Chapter 12 - Volumes and Mass Haul Diagram

The changes in templates and surface data have made it necessary to change end area volumes as well. The use
of components stored in the design surface allows the program to calculate volumes with greater accuracy than
previously. To calculate End Area Volumes:

Chapter Objectives:

Calculate basic end area volumes.
Create an end area volume report.

Add unsuitable material to calculations.
Add a volume exception.

Generate a Mass Haul diagram.

Calculating Volumes

N oo o &~ w hoE

Select Evaluation > Volumes > End-Area Volumes from the InRoads menu bar.
Select General leaf from the dialog box explorer.

Select the desired Cross Section Set from the drop down menu.

Toggle on the desired surfaces.

Toggle on Cubic Yards in the Imperial Units area.

Toggle on Create XML Report if desired.

Toggle on Station Limits if desired. If used, key in Start Station and Stop Station.

B4 End-Area Volumes = e
File
Method
T
Cross Section Set Suface vpe e
SH86_1 | 4 [V 12345 misting ... Edsting
=Y End-Area Volumes ¥| SHEG Design Comect for Curvature
* Gares Station Limis

Unsutable Matenals by Feature

Unsuitabis Materials by Station Use Station Limts

Classfications _I
Compaction/Expansion
Volume Exceptions
Added Quantities J
Forced Eatance
As Buit A - T
Annotation @ Cubic Yards Cubic Feet Ignore Aceas Smaller Than: (.00
Aoply |F\’efemoes | Close | Help

8. Select Classification leaf from the dialog box explorer.
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9. To change the status of a material, <D> in the Mass Ordinate cell of the desired material.
Include adds the material to the volume calculation, Exclude does not add the material to
the volume calculation.

B End-Area Volumes I | i
: File
Cross Section Set: Object [ |Parere | | Mass Ordinate | Cut Factor| Fl
TR = U 12345 exdisting ground | Suface 1.0000 ‘| :

= D_HMA_Pvmt Component 5HE6 Designed | Exclude 1
3 End-Area Volumes D_ABC_Class 6 Component  SHES Designed | Exclude 1
General

Aoply |Preferences Cose || Help

10. Select Annotation leaf from the dialog box explorer.

11. Toggle on or off the desired objects.

B End-Area Volumes l L= | =] )
| File —

Cross Section Set: Prefic ISLdTm Precision | Location Name

( [ Cut Shage

[sHes | #| 7 sheme

| B

| ‘53 End-Avea Volumes [ Shape Area 012
General [ Cut Centroid Symibol
Unsuitable Materals by Feature [ Fil Centroid Symbol
Unitoble Meterials by Station I 614 frea CUTAF SF. [012 Bottom Left
Ciaslioations = Al Area FILLAF SF. D12 Bottom Right
f,::"p;c';;z::“" (= Cut Vohume cuTVC CY. 012 Bottom Lef
Ad;ec Quariitias B3 Fil Volume FILLVC CY. 0.12 Bottom Right
Forced Balance [ Mass Ordinate 012 Bottom Center
i [ Tabuiated Area 012 Top Left

[ Tabulated Volume 0.2 Top Right

| [ 2opty [Prefam | Coss || Hep |

12. <D> Apply to calculate the volume. Cut and fill areas and volumes are displayed under
each cross section.

13. <D> Close to dismiss the dialog box.
Volume Reports
End Area Volume XML Report

If Create XML Report was toggled on in Step 6 above, a Bentley InRoads Report Browser
window is displayed. This window uses style sheets to determine the layout of the data. To
select a style sheet:

1. Select Tools > Style Sheet Root from the Bentley InRoads Report Browser menu batr.
The Browse For Folder dialog box is displayed.
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2. Navigate to: C:\Workspace\Workspace-CDOT\Standards-Global\InRoads\XML Style
Sheets\

3. <D> OK. The style sheet folder structure is displayed in the left pane of the Bentley
InRoads Report Browser.

