Set Name: SHEG
—
Interval: 50.00 ﬂ
Left Offset: 20,00 ﬂ
Right Offset: 30.00 +
Vertical Bxaggerstion: 2 0000
["] Show Data Outside Blevation Range
Surfaces:

Object Name
[] Defaut Defaut BT
<] 12345 existing groun... ~ T_Bxdsting Ground EYL
(<] 1234505 Default BYL | 20r 50V 240 Wide

(Pt
Active Preference: CDOT

10. Change the Interval to match that used in the corridor that is being cross sectioned.

11. Set the Left Offset and Right Offset values to ensure that the entire width of the
design surface is visible within the cross section window.

12. Select the Source leaf and verify that the correct alignment is selected.

File

5H86_13

i Create Cross Section

{20 ASCI or Land XML

[ cosseceons N e
Mode: @ Refresh Display On Diisplay OFf
j Sta 5 Stop:  205+00.00
@ Mignment: SH 86 -]+
[ Single: Station: | 203+80.28 #
© Graphics
Migreent
() Mulipaint
Mignment
() ASC or LandXML File
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13. Select the Include leaf. Toggle off Components. This ensures that the data used for
end area volumes is the same as that used for triangle volumes.

File

Crose Section Set

|SH85 13

Mode @) Refresh Display On Display Off

= _tJ Stait  205+00.00 Stoz 205+00.00

{4y Create Cross Section

Surface

| Crossing Festures
[ Adjust Renge

[ Projected Features
shead Band: [10.00
8ack Baod. (1000

gamww

[ Crossing Structures

| Projected Structures
Shead Band: [10.00
Jach Bord: (10,00

oder (@) Refresh Display On Display OFf
N ﬂ Start: 205+ Stopc  205+00,00

7| Elevation
High:
Huil 0.00
| Station
iz 203+80.28
Shof 204316
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15. Select the Critical Sections leaf. Toggle on the same items that were used in
Roadway Designer.

B Cross Sections

o=

3 Creatle Cross Section ¥| Horizontal Cardinal Points
General 7| Horizortal Evert Ponts
Source
Include: ¥ | Viarbcal Cardinal Points
- CD-*I_ Veartcal Event Points

4 Crtical Sections Superelavation Event Stabons
s

| Template Entres

4 Custom

A2 Layout | Key Stalions

—I ’Eﬁ: | BExtemial Control Points
1 G

0 Dietais

= ASC ar | and M

Note: Typically Event Points are assigned to the horizontal geometry. If event points
have been assigned to the vertical geometry toggle them on as well. Also,
Superelevation Event Stations are legacy data from when superelevation was
stored as part of the horizontal geometry so toggling it on will have no effect on the
cross sections. Superelevation stations in the current version are External Control
Points and can be included in the cross section set by toggling that option on.

16. Left click the Apply button then left click the location for the cross sections. This
creates a cross section set. Below is an example of what a cross section will look like.
Notice that there are no surfacing components displayed.

6640 6640

6630 / o 6630

6620 . STA. 20 6620

-80 =60 =40 =20 0 20 40 60 80

If multiple template drop intervals were used in the corridor, these can be matched using a custom
cross section definition. Only cross sections that are perpendicular to the source alignment are
used to calculate volumes. When creating a custom cross section set for volumes, use only the
Station Range and Perpendicular options. To create a custom cross section definition:

1. Expand the Custom folder, this displays the custom cross section leaf.

2. Setthe Type to Station Range.
3. Set the Start Station to that of the first template drop.
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4. Setthe Stop Station to that of the next template drop.

5. Set the Interval to that used for the first template drop.

6. Setthe Left Offset and Right Offset to a value that allows the entire design surface
width to be displayed.

7. Left click the Add button. This creates the entry for that station range.

8. Set the Start Station to one interval past the beginning of the second template drop.
In the example below, the second template drop is at 231+75.30 and the interval for
the second template drop is 5 feet. The Start Station is rounded to the nearest 5 foot
past the template drop entry, so 231+80.00 is entered.

9. Repeat steps 4 through 9 until all of the template drops are used. Note, the Stop
Station for the last station range is that for the end of the project.

