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Chapter 21 Terrain Model Analysis Tools

2021 R2 Update 10 - Version 10.10.21.04 - WorkSpace 10.10V

This chapter describes the tools used to analyze Terrain Models and also contains a workflow for Sight
Visibility (SSD and PSD) analysis. All tools described in this chapter are found under the Terrain tab and

in the Analysis group.
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NOTE: Most Terrain Model Analysis tools are NOT compatible with Corridors and Linear Templates.
However, a Corridor or Linear Template can be quickly converted into a Terrain Model using the Create
Terrain Model from Design Meshes tool. See 22A.1 Create Terrain Model from Design Meshes tool.
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21A - POINTS TOOLS

Points tools are used to analyze point locations on a Terrain Model. These tools create a label element
that measure the elevation, slope, and other parameters along a Terrain Model.

Points tools are found in the Ribbon in the following location:

OpenRoads Modeling workflow - Terrain tab > Analysis group > Points drop-down
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21A.1 Analyze Between Points tool

The Analyze Between Points tool creates a label that measures slope between two-point locations on a
Terrain Model. This tool can be operated from either the 2D Design Model 21 or 3D Design Model .

NOTE: This tool is NOT directly compatible with Corridors and Linear Templates. The Corridor or Linear
Template must be converted into a Terrain Model for use with this tool. Use the Create Terrain Model
from Design Meshes tool to convert Corridors and Linear Templates into a Terrain Model. See 224M1
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- ph\ @ @ A{% g’; % t;\a 2 ananan - 4 4
E v | 22 From Graphical Filter ~ o . & Remove Features % Edit Complex Model . ']
Additional  Topo Active Transform  PoInts calculate Velumes Hy
L=} % From Elements Methods ¥ Import ~ v ./ Change Feature Type £3J Boundary Options ~ v Area

Primary Create ,@ Create By Text Interpolation Edit

% Analyze Between Points
f& Create Terrain Model From Ascii File 2., Analyze Point
Create From Point Cloud ﬁ Analyze Elevation

Create Clipped Terrain Model Inverse Points

Create Delta

2
R
% Create Complex Terrain Model
gl

Analyze Between Points
tool

Hk Create Corridor Alternate Surfaces

“&  Create Terrain Model from Design Meshes

Create Terrain Model
from Design Meshes
tool

TIP: When placing the slope label, elevation and geometry information relating to the two-point locations
is shown in the Dialogue Box and Quick Information Box.
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Selected
Terrain Model |

KAl Ae O

B View 1, Design S

Point
Location 2

Elevation 1=1763.5535
Elevation 2=1761.4596
Elevation Difference=-2 0535
Slope=-2.81%
Distance=73.0059

Angle=10"15"37"

&

Parameters
Elevation 1 17635535
Elevation 2 1761.3445
Delta Elevation |-2.2090
Slope -2.93%
Length 75.3375
Angle 13713'49"

TIP:

3 Point
Location 1

Elevation and Geometry Information
is shown in the Dialogue Box and
Quick Information Box.

From the Ribbon, select the Analyze Between tool:
[OpenRoads Modeling > Terrain - Analysis - Points].

o Prompt: Select Terrain Model element — Left-Click on the Terrain Model to analyze.

o Prompt: Select Start Point - Left-Click at the first point location.

o Prompt: Select End Point - Left-Click at the second point location.
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21A.2 Analyze Point tool

With this tool, a 3D element type is selected and a point location is analyzed for northing, easting,
elevation and other parameters.

;J OpenRoads Maodeling > M8 HE B« - £ 5 .‘ LT

Home Terrain Geometry Site Caorridors Model Detailing Drawing Production Drawing Annotate Utilities Collabc

a # From File ui?"ﬁ“ @ AL‘\] £ Add Features % Edit Model (- 4 O poe o
. : A i= s i 42 ] Tl ’ .
» | 22| From Graphical Filter ~ Y - N 4 Remove Features £y Edit Complex Model >+ M . i
Additional Topo Active Transform = POINtS Calculate Volumes Hy
L E| !@ From Elements Methods * Import ~ v /" Change Feature Type A Boundary Options = > Area v
Primary Create Edit

3, Analyze Between Points

By AnalyzePoint%
Analyze Point tool o smEmEEE

o Inverse Points

As shown below, many 3D element types that are compatible with this tool, including Corridors and Linear
Templates. The analysis information shown in the Dialogue Box depends on the type of element selected.

Selecting a Terrain Model:
B View 1, Design SurvFt E@
sili- |4 PRLEYHD ES &K

Terrain Model
selected

{(),.

Parameters ~

.
Easting

Terrain Model
Information at
Point Location

MNorthing
Elevation

Slope

Aspect
k.

Display Settings ~

’Displﬁy Contours

Label
options

O
Display Contours only in View O
Display Slope D

O

Display Triangle

Selecting an Alignment, 3D Linear Element, or Corridor Linework:

%
B View 1, Design SurvFt E'@ {(
m - & . -L @ eo : », g\) EE CI'_3| Parameters -~
i 2 ) i -
Station

Offset

. Easting
Allgnment Northing

Information at Elevation
Point Location Slope
Direction

Radius

Speed

Station=25+42 55
Offset=9.9347
Elevation=1762.5254
Slope=-2.41%
Direction=356"31'42"

TIP: A Corridor Line Ao 38 0000
or 3D Linear Element
can be selected
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Selecting a Mesh element (Corridors, Linear Templates, and Surface Templates):

|Corridor Mesh
selected

[y

e View 2, Design SurvFt-3D
el ® oFgrs
4K = .d

LA

-

&

Parameters ~ |
o — Easting 2465080.7660
Corridor Mesh Northing 25660117025

Elevation 1762 3594

Information at

Q
Point Location

Ly
Elevation=1762.3304
Slope=0.00%

Slope 0.00%

Direction 354°44'57"

TIP: After selecting an element, hover the mouse cursor (ensure that Snaps are turned ON) over a
different Linear Element. Information relating to the Linear Element will display in the Dialogue Box.

As shown below, a Corridor Mesh (Pavement Layer 1) element is selected. Next, the mouse cursor is
hovered over a Linear Element (Culvert). The Culvert element contains an Active Profile.

The Dialogue Box shows comparison information between the Mesh and Linear Element. Z On Snap
represents the Linear Element (Culvert) at the mouse cursor location. The Z Difference represents
the height difference between the Linear Element Profile and Corridor Mesh elevations.

B View 1, Design SurvFt =B BA. — X
&~ 65| L B LPCHNERE HXT parameters N
- Easting 2465042 2585
Corridor Mesh . e
Morthing 2566015.1137
element selected. 7 On Snap 1760.5649

Z Difference -3.0251

Slope To Snap 0.00%
Direction To Snap  |N90°00'00"W

)

Z On Snap=1760.5649 Information

Z Difference=-3.0251

Direction To Snap=N530"00'00"W .
comparing the two
selected elements
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21A.3 Analyze Elevation tool

This tool creates a report that compares the elevation between a Terrain Model and 3D Linear Element
(i.e., an Alignment).
EJ OpenRoads Modeling v N8 |::||.'[I !-, - v * =] k = §"ﬂ s

Home Terrain Geometry Site Caorridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View

o y 0.0 . )
Q * Y # From File &3 @ }F@ £ Add Features @ Edit Model p ‘?.- @ 2 )

B
N - ==| From Graphical Filter ~ @ Remove Features % Edit Complex Model t’

Element ... Additional  Topo | Active Transform  Points| Calculate Volumes Hy
[ E| Selection i ~ 4% From Elements Methods »  Import ~ v </ Change Feature Type 4J Boundary Options ¥ - Area
Primary Selection Create Edit 32 Analyze Between Points
- 2, Analyze Point
Analyze Elevation . _
A4, Analyze Elevation L\\,
tool . _
o Inverse Points

The Terrain Model and 3D Linear Element elevations are compared at every vertex location along the 3D
Linear Element.

Analyze Elevation

Results Table

ﬂ Bentley Civil Report Browser - C\Users\brendan\AppData\Local\Temp\RH — O X
File Tools =
- " Length Terrain Model Tolerance
- Civil Terrain between vertices hg Elevation (see below)
CivilGeometry
CivilSurvey - - - - -
Cormidortodeling Northing/Easting | Rq°!| 3D Linear ["' |1 Elevation Difference
4 Evaluation of 3D Linear Element Element (3D Linear Element
CrossSectionGradebook.xsl Elemd H e Definiffon H PointsfPa i
CrossSectionGradebookfromCLxsl Linea VertICES Elevatlon and Terraln MOdeI)
CrossSectionGradebookME.xs| *
CrossSectionGradebookWide xsl
EarthworkQuantities.xs| Name X Y Length CheckElevation TerrainElevation ElevationDifference Dﬁia:il:ir :n Tolerance
E:E”‘e”fgo”‘P""e”ig”a”?:‘?sxpogg‘s‘ ) 2464061.945  2567350.751 1784.990 1784.882 0.108 Within
E:ﬂﬁgﬁ%‘;ﬂfg;‘;” uantitiesReportsummary.xs 2464076.883  2567327.033  28.030 1784.997 1784.250 0.747 Within
MassHaulToTIW xel 2464088.592 2567308443  21.970 1785.003 1783.899 1.104 Outside
Quantities by Named Boundary Report.xs| 2464106195 2567280495  33.030 1785.011 1783.228 1.783 Outside
SightVisibilityAlternateReport.xs| 2464115239  2567266.135  16.970 1785.016 1782.886 2.129 Outside
ﬁihﬂﬁﬂbﬂniReponxsl 2464136.147  2567232.940  39.231 1785.026 1781.943 3.082 Outside
TerrainCheck.xs 2464141970 2567223.462 11.124 1785.028 1781.399 3.630 Outside
e ;ﬂ:zziﬁiﬂ 2464144791 2567218695 5539 1785.030 1781.090 3.940 Outside
, Manghe(k P 2464152.957  2567204.170  16.663 1785.034 1780.553 4.480 Outside
- Milling 2464160636  2567189.382  16.663 1785.038 1780.235 4.803 Outside
. Stakeout 2464163.008 2567184.372 5583 1785.039 1780.224 4815 Oulside
 StationOffset 2464166191  2567177.870  7.200 1785.041 1780.306 4736 Outside
* Superelevation . 2464167.819  2567174.347  3.881 1785.041 1780.422 4620 Outside
T — D 2464174497  2567159.081  16.663 1785.024 1782.466 2.558 Outside W

This tool allows a Tolerance to be specified and analyzed. The Tolerance represents the elevation
difference between the Terrain Model and 3D Linear Element. If the elevation difference is less than the
Tolerance, then “Within” is shown in the results table. If the elevation difference exceeds the Tolerance,
then “Outside” is shown.

NOTE: This tool requires the 3D Linear Element to be selected from the 3D Design Model .

TIP: Multiple 3D Linear Elements can be selected for comparison.
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As a practical demonstration of this tool, the Edge of Pavement (3D Linear Element) and Existing Ground
Terrain Model are selected for elevation comparison. The Edge of Pavement line is generated from the

Corridor.

EJ OpenRoads Modeling v V8 kd l[' !., - v f = * *fJ =
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View

Q * & B FromFile %D'U e };’% £ Add Features @ Edit Model l_;? e} ‘@ 7
HE sl b L €
B - ﬂ From Graphical Filter = N * : Q Remove Features % Edit Complex Model t’ v 4 ) 4
Element ... Additional  Topo Active Transform  Points cajculate Volumes Hy
[ E| Selection i.: T % From Elements Methods *  Import = v </ Change Feature Type 43 Boundary Options ~ i Area v
Primary Selection Create Edit 2% Analyze Between Points
1 r-r - 2., Analyze Point
= vewa moegnsnd 3D Design Model sy Analyze Elevation | - =" "
e pry— P £ nalyze Elevatio
@Ok~ |4 RROITHAN HARBEF|HV YT tool &
: I3 Inverse Points
Select a Oh
- Locate Next Element Reset To
3D Linear Element Complste
(Edge of Pavement) o : LTerainel.  — %
: S Enter Tolerance Value b

Parameters ~

& | Parameters Enter Tolerance Value | 1.0000]

Enter Tolerance Value |1.0000

Locate First Element

Select the
Existing Ground
Terrain Model

Specify a
Tolerance value

Select Terrain Or Reset To Use
Active Terrain

From the Ribbon, select the Analyze Elevation tool:
[OpenRoads Modeling > Terrain - Analysis - Points].

Prompt: Select Terrain or Reset to use Active Terrain — Select the Existing Ground Terrain Model
or right-click (reset) to select whatever Terrain Model is active.

Prompt: Locate First Element - Locate the 3D Linear Element to be compared with the Terrain
Model. In this case, the Edge of Pavement line from the Corridor is selected.

Prompt: Locate Next Element - Either select another 3D Linear Element for comparison or right-
click (reset) to advance to the next prompt.

Prompt: Enter Tolerance Value - Enter a Tolerance value for analysis in the resulting report.

VAL AL A

After this step, a report will be created.
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21A.4 Inverse Points tool

The Inverse Point tool measures and annotates 2D/3D elements or between point locations.
Measurements can be made either in the 2D Design Model 21 or 3D Design Model .