4. <D> on the Evaluation folder to expose its style sheets.

5. <D> on the desired end-area volume style sheets to format the data in the right pane.

iG] Bentiey InFoads Raport Browser - C A A RPTBASE armd [P
File Took Help

ST ——T— T e ey
[N . End Area Volume Report
|23 Cart

|2 coor Repan Created. 1472009

(2 Cloarmece Tiema: 2-0Bpm

2] DataCabection Cross Section Set Nome: 5HB86_1
Alignment Name: SH 56

EUEGrid Facion: 1000000 Mober A Unks in I fepert ane i Seet. 8ubes Sral asd Culc yarts sniess specried srwe

naea Station Cuantities . . e = oo Added Quantities
Baseline <o cooeo Qoo creraenaFlllesieniinen o O edesedsn sranennafllses Mt
Station Factor Area Volume Adjusted Factor Area Volume Adjusted Factor Volume Adjusted Factor Volume Adjusted Ordinate
10040000 100 5476 000 000 100 1675 000 000 100 000 000 180 000 000 000

100+50 00 17 1456 1456 xne ¥R 10 0.00 000 1M oo 000 4313
10140000 69 11098 11098 100 000 000 100 000 000 9T
101450.00 08 17Ty Iy 100 000 000 100 000 000 16733

102400 00
102+50 00

1218 1218
GIST 12079 12079 100

9 M 100 000 000 100 000 000 26634
59 % 100 000 000 190 000 000 3T009

sseass

10340000 12T w2 T2 T2 100 000 000 100 000 000 26348
103+50 00 10898 10898 £ £ 1 000 000 180 000 000 55205
104+00.00 1 11036 11036 45 4% 100 000 000 180 000 000 &48.06
104450 00 033  WI% 5 1080 0B 100 000 000 100 000 000 72706

EEEEEEEEEEEEEEEEEEER T

£} Extommiarston i WS+0000 100 MT0 BN BN § 1400 400 100 000 000 160 000 000 78299
] 10545000 100 3202 6549 6549 1 4 1847 1847 100 000 000 100 000 000 £330
Al] ErctivealishomePage Totsls.xol 10640000 100 3282 6004 6004 100 NI AM AWM 100 0 000 100 000 000 8352
_!]:j'“f:‘“"f""‘“w . We+S000 100 2912 5736 573 100 &3 1B w2 1m0 0.00 000 100 000 000 B5847
it Sl ¥l st 10740000 100 2768 5260 5260 100 2% 1040 1040 100 000 000 100 000 000 &7IEY
_'] narigie Vokumes a3l
£) TrangeokmesSunSrapee 10745000 100 2027 5273 5273 100 240 491 491 100 000 000 100 000 000 S0666
[} Volmes sl 108+00 0 100 2227 5699 5699 100 202 am am 1 000 000 100 000 000 4340

|_'| i Wms T 108454 0 0 3613 6IM M 100 14 3N 2N 100 000 000 100 000 000 99108

The formatted data can be copied and pasted into Excel or Word.

Unsuitable Material

InRoads has the option to modify end area calculations for unsuitable material (like topsoil and
muck). There are two options for determining the area of unsuitable material: by feature and by
station extents. If both are used, the station extents override the feature method.

Unsuitable Material by Feature

Before using this option a closed shape feature(s) must be created that defines the area of the
material. The feature(s) do not have to reflect the actual elevation of the surface. It can be
placed in its own surface at a zero elevation. To use the Unsuitable Material by Feature option:

1. Repeat steps 1 through 11 under Calculating Volumes.
Select the Unsuitable Material by Feature leaf from the dialog box explorer.
Select the desired Surface from the drop down menu.

Key in the desired Depth.

o~ w N

Highlight the desired features from the Available Closed Features area.
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6. <D> Add. The data is added to the Unsuitable Materials list.