The illustration below shows the Template Drops dialog box from Roadway Designer (left)
along with the custom cross sections leaf (right). The arrows point from the template drops
to the corresponding cross section station ranges.

[ N | )
B Terpiete Dvopa - P Oz Sactons - . -

~eRder | LIMSDES

Samen Farge

i
[elelelee]e

L
Ll

Custom cross section sets honor Critical Stations listed under the Controls leaf, so all of the
cardinal points, event points, and external control points will be included in the set without having to
enter them separately.

10. Once all the custom entries are made, left click the Apply button to create the cross
sections.

b. End Area Volume set-up

When generating end area volumes to compare to the triangle volumes, only the basic settings that
are found on the General leaf will be used. To compute end area volumes:

1. Select Evaluation > Cross Section > Cross Sections from the InRoads bar menu.
This displays the Cross Sections dialog box.
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2. Verify that the desired Cross Section Set is selected. If one was created, this should
be the custom cross section set that matches the template drops in Roadway
Designer.

3. From the Cross Sections dialog box, expand the End-Area Volumes folder. This
displays the end area volumes General leaf.

4. Verify that the correct existing surface and the correct design surface are selected.

5. Inthe Imperial Units area, toggle on Cubic Yards.

6. Toggle on Create XML Report. This report contains the data that will be compared to
the triangle volumes.

7. Left click the Apply button to execute the command.

[ Cross Sections ==

File
s = edresh Desplay On Dlisplay OFf
| SH 86 -

_:'| Create Cnr:csa S-e;-lim Suface Tipe :&ﬂ:;od

Annotat el 3 L andard
=) e B Secten | 12345 _Edsting . Bxsting
=y End-Area Volumes 7] 123450E5 Diesign (2 Comect for Curvature

ne Cluantities Limts

U .
Unsutsble Matenals by Featurs [ Station Fange:
Unautable Materials by Station 203+20 28 J
Classfications . -
Compaction/Expansion F 28 J
Volume Exceptions
Added Quantties

Foroad B Imperial Linits
#:EH ance Cubic Feat Ignore Areae Smalber Than: (o

Annotation

L7 Mass Haul Diagam || Create XML Report || Plot Mass Hauil Diagram

The Bentley Civil Report Browser is displayed containing the End Area Volume
Report.

[6) Bentiey Civil Report Browser - C:AUsers\cferree\AppD ATemp\RPTI077xcm =|F 8
File  Tools Helg

Ea DOT_ anda
1] CrossSectionDeagnSuracefeatures ~ End Area Volume Report

] CrossSecionGradebook xal
A CrossSectionGradebookNE xs! Report Created. 7/2/2015

\) CrossSectionGradebook Wide xsl Time: 10:57am
_J CrossSectionPoints xs!
\{) CrossSectionPortsList xsl Cross Section Set Name: SH 86

] CrossSectionProfieList xs! 8 ¢
4] CrossSectionSkope SakeListing xs Aligament Name: SH 86

A CrossSectionStaking xs Input Grid Factor:  1.000000 Note: Allunits in this report are in feet, square foet and cubic yards uniess specified otherwise
1) CrossSectionStaking Table sl

\] CrossSections ToCSVxal ceess Station Quantities . . Added Quantities -

ﬂ OsSockonitrvey amalnd Baatiine .Cut-..- - -Fll Cut--%... Fill .. thaes

1)) CrossSectionXYZxs! Station  Factor Area Volume Adjusted Factor Area Volume Adjusted Factor Volume Adjusted Factor Volume Adjusted Ordinate
1] EathworkQuantites xsl 20348028 1.00 657 0.0 00 100 74 0.0 00  1.00 0.0 00 100 00 0.0 00
Aj) EndAreaVokume xal 203+487.30  1.00 648 17.0 170 100 73 19 19 100 0.0 00 100 0.0 0.0 151
j ;::a::umw::g:::::yn 203490.00 100 645 65 65 100 73 07 07  1.00 0.0 00  1.00 0.0 0.0 208
] MutpleMatenaVolumes xs 20440000 100 636 237 237 100 72 27 27 100 0.0 00 100 00 0.0 4138
1] Roadway Designer Component Quar 20441000 100 636 236 236 100 73 27 27 100 0.0 00 100 00 0.0 627
A]) TrangleVolumes xl 20442000 100 635 236 236 100 73 27 27 100 0.0 00 100 00 0.0 835
i Tendeohuaes Jmsheocool 20443000 100 630 234 234 100 73 27 27 100 00 00 100 00 0.0 104.3
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8. Scroll to the bottom of the report. The illustration below identifies the columns of