;J OpenRoads Modeling v g~ HE e LS=2heicG@ -
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View

a k o3 B FromFile 7 @ }.}E A3 Add Features ¥ Edit Model [J:;} O ﬁgﬁ‘ﬂ 2 |
E| v ==| From Graphical Filter ~ . — i ‘_% Remove Features % Edit Complex Model : ¢ i ; — A
Element ... Additional Topo Active Transform | Points cajculate Volumes Hy
[ E| Selection .. T % From Elements Methods *  Import ~ v =/ Change Feature Type 43 Boundary Options A Area
Primary Selection Create Edit 2% Analyze Between Points
z X 2 Analyze Point
o Invers... — = )
Inverse POlntS &4, Analyze Elevation
Parameters ~ tDOl
In put Tvpes 25 Inverse Points I
M th d Input Type Perpendicular | ™
( €lno ) Perpendiculsr Mode By Element V

Report 3D
Annotate
Persist
Send Output

ORIRIR &

Use Point Name

This tool contains many different methods (Input Types) for measuring. Graphical demonstrations of each
Input Type is shown on the next page.

Inputs Types and Modes

Input Type: Description:

Linear Measures the linear distance, direction, and elevations between two-point locations.
The geometry of an arc is First, a start point on the perimeter of
defined by clicking in several the arc is specified. Next, the center
point locations. Geometry Radius Point |point of the arc is specified. Last, the
information for the arc is end point on the perimeter of the arc is

Arc measured and reported. specified.

NOTE: Use the By Element First, a start point on the perimeter of
type to measure a Point on Curve the arc is specified. Next, the end point
previously-created arc of the arc is specified. Last, a point
element. along the length of the arc is specified.

Used to make multiple Linear measurements. Each measurement begins from a

Radial
common start point. All Linear measurements are radial to the start point.

First, an element is selected. Next, a
Used to make a Linear By Element pFJint location is spgcified. Thg linear
Perpendicular measurement that begins dlstange measured is perpendicular from
perpendicularly from an the point to the element.
element. Between Measures the perpendicular linear
Points distance between two points.

An element is selected and measured. The following element types are compatible:

By Element Lines, Arcs, Complex Chains, and Complex Elements (Alignments and Profiles).
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The remaining CHECK BOXES for the Inverse Points tool are explained below:

Inverse Points Dialogue Box Settings

Setting: Description:

If CHECKED, then elevation of the selected element or point location is analyzed.

Report 3D NOTE: This option is ONLY relevant when measuring in the 3D Design Model %.
When using this tool in the 2D Design Model 1, the Profile elevation of the selected
element is NOT reported.

If CHECKED, then an annotation with all the measurement information is shown.

Annotate NOTE: If the Persist box is UNCHECKED, then the annotation will disappear after
operation of this tool.

Persist This box is only relevant if the Annotate box is CHECKED. If CHECKED, then an
Annotation element is created and will persist after the operation of this tool.

Send Output If CHECKED, then a report with all measurement information is created.

Optionally, a previously-created Survey Point or ORD Point can be used in the
Use Point Name |measurement. If the name of the Point is known, then the name can be typed here
for use in the measurement.

B View 1, 2D Design SurvFt In put Type: E\@
G~ Clig-| 4 0 00" Linear

TIP: Use this tool in the
3D Design Model & to
calculate elevations (Z)

HDis=230.4209

Dir=N70°358'37"E
SDis=230.4209
Delta 7Z=0.0000

Annotation Element
created if Annotate and
| Persist boxes are CHECKED.

ﬂ Bentley Civil Report Browser - C\Users\brendai

R L _ o %
Flle_Tools Report is created if the
Cant -
= — Send Output box is  |eport
linverseReport.
Terrain Crossing Features Report.xs| CH EC KE D L June 13, 2022
Terrain Duplicate Points Reportxs! o1 PM
CivilGeometry
EiwlSLr\-ey : Current Geographic System:
CorridorModeling
Evaluation
LegalDescription | El -
MapCheck nverse Elements
Milling
Stakeout N )
StationOffset INVERSE LINEAR
Superelevation Direction Distance Northing Easting Elevation PointName
Templatelibrary NG7.836°E 154.286  2568618.356 2465070.581 0.000
Tumnouts 2568676562 2466113 466 0.000
Toals SDIS= 154786
DeltaZ=  0.000
Accumulated Distance = 154 286
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B View 1, 2D Design SurvFt
-6lisi- L @ LPLOY

Radius=176.9320
Delta=120"18'56"
371.5400

Tangent Length
Middle Ordinate

Tangent Direction Start=N5

Radial Direction Start=N30

Chord Direction=N0g
Radial Direction End=
Tangent D tion End=f¢

53'46"W

5'46"W
03'14"wW
Deflection Anglen60~09'28"

Input Type:
Arc

Arc
Information

Arc geometry
manually specified
using a By Points

method

B View 1, 2D Design SurvFt

Ev .::j.v-:::'v -L /@ /@ E\-

Radial Point (Start Point)
for all

Input Type:
Radial

Multiple Linear

Linear Measurements

HDis=173.8132
Dir=589"12"'17"E
SDis=173.8132
Delta Z=0.0000

Measurements
begin from the
same Start Point

HDis=175.4572
Dir=585°12'43"E
SDis=175.4572

Delta Z=0.0000
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B View 1, 2D Design SurvFt I n p u t Ty pe :

Y E=RECh"%"
=-ci- 1 .0.0.0 Perpendicular

HDis=193.3276
Dir=N11"33'43"E
SDis=193.3276
Delta 7=0.0000

Selected Element
to measure
perpendicularly from.

Start Point

Input Type:

B View 1, 2D Design SurvFt By Element =8 RCE =%~
@~ &~ |1 8 INEE ST

b

RadIUS‘::.
Defta =3
Length~

850.0000
5/\.29;22“

) Radius=450.0000
&iV65. V06 o Delta=48~55'20"
=L d, o p
4'3q7g LSSyt < Length=384.2343
%‘i‘iS'zﬁl-bv e s 0.50__ Chord=37
/7449 .0000 Tia.r)‘?;nt |__‘_er!gth—
[*iddle Ordinate
Externai v.olom72
Selected Element Tangent Direction Start=5S2411'23"W
Radial Direction Start=565~48'37"E
Chord Direction=500"16"'17"E
Radial Direction End=N65"~16'03"E
Tangent Direction End=524"43'57"E
Deflection Angle=24+27'40"
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21B - CALCULATE AREA TOOL

This tool calculates the Planar Area and Slope Area of a Terrain Model.

Planar Area: Represents the plan or footprint area of the Terrain Model. The Planar Area is the 2-
dimensional area of the Terrain Model.

Slope Area: Represents the 3-dimensional area of the Terrain Model. The Slope Area accounts for tilted
and sloped areas in the Terrain Model.

EJ OpenRoads Modeling v Ve H lj" !., - ; i | k = i'fJ 5

Home Terrain Geometry Site Corridors Model Detailing Drawi tate Utilities Collaborate View
Q # From File % @ }% &3 Add Features Sel ect the ) @ @
k| + 22| From Graphical Filter ~ = ' 4 Remove Features # Ca Icu Iate Area Volumes Hmic Reﬁng

Additional Topo Active

[ B % From Elements Methods * Import ~ v </ Change Feature Type 4] tOOI
Primary Create Edit Analysis
ul View 2, Design SurvFt-3D =R =l
5B - X
Parameters ~
Use Fence

Slope Area  |4391776238

Annotation element H Planar Aves

that displays the area
7 / - Select the
Slope Area = 439177.6238 % V7 -
Planar Area = 427258.8743 / Terrain Model
e / Locate a Terrain Model
# Terrain Model Areas

///// / / % (Slope and Planar)
/. (, - Slope Area = 4391776233 shown here
==

Planar Area = 427258 8743
TIP: Optionally, a Fence can be placed before operation of this tool. If the Use Fence box is CHECKED,
then ONLY the Terrain Model area within the Fence limits is calculated.
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21C - VOLUMES TOOLS

These tools are used to analyze the volume of a Terrain Model relative to a different Terrain Model or to a
plane elevation.

Volume tools are found in the Ribbon in the following location:

OpenRoads Modeling workflow - Terrain tab > Analysis group - Volumes drop-down

ﬂ OpenRoads Modeling v M &= H I'l'.,. !-;;- . v ; ._E-_I * 8 | £ §fJ s

Home Terrain Geometry Site Carridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate Vi

IS =y ; i (
a * ) ’% 4B Add Features @ Edit Model I:;? o2 ‘% Y % % E
E| ~ ' 44 Remove Features By Edit Complex Model A2 R ity —
Element ... Active ) _ Transform ~ POINtS Cajeulate Volumes Hydraulic Reporting Aguaplaning  Sight
L E| Selection i.i ™ v <~ Change Feature Type 43 Boundary Options v Area A v v v Visibility =
Primary Selection Edit Volumes|y = create cutFill olumes
tools 7 Analyze Volume

NOTE: Detailed workflows for calculating Cut and Fill volumes from Corridors, Linear Templates, and

Surface Templates are shown in Chapter 20' = Quantities. Additionally, the Create Cut Fill Volumes tool is
described in 20B.2 Create Cut Fill Volumes tool - Workflow.
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21C.1 Analyze Volume tool

This tool calculates the cut/fill volumes between two Terrain Models OR between a Terrain Model and a flat
plane set at a specified elevation.

E_J OpenRoads Modeling * V8™ H |:-' e~ f —| * LiEN LA ﬂ ¥
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate ]|
a * o ﬁr::i A3 Add Features ¥ Edit Model R 99 peo 2 /‘\}j z"i;ﬁ,
B v "~ B Remove Features By Edi xModel i = B
Element ... Active Transform @ Points Cajculate Volumes Hydraulic Reportini
L E Selection L. 7 v %/ Change Feature Type 43 Bo ptions - v Area v v ~
Primary Selection Edit Analyze Volume “  Create Cut Fill Volumes
tool 74 Analyze Volume

s

NOTE: If analyzing between an Existing and Proposed Terrain Model:
e Select the Existing Terrain Model as the "From Terrain Model” (as shown in step 3).

e Select the Proposed Terrain Model as the "To Terrain Model” (as shown in step 4).

TIP: Create a Proposed Terrain Model from Corridors, Linear Templates, and Surface Templates using the
Create Terrain Model From Design Meshes tool. To create a Sub-Grade Terrain Model, select Bottom for
the Select Side of Closed Mesh option. See 22A.1 Create Terrain Model from Design Meshes tool.

TIP: Optionally, a boundary element can be drawn and selected for the volume analysis (as shown in step
7). If selected, then the resulting cut/fill volumes are ONLY calculated within the limits of the boundary.
The boundary element can be drawn in the 2D Design Model %1 using MicroStation Tools (i.e., Place
SmartLine tool).

ul View 2, 2D Design SurvFt-3D ==
1i- L P SPEES G BEE SYGE

Enter Volume Method
Parameters:Volume Method |Terrain Model To Terrain Mcdel\folumd s

Proposed
Terrain Model _

(Sub-Grade) 4 &
"Locate To"

Parameaters ~

Ok Volume Method Temrain Medel To Terrain Mode| Volume ™
Locate To Terrain Model

From Terrain Model |Existing Ground Terrain Model = |
| To Terain Mode Sub-Grade ™ |

Q
L3
Enter Cut Factor Cut Factor 1.0000
Parameters:Cut Factor |1.0000|
Q
3

Fill Factor 1.0000
Locate From Terrain Model rut -

Fil 56282, 7305

Enter Fill Factor
Parameters:Fill Factor |1.0000|
%
Boundary Reset For None

Q
k Save Volume
Parameters: Save Result Yes| hd

Balance 44

Save Result

Existing Ground
Terrain Model
"Locate From"

From the Ribbon, select the Analyze Volumes tool:
[OpenRoads Modeling > Terrain > Analysis - Volumes].
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Prompt: Enter Volume Method - Select either “Terrain Model to Terrain Model Volume” or
“Terrain Model to Plane”. If “Terrain Model to Plane” is selected, then a Plane elevation is

specified in the next step.

o Prompt: Locate From Terrain Model — Select the Existing Ground Terrain Model.

o Prompt Locate To Terrain Model — Select the Proposed Terrain Model.

Prompt: Enter Cut Factor - If desired, enter a multiplier value for the resulting Cut volume. The

Cut Factor typically corresponds with the “shrink factor”.

Prompt: Enter Fill Factor - If desired, enter a multiplier value for the resulting Fill volume. The

Fill Factor typically corresponds with the “swell factor”

Prompt: Boundary Reset For None - Right-Click (reset) to NOT use a boundary element. The

E boundary of the “To Terrain Model” (step 4) is used for the analysis.

If desired, manually draw and select a Boundary element. The analysis will ONLY calculate the

Terrain Model volume within the limits of the Boundary element.

Prompt: Save Volume - If YES is selected, then an annotation element that shows the volume

o analysis is created.