B End-Area Volumes | - ._ - - - o | = )
| File .
o =

EEN Ut T [— ==
[/ End-rea Volumes ' 0.5 ==
anec] vetele Gosed Festures I
e nemmer s Name Syle Description ﬂ Fiher.. |
Classifications Unsutable e
Compaction/Expansion Unsuttablel Breaidne
Volume Exceptions |
Added Cuartities
P Unsutable Materials
As Buit Surface Feature Material Depth
Aenotation Unsustable Unsutable Breakine 025
Unsuitable Uinsuitabia Breakine 0.25

[ ooty [Maml Cosz || Hep |

7. <D> Apply to calculate the volumes. The area of unsuitable material is shown on the
Cross sections.

Areas of Unsuitable
Material

Note: Unsuitable material located under fill is included in the Mass Ordinate calculation.
This occurs because materials removed from under fills must be replaced with
embankment material.

8. <D> Close to dismiss the End-Area Volumes dialog box.

Unsuitable Material by Station

There are no prerequisites for using this option. To use the Unsuitable Material by Station
option:

Repeat steps 1 through 11 under Calculating Volumes.

Select the Unsuitable Material by Station leaf from the dialog box explorer.
Select the Start Station using the drop down menu.

Select the Stop Station using the drop down menu.

Select the Style using the drop down menu.

Key in the Cut Depth

N oo g B~ w DN

Key in the Fill Depth.
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8. <D> Add. The data is added to the Unsuitable Materials list.

B End-Area Volumes [E=REEE >
File
oo e —
|sH86.1 - ﬂ ! X = :
3 End-Area Vokumes Siop Saton: [125-00.00 -1+
General Style Im -
Ot abia bt adale by b, "
e Fil Degth:  fo.50
Compaction/Expansion
Volume Exceptions
Added Cuartities
Forced Balance Unsutable Materials
As Buit Start Station Stop Station Matesial Cut Depth Fill Depth
Aarkation 100+00.00 125400.00 Breakine 100 050
| Aoply iPre'famces | Cose || Hep

9. <D> Apply to calculate the volumes. The area of unsuitable material is shown on the
cross sections. The calculations and displays are the same as those used for the Unsuitable
Material by Feature option.

10. <D> Close to dismiss the End-Area Volumes dialog box.

Volume Exceptions

Volume exceptions are used to remove the amount of earthwork calculated for an area where no
work is done but is present in the design model (in the area of a bridge, for example). Using a
volume exception allows the user to create a single design dtm for the project and still account
for areas where no earthwork will take place.

The cross section set must have a cross section at the beginning station of the exception and the
ending station of the exception. Horizontal Event Stations or Key Stations (from Roadway
Designer) can be used to include these stations if they do not fall on normal intervals. To set up
a volume exception:

1. Repeat Step 1through Step 11 under Calculating Volumes.

2. Repeat the steps under Unsuitable Material by Feature and/or Unsuitable Material by
Station.

3. Select the Volume Exceptions leaf from the dialog box explorer.

4. Select the Start Station from the drop down menu. This is the last station where a volume
will be calculated before the exception.

5. Select the Stop Station from the drop down menu. This is the last station where no volume
will be calculated at the end of the exception.

Colorado Department of Transportation Page 371



Chapter 12 - Volumes and Mass Haul Diagram A Practical Guide for Using InRoads XM

6. <D> Add. This adds the data to the Volume Exception area.

h End-Area Volumes o] @ ==
File
Cross Section Set: = m
el 3 Start Station:
(sHees 7 +] T B s
|23 End-Area Volumes o Stop Staton: §107.00,00 T ﬂ -
| General
Unsuitable Materals by Feature
Unsuitable Materals by Station
Classfications
J0ed OLiaries (i
Fossant Buboricl Volume Exceptions: -
As Buit Start Station Stop Station
Annialion 105+50.00 107+00.00
|
[ foply ] [Profernces.| [ Cose [ e |

7. <D> Apply to calculate the volumes. Below is an example of an End-Area Volume
Report with an exception.