Interest.
[ v =Sy —— 25940000 100 71 29 29 100 #43 155 155 100 00 00 100 00 00 201704
- Ai] Endivestokane xs! 25041000 100 63 25 25 100 449 165 165 100 00 00 100 00 0.0 -201844
:j ::::::ﬁ;;ﬂ:::;:;u 25942000 100 T4 25 25 100 435 164 164 100 00 00 100 0.0 0.0 201983
| Rl MutpiemsrVohmas i 25943000 100 B9 30 30 100 422 159 159 100 00 00 100 00 0.0 202111
| ] Rosdway Designer Companert Guartties xs 25944000 100 106 36 36 100 409 164 164 100 00 00 100 00 0.0 -202229
A Tfﬂ"ﬂe:'-’a‘mr:s:d 25945000 100 137 45 45 100 397 149 149 1.00 00 oo 100 oo 00 -202333
2—35:7}5;‘21‘““’5‘“*""“”‘ 25046000 100 165 54 54 100 386 M5 45 100 00 00 100 00 00 202424
U Ve ToCS Vol 25047000 100 1855 57 57 100 378 42 142 100 00 00 100 00 00 -202508
|- &) VolumesWithParent Suface xsl 25048000 100 156 58 58 100 %8 138 138 100 00 00 100 00 0.0 -20258.9
-] VolumesWithReplaced Added ToNomalFil 259490.00 1.00 157 5.8 58 100 36 134 134 1.00 0.0 00 100 0.0 0.0 -20266.5
i‘?ﬁ"‘“e"”’ 26040000 100 1657 58 58 100 M1 129 129 100 00 00 100 00 0.0 202736
51 Images 26040577 100 167 34 34 10 M2 T2 72 100 00 00 100 00 00 202774
|20 IntersectingAlgnmert Stations 26041000 100 156 25 25 100 329 52 52 1.00 00 oo 1.00 00 0.0 -202801
120 LandxiaL 26042000 100 150 57 57 100 335 123 123 100 00 00 100 00 00 -202867
| LegaDescrpten 26043000 100 146 55 55 100 340 125 125 100 00 00 100 00 00 -202938
] LigntRailsnuiactuing
|22 ManCheck 26044000 100 W1 53 53 100 M6 127 127 100 00 00 100 00 o.wnu_l
153 Miing 26044316 100 WO 16 16 100 148 41 41 100 00 00 100 00 o.0f -20303.6
_?|0b!3|E1&
=1 Roadwa,Dazgn Grand Total: I 48290 48290 I Izmzs 261326 I 00 0.0 0.0 00/( =
7 Schemas
2 Sightvisioikty
™1 Stskeou: 2 / /
Cut Volume Fill Volume Net Volume

For the cut and fill totals, the left entry is the normal quantity and the right entry is the
adjusted quantity. Because no adjustments were made the values are the same.

9.
displays the Save As dialog box.

In the Bentley Civil Report Browser, select File > Save As from the menu bar. This

10. In the Save As dialog box, navigate to the appropriate project folder.

11. Set the Save as type to DOC File (*.doc).
12. Key in the desired File name.

13. Left click the Save button to create the report file and dismiss the Save As dialog box.

— — == — - "
o) save is ol
Sa-.«eﬂ:l inRoads 'I - o ll 7
- Mame Diate modified Type
e
Recant Placss
Desiton
=il
Libranes
Computer
.
N'Et'l'.ﬂl'k 4 m ¥
File name
Save ae type: DOC File " doc) - Cancel |
Help
e — — — e —— — —— — —

14. Close the Bentley Civil Report Browser.

The end area volume report file will be referred to when comparing the end area volumes to

the triangle volumes.
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Triangle volumes are the most accurate measurement available. This is because the command
compares the whole existing surface to the whole design surface with no interpolation and minimum
rounding in the calculations. The disadvantages to triangle volumes are:

There is no way to manually check the quantity
They do not account for surfacing material

However, if the end area volumes calculated above and the triangle volumes are within the
tolerances, then we can be confident that the end area volumes accounting for surfacing material

will be accurate. To compute Triangle Volumes:

1. From the InRoads main menu, select Evaluation > Volumes > Triangle Volume.
This displays the Triangle Volume dialog box.