If NO is selected, then the volume analysis values can be found in the Dialogue Box.

uf View 2, 2D Design Survft-3D =N EEn %"
LA 2 PRIPLCEDHNRES| &V KT

n to Terrain Volume 8

Volume Analysis
Annotation

Volume Analysis
Results

Parameaters

Volume Method
From Terrain Model

| To Terrain Mode!
Cut Factor

Fill Factor

Termain Model To Terrain Model Volume | ™

Existing Ground Terrain Model

Sub-Grade
1.0000
1.0000
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21D - HYDRAULIC TOOLS

The tools describe in this section are used to analyze the surface hydraulics of a Terrain Model. Hydraulic
Tools are found in the Ribbon in the following location:

OpenRoads Modeling workflow - Terrain tab > Analysis group - Hydraulics drop-down

(4 . p -
ﬂfJ OpenRoads Modeling v VT (2} lrf !.,- -~ v f = .‘ [ ER= -
Home Terrain Geometry Site Corridars Model Detailing Drawing Production Drawing

Y £ From File & e% ﬁ% £ Add Features % Edit Model [;;p > ‘% 7 ‘@ @ h
Oy Edit Complex Model >~ T s >

! Q Remove Features

Annotate Utilities Collaborate View FLH_Menu Help

E + == From Graphical Filter ~ S X - X - . .
Additional ~ Topo Active Transform  PoINtS Calculate Volumes Hydraulic Reporting Aquaplaning Sight
[-E| n&ﬂ From Elements Methods * Import v </ Change Feature Type 43 Boundary Options = v Area v - v v Visibility =
Primary Create Edit - % Analyze Pond
Hydraulic|) =
ﬁ Analyze Trace Slope
tool
[=] Create HEC-RAS Data

NOTE: Hydraulic Tools are for simple Terrain Model analysis. Drainage and Utilities tools are used to
perform complex hydraulic analysis and layout/modeling for drainage systems. See Chapter 25 =
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21D.1 Analyze Pond tool

The Analyze Pond tool analyzes a Terrain Model for depressions and low areas (ponding). Depressions in
the Terrain Model are automatically delineated and can be selected to reveal more information relating to

the Volume, Depth, Ponding Elevation, and Ponding Area.

NOTE: This tool has difficulty delineating ponds in the Existing Ground Terrain Model because
existing ponds typically have many minor depressions on the bottom surface. With this tool, a

depression is ONLY analyzed up to the FIRST spillover elevation. This causes each minor

depression to be analyzed, instead of the real-world pond volume.

Shown below is a cross section view of an existing pond. This tool ONLY analyzes the depression shown
on the left, because it spills over to the minor depression shown on the right.

{ Real-World

B View 8, Profile -

B2 4 LLOTEE OES Sleole A

L = 29.0860

Ponding Eleation
as determined by the . )
Analyze Pond tool : =

‘‘‘‘‘‘
...............

Ponding Elevation

R

Shown below are the results of Analyze Pond tool when ran on an Existing Ground Terrain Model. The
delineated Ponding Area are shown in red. Each minor depression in the Terrain Model is delineated. On
the left-side of this graphic is a real-world pond that is NOT fully delineated because it contains minor

depressions on the bottom.

B View 1, Design SurvFt

Depression Areas
(shown in Red) REx

e

(3~ S~ 4] B RS D

—— — I

B Real-World Pond |-
s \NOT fully delineated i ——“_
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Analyze Ponds tool workflow: As shown in the following workflow, this tool is most useful for analyzing
ponds that have a smooth, uniform bottom; such as a proposed detention basin.

From the Ribbon, select the Analyze Pond tool:
[OpenRoads Modeling > Terrain -> Analysis > Hydraulic].

Prompt: Locate Terrain Model — Locate the Terrain Model to be analyzed for ponding.

After the Terrain Model is selected, all ponding areas will be filled with a color (depending on the

o active Level).

TIP*: If the Display All Ponds box is UNCHECKED, then ponding areas are NOT shown. This
box must be CHECKED to display ponding areas.

Prompt: Locate Pond - Left-Click on a ponding area to display the Ponding Information in the
Dialogue Box and Quick Information Box.

ﬂ OpenRoads Modeling v V8T H Ij-' o« - * = k L1 E] L
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View FLH_Menu Help

_o‘ # From File )g" @ }A‘g £ Add Features % Edit Model ZT ¢ m. 2 % ’é%. @ E'Ca

* 22| From Graphical Filter + /‘“!J ; Qj Remove Features {%i Edit Complex M n . = R -
Additional Topo Active Points Volumes Hydraulic Reporting Aguaplaning Sight
L =] 1@3 From Elements Methods ~  Import = v </ Change Feature Type 4 Boundary Optio A I P d v - A v Visibility ~
Primary Create Edit ha yzel on - £ Analyze Pond I
too e
ﬁ Analyze Trace Slope

ol o Lt ESSECE = b= Create HEC RAS Data

Select the Terrain Model

to analyze for ponding &
General ~
"v'o\ume
Ponding Information Degth
. is shown here Elevation
Ponding Areas Area
(Depressions) are filled in. —
Filter ~
Left-(:lick on an area to View Pond Filter Filter Ponds By Area e
- ! Minimum Area 0.0000
the Ponding Information Apply the Fiter Apply
TIP*: Ensure the Display ~
Display All Ponds box [ Dispisy Al Ponds
iS CHECKED Feature ~
Feature Definition |Nu Feature Definition ~ |
Mame | |

Locate Pand

Volume=49279.6555
Depth=3.1208
Elevation=106.2031
Area=26453.8478
DataPaint to Save Pond

21-19



General Settings: The values shown in the General drop-down apply to the last pond area selected.

Analyze Ponds - General Settings

Setting: | Description:
Volume |[Displays the volume of the selected pond in cubic feet.

Depth Displays the maximum depth of the selected pond in feet.
Elevation|Displays the ponding elevation (water surface) of the selected pond.

Area Displays the top water surface area of the selected pond.

. This method allows for manual selection of Template Points for inclusion the report. This
Selection . . .
method is demonstrated in the following workflow.

Filter Settings: Optionally, a filter can be applied to display ONLY ponds that exceed a specified Area or
Depth. After a filter has been set, push the Apply button to reprocess the ponding results and apply the

filter.

Analyze Ponds - Filter Settings

Setting: Description:
No Pond Filtering |All ponding areas are shown. No ponding areas are filtered out.

:u:::r Ponds By Only ponding areas that exceed the Minimum Area value are shown.

Fil Ponds B

Dletpet:1 onds By Only ponding areas that exceed the Minimum Depth value are shown.
Minimum This value works in conjunction with the Filter Bonds By Area/Depth settings.
Area/Depth NOTE: Minimum Area is in square feet units. Minimum Depth is in feet units.
Apply Push this button to apply the filter.

Feature Settings: If a Feature Definition and Name is set, then a 3D Linear Element is created around
the perimeter of a pond area.

Analyze Ponds - Feature Settings

Setting: Description:
Feature Definition |Sets the Feature Definition for the resulting 3D Linear Element.

Name Sets the Name for the resulting 3D Linear Element.
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21D.2 Analyze Trace Slope tool

This tool analyzes flow lines or lines of constant slope on a Terrain Model. TIP*: A Feature Definition
must be set in the Dialogue Box for this tool to draw the slope lines.

There are two Trace Methods for operating this tool: Maximum Trace Slope and Constance Slope
Trace.

Maximum Trace Slope: With this method, a point-location is specified on a Terrain Model and a line is
drawn along the path of maximum slope. The resulting line can be interpreted as the flow path of a water
when dropped on the point-location.

> N - %
K'J OpenRoads Modeling > M8~ H [ LR @ =| * LS| Yo ¥
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View FLH_Menu Help
& # From File ﬂgﬁ ’ zf“m\i &y Add Features % Edit Model C P poes 7 @ é@ @ E
% = 9.2 B o 2 S )y
v 22| From Graphical Filter ~ 'h_\‘:‘l ) {Eg Remove Features 9};] Edit Complex Model R = N =) . o — “. h
Additional ~ Topo Active Transform  Points Cajculate Volumes Hydraulic Reporting Aguaplaning Sight
LE] 3&2} From Elements Methods *  Import » v </ Change Feature Type 4 Boundary Options ~ = Area ~ = = ~ Visibility ~
Primary Create Edit & Analyze Pond
Analyze Trace Slope B Avaiyze Tisce s
» nalyze Trace Slope
B View 1, Design SurvFt EI@ tool b B
=1 Create HEC-RAS Data

el -[L] @ LN FF &Y

. Trace Method: &
Maximum

Slope Trace

Parameters

F Trace Method Maximum Slope Trace ™~

/ Minimum Depth 3000

Trace Slope Direction |Down

Minimum Depth

= =
II > III 4

set to 0.3000 Feature
P Feature Definition Trace Slope
Name race Slope
Path of Maximum Slope [ TIP*: A Feature Definition
(Flow Line) MUST be set to draw the

= . Slope Line.
Point Location

The Slope Line terminates when it reaches a depression point in the Terrain Model. In a depression point,
there is no direction where a downward slope can be achieved.

The Minimum Depth setting is used to pass over depressions that are shallower than the specified depth.
For example, in the graphic above, the Minimum Depth is set to 0.3000 and cause the Slope Line to
terminate at the depression in the Terrain Model. In the graphic below, the Minimum Depth is set to
1.0000 and the Slope Line passes over the depression point.

B View 1, Design SurvFt EI@

= - 6 - [2].2 LT E S| L 2
\ Parameters ~
Minimum Depth set to Miimur Depth
] 1.0000 Trace Slope Direction
Feature ~
] The Slope Line paSSES Feature Definition Trace Slope ™
Name
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Maximum Slope Trace - Workflow:

a OpenRoads Modeling | VT HE &« - | = .- L E| L
m Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View FLH_Menu Help
a &= From File ,!#Dﬁu @ j[:;i £ Add Features & Edit Model ;} P pos: 2 @ “‘%3 @
+ 22| From Graphical Filter v ¥ = "~ B Remove Features 4y Edit Complex Model 2 o=n) 0 L ] e

Additional  Topo Active Transform =~ Points Calculate Volumes Hydraulic Reporting Aguaplaning

L E| t‘i’g From Elements Methods > Import ~ v */ Change Feature Type 43 Bou tions ~ v Area v hé Visibility ~
Primary Create Edit A& Analyze Pond
Analyze Trace Slope P
. . + nalyze Trace Slope
B View 1, Design SurvFt EI@ tDDI 1 Crente HEC RAS Dot
o el = - =] Create S ata
[~ o1~ [d].2 PP F |5 e
‘In
Il‘u
&
Parameters ~
Minimum Depth 0.3000 5
Trace Slope Direction
Feature -~
Feature Definition
Name Trace Slope
Select Start Point for Trace Path
<ALT> to toggle trace direction - H H
ZSHIFT> to toggle irace method TIP: Slope Line Information
Elevation 1=1731.7530 T— - h h
Elevation 2= 1801 6696 IS snown nere.
Elevation Difference=19.9106

From the Ribbon, select the Analyze Trace Slope tool:
[OpenRoads Modeling > Terrain > Analysis - Hydraulic].

Prompt: Select Terrain Model element — Left-Click (select) the Terrain Model to draw a Slope Line
on.

In the Dialogue Box, set Feature Definition and Name for the Slope Line element to be drawn.
In the Dialogue Box, set the Trace Method to Maximum Slope Trace.

In the Dialogue Box, specify a Minimum Depth.
In the Dialogue Box, specify a Trace Slope Direction.

If Up is selected, then the Slope Line is drawn upwards from the current point location.
The Slope Line terminates when a high-point is reached.

If Down is selected, then the Slope Line is drawn downwards from the current point location.

Left-Click at the desired point location to draw the Slope Line from.

TIP: In the Quick Information Box, information relating to the Slope Line is shown. Elevation 1
corresponds with the elevation of the selected point location. Elevation 2 corresponds with the
termination point elevation.

O 9 90009

NOTE: The resulting Slope Line is a 3D Linear Element and is placed in the 3D Design Model . To
delete the Slope Line, locate it in the 3D Design Model .
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Constant Trace Method: This method creates a Slope Line that follows a constant slope path along the
Terrain Model. In the Dialogue Box, the Slope setting controls the constant slope value.

ﬂ OpenRoads Modeling | V8~ H |:-' Iy o« - " = k- L S| L
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate View FLH_Menu Help
a & From File L @ j‘-r’\\] £ Add Features S Edit Model [ >0 m 7 /’% % @ l
i 7 {s 50 S AN T .
~ 2| From Graphical Filter = f_‘!_J M éég Remove Features % Edit Complex Model Yl g 3 o = e — g N
Additional  Topo Active Transform  Points cCajculate Volumes Hydraulic Reporting Aguaplaning Sight
L= f\?i{ From Elements Methods *  Import ~ = =/ Change Feature Type 4J Bou tions * v Area v A v v Visibility ~

Edit

=R |

Primary Create

Analyze Trace Slope
tool

® View 1, Design SurvFt

% Analyze Pond

*& Analyze Trace Slope

=1 Create HEC-RAS Data

/% Trace Slope
Parameters

Trace Method
Slope
Length

Trace Slope Direction
Feature

Feature Definition

Name

AL

~

Constant Slope Trace | ™

Trace Slope

Trace Slope

From the Ribbon, select the Analyze Trace Slope tool:
[OpenRoads Modeling > Terrain > Analysis > Hydraulic].