End Area Volume Report

Report Created: 3/5/2009
Time: 10:37am

Cross Section Set Name: SH 86_1
Alignment Name: SH 86
Input Grid Factor: 1.000000 Hote: Allunits in this report areé in feet, square fesl and cubic yards unléss specified otherwise.

Baseling ~---------* Ctevvvecrresr svsesesens Filleeecerenns cecennsns Culevvseeens sonmvans Fill.eveun.- Mass
_ Station Factor Area Volume Adjusted Factor Area Volume Adjusted Factor Volume Adjusted Factor Volume Adjusted Ordinate
100+00.00 1.00 8840 0.00 0.00 1.00 16.75 0.00 0.00 1.00 0.00 0.00 1.00 0.00 0.00 0.00
100+50.00 1.00 9157 16664 16664 100 2463 3832 3832 100 0.00 000 1.00 0.00 000 12833
101+00.00 1.00 9500 17275 17275 1.00 1941 40.78 40.78  1.00 0.00 000 100 0.00 0.00 260.30
10145000 100 98.83 17947 17947 100 7.08 2453 2453 100 0.00 0.00 1.00 0.00 000 41524
102#0000 100 103.11 18698 18698 1.00 392 1019 1019 1.00 0.00 000 1.00 0.00 000 59203
102+50.00  1.00 101.52 189.47 18947 100 254 5.98 598 1.00 0.00 0.00 1.00 0.00 0.00 77552
10340000 1.00 91.30 17854 17854 1.00 515 712 712 100 000 0.00 100 0.0 0.00 94693
103450.00 1.00 9290 17055 17055 1.00 049 523 523 100 0.00 000 1.00 0.0 000 1112.26
104+400.00 100 9184 17105 17105 100 481 49 491 100 000 000 100 000 0.00 1278.40
104+50.00 1.00 8352 16236 16236 100 685 1080 1080 100 0.00 000 100 000 0.00 1429.96
100 6631 13873 13873 100 826 1400 1400 100 000 000 100 000 1]
105+50.00 1.00 59.31 11631 11631 1.00 1168 1847 1847 1.00 0.00 0.00 1.00 0.00 0.00 1652.54
106+00.00 1.00 61.03 0.00 000 1.00 1133 0.00 0.00 1.00 0.00 000 1.00 0.00 0.00 1652.54
106+5000 1.00 5648 0.00 000 100 833 0.00 000 1.00 0.00 000 1.00 0.00 000 165254
107+00.00 1.00 5952 0.00 000 100 290 0.00 000 100 0.00 000 1.00 0.00 000 165254
10745000 1.00 6052 11115 11115 100 240 491 491 1.00 0.00 0.00 1.00 0.00 0.00 1758.77
s TO0 G663 117703 117703 100 202 403 403 100 000 OO0 7100 o000 0
10845000 100 7136 127.77 12777 100 144 320 320 100 0.00 000 1.00 0.0 0.00 1996.98
109+00.00 1.00 6490 12617 12617 100 183 302 302 100 000 000 100 000 0.00 2120.12
10945000 1.00 63.71 119.08 11908 100 244 3.9 39 100 000 000 100 000 0.00 223525

8. <D> Close to dismiss the End-Area Volumes dialog box.

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. The Mass-Haul diagram uses the raw data from the End Area
volume report to plot the mass line. To save the End Area volume report as a Mass-Haul data file:
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1. Setup the End Area Volumes dialog box as desired.