@ )
M4 Bentley InRoads VSi (SELECTseries 2) [P
Fe Suface Geometry Qur‘agcl Evalustion ',\ioddcr Drafting Quantities Tools Hep I
<Unnamed> - Profile » ,,?‘:,1 @,,.E,-
EY J5utc D I Volumes "B Trange Voume
-9 Default Hydrology and Hydraulics >\ 8 i3
114 12345DES & Gid Volume
H e Suface Area CTPTOJECTS T O CreTe
4 H 12345 _Existing_Ground
Sight Vieiity

89 Surfoces | 5 Geometry [ ([ |, -

S

Computes the exact volume between two surfaces using the triangle method

No oD

Bentley Civil Report Browser

Original Surfaca: 12345 _Exigting_Groi ~ Lt
Design Surace: [ 17a4mpEs = | Fill Factor

COrignal Surface

12345 _Existing_Gro.

Dwesign Surface

123450E5 100

Cut Factor Al Factar

B Triangle Volume Lo o
o ETETTI o
Surface Sets Cloge

1.00

In the Triangle Volume dialog box, set the Mode to Entire Surface.

Set the Original Surface to the existing ground surface for the project.

Set the Design Surface to the design model that is being evaluated.

Verify that the Cut Factor and Fill Factor are set to 1.00.

Left click the Add button. This puts the data into the “to be processed” list.

Left click the Apply button. This computes the volumes and displays the results in the
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The illustration below is an example of the Triangle Volume report.

40 Bentley Civil Report Browser - CAU T
File Tools Help
|E:KM\WT_Sﬂﬂamw-hﬂuds\.ml B
P — " Triangle Volume Report
i Croge SectoniFeaturss xel
- A] CropaSectionASCllingutFomat Report Created: 7/2/2015
-+-A]] CrossSectionASCliinput Fomat Feature el Tima: 2:02pm
—-Aj] CrossSectionASClllngut Farmat WihPencodes
-] CrossSectionDesign SufaceFeaiunes xel Mode: Entire Surface
-~y] CmssSechonGradebook xs Input Grid Factor:  1.000000
i) CrosaSectionGradebook NE xal
Al CrosaSectionGradebookWide xsl
“~-AJ] CrossSectionPoirts xd Original Surface: 12345 _Existing_Ground
+--Afl CrossSectionFointsList xs| Dascription:
~-Al] CrossSsctionProfieLst el Prefarence: CDOT
- AJ] CrosaSectionSlopsStakeListing sl v
-] CrossSectionStaking xal 5 Type: Existing
“--Aj] CrossSectionStaking Table xs Design Surface: 12345DE5
i) CrossSections ToCS Vol Description: Created from roadway designer E
@ g“m“"mm“ Preforence: Default
i saSection 2} .
--J1J] CrossSectionXYZxsl Typa: Design
-] EsthworkQuantties x Cut Factor: 1.00
--A&f] EndireaVolume xel = Fill Factor: 1.00
EndAreaVolumePageTotals x=l
i Ad] EndAmaVolume Station Range sl \
&) icleMaterialVol Sl CL.I‘[_ 1302728 cu ft
“~-Aj] Readway Designer Componert Guarfities xsl Fill: GTH066.1 cu ft
o 4 | TriangleValumes xs| Met: S4BT 4 cuft
TrangleVolumesSumShapes x=l
& Wolumes xal
-] VolumesToCSVol Qu: 4.9 ey
“-Aj] VolumesWehParent Sufsce xsl Fill: 2515006 cu yd
M VolumesWihReplacedAdded ToMamal Fil xsl Mat: 203257 cu yd
I Geometry i |
0] cs - =
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To compare the two volume totals, simply open both reports and compare the like categories. The
illustration show which items to compare.