Prompt: Select Terrain Model element - Left-Click (select) the Terrain Model to draw a Slope Line

on.

o In the Dialogue Box, set Feature Definition and Name for the Slope Line element to be drawn.

o In the Dialogue Box, set the Trace Method to Constant Slope Trace.

o In the Dialogue Box, specify the Slope.

In the Dialogue Box, specify the Length. The Length sets the termination point for the Slope
Line. The Slope Line will terminate at the specified length or if the Terrain Model becomes too flat

to sustain the specified slope.

o In the Dialogue Box, specify a Trace Slope Direction.

o Left-Click at the desired point location to draw the Slope Line from.
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21D.3 Create HEC-RAS Data tool

This tool analyzes a Terrain Model to create a HEC-RAS geometry file (.geo). This tool requires the
following elements to create the HEC-RAS data:

Stream Alignment and
Direction of Bank Direction
Right Over Bank Stream Flow || (Downstream to Upstream)
Tew T, Deraut: . ' ﬁ —
Right Bank ®LOTHY Lor, T .
Terrain Model|
Stream Alignment
(Reach)
Eeft Bank Edge of Water
Linework
Left Over Bank | | Cross Sections

See WARNING

e Terrain Model: The Terrain Model is analyzed to determine elevations for the Cross Section Lines.

e Cross Sections Lines: Must be oriented/drawn from right bank to left bank when looking upstream.
All Cross Section Lines must be within the boundary of the Existing Ground Terrain Model. Commonly,
Stream Cross Sections are surveyed and placed on the “E_HYD_Stream_X-Section” Level. However,
Stream Cross Sections may be manually drawn or traced using a MicroStation Element (i.e., a Smart
Line).

e Stream Alignment or Reach: Must be oriented/drawn from downstream to upstream. Commonly,
the Stream Alignment is surveyed and placed on the “E_HYD_Stream_Profile” Level. However, the
Stream Alignment should be an ORD Element (i.e., an Alignment). Using an ORD Element is
advantageous because the ORD Element can be stationed and assigned a (Reach) Name. Stationing
and Name will carry over to the HEC-RAS data. BEST PRACTICE: Manually draw or trace the Stream
Alignment using ORD Elements. The Stream Alignment should be a continuous ORD Element.

e Left/Right Bank Line: Must be oriented/drawn from downstream to upstream. Commonly, Bank
Lines are surveyed and placed on the “E_GEO_Top_of _Bank” Level. A Bank Line element must be
continuous along the entire reach. Bank Lines can be manually drawn or traced using a MicroStation
Element. WARNING: Typically, the Edge of Water Linework should NOT be chosen as the Bank Lines.
The Edge of Water represents the water level at the time of the survey, which may be lower than the
bank.

e Left/Right Over Bank Line: Must be oriented/drawn from downstream to upstream. In HEC-RAS,
the Over Bank Lines determine the Downstream Reach Lengths for the LOB and ROB. The Over
Bank Lines correspond with Reach Lengths for over bank flow. Typically, the Over Bank Lines are NOT
surveyed and must be drawn manually using MicroStation Elements. TIP: The Bank Line can be
selected as the Over Bank Line. In other words, a single element can serve as both the Bank Line and
Over Bank Line.

IMPORTANT: The direction of the elements must be oriented in the appropriate direction for correct
importation into HEC-RAS. The Stream Cross Sections Lines must be drawn from right bank to left bank,
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if looking upstream. All other elements (i.e., Banks, Over Banks, and the Stream Alignment) must be

drawn from downstream to upstream.

== Cross Section Data - geol

Exit Edit Options Plot Help

Apply Data | ] I\?' + ‘l Plot Options

set the
Downstream
Reach Lengths

Description

Del Row |

Reach: IRead’1

| River sta.:|1013.415

Ins Row I

Cross Section Coordinates
Station

Elevation

-

0
6.03
17.38
23.5
33.21
42,29
5166
62.78
62,79
67.97
68.58

5 0 e e

6355.26
6359.14
6358.91
6358.76
6358.46
5357.92
6357.92
6358.6

6358.6

6358.95
6358.94

=141

Downstream Reach Lengths

LOB

Channel

ROB

|180.34 I1?9.45 I183.19 I

LOB

Channel

?
ROB

Main Channel Bank Stations

(LOB and ROB)

Over Bank Lines

Legend

Bank Lines set the
Bank Stations

p——
Ground

+*
Bank Sta

Create

[Belect river for cross section editing

HEC-RAS Data - Workflow:

Create a new ORD File using a 2D Seed File. See 3B'= Create a New ORD File.

In the new ORD File, reference in the Survey ORD File.

A

Activate the Existing Ground Terrain Model.

Draw or trace the Stream Alignment (Reach) using ORD Element Tools.

Draw the Alignment from downstream to upstream. Use the Line Between Points tool to draw a

series of connected, line segments. See ZDi1:a:i Lines Between Points.

Combine the line segments into a single, continuous Alignment using the Complex By Element
tool. When using the Complex By Element, ensure the resulting Alignment direction is oriented
from downstream to upstream (as indicated by the purple arrow). See ZD:2:a Complex By

TIP: Assign the Stream Alignment to the “Baseline” Feature Definition. In the Properties @
box, assign the Alignment a Name.

TIP: Use the Start Station tool to set the start station value for the Stream Alignment. See

TIP: Use the Annotate Element tool to create alignment/station annotations for the Stream

Alignment. See E5DI2/Alighment Annotations = Workfiow.

ALTERNATE WORKFLOW: If a Stream Alignment was surveyed (i.e., a survey element placed
on the “E_HYD_Stream_Profile” Level), then use the Copy tool to bring the survey element in to
the current ORD File. The referenced survey element is converted to a Line String (MicroStation
Element) when copied in to the current ORD File. Use the Complex By Element tool to convert

the MicroStation Element into an ORD Element. The ORD Element can be named and stationed.
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In steps 5-7, the Bank, Over Bank, and Cross Section Lines are drawn or setup using MicroStation
Elements. If these lines have been surveyed, then use the Copy tool to bring the referenced survey
elements into the current ORD File as a MicroStation Element. There are two checks that must be
performed before the copied MicroStation Elements can be used with the Create HEC-RAS Data tool:

e Ensure the lines are continuous. For example, a Bank Line must be a single, continuous element. If
there is a gap in a line, then use Place Smart Line tool to draw a line between the gap. Use the Create
Complex Chain tool to combine multiple lines into a single MicroStation Element. See 6H.2 Create
Complex Chain tool.

® View 1, Default-3D = EOR X
[E-Clik~- & PRLOCHIHES &K

Bank Line is
discontinuous at
this point

e Ensure the Lines are oriented in the appropriate direction. Use the “Change Direction” Key-In to check
the direction of a Line and reverse it if necessary. The “Change Direction” Key-In is demonstrated in
61.5 Flip the Direction of a Line Style.

change direction

=15 |
]

change direction |\ In the Key-In menu, type

changecase ::emenl |n uchange Direction"

changetextattrib ence —
choose f and push Enter. (=)
cifnamedboundary w | level

< > linestyle v All =

change direction

Click on a Line element to reveal an
arrow that represents the direction.

If shown in the wrong direction, Click
on the Arrow to reverse the direction.
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Draw, trace, or copy in the Left and Right Bank Lines. The direction of the Bank Lines must be

E from downstream to upstream.

If drawing the Bank Lines, use the Place SmartLine tool to create a single, continuous, element

for each Bank Line.

Draw, trace, or copy in the Left/Right Over Bank Lines. The direction of the Over Bank Lines

o must be from downstream to upstream.

TIP: When using the Create HEC-RAS Data tool, the Bank Lines can also be selected as the
Over Bank Lines.

Draw, trace, or copy in the Cross Section Lines. The direction of the Cross Section Lines must
be from the right bank to the left bank when looking upstream.

Stream Alignment and
Direction of Bank Direction

Right Over Bank fm= Stream Flow || (Downstream to Upstream)
| .

View Lietau L)

—

Right Bank o —.. 9% |

Upstr

Left Bank &

Left Over Bank | | Cross Sections |

Cross Section
Direction

i

Downstream

From the Ribbon, select the Create HEC-RAS Data tool:
[OpenRoads Modeling > Terrain - Analysis > Hydraulic].

Prompt: Locate First Section Line — Select a Cross Section Line. NOTE: Cross Section Lines
can be selected in any order. They do NOT have to be selected from downstream to upstream.

Prompt: Locate Next Section Line — Reset to Complete — Select the remaining Cross Section
Lines. After selecting the last Cross Section Line, right-click (reset) to advance to the next
Prompt.

Prompt: Select Terrain or Reset to Use Active Terrain — Select the Existing Ground Terrain Model.
Alternatively, if the Existing Ground Terrain Model is active, then right-click (reset) to select it.
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@ Prompt: Locate Reference Line - Select the Stream Alignment (Reach).

Prompt: Locate Left Bank Over - Select the Left Over Bank Line. The Left Over Bank Line is
positioned to the left of the Stream Alignment when looking upstream. TIP: The Left Bank Line
may also be selected in this step as the Left Bank Over Line.

0 Prompt: Locate Left Bank - Select the Left Bank Line.
o Prompt: Locate Right Bank - Select the Right Bank Line.

o Prompt: Locate Right Bank Over - Select the Right Over Bank Line.

o " r (I | -

.:J OpenRoads Modeling - v HE L a2 = o -~

m Home erra Geometry Site Corridors Maodel Detailing Drawing Production Drawing Annota
&, i3 4 Add Features )

oL =
oyl

. &% Remove Features .
Active jumes Hydraulic Reporting Agquap

o T Sescmes et 4 Create HEC-RAS Datal : ‘

slel CH T
o 2 E oA = A €

omplex Model "

Primary Ed Analyze Pond
tool '
| I ] r v IFaTate]
® View 1, Default-3D = Analyze Trace Slope
> G- w4 /Ei-:] ;EI GI '— ," ‘“ fr— p— —-_1- e Create HEC-RAS Data

Locate Mext Section Line - Reset & First Section Line
Te Complate

Locate Right Bank

N
o™ Locote Let Bank |
%

C}* Select T R u
: 2 elect Terrain Or Reset To Use
Locate Left Bank Cver 8 e T
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After step 16, all information is analyzed and packaged into a HEC-RAS Geometry File (.geo).
Specify a location for the HEC-RAS Geometry File.

& Create HEC-RAS Data * ‘
1 + O Search Granite Entrance

Organize New folder =~ @

g Mam Tvpe e

Specify a File Location
for the HEC-RAS Data

LU 4 >

File name: | grte201701_HECRASbeo
Save as type: HEC-RAS Data Files (*.geo) v

File ~ Difectory

~ Hide Folders Cancel

Import the Data into HEC-RAS: With the Geometric Data window opened, the Import Geometry Data
tool is used to import the data gathered from the ORD Software. IMPORTANT: Use the GIS Format
option to import the data. WARNING: Do NOT use the HEC-RAS Format.

HEC-RAS 5.0.7 — X
File Edit Run View Options GISTools Help
=|@|x 5|5 |58 ® | A PlBE -] Fall

Project: Example iC:\Users'br

Plan:

Geometry Data X/[—
Window

2D " e = iy oo Plot WS extents for Profile:

s | seten | | | | -]

¢ Geometric Data - geo2 — O X
Geometry:

Steady Flow File Edit Options View Tables Tools GISTools Help

rea SAM2DArea  20Amea
Unsteady Fl New Geometry Data BC Lines |EreakLines

Description : Open Geometry Data H

-

Save Geometry Data —

Save Geometry Data As ..

Rename Geometry Title

Select
File > Import Geometry Data > GIS Format

Delete Geometry Data

Copy te Clipboard

Print ...
Impeort Geemetry Data > GIS Format .. &
Exit Geometry Data Editor e s L a R
[~ '~ HEC-RAS Format ...
Storage HEC-2 Format ...
Area
UMNET Geometry Format ...
ZDFlow HEC Stream Alignment ...
Area

Mike 11 Cross Sections ...

sAr2DAmRE CSV (Comma Seperated Value) Format ...

.ﬁ GML Format ...

=, mil

| 2437083.11, 148108825

21-29



" Geometric Data - geo3

File Edit Options

Tools  River
Reach

—

Storage
Firea

20Flow
Firea

View Tables Tools

SAf2DARea
Conn

Boa

GIs

Resulting HEC-RAS
Geometry Data

TAMRZD
B Lines

EreakLines

Mannn
Fiegions

E——r
Stati
b | «T29

P

escription :

Flot WS extents for Profile:

- a X

|

=

Inline:
Sitructure

{

Lateral
Structure

f

Storage
rea

':I:>

ZDFlow
Area

SAl20Area
Cann

Pump
Station

Cyl

HTah
Param.