2. Toggle on Create XML Report.

E‘ End-Area Volumes =] & ==
File
Cross Section Set: Surface Type :‘as':‘,dd i
(@ Standa
2 ] #| 12345 existing ... Exsting i
4 End-vea Volumes SHE6 Design (7 Comect for Curvature
""" ¥ Station Limits
----- Unguitable Materials by Feature R
----- Unguitable Materials by Station [[] Use Station Limits
----- Classifications Start Statior: [ 2p7.80 28 -
----- Compaction,/Expansion e J
----- Volume Exceptions Stop Station: [203.80 28 ﬂ
----- Added Quantities
----- Forced Balance i i
_____ s Buit Imperial Units
_____ Annotation (@) Cubic Yards () Cubic Feet lgnore Areas Smaller Than: oo
Create XML Report
[ Apply ] [Preferences...] [ Close ] [ Help ]

3. <D> Apply to calculate the volumes and create the XML report. This displays the Bentley

InRoads Report Browser.

4.

In the style sheet list of the report browser, select the raw-xml.xsl style sheet.

| 2: Bentley InRoads Report Browser - C:\Users\cferree\AppData\Local\Temp\RPTB204.xml
File Tools Help

Cross Section Set Name: 2
Alignment Name: 2
Input Grid Factor:  1.000000

End Area Volume Report

Note: Al unis in this report are in feet, square feet and cubic yards unless

Report Created: 1/7/2010
Time: 6:48am

specified otherwise.

Baseline ---------- O issastass’ assissssnes Fllcoiacoinns sassnsns Ceiocsins sissnsns |
Station Factor Area Vol | Factor Area Volume Adjusted Factor Volume Adjusted Factor Vol
203+8028 100 2329 000 000 100 68 000 000 100 000 000 100
204+0000 100 2288 1686 1686 100 654 489 489 100 000 000 1.00
204+25.00 100 2294 2122 2122 100 682 619 619 100 000 0.00 1.00
20445000 100 2185 2074 2074 100 T2 651 651 100 000 0.00 1.00
204+7500 100 2102 1985 1985 100 836 722 722 100 000 000 1.00
205+00.00 100 2109 1950 1950 1.00 937 821 §21 100 000 0.00 100
205+25.00 100 2068 1934 1934 100 1027 9.09 909 100 000 000 100 o
‘ i [
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From the report browser menu bar, select File > Save As.

5.
@] Bentley InRoads Report Browser - C:\Users\cferree\AppData‘Local\ Temp\RPTB2D4.xml = | 5]
] Tools  Help
Open... n
| Sevehs. End Area Volume Report 3
Page Setup...
. Report Created: 1/7/2010
EEnEs Hris Time: 6:48am
Print Preview...
) Cross Section Set Name: 2
Exit Alignment Name: 2
[3‘ Schemas Input Grid Factor: 1.000000 MNote: Allunits in this report are in
[ — feet, square feet and cubic
6. Inthe Save As dialog box, navigate to the \Project\Design\InRoads\ directory.
7. In the File name field, key in the desired name.
8. <D> Save to create the file and dismiss the Save As dialog box.

2] Save As (=3
Savein: I . InRoads Lﬂ EF '
= MName Date modified Type
Rec;:dh}:laces [2]12345MassHaul xml 1/7/2010 7:53 AM XML Docume
|
Desktop
Chris IIE::err\ee
LY
Computer
[ W
Ne:?vo e ] 1 3
File name: I12345MassHauImI d I Save
Save as type: |Report File (*xml) j Cancel
Help

Now the mass-haul diagram can be generated. The mass-haul diagram should be placed in its
own dgn file, so a new one should be created and opened before proceeding to the next steps.

9. Select Evaluation > Volumes > Mass-Haul Diagram from the InRoads main menu.

This displays the Ma

ss-Haul Diagram dialog box.

==| 12345DES_Geometry

M Bentley InRoads XM Edition = | 5]
<Unnamed: - F|B8NY B & E
Fle Suface Geometry Drainage Modeler Drafting Quantities Tools  Help
Profile ¥ ltion File Name By Whom Last Revised
SR-Y Geometry Projects o0 L 1/7/2010 6:14:0.
I Volumes v} i Triangle Volume... 1/7/2010 6:13:4.