sze  Lolu

Page Setup
1

IJBEB.O 48290 I

I 251325 251325 I

o @ Bentley Civil Report Browser - CAl sers\cferree\AppDatat\Local\ Temp\ RPT6815.xml =T =
File  Tools Help
|C:‘.\'\‘oﬂ(apace‘.\'\‘oﬂ(apace-cDOT_SSd‘.sunda'ds'\.tm-lnﬁoazk‘.KML -
R]] CroseSacton Triangle Volume Report
Af) Cross Section AlFeatures xal
Aj] CrossSectionASCllinput Format xsl Report Created. 7/2/2015
-] CrossSectionASCllinput Format Feature xs! Time: 2:02pm
-Af] CrossSecton ASCllinput FormatWith Pencodss xs
g] CrosaSectionDesign Suface Featurea sl Mode: Entire Suface L
% ?::gz::mz:;; . Input Grid Factor: 1000000 -| Mass
i Gradeb, :
—-A]] CrossSectionGradeb ook Wide xs \igd | Ordinate
-&}] CroseSectonPoints s Original Surface: 12345_Existing_Ground 0 -200855
Af) CrosaSectionPointsList xsl Description 0 -20098.9
] CrossSectionProfileList xal "
-Aj) CrossSectionSiopeStake Listing e Prefesence; COOT 0201117
-Aj] CrossSection Staking el = Type: Existing .0 -20123.5
Al] CrossSection Staking Table xsl Design Surface: 12345DES .0 -20134.2
) CrossSectiona ToC S xa Description: Created from roadway designer B 0 -20142.4
4] Cross Secton SurveyFomat sl Preference Default .0 -201487
~-#j] CrossSectionWide xs! T o
-Af] CrossSectonXYZ sl ype: Uesign .0 -20157.7
Al] EathworkQuantties xl Cut Factor: 1.00 .0 -20170.4
Af) Endfrea\olume xd Fill Factor: 1.00 0 -20184.4
-Aj] EndAreaVolumePage Totals xs 0 -20198.3
A1) EndAresVoiume SiationRange xsl 0 20211'1
A1 Wtipie MisteralVolumes el Cut 1302728 qu't bt
Aj) Roadway Designer Companent Guartities sl Fill BTI066.1 cu ft L0 -202229
A TriangleVolumes sl Met -B48T93 4 cu ft .0 -20233.3
-] ThiangleVolumesSumShapes xs 0 -20242.4
-Ad] Volumes xsl
% Volumes ToCS Vsl Cut 4824 9 v yd g ig;:gg
Af) VolumesWith Parent Surf ace xal Fill 2515006 cu yd g - -
-] VolumesWith Replaced Added ToMormalFil sl Net -20325.7 eu yd .0 -20266.5
[ Geometry 0 -202736
s - -~ 00 -20277.4
AP0 -202801
260+2000 100 150 5T R 123 00 100 (L] 5.0
260+30.00 1.00 148 55 340 125 00 1.00 0.0 10752
260+40.00 1.00 141 53 346 127 00 1.00 0.0
260+43.16  1.00 14.0 18 343 4.1 00 1.00 0.0
Grand Total: a0 0.0 0.0 0.0

The chart below shows the comparison of the end area and triangle volumes from the illustration

above.
End area Triangle Difference in Percent
Volume Volume Cubic Yards Difference
Cut 4829.0 4824.9 4.1 0.08%
Fill 25132.5 25150.6 18.1 0.07%
Net | -20303.6 -20325.7 22.1 0.1%

If the differences in volumes falls outside the acceptable range, it must be determined where the
differences occur. Start by reexamining the cross sections. One common error is to use an offset
that is too narrow for the design data. The illustration below shows two sets of cross sections using
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the same data. The left cross sections are wide enough to display the entire design model, the right
cross sections are not. While the differences on a single cross section may not be great, that can
add up quickly, especially on a long project.