Wiewy
Picture
lis1]

~333.9665

1013.418

~0.000000

E

3

2438078.04, 1458858.77
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21E - REPORTING TOOLS

Reporting tools are used to locate conflicting break lines or points within a Terrain Model.
Reporting tools are found in the Ribbon in the following location:
OpenRoads Modeling workflow - Terrain tab > Analysis group - Reporting drop-down

;J OpenRoads Modeling v M8 HE &« - L2 hEl=FE -
Home Terrain Geometry Site Caorridors Model Detailing Drawing Production Drawing Annotate Utilities Collaborate Vv

f; * & ﬁ@&_} £ Add Features %5 Edit Model 1::} ?_f m, A ‘% % ‘ E

v ) {% Remove Features %3 Edit Complex Model . ] —— . h
Element ... Active Transform = POINtS Calculate Volumes Hydraulic Reporting Aquaplaning Sight
[ E| Selection i.i T v </ Change Feature Type 43 Boundary Options ~ v Area v v v v Visibility ~
Primary Selection Edit Reporti ng A5 Report Crossing Features
tools # Report Conflicting Points

NOTE: Reporting tools have very limited usages for design and drafting purposes. These tools are
generally used by surveyors when creating and analyzing the Existing Ground Terrain Models for errors.
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21E.1 Report Crossing Features tool

This tool analyzes a Terrain Model for intersecting break lines and voids. For example, a Terrain Model
may contain two break lines which cross. It is possible for each break line to be set a different elevation
at the intersection point. This tool locates the crossing features and provides options for reconciling the
difference between conflicting elevations to automatically fix the Terrain Model.

NOTE: This tool has limited applicability for design work. Instead, this tool is most useful for surveyors
when creating and analyzing the Existing Ground Terrain Model for break line discrepancies.

In the example shown below, the Edge of Road and Edge of Approach break lines are both used in the
Existing Ground Terrain Model. The Report Crossing Features tool creates a report that shows the

elevation of both break lines at the intersection point.

Annotate Utilitie:

Q b

Sig

Drawing

Visibil
“é Report Crossing Features

% Report Conflicting Points

ﬂ OpenRoads Madeling HEE - 2 ko @@ -
Home Terrain Geometry Site Corridors Model Detailing Drawing Production
aQ p‘::i & Add Features @ Edit Model 2 | $e pee 2
9| Ry T Aonah
v — # Remove Features 42%, 1 bmplex Model > " ;
Active Transform | Points cajcylate Volumes Hydraulic Reporting Aquaplaning
0= v */ Change Feature Type 43 - - E 4
rimary | Report Crossing Features
tool
u View 1 - Top, Default

s adP B RES ST%S

Edge of
Road -
Break Line

Edge of
Approach
Break Line

o ey

Parameters ~

Apply Elevation Tolerance

0.0001

Elevation Tolerance

Apply Elevation Tolerance
Parameters:Apply Elevation Tolerance | Yes ~

Set Elevation Talerance
Parameters:Elevation Tolerance |0.0001]

From the Ribbon, select the Report Crossing Features tool:

b
©

[OpenRoads Modeling - Terrain > Analysis > Reporting].

Prompt: Select Terrain Model element — Select (left-click) on the Terrain Model to analyze.

Prompt: Apply Elevation Tolerance - If NO is selected, then the resulting report will list EVERY
crossing/intersecting Break Line or Void in the Terrain Model. Even if two break lines cross at the
same elevation (Elevation Difference = 0.0000), the intersection point will be listed in the report.

If YES is selected, then an Elevation Tolerance must be specified in step 4. The Elevation
o Tolerance is used to filter out break line intersection points with an Elevation Difference smaller

the specified tolerance.

TIP: To locate ONLY crossing Break Lines with differing elevations at the intersection point, set

the Elevation Tolerance to a very small value (i.e., 0.0001).

that cross at the same elevation will NOT be listed.

With this configuration, Break Lines

Prompt: Set Elevation Tolerance — Key-in the desired Elevation Tolerance for the analysis. The

recommended value is 0.0001.
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After step 4, the Report Crossing Features report is created and all Break Line Intersection Points are
listed. As shown in the report below, there is an Elevation Difference of 0.041 feet at the intersection
point of the Edge of Road and Edge of Approach break lines.

f " p— F‘m P— Report Crossing Features - Report

- O X

ii}Feature Types - 4/ Zoom To a Report All 2 Inview & Export... L@ Draw Selected Radius: 5

Intersection Point Elevation On Feature 1 Elevation On Feature 2 Elevation Difference Feature Type 1 Feature Type 2

12263336142, -3123948.744 1411643 1411684 0.041 Breakline Breakline

TIP: To locate a crossing,

select (highlight) an

In;cjel;jse;tlon F_’ron;t and Elevation Difference TIP: When an Intersection Point

push the Zoom To button. between the two Break Lines is selected (highlighted):

Feature 1 is shown in Red
Feature 2 is shown in Blue

at the Intersection Point.

By Right-Clicking on an Intersection Point, the elevation discrepancy can be automatically fixed and the
Terrain Model will be adjusted.

Report Crossing Features - Report

ﬂ Terrain Crossing Features Report - m} X
‘.—‘}Feature Types - 4~ Zoom To J Report All J In View (3 Export... @) Draw Selected Radius: 5
Intersection Point Elevation On Feature 1 Elevation On Feature 2 Elevation Difference Feature Type 1 Feature Type 2
12263336.142, -3123948 744 1411643 . 1411684 0.041 Breakline Breakline
Zoom To
Report All
In View
DeleteFeaturel hJ
DeleteFeature2
TOOIS fDr F|X|ng Insert a Point into both Features at a defined Elevation
the Elevation Insert a Point into both Features at an average Elevation
Discrepa ncy Insert point from Feature 1 into Feature 2
Insert point from Feature 2 into Feature 1
Automatically fix Elevations

Elevation Discrepancy Tools

Description:

Feature 1 is removed from the Terrain Model. NOTE: The element that

Delete Feature 1
corresponds with Feature 1 is NOT deleted. Only removed from the Terrain.

Delete Feature 2 Feature 2 is removed from the Terrain Model.

Insert a Point into both
Features at a defined
Elevation

An elevation point is inserted into both Features. The elevation of the point
is specified by the User.

Insert a Point into both
Features at an average
Elevation

An elevation point is inserted into both Features. The elevation of the point
is the average of “Elevation on Feature 1 and 2".

Insert point from A point is inserted into Feature 2. The elevation of the point matches the
Feature 1 into Feature 2 |“Elevation on Feature 1”.

Insert point from A point is inserted into Feature 1. The elevation of the point matches the
Feature 2 into Feature 1 |“Elevation on Feature 2".

The User is prompted to enter a "Maximum Elevation Difference”. Then the
average elevation at the Intersection Point is calculated. The average
Automatically fix elevation is used if the resulting point does NOT exceed the "Maximum
Elevations Elevation Difference” value in respect to “Elevation of Feature 1 and 2”. If
the "Maximum Elevation Difference” is exceeded, then the inserted point is
adjusted to an elevation that is NOT exceeded.
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21E.2 Report Conflicting Points tool

This tool analyzes a Terrain Model for two or more Points placed at in the same horizontal position, but at
different elevations.

For example, a Terrain Model used to create the surface of an Approach requires a closed Boundary
element to be created. When creating the Profile of the Boundary element, the start point of the Profile
should be placed at the same elevation as the end point.

However, if the start and end point are errantly placed at differing elevations, the conflicting elevations
will be located and listed by the Report Conflicting Points tool. Also, the differing elevation points can be
automatically reconciled by this tool.

ﬂ OpenRoads Modeling v MBI T H |:-I e~ ;" = k LS| Lo ﬂ -
Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utilitie:
a ‘,Qj A3 Add Features ¥ Edit Model |:‘+ ﬁ &i{j A ;é\§ ‘%{] @ Et
- & Remove Features 9 Edit Complex Model - . : il " ® )
Active Transform = Points czjculate Volumes Hydraulic Reporting Aquaplaning Sig
-5 v */ Change Feature Type 4J Options ~ v Area v = = = Visibil
Primary Edit — " Anal B Report Crossing Features
Report Conflicting Points B
= _ @ Report Conflicting Points
View 1, 2D Design § tOOI |
r‘ Gl 1 KT ‘L - B A L o g = v

Approach
Terrain Model

J)I.

Select Terrain Model element

Parameters ~

Terrain Model
Boundary Element

Apply Elevation Tolerance

Elevation Tolerance 0.0001

Apply Elevation Tolerance
Parameters:Apply Elevation Tolerance Yes| b

Apply Elevation Tolerance
Parameters:Apply Elevation Tolerance | Yes| £

Start Point of = End Point of
Boundary Profile Boundary Profile

L =29.9988

_________________________
--------------

Start Point and End Point
placed at different
Elevations
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o From the Ribbon, select the Report Conflicting Points tool:

[OpenRoads Modeling > Terrain - Analysis > Reporting].

o Prompt: Select Terrain Model element — Select (left-click) on the Terrain Model to analyze.
Prompt: Apply Elevation Tolerance — If NO is selected, then the resulting report will list All points
that are placed in the same horizontal position. Even points are placed at same elevation
(Elevation Difference = 0.0000) are listed in the report.

If YES is selected, then an Elevation Tolerance must be specified in step 4. The Elevation
Tolerance is used to filter out same position points with an elevation difference smaller the
specified tolerance.

©

TIP: To analyze for same position points with conflicting elevation values, set the Elevation
Tolerance to a very small value (i.e., 0.0001). Same position points placed at equal elevations
will NOT be listed.

o Prompt: Set Elevation Tolerance - Key-in the desired Elevation Tolerance for the analysis.

After step 4, the Report Conflicting Points report is created and all conflicting points in the Terrain Model
are listed. As shown in the report below, there is an Elevation Difference of 0.152 feet at the Start/End
Point of the Boundary element.

Report Conflicting Points
Report

ﬂ Terrain Conflicting P = — O X

42 ZoomTo ] Report All ] InView |- Export.. |(#) Draw Selected Radius: 5

Elevation on Terrain Model
1761.586
1761.586

Elevation at Point
1761.586

Point Location Elevation Difference

2467812.253, 2565957.305 ITerrain Pointl 0.000

2467812.253, 2565957305 -0.152

Conflicting Points

The Terrain Point
elevation is used in
the Terrain Model.

TIP: To locate a Point,
select (highlight) an

Point Location and push

the Zoom To button.

tm 434
Elevation Difference

between the two Points
placed in the same
horizontal position.

The next point is NOT
used in the Terrain
Model due to the
coflicting elevation.

By Right-Clicking on a Point, the elevation discrepancy can be automatically fixed.

Report Conflicting

Points Report
&4 Terrain Conflicting POTTE REpOTT — O X

,-)Zoom To &) Report All ] In View Export... @Draw Selected Radius: 5

Elevation on Terrain Model
1761.586

Elevation at Point
1761.586

Elevation Difference
0.000

Point Location
2467812.253, 2565957.305 - Terrain Point
2467812253, 2565957.305

Zoom To
Report All
In View

Delete Point ™ |
Set Point to Average Elevation®
Set Point to Elevation

the Elevation
Discrepancy

Tools for fixing ﬂ
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Elevation Discrepancy Tools

Delete Point

Description:

The selected Point is deleted. If the “Terrain Model” Point is deleted, then the
elevation of the other point is used at the conflicting point location.

Set Point to Average
Elevation

The elevations of the two conflicting points are averaged and the Terrain
Model is automatically adjusted at the point location.

Set Point to Elevation

The selected Point is set to an elevation specified by the User.
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21F - AQUAPLANING TOOL

The Aquaplaning tool analyzes the Finished Ground Terrain Model to create a report that measures film
depth along the length of the road for a specified rainfall intensity.

NOTE: The FLH WorkSpace does NOT support Feature Definitions for use of this tool. This tool is NOT
used in FLH projects.

EJ OpenRoads Modeling v MBI HII' e~ f = k Q O [N & '\‘T?J@ [+ =

Home Terrain Geometry Site Carridors Model Detailing Drawing Production Drawing Annotate Utilities

a * &0 2 FromFile Zﬁ @‘ o B A ;% %
B v 22| From Graphical Filter = = ooon m] e ~ '

Element ... Additional  Topo Points (z|culate Volumes Hydraulic Reporting Aquaplaning Sight
i E| Selection i T ‘% From Elements Methods *  Import » v Area v v v v Visibility »
Primary Selection Create Analysis @‘ Aguaplaning
E Add Flow Line
Aquaplaning A
tool

TIP: Analyzing the Corridor or Finished Ground Terrain Model with Thematic Displays can be used to

identify flat areas that may result in ponding or aquaplanning. For more information on Thematic
Displays, see 21H - Use Thematic Display Styles to Analyze Slopes.
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21G - SIGHT VISIBILITY TOOL

The Sight Visibility tool generates sight lines and a report that analyzes the Stopping Sight Distance (SSD)
or Passing Sight Distance (PSD) at station intervals along the mainline alignment.
£l OperRoadsModeling ~ @ S HE T &« -+ £ 2 k= 5 id-a2158067_Sig

Vie

Doiuion Lonoial Mtilities Collaborate

IE tHome  Tersin | Geomety St Comidors  Model Detailing  Drawing Produgtioa
a k‘ |y From File }% B A R 9y Sight Visibility @3 &;
B | Eement =7 5 From Graphical filter ~ )y dicnal  Topo 4 R & Points tool : aplaning _ Sight
@3 Selection i * 4B From Elements Methods~ Import~ &y &y v v Visibility *
Primary  Selection Create Edit Analysis ke Sight Visibility
kE Sight‘v’isibilit}fRe:L%:
T Slght Lines drawn e
=iy 4 @ erand IN the 2D and 3D
Design Models
Acceptable
Sight Lines Failed (Obstructed)
shown in Green Sight Lines shown in Red