3

Hydrology and Hydraulics
Surface Area...

E, Triangle Volume by Station...
: Grid Volume.
& End-Area Volume ..

Sight Visibility

& Geometry |@ Preference

’I W5 Mass-Haul Diagram...

| [ |< I

Computes volume between two surfaces using a grid method
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10. In the Mass-Haul Diagram dialog box, <D> the Preferences button to display the
Preferences dialog box.

11. Select the desired preference from the list in the Preferences dialog box.

12. <D> the Load button then <D> the Close button to dismiss the Preferences dialog box.

E Mass-Haul Diagram [= = |[=]
Main | Tile | Grid | Axes
Mass-Haul Data File: Browse
Help
Direction Exaggeration E Preferences
@ Left to Right Horizontal:  1.0000
() Right to Left Vertical: 0.0100
Imperial Units
(@) Cubic Yards () Cubic Feet
Symbology:
Object Mame
Data Line .
Active Preference: CDOT - 10000
[ Apply ]I Preferences... l[ Close ]

13. <D> the Browse button to display the Browse dialog box.

14. In the Browse dialog box, navigate to the |Project\Design\InRoads\ directory.

15. Highlight the mass-haul data file saved above.

16. <D> the Open button to select the file and dismiss the Browse dialog box.

B Mass-Haul Diagram = || = (2|l Browse fxs
Man [Twe [Gd | Axes | Lookin: | . inRoads -| @ % = @
Mass-Haul Data File: = Name Date modified Type
M2345\Design\InRoads'\12345MassHaul vl [ ) A | 12345MassHaulam] 1/7/2010753AM XML Docume
Hep | Recent Places
Direction Exaggeration
@ Left to Right Horizortal:  1.0000 !
Vertical
Right 1o Left et 0.0100 Desktop
Impenal Unts i
@ Cubic Yards Cubic Feet I
CDOT User
Symbology .
Ohbject Name ‘*
Data Line E Computer
‘ i v
[ ™Y
- File name 12345MassHaul soml bl
Metwork e — —
Files of type XML Fike (" xamil) x| Cancel
fovty || Preferences.. | | Cose | =

17. Select the desired Direction. Typically, this will be Left to Right. However is the project
alignment runs from right to left then the Right to Left option can be used.

18. Verify that the Imperial Units is set to Cubic Yards.
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19. <D> the Apply button then <D> in the MicroStation view window to locate the diagram

E Mass-Haul Diagram =] & ==
Main | Tile | Grid | Axes
Mass-Haul Data File: T
412345\ DesignInRoads"12345MassHaul ml
Help
Direction Exaggeration
@ Left to Right Horizontal: 1 po00
7 Right to Left Vertical: 0.0100
Imperial Units
@ Cubic Yards ~) Cubic Feet
Symbology:
Object Mame
Data Line I:l
I Apply II Preferences... I I Close I

20. <D> the Close button to dismiss the Mass-Haul Diagram dialog box. Below is an example

of a mass-haul diagram.

9000

Fr

Chapter Summary:

a0

HE e ) 00 7

e Surfaces are compared based on their Type property. There must be an Existing and at
least one Design type surface loaded to calculate volumes.

e The end area volume report can be created when the volumes are calculated.

e Unsuitable material locations can be defined based on a station range or a closed feature.
Volumes within these areas are adjusted to account for the removal of this material.

e \olume exceptions ignore earthwork quantities through a given cross section range. This
allows the user to calculate a single quantity for the project instead of separate quantities
between each area of no construction.
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e The Mass-Haul Diagram command uses the raw data from the end area volume report to
create its data line.

e Choose the Mass-Haul preference that best suits the amound of earthwork on the job. Small
jobs can use the CDOT - 1000 preference (1000 Cu. Yds. per major grid) while large jobs
should use the CDOT - 10000 preference (10,000 Cu. Yds. per major grid).
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