6640
BEY Lo f —‘, A ________|
sa20 | STA. 20823
-60 -40 =20 o 20 40
CUT AREA=5.88 SF. —43.82 FILL AREA=ZF91 5F.
CUT YOLUME=S.92 Gy, FILL YOLUME=21.2% C..
8B40
PRI ——— _"'"w- -—-\' ____________
se0 ] $14. 208000
=60 =40 =20 o 20 40

CUT AREA=B.90 S.F.
CUT WOLUME=7L7 C.Y.

—28.45

FILL AREA=22.09 SF.
FILL WOLMME=1%.20 C.v,

G640 BB4L 8540
I —\-— 2630
8820 0820 STh. 202 sa20
[-11] -40 =20 [+] 20 40
CUT AREA=5.89 SF. -4B16  FILL AREA=23.91 .F,
CUT YOLUME=5.90 & FILL VOLUME=21.29 Y.
B840 BBAD Bo40
i [, f m__ w30
EB20 EE20 .. STA. X000 BB20
&0 30 -20 20 40

CUT AREA=E.86 S.F.

CUT VOLUME=6.92 C.Y.

=52.77 FILL AREA=22.09 5.F.

FILL VOLUME=L®.20 .Y,

If the cross sections are complete then another cause for the discrepancy must be found. One
option is to compare the end area volumes with the Triangle Volume By Station report. The
Triangle Volume By Station report Breaks down the triangle volumes to user specified intervals.
This can then be compared to the End Area Volume report to find where the problem is. To create
a Triangle Volume By Station report:

1. From the InRoads main menu bar, select Evaluation > Volumes > Triangle Volume by

Station. This displays the Triangle Volume by Station dialog box.

=
P Bentley InRoads V8i {(SELECTsenes 2)

<Unnamed>

~  Profle

R Joumecs

+- "9 Default

) 12345DES

i W 12345 Basting_Ground

9 Surfaces  sn Geometry | «

Hydrology and Hydraulics
Suface Aea

Sight Visilty

Fle Suface Geometry [Dranage odder Drafting Quantities Tools Hep l

| s B BE|

« Lal}

|| Computes volume between two surfaces using a grid method

2. Inthe Triangle Volume by Station dialog box, on the Main tab, set the Original Surface to
the existing ground surface.
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3. Set the Design Surface to the design model in question.

4. Setthe Alighment to the one used to create the cross sections that the End Area Volume
report was taken form.

5. Set the Interval to that used to create the cross sections.

6. Set the Offsets to a value that will ensure that all design data is within the offset limits.

B Triangle Volume by Statian |
Msin | Advanced
Ongnal Surface: 12345 _Busting_Grol Halp
Desgn Suface 123450ES
Hanzontal Alignment Crtsets
Kigrenert: (g4 g6 - #|f =t 000 +|
eval 10,00 4| | Fott 10.00 #|
|
Symibalogy:
| Obiect Name
[] velume Shape nRoads_Mic EYL

Apply Preferences . Cloge

7. Select the Advanced tab.
8. Onthe Advanced tab, in the Include area, set the Cardinal and Event points as they were
when the cross sections were generated.

If multiple template drop intervals were used in creating the design model, then the Triangle
Volume by Station command will need to be run for each template drop interval.

9. If needed, in the Limits area, toggle on Station and key in the Start and Stop stations. If
station limits are not needed, toggle off Station.

10. Verify that the Volume Factors are both set to 1.00.

11. Left click Apply to generate the report. This displays the Bentley Civil Report Browser.

B Triangle Volume by Station [ ——
Main | Advanced
Inciude Halp

[¥ Morizontal Cardnal Points
[¥ Verdical Candinal Points
[ Horizontal Event Faints

[¥ Vertical Event Points

| Stroke Curves
| Limits Valume Factors
hl | Station Cut: 100
J Fil. 100

Preferences.. Close
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12. In the Bentley Civil Report Browser select the BasicVolume.xsl as the style sheet.