After the Obstruction
Point the Sight Line
is shown in White

Sight Visibilit
S‘J Sight Visibility Results - Section: PSD Res u Its Ta b Ie - * ‘
[#] Achieved [~] Relaxed [] Not Achieved [_] ShoW Selecied -
: . X Sight Sight Sight Sight Distance Sight la
! N pe = “  Requied  Relaxed  Achieved  Achieved Status
1940000 23+50.00 1790.2673 1804.4912 18044912 250000 0.00% 000%  450.0000 4500000  450.0000 4344316 Achieved
19+50.00 2440000 1791.97071 1803.7434 1803.7434 250000 0.00% 0.00% 450.0000 450.0000  450.0000 431.3457 Achieved
20+0000 24+5000 1793.7260 18018033 1801.8033 250000 0.00% 0.00% 450.0000 450.0000 4500000 4303632 Achieved
20+50.00 25+0000 17954819 17986710 17986710 250000 0.00% 0.00% 450.0000 4500000  450.0000 4314833 Achieved

24+00.00 28+5000 1803.7434 1769.3577 1769.3577 250000 0.00% 0.00% 450.0000 4500000  450.0000 448.8460 Achieved
24+50.00 29+00.00 1801.8033 17672839 1767.2839 250000 0.00% 0.00% 450.0000 450.0000  450.0000 448.7614 Achieved
25+0000 29+5000 17986710 17658528 1765.8528 250000 0.00% 0.00% 450.0000 4500000 4500000 4487612 Achieved

9 g 448 7612 Achi v

In practice, this tool has two main usages:
Determine areas with inadequate Stopping Sight Distance (SSD). For example, if an object was

[ )
placed on the roadway, this tool analyzes if a vehicle has adequate Stopping Sight Distance to
come to a stop before reaching the object.

e Analyze Passing Sight Distance (PSD) to determine passing zones. Once passing zones are

determined, appropriate pavement markings can be drawn in for the permeant traffic control plan.
For example, for two lane highways, this tool can be used to determine placement of broken yellow

centerline markings that designate passing zones.
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21G.1 Capabilities and Limitations of the Sight Visibility tool

At every station interval, this tool draws a 3-dimensional sight line from the eye location of the motorist to
the object location, which is placed further down the mainline alignment. The distance from the eye
location to the object is set by the SSD or PSD distance required for the motorist operating speed. The
SSD or PSD distance is measured along the Alignment and represents the path of the vehicle.

w View 2, Design SurvFt-3D E\@
E-élld-|d BRLOCNNGNRERES 5V

b oot SSD or PSD distance
(as measured along
ocation the Alignment)

Sight Line
(3-Dimensional)

Eye
Location

In operation of this tool, the Proposed Finished Grade Terrain Model or a Corridor is selected. Sight Line
failure is determined if the Finished Grade Terrain Model or Corridor obstructs the sight line from the eye
location to the object. Acceptable sight lines are shown in green. Failed sight lines are shown in red.

As shown below, the sight line is shown in red (failure) because the proposed crest vertical curve
interrupts the sightline between the eye and object.

o View 2, Design Sunft-3D m@@j
-6lii-1d 992N &y The Proposed Finished Grade
Terrain Model obstructs the
Sight Line in this location.

Failed Sight Line

Shown in red before
the obstruction.

Shown in white after
the obstruction.

21-39



Sight Lines that extend past the Finished Grade Terrain Model or Corridor: Optionally, this tool
allows the Existing Ground Terrain Model to be selected to further analyze sight lines that extend past the
selected Finished Grade Terrain Model/Corridor. In areas where the Existing Ground Terrain Model and
Finished Grade Terrain Model/Corridor overlap, the Existing Ground Terrain Model is ignored.

Limitation — Accounting for Other Vertical Obstructions (i.e., trees and buildings): As mentioned
above, this tool analyzes Terrain Models and/or Corridors for sight line obstructions due to grade changes.
Trees, buildings, and other vertical obstructions are NOT analyzed because they are NOT a part of the
Existing Ground Terrain Model.

Accounting for vertical obstructions can be done manually by examining the resulting sight lines from the
2D Design Model 21 (plan view). BEST PRACTICE: After using this tool, scroll down the alignment and
search for sight lines that extend past vertical obstructions (i.e., trees, buildings, clearing limits) or the
right-of-way.

TIP: Turn on the Background Map aerial to assist in identifying vertical obstructions. See 3D = Setup a
New ORD File.

=i

B View 1, Design SurvFt - ~ In thIS area; the
Tree Line . Tree Line

Survey Linework obstructs the
Sight Lines

For example, in the graphic above, all sight-lines are deemed acceptable by the Sight Visibility tool
because the Terrain Models/Corridor grade changes do NOT obstruct the sight-line. However, there is an
area that would be obstructed by the surveyed Tree Line.

TIP: When scrolling down the alignment, isolate Levels that correspond with vertical obstructions, such as
the tree line (E_VEG_Tree_Line), buildings (E_PLM_BLDG_Building), and clearing limits
(P_RDW_Clearing_Limts). Also, it is commonly undesirable to have sight lines extend past the existing or
proposed right-of-way and property lines (E_RW_Right_of_Way_Lines, P_RW_Right_of Way).

TIP: In step 29 of the 21G.2 Sight Visibility — Workflow, the start station for analysis is specified. Before
accepting the start station, a sight line is dynamically drawn. Move the dynamic sight line down the
length of the alignment to quickly identify locations that are obstructed by surveyed or proposed linework.
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Vertical obstructions can be automatically analyzed by creating a 3D model of the obstruction and adding
it to the Existing Ground Terrain Model. However, modeling each obstruction area can be very time
consuming and will slightly alter the triangulation of the Existing Ground Terrain Model when added.

u? View 2, Design SurvFt-3D EI@
Eraili-d PRLOCCNN GHOBES &V KD

Vertical Wall built into
Existing Ground Terrain Model
to represent a Tree Area.

to the Tree Area.

In summation, the process for modeling an obstruction area is as follows:

NOTE: For this process, a new ORD File should be created. The Survey ORD File must be merged
(imported) into the new ORD File to make modifications to the Existing Ground Terrain Model.
Specifically, the Survey ORD File must be merged into the 3D Design Model ™ to import the Existing
Ground Terrain Model.

o Create a new ORD File using a 2D Seed File.

o Reference in the Survey ORD File and activate the Existing Ground Terrain Model.

Enter the 3D Design Model & of the new ORD File. Open the References manager. Select
(highlight) the Survey ORD File and use the Merge Into Master tool. See 1EZ.a Merge into Master
o tool (Import Reference into Current ORD File).

WARNING: If the Merge Into Master tool is used when the 2D Design Model 21 is active, then
the Terrain Model is converted to a Cell element.

o Return to the 2D Design Model 21 of the new ORD File and activate the merged (imported)
Existing Ground Terrain Model.

Create Closed Shape elements (MicroStation Elements) that represent the Obstruction Area.
TIP: Combine Linework that represents obstruction areas using the Create Complex Shape tool.
o TIP: Turn on the Background Map aerial to trace obstruction areas.

TIP: Use the Copy tool with referenced Linework to import the desired lines into the new ORD
File.
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Open the Profile Model EE for an Obstruction Area element.

Using the Copy tool, copy the profile for the Existing Ground Profile and place it in the same
o location. Activate the copied Profile.

WARNING: Do NOT directly activate the Existing Ground Profile. Activate the copy. If the

Existing Ground Profile is directly activated, then the Obstruction Area element will be rejected

when adding it to the Existing Ground Terrain Model.

Return to the 2D Design Model 2.

Offset element 0.5 feet within the Obstruction Area element.

Open the Profile Model EE for the offset copy.

Using the Copy tool, copy the Existing Ground Profile and place it directly above the original

Using the Move Parallel tool, create an offset copy of the Obstruction Area element. Place the

location using AccuDraw. Place the copy 15-20 feet above original location. Activate the copied

Profile.

® View 1, Design SurvFt [= EI@
E-clif-|d BRLEHNDESE HXD

0.5
Obstruction Area Offset Element_
Closed Shape place about 0.5'
element within Obstruction

Area element

B View 3, Profile -
=ik~ PRPC HE HEE

Obstructic;n Area
Profile Model BB

Copy the
Existing Ground Profile [§

in place

B View 3, Profile -
Erik- A LROC HE D

Offset Element
Profile Model BB

.........................
........
-------
——,

|

Copy the

Existing Ground Profile
and place it 30" higher.
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Enter the 3D Design Model .

o NOTE: After activating the Profiles for both the Obstruction Area element and Offset element,
corresponding 3D Linear Elements are shown in the 3D Design Model .

Add the 3D Linear Elements to the Existing Ground Terrain Model using the Add Features tool.
IMPORTANT: Add the Obstruction Area element as a Break Line.
o IMPORTANT: Add the Offset element as a Break Void.

NOTE: When using the Add Features tool, the elements to be added must be selected from the
3D Design Model .

3D Design Model s
w View 2, Design SunvFt-3D | |m

Offset Element

1 Add as a Break Void.

e

Obstruction Area
Element

Add as a Break Line.
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Limitation — Accounting for Grade in SSD Calculations: A variable in the Stopping Sight Distance
(SSD) formula is the current grade (G) that the vehicle is traveling on.
Greenbook Equation (3-3):
VZ
© 30[555 + Gl

dp

Where:
dy = Breaking Distance on grade (ft)
V = Design speed (mph)
a = deceleration (ft/s?)
G = Current Grade (%)

Unfortunately, the ORD software suffers from a known bug, that prevents the Instantaneous Grade and
Average Grade information to be collected, which means the calculated Stopping Sight Distance does NOT
account for Average Grade.

Sight Visibility

ﬂ Sight Visibility Results - Section: PSD Resu Its Ta b I e - X
[“] Achieved [~] Relaxed [«] Not Achieved [ Show Selected v
) . ~
Eye Object Eye Actual Object Design Instantaneous  Awverage i Sight Distance i:ght DéSI?]TEe Sight Line
Position Position Level Level Level Speed Grade Grade . Relaxe ieved ong SIgtbne - gyang
equired Achieved
OO 3651 [166851 [17927632 17862484 |1786:2484 |350000
12+38.51 17+8851 17891291 17875006 17875006  35.0000 [ 0.00% 0.00% .0000 550.0000 550.0000 548.8141 Achieved
12+88.51 18+3851 |1787.7366 17885508 17885508 | 35.0000 [ 0.00% 0.00%
.
13+38.51 18+88.51 1786.7850 1789.9137 17899137 35.0000 0.00% 0.00% NOTICE'
1348851 1943851 17862832 17915665 17915665 350000 M 0.00% 0.00% Instantaneous Grade and Average Grade
14+38.51 19+8851  1786.1221 17933229 17933229  35.0000 | 0.00% 0.00% CDlumns are ShUWn at 0.00%
35.0000

As a workaround, FLH has a Microsoft Excel spread sheet template that calculate Average Grade based on
the Eye Level and Object Level elevations. The values generated in the Sight Visibility Results Table
are copied into FLH spread sheets to automatically calculate SSD values that account for grade. Exporting
the Sight Visibility Results table into the FLH spread sheet template is discussed in 21G.3 Import Results
into Microsoft Excel Template.

TIP: Another workaround for addressing the average grade bug is to locate steepest grade on the project
from the Alignment Profile. Use Table 3-2 from the AASHTO Greenbook to determine the SSD distance for
the steepest grade. In step 10 of the 21G.2 Sight Visibility - Workflow, a custom Distance (SSD) value
can be specified. Enter the SSD distance for the steepest grade during this step. The resulting analysis
will be more conservative because the worst-case situation is analyzed.
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Limitation — Maximum Sight Distance is NOT Calculated: Knowing the Maximum Sight Distance that
a motorist can see is beneficial in areas of marginal SSD or PSD. This tool does NOT provide additional

analysis or extend a sight line after SSD or PSD is achieved.

For example, if the SSD is 200 feet (speed = 30 mph), analysis is ceased when determined that 200 feet
of Sight Distance is achievable. In this case, the motorist has a Maximum Sight Distance of 220 feet (As
shown in the results table below), which is marginal compared to the SSD of 200 feet. This marginal area

may be of interest to the designer.

= View 2, Design SurvFt-3D = (==
-84 PRIOCGDN HREE S YXS
Red Sight Line Green Sight Line
(Failure) (Acceptable)

Speed = 35 MPH
SSD = 250 Feet

Speed = 30 MPH
SSD = 200 Feet

oy
L

As a workaround, the operating speed or SSD (Distance) variable can be increased when using the Sight
Visibility tool. In the example shown above, failure is invoked by increasing the speed from 30 mph to 35
mph, which changes the target SSD value from 200 feet to 250 feet.

In the Sight Visibility Results Table, failed sight lines (shown with red rows) can be analyzed in the Sight
Distance Achieved column. The value shown in this column is the Maximum Sight Distance at the

station.