File ools  MHelp

h@ Bentley Civil Report Browser - CUsers\cferree\AppData\LocalTemp \RPTERF.xml

|E.:'x'n‘.l‘cxka}an::9'\h'macB-CDDT_SEd'\Sta"dards‘-.CmHn Roads'XML

] Endge -
=] Cant

51 CDOT

I50 Clesrance

IZ] Croes Slope Optimization

) Custom

1 DataCollection

4 Evalustion

i--Af] AverzgeCrossSlonefrea el
R ————

i--Af] CrossSectionAlFeatunes xsl
i--Af] CrossSectionASCInput Fomat el

Al CrossSectionASCI inputFomat Featurs xal
i--Ajf] CrossSectionASCl hput Fomat Wik Pencodes xsl
i~-Aj] CrossSectionDesign SurfaceFealures xd

B MeneeSamtineGradahanl el

Cross Section Set Name:

Alignment Name: SH 36

Input Grid Factor: 1000000  Note: A
Baseline @ -cccoeo-e- Cut-.--.
Station Factor  Area Volume

203+80 .28
203+87.30
203+530.00

1.00
1.00
1.00

The illustration below shows the Triangle Volume by Station report on the left and the End Area
Volume report on the right. By comparing the indicated columns station by station, the location of

the discrepancy can be located.

End Area Volume Report

Report Created: 7/2i2015
Time: 1:44pm

Cros:

s Section Set Name: SH 05

Alignment Name: SH 86

Basic Volume Report
Report Created: 7/6/2015
Time: 10:22am
Cross Section Set Name:
Alignment Name: SH 86
Input Grid Factor: 1000000  Note: All unis i this report are in feet, square feet and cubic yards uniess
ceasiaes /- Station Quantities - .-~
Baseline B A seer Al Mass
Station  Factor Area  Volume /  Adjusted  Factor Aea  Volume o~ Adjusted  Ordinate
203+80 28 100 [ 00 100 00 00 00
203+87.30 100 L 39 1.00 44 44 05
203+90.00 100 14 14 1.00 17 17 a7
204+00.00 100 51 51 1.00 6.2 652 1.8
204+10.00 100 48 48 1.00 6.1 61 a1
204+20.00 100 48 48 1.00 6.0 60 44
204+30.00 100 a7 47 1.00 6.0 60 &7
204+40.00 100 45 45 1.00 62 62 74
204449.33 100 40 40 1.00 60 60 24
204+50.00 100 03 03 1.00 05 05 96
204+60.00 100 L) 39 1.00 7.1 71 128
204+70.00 100 3z 32 1.00 T4 74 aro
204+80.00 100 3z 3z 1.00 12 72 210
204+90.00 100 s 35 1.00 15 75 251
205+00.00 100 23 29 1.00 8.0 80 02
205+10.00 100 25 26 1.00 8.1 81 3.7
205+20.00 100 27 27 1.00 8.2 82 412

Input Grid Factor: 1000000 Nl All s in s rapartare i fos, scuare faat and cubic yards unless spacied ohernise

T —

| station | T T T I 0 {
20348028 100 156 00 00 100 170 f0D 00 100 00 00 100 00 00 00
20348730 100 146 |39 39 100 168 |44 44 100 00 00 100 0o 00 05
203+9000 100 143 14 14 100 163 17 17 100 00 00 100 0o 00 07
20440000 100 133 5.1 51 100 167 |82 62 100 00 00 100 0o 00 18
20441000 100 130 f49 43 100 164 61 61 100 00 00 100 0o 00 231
20442000 100 128 |48 48 100 162 60 60 100 00 00 100 0o 00 -4
20443000 100 124 f47 47 100 164  |&D 60 100 00 00 100 0o 00 57
204+4000 100 119 45 45 100 170 62 62 100 0o 00 100 0o 0o T4
20444933 100 113 J40 40 100 181 61 61 100 00 00 100 00 00 95
20445000 100 113 03 0.3 100 182 05 05 100 00 00 100 00 00 97
20446000 100 97 |39 39 100 204 71 71 100 00 00 100 0o 00 |29
20447000 100 82 33 33 100 195 |73 73 100 00 00 100 0o 00 |-169
20448000 100 90 32 32 100 197 |73 73 100 00 00 100 0o 00 |-210
20449000 100 94 34 34 100 214 75 15 100 00 00 100 0o 00 |-251
20540000 100 69 30 30 100 224 80 80 100 00 00 100 0o 00 |-301
205+1000 100 74 f27 27 100 218 |81 81 100 00 00 100 0o 00 |-356
205+2000 100 66 26 26 100 228 83 83 100 00 00 100 00 00 413

Once the location of the issue has been determined, review the information

in the plan view,

cross sections, Roadway Designer, and in 3D to determine the cause of the problem.

Should the two volumes be within the tolerances, then a new set of cross sections
containing the surfacing components can be created for the plan set.

e. Using Mass-Haul Diagrams

A mass haul diagram is a graphical representation of the amount of earthwork contained within a
project. It can also be used to maximize the use of onsite material and reduce trucking costs.
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vi. Creating A Mass Haul Diagram - A mass-haul diagram looks like a profile but the
“ground line” represents the amount of earthwork. It is, in fact, using the Mass Ordinate
for the data line. Set up the End Area Volumes dialog box as desired. To display a Mass
Haul diagram:

1. Select End-Area Volumes from the dialog box explorer.
2. Toggle on Plot Mass Haul Diagram.

E Cross Sections EI = @
File
Cross Section Set: Refresh (@) Display On Display Off
[sH o o) #|
[Z Create Cross Section Surface Type Method
Annotate Cross Section @ Standard
@ Undate Cross Seciion 12345 existing ... Existing
End-frea Volumes SHe6 Design _) Comect for Curvature
I Genera L
ompLie LUarnthes )
Unsuitable Materials by Feature [ Station Range
Unsuitable Materials by Station 20 J
Classifications —
Compaction./Expansion 2l J
Volume Exceptions
Added Quantities .
Forced Balance nEEEIUTE
. As Buit @ Cubic Yards _) Cubic Feset lgnore Arezs Smaller Than: .00
- Annotation
£ Mass Haul Diagram [C] Create XML Report Plot Mass Haul Diagram
I Apply I lPreferences...I I Close I I Help I

3. Select Mass Haul Diagram from the dialog box explorer.

4. Left click the Preferences button.
5. Select the desired preference then left click Load and Close.
Bt Dreferences (=23
ria[:ng':l'-mDD
CDOT - 10000 Load
Detat
Save As...
Help
Active Preference: CDOT - 5000

The mass-haul diagram is generated when the end-area volumes are calculated.

6. Left click the Apply button.
7. After the end-area volumes are calculated, you are prompted to identify the location
for the mass haul diagram.

> |dentify point for Mass Haul Diagram/Reject
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8. Left click to identify the location of the lower left corner of the diagram. Below is an
example of a mass haul diagram.

vii. Reading and Using a Mass Haul Diagram - A mass haul diagram illustrates the
accumulated algebraic sum of the cubic yards of earthwork on a project. These diagrams
are used as an aid in balancing earthwork, computing haul distances, and calculating
guantities.

The mass haul diagram is laid out with Stations running horizontally and cubic yards of
earthwork running vertically. Items of interest in the diagram are:

Point of Maximum Earthwork _Mass Line
1000 /

Base Line
WIAT

0 (indicates direction & dis-tanc:e of haul) Base Line i
Borw/

Point of Minimum Earthwork

=100 |
203100 210100 1+00 2EHDO 21300 21400
e Mass Line - This is the data line of the mass haul diagram. It is a graphic
representation of the Mass Ordinate that is displayed on cross sections and in the
end area volume report.

e Excavation - This is shown by a rise in the data line when read going up station.
¢ Embankment - This is shown by a drop in the data line when read going up station.
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Point of Maximum Earthwork - This is where the volumes change from a net
excavation to a net embankment.

Point of Minimum Earthwork - This is where the volumes change from a net
embankment to a net excavation.

Base Line - This indicates the limits of an area of balanced earthwork (where
excavation and embankment have equal values). The arrow indicates the direction of
haul.

Borrow (or Waste) - Barrow indicates an area where additional material will have to
be brought in from off-site. Waste indicates an area where excess material must be
disposed of.

It is up to the designer to indicate the Base Lines, Point of Maximum Earthwork, Point
of Minimum Earthwork, and areas of Borrow or Waste on the mass haul diagram.
Other items that can be added to the diagram are haul volumes for each base line,
volumes for areas of borrow and waste, and sheet estimate volumes.
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