Results Table for
Speed = 35 MPH

E'J Sight Visibility Results - Section: PSD1

SSD = 250 Feet

Sight Distance Achieved
column

-

Achieved [ Relaxed Mot Achieved [] Show Selected

-~

BEST PRACTICE

Sight Distance

23+50.00

. . . Sight Sight . " . .
Eye Object Eye Actual Object Design  Instartaneo Average - Sight Distance . p Sight Line
Position Paosition Level Level Level Speed Grade Grade E'ﬁa'?"‘e Distance Achieved Alnn_g Sight Line: Status

equired  Relaxed Achieved
17+50.00 | 20+00.00 17858792 1800.0238 1800.0238 | 35.0000 0.00% 0.00%  250.0000 250.0000 §250.0000 248.0853 Achieved
18+00.00 |20+50.00 17877387  1803.8929  1803.8929 |35.0000 0.00% 0.00% 2500000 250.0000 §250.0000 247 8725 Achieved
205000 21 . 250.0000 §250.0000 2487242 Achieved
L

20+00.00 NOT__ICE' At _Statlop 22+_50-" the 250.0000 §250.0000 247 8725 Achieved
2045000 Maximum Sight Line Distance 0000 13 7212 Achieved
21+00.00 is 220 Feet. 0478725 Achieved
21+50.00 1785.8752 | 1800.0238 | 1807.1574 | 35.0000 0.00% 2487242 Achieved

17877387 1803.8529 1800.0238 35.0000 0.00%

1809.7685 | 1730.2069 1790.2069  35.0000 0.00%

1807.5044 17859914 17859914 35.0000 0.00%

248 7242

Achieved
Achieved

2487442
2496861

operating speed of the road. For failed sight-lines, compare the Sight Distance Achieved with the
actual SSD of the road. This practice allows areas of marginal SSD to be identified.

: When using the Sight Visibility tool, set the Speed to 5-10 mph greater than the actual
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Limitation — Only 1 Direction of Traffic is Analyzed per Use of the Tool: This tool can analyze sight
lines either forwards or backwards along the alignment. However, it CANNOT analyze both directions at
the same time.

To analyze sight lines forwards along the alignment, the start station must be less than the end station.

To analyze sight lines backwards along the alignment, set the start station to a value grater than the end
station.

4'%} Sight Visibility - x
Parameters I
ek To Start 0 To run the tool backwards along
Start 12:50 the Alignment:
Lock Te End O
step |3"““ Set the Start Station to a greater
Settings File Name C:\ProgramData\BentleyOpenRoads Designer CE 10.10\Corfig -
. value than the End Station
ethod [Table
Table Name |MSHTO 2011 5topping on Level Roadways ~ |
Speed 35 ]
Required Distance [250.0000 |
Relaxed Distance [250.0000 |
Eye Position -~
Interval |5DD'D'D'D |
Offset |-4.0000 |
Height [3.5000
Object Position -~
Move Target To Achieve Visibility
Interval [10.0000 |
Offset [0.0000 |
Height [2.0000
Feature -~
Feature Definition |Stoppir|g Sight Distance v |
Name [ssD |

TIP: When analyzing backwards along the alignment, set the start station to a round station (i.e.,
12+50). In the resulting report, the station intervals will be set to round values (i.e., 12+50, 12400,
11+50, etc...).

WARNING: If the start station is set to an irregular station (i.e., 124+56.23), then then resulting report
will list station intervals relative to the start station (i.e., 12+56.26, 12+06.56, 11+56.26, etc...).
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21G.2 Sight Visibility - Workflow

In this workflow, the Sight Visibility tool is used to generate sight lines and a results report.

When using this tool either the Alignment or Corridor can be selected (which is shown in step 26). If the
Alignment is selected, then a Design Surface (i.e., the Proposed Finished Grade Terrain Model) must also
be selected. The Design Surface is used to calculate the Eye Level and Object Level and analyze for
obstructions due to grade change. Creating a Finished Grade Terrain Model from a Corridor is shown in
22A.1 Create Terrain Model from Design Meshes tool.

Selecting the Corridor vs Alighment/Design Surface: If the Corridor is selected, then only the top
surface of the Corridor is analyzed for sight line obstructions. If an Alignment/Design Surface is selected,
then a Design Surface can be created using a combination of Corridors, Linear Templates, and Surface
Templates. All Corridors, Linear Templates, and Surface Templates included in the Design Surface are
analyzed for sight line obstructions.

NOTE: As stated above, either the Corridor or the Alignment/Design Surface can be selected. Regardless
of the selection, the Existing Ground Terrain Model can also be selected. In areas beyond the Corridor or
Alignment/Design Surface, the Existing Ground Terrain Model is analyzed for sight line obstructions.

Create a new ORD File using a 2D Seed File. See 3B = Create a New ORD File.

o TIP: Set the Coordinate System for the new ORD File. The Coordinate System must be set to
use the Background Map tool.

In the new ORD File, reference in the Survey ORD File, Alignment ORD File, and Corridor ORD
File, and any other pertinent Design ORD Files.

o Activate the Existing Ground Terrain Model.

OPTIONAL: If an Alignment/Design Surface is to be selected in step 26, then create a Finished
Grade Terrain Model use the Create Terrain Model From Design Meshes tool. Selecting the
Alignment/Design Surface is useful when a Design Surface has been created that is comprised of
multiple Corridors, Linear Templates, and/or Surface Templates. All features used to create the
Design Surface is analyzed.

EJ OpenRoads Modeling MBI Hl!' Iy« ~ f — | k

Home Terrain Geometry Site Corridors Model Detailing Drawing Production Drawing Annotate Utiliti
Q, * @ B FromFile )& @ ,dl:';\J A Add Features @ Edit Model (- 2
- s N
N - = I £ Remove Features 9y Edit Complex Madel el

22| From Graphical Filter ~ - R
Element . . Additional  Topo Active Transform
L= Selection i~ »@ From Elements Methods ~  Import ~ ~ =/ Change Feature Type 4J Boundary Options ~

Primary Selection Create Ji  Create By Text Interpolation Edit

ﬂg_h Create Terrain Model From Ascii File

- - ﬁ Create From Point Cloud
ur View 2, Design SurvFt-3D

E - v,} - é /@ /@ g/o ‘: *! @ i 3 @ Create Clipped Terrain Model

Create Complex Terrain Model

Create Delta

Create Corridor Alternate Surfaces

Create Terrain Model from Design Meshesﬁ

Use the Create Terrain Model
from Design Meshes tool to create
\ a Finished Grade Terrain Model

) |

Finished
Grade Terrain
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o From the Ribbon, select the Sight Visibility tool:
[OpenRoads Modeling - Terrain - Analysis].

Drawing ProdLE—Dﬁ =] saiaialal Ltilities

Sight Visibility

=

Maodel Detailing

‘@ o HER « -

Geometry Site

E:J OpenRoads Modeling

% k s # From File 2.0

id-a2158061_Sig
Collaborate Vie

@ &

Terrain Corridors

i v =5 F Graphical Filter = o

l——l Element ... 58| From Graphical Filter Additienal  Tope ﬁq h “ Points| tDOl aplaning Sight
@x Selection .. * 4% From Elements Methods *  Import~ & % v N—— v Visibility »
Primary Selection Create Edit Analysis

-k Sight Visibility
%

EE  sight Visibility Res

This tool requires the User to follow Prompts (shown around the mouse cursor) and configure the Dialogue
Box for correct operation.

Dialogue Box Configuration: Steps 6-11 explain how to configure the Parameters options in the

Dialogue Box.

BSettings File

Sight Visibility

£% sight Visibility

Parameters

Lock To Start

L] start

Lock To End
|:| Stop
Settings File Name
Method
Table Name
Speed
Required Distance

Relaxed Distance
Eye Position

Interval
Offset
Height

Interval
Offset
Height

Feature

Feature Definition

Narme

Object Position

Move Target To Achieve Visibility ;2‘

Dialogue Box - y

~
[
[17+51.68 |
[
[18+25.71 |
|C:‘;F’rogramData\Benﬂey\OpenFioads Designht Visibility\Sight Visibility | -- |
[Table |
|AASHTO 2011 Stopping on Level Roadways = |
[15 v

[80.0000 4\4 - .
20,0000 Required Dlstan::e

Relaxed Distance ki
|50.0000 |
|0.0000 |
[3.5000 |

10,0000
|0.0000 |
2.0000 |

|St0pping Sight Distance = |
|ssD |
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Settings File Name: The Settings File is a configuration file that contains AASHTO SSD and PSD
tables. Press the .| button to select the Settings File. This file is located in the FLH WorkSpace

o in following location:

...\OpenRoads Designer CE 10.10\Configuration\Organization-Civil\FLH_Stds-
WS10.10.21.00V\Sight Visibility

E Method: To use the Settings File (selected in step 6), then select the Table method.

NOTE: All other Method options require a Speed Table to be set for the Alignment.

Table Name: The Table Name determines whether Stopping Sight Distance (SSD) or
Passing Sight Distance (PSD) is analyzed.

o AASHTO 2018 Stopping on Level Roadways - Uses Greenbook Table 3-1 to determine
Stopping Sight Distance (SSD)
AASHTO 2018 Passing — Uses Greenbook Table 3-5 to determine Passing Sight Distance (PSD).

Speed: Select the design speed (in MPH).

BEST PRACTICE: Set the speed 5-10 MPH above the project design speed, which allows for

o analyzation of SSD/PSD in marginal areas. For more information, see Limitation - Maximum
Sight Distance is NOT Calculated in 21G.1 Capabilities and limitation of the Sight Visibility
tool.

Required Distance: The Required Distance sets the SSD or PSD for sight line analysis. By
default, this value is automatically set by the Table Name (step 8) and Speed (step 9).
Changing this value results in an overridden SSD or PSD.

Relaxed Distance: The Relaxed Distance parameter is NOT used in AASHTO SSD and PSD
analysis. However, ensure this value matches the Required Distance (Step 10).

Steps 12-17 explain how to configure the Eye Position and Object Position options in the Dialogue Box:

Sight Visibility
Dialogue Box | - ——

Required Distance '__—|
Relaxed Distance [80.0000 |

-
Offset Interval 50.0000 |
Eye Position Offset [0.0000 |
Height 135000 |

Move Target to

Move Target To Achieve Visibility ;..._....| AChieve ViSibiIity
Interval 10.0000 and Interval
Offset il

| Offset
Object Position

Height
| Object Position

Height
Eye Position

Height

Feature

Feature Definition |Stopping Sight Distance

Name |SSD
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i

B View 1, Design SurvFt Sight Line
G~ G~ 14 PRLIEHDES ST direction
q

Offset Alignment Offset

(Eye Position) (Object Position)
= 9 feet = 0 feet

Sight Line Object Position

Eye Position

Interval: Determines the station interval between each sight line to be created. If set to 50, a
sight line is created and analyzed every 50"

Offset (Eye Position): Represents the horizontal offset distance between the Eye Position and
o the Alignment. If the Offset is 0.0000, then the Eye Position is placed directly on the Alignment.
If set to +9.0000, then the offset is placed 9 feet to the right of the alignment.

o Height (Eye Position): This value represents the height distance from road surface to the Eye
Position. IMPORTANT: By default, this value is automatically set by the Table Name (step 8).

Move Target to Achieve Visibility: This option only applies to failed (obstructed) sight lines. If
this box is CHECKED, then the failed sight line is further analyzed. The failed sight line is drawn
to show the Maximum Sight Distance at the Eye Position station. The Maximum Sight Distance is
shown in the Sight Distance Achieved column of the Sight Visibility Results Table.

If this box is UNCHECKED, then the failed sight line is drawn from the Eye Position to where the
o Object Position would be located if SSD was achieved. At the point location where the sight line
is obstructed, the red-colored (failed) sight line changes to white.

Interval: This option is ONLY relevant when the Move Target to Achieve Visibility box is
CHECKED. When a Sight Line is obstructed, the Object Position is incrementally moved
backwards from the theoretical SSD location until a maximum Sight Distance is achieved. The
Interval value determines the incremental distance the Object is moved back until a sight line is
achieved.

@ Offset (Object Position): Represents the horizontal offset distance between the Object Position
and the Alignment.

Height (Object Position): This value represents the height distance from road surface to the
Object Position. IMPORTANT: This value is automatically set by the Table Name (step 8).
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In step 18 - 19, the Feature Definition and Name for the Sight Visibility analysis run is assigned in the

Dialogue Box.

Select a Feature Definition based on the type of analysis. The available options are Stopping
Sight Distance, Passing Sight Distance, and Overtaking Sight Distance.

@ NOTE: The Feature Definition does NOT affect the analysis or calculations made by the software.
The Feature Definition is simply used to organize different runs of the Sight Visibility tool in the
Explorer A,

@ Assign the Sight Visibility run a descriptive Name. For example: “SSD Eastbound 40 MPH”".

Feature Definition

Z% Sight Visibility
Parameters

Lock To Start
Start
Lock To End

] Stop
Settings File Name
Method
Table Name
Speed
Required Distance

Relaxed Distance
Eye Position

Interval
Offset
Height

Object Position

Sight Visibility

Dialogue Box - x
~
10+00.00
L]
1102+76.21

|C:‘;F’rogramData‘;Benﬂey\OpenRoads Designe Visibility\Sight Visibility | -

| Table

<

|AASHTO 2011 Stopping on Level Roadways

15

<

1100.0000

80.0000

<

50.0000

|9.0000

35000

Move Target To Achieve Visibility

Interval
Offset
Height

Feature

Feature Definition

Narme

110.0000

0.0000

2.0000

|Stopping Sight Distance

'SSD Eastbound 40 MPH

21-51




The remainder of the steps in this procedure follow the Floating Prompts. NOTE: Steps 20-25 correspond
with steps 6-11, which where set in the Dialogue Box. The parameters and values set in the Dialogue Box
will display in the Floating Prompt box.

Prompt: Select Settings File — The Setting File was set in step 6 through the Dialogue Box.
Confirm the correct settings file is shown and left-click anywhere in the View window to advance
to the next step.

Prompt: Method - The Method was set in step 7 through the Dialogue Box. Left-Click anywhere
in the View window to advance to the next step.

Prompt: Table Name - The Table Name was set in step 8 through the Dialogue Box. Left-Click
anywhere in the View window to advance to the next step.

Prompt: Speed - The Speed was set in step 9 through the Dialogue Box. Left-Click anywhere in
the View window to advance to the next step.

Prompt: Required Distance — The Required Distance (SSD or PSD) was set in step 10 through
the Dialogue Box. Left-Click anywhere in the View window to advance to the next step.

Prompt: Relaxed Distance — The Relaxed Distance was set in step 11 through the Dialogue Box.
Left-Click anywhere in the View window to advance to the next step.

000099

B View 1, Design SurvFt | — ” (=] ”&|
-Gk~ L RPN EE &HKP-

Iect Settings iIe - Alt Down To Select Settings File

_ F'arameters:Settins File Mame C:"-,F'r_qramData"-,

Method
Param eters: Method

Table Name
Pararmeters: T

Speed
Parameters:Speed 40
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Prompt: Locate Corridor or Alignment — Left-Click on either the Corridor Handle (tick) or the
Alignment.

If the Alignment is selected, then a Design Surface must be selected in step 31. The Design
@ Surface is analyzed for sight line obstructions.

If the Corridor is selected, then the original Corridor Alignment is used for stationing and the top
surface of the Corridor is analyzed for sight line obstructions. Step 31 is NOT shown when the
Corridor is selected.

Prompt: Locate Eye Control Alignment - Reset for Main Alignment - Optionally, a custom
Alignment can be used to control the horizontal position of the Eye. If an Eye Control Alignment
is used, then main Alignment is ONLY used for stationing purposes.

@ TIP: An Eye Control Alignment is NOT necessary if an Eye Position Offset is specified in
Step 13.

Right-Click (reset) to forgo an Eye Control Alignment and use the main Alignment to control the
Eye Position.

Prompt: Locate Object Control Alignment — Reset for Main Alignment — Optionally, a custom
Alignment can be used to control the horizontal position of the Object. However, the Object
@ Control Alignment is NOT necessary if an Object Position Offset is specified in Step 16.

Right-Click (reset) to forgo an Object Control Alignment and use the main Alignment to control
the Object Position.

B View 1, Design SurvFt E@

— L L@ o 0isaaS m=r Cll_jli:"l

If selecting the Corridor, left-click
on the Corridor Handle (tick).

o%

If selecting the Alignment left-click
on the Alignment element

= S _* e o - _ : )
Right-Click (Reset) [N 7200~ B
to forgo a L7 TN T -
Eye and Object

il Control Alignment

Locate Object Control Alignment:
Main Alignment
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Prompt: Start Station <ALT> Lock to Start — Select a Start Station with the mouse-cursor or
enter a value into the Dialogue Box.

TIP: If the start station is set to an irregular station (i.e., 124+56.23), then then resulting report
@ will list station intervals relative to the start station (i.e., 12+56.26, 124+06.56, 11+56.26, etc...).

TIP: Hover the mouse cursor along the length of the Alignment to show a dynamic sight line.
Look for area where the dynamic sight line crosses vertical obstructions linework (i.e., tree line,
buildings, right-of-way lines).

Prompt: End Station <ALT> Lock to End - Select an End Station with the mouse-cursor or enter
a value into the Dialogue Box.

Prompt: Locate Design Surface — Select the Finished Grade Terrain Model.

NOTE: This step is ONLY shown if the Alignment was selected in step 26.

Prompt: Locate Existing Surface — Reset to Skip - Select the Existing Ground Terrain Model. The
Existing Ground Terrain Model is analyzed for sight line obstructions in areas that extend past the
Finished Grade Terrain Model/Corridor.

P
Parameters
| Vi i 1
View 1, Design SurvFt i 29 Lock To Start D
Start 10--00.00
ock To End L]
- [] stop 51+08.63
] 31 Settings File Name C:\ProgramData\Bentley\OpenRoads Ity | -
| T W — Method [Table
Finished Grade Table Name |AASHTO 2011 Stopping on Level Roar
Terrain Model Spesd I‘S
. = Required Distance 80.0000
Design Surface = :
( g ) Relaxed Distance [s0.0000

Eye Position

E Interval [50.0000
Offset [0.0000
R Hcight [3.5000
Start Station ; h —. . Object Position

<Alt= Lock To Start

10+00.00 ) Move Target To Achieve Visibility

 (nterval [10.0000
Offset [0.0000
Height [2.0000

to Skip
— ) — L e e e Feature
Existing Ground e | Feature Defini [t Sight Dist
- eature Detinition opping =19 Isiance
Terrain Model

Name |SSD

Prompt: Data Point to Accept Design — Left-Click in the View window to place the sight line
graphics and view the results table.
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TIP: There are two methods for deleting a previously-created run of the Sight Visibility tool:

e Select the sight line elements from the 3D Design Model ™ and delete it. NOTE: Sight-lines
CANNOT be deleted by selecting the sight lines in the 2D Design Model <.

e Locate the Sight Visibility run in the Explorer A, Previously-created Sight Visibility runs are
located under the OpenRoads Model drop-down and in the Sight Visibility Sections drop-down.

TIP: Retrieve a Sight Visibility Results Table for a previously-created run from the Explorer A Right-
Click on the run and select the Sight Visibility Results option.

&, Explorer - e
fvd File
¥ Items

I/ Resources

> <|| ¢ ¢

I . OpenRoads Model I

\-T Q/@-

| Search O

o
L

4 < id-a2158061_Sight Visibility3.dgn (Design SurvFt)
~ Alignments

% Terrain Models

fflﬂ Corridors

N

> €N\ Linear Template
g 5 Surface Templates
2k Civil Cells
fH Superelevation
 Cant
" Linear Geometry

[ 3D Linear Elements

¥ Points

. Referenced Models

I -, Sight Visibility Sections I

4 <, Stopping Sight Distance
*. SSD Eastbound 30MPH C&‘

Previously-Created
Sight Visibility run.

(’F\‘Aquaplan]ng 0? P-TOPEI't-iE-S” VIEW the RESUlt Table Wlth
S sight Visbilty Resylts Sight Visibility Results
& Sheet Index X Delete
e Link: , Zoom
- oite Delete the
OpenRoads Standards o Sight ViSibiIitv run
. I Clear Isclate =
Drainage and Utilities Model
=§ Details

Survey B
@ Properties
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TIP: Export the Sight Visibility Results Table to Microsoft Excel:

ﬂ Sight Visibility Results - Section: SSD Eastbound 30MPH

Select the Report

10+50.00 11+30.00 17941204 17914846 17914846  15.0000

12+00.00 12+80.00 17905022 17864427 17864427  15.0000
12+50.00 13+30.00 17887673 17854132 17854132  15.0000
13+00.00 13+80.00 17874736 1784.8478  1784.8478  15.0000
13+50.00 14+30.00 1786.6212 17846437 17846437 150000
14+00.00 14+80.00 17862099 17845845 17845845 150000
14+50.00 15+30.00 1786.0930 17845704 17845704 150000
15+00.00 15+80.00 1786.0789 17845563 17845563  15.0000
15+50.00 16+30.00 1786.0648 17845423 17845423 150000
16+00.00 16+80.00 1786.0507 1784.7016 17847016  15.0000

— X
_ _ button
[] Achieved [~] Relaxed [v] Not Achieved [ ] Show Selected -
L Sight ~
Eye Object Eye Actual Object Design Instantaneous Average g‘igthatnce g‘igthatnce glxggnce ‘E‘l:;agnce Ei‘r?:t
Position Position Level Level Level Speed Grade Grade Required Relaxed Achieved SightLine Status
Achieved

S 00000 0-1000 s

0.00% 0.00% Achieved

0.00% 0.00% Achieved
0.00% 0.00% 80.0000 80.0000 80.0000 79.9093 Achieved
0.00% 0.00% 80.0000 80.0000 £0.0000 79.9239 Achieved
0.00% 0.00% 80.0000 80.0000 80.0000 79.9979 Achieved
0.00% 0.00% 80.0000 80.0000 £0.0000 80.0000 Achieved
0.00% 0.00% B80.0000 B80.0000 80.0000 80.0000 Achieved
0.00% 0.00% 80.0000 80.0000 80.0000 80.0000 Achieved
0.00% 0.00% B80.0000 B80.0000 80.0000 80.0000 Achieved
0.00% 0.00% 80.0000 80.0000 £0.0000 80.0000 Achieved
800000 Achieved ¥

a Bentley Civil Report Browser - C\Users\brendan\AppData\Local\Temp\RPT3c1yexdy.xml - O X
File | Tools
Open SEIECt
[ saveas »| | Report (xmi File > Save As > Microsoft Excel (*.xlsx)
Append 0D e (R Time: 4:21:56 PM
Microsoft Word (*.doc)
Page Setup | |M' “t Excel ("l < File: C:\ProgramData\Bentley\OpenRoads Designer CE 10.10\Configuration\Organization-Civil\FLH_Stds-
Print [eiviy cel (*xIsx) 9 © WS10.10.1V\Sight Visibility\Sight Visibility Tables and Equations Imperial.xml
- . pkfromCL.xsl Equation Setting: AASHTO 2011 Stopping on Level Roadway s
Print Preview akNE.xs! P
. okWide.xsl Sight Visibility Standard .
Exit " Section: gsrﬁ;und Variables Method Variables
EIementsComponentQuamt?tfesRepor‘t.xsl Calculation
ElementsComponentQuantitiesReportSummary.xsl Method: Table
adA'r_{ea\v‘?ll}rlr:;.xs: Control Reference: Design Surface: TM
assHaulToTIW.xs ; . .
Quantities by Named Boundary Report.xsl Requgi':‘:ai?;ts&l}ﬂl} Existing Surface: NOTICE. The Average Grade
e POt Relaxsd Sight g 00 wweTrgetto , | and Instant Grade columns
T Check sl Distance: Achieve: Z d 0 t
V?:\rlfgesfscl X Eye Reference: Object Reference: are eroed- u
b LegalDescription Eye Interval: 50.000 Object Interval: 10.000
I MapCheck Eye Offset: 0.000 Object Offset: 0.000
I Milling Eye Height: 3.500 Object Height: 2.000
I Stakeout
I StationOffset Eye ActualEnd Object . ... ActuslEnd Object Design Instant Average Required Relaxed Achieved *
I Superelevation Position Position Position Y Level Level Speed Grade Grade Distance Distance Distance D
I TemplateLib
e 1000.000  1010.000 1010.000 1788.938 1792.333 1792.333 15000 0000 0000 B0.000 80.000 10.000
b Tools 1050.000  1130.000 1130.000 1794.120 1791.485 1791485 15.000 0000 0.000 80.000 80.000 80.000
1100.000 1160.000 1160.000 1793.685 1790.558 1790.558 15.000 0.000 0.000 80.000 80.000 60.000
1150.000 1160.000 1160.000 1792.420 1790.568 1790.668 15.000 0.000 0.000 80.000 80.000 10.000
1200.000 1280.000 1280.000 1780.502 1786.443 1786.443 15.000 0000 0.000 80.000 80.000 80.000
1250.000  1330.000 1330.000 1788.767 1785413 1785413 15.000 0000 0.000 80000 80.000 80.000
1300.000 1380.000 1380.000 1787.474 1784.848 1784.848 15.000 0000 0.000 §&0.000 80.000 80.000
< >

As shown in the graphic report above, the Average Grade and Instant Grade columns are zeroed out. To
account for grade in the SSD/PSD calculations, the results table must be imported into the FLH spread

sheet template, which is shown the next section.
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21G.3 Import Results into the Microsoft Excel Template

The resulting tables from the SSD or PSD analysis must be copied into FLH spreadsheet template to

account for grade in the calculations and create a report. The FLH SSD and PSD spread sheet templates

are located at:

https://highways.dot.gov/federal-lands/design/forms/sight-distance

NOTE: Generation of the Microsoft Excel results table from ORD is shown on the previous page. Both the
ORD results and FLH template spread sheets must be opened for this procedure.

(

Microsoft Excel Results Table

B Greste PDF

tr D

generated from ORD)

3 Cell Styles -

Syles

£ Change Settings
Sortd Finda | - oo ¢

" Fiter - Select - | 1B Batch PDF
Ediing Slusbeam ~

Format -

cells

E

Click on the triangle to
select all cells in the
Results Report

prization-GvilFLH_SurvF_Standards-WS10.9.1V\Sight Visibility\Sight Visibility Tables and

G H
Sight Visibility Report

Report Created \Wednesday, June 15, 2022
Time: 1.22:.40 PM

Sight Visibil Standard Variables Method Variables
Calculation Method: Table i B KA %
1 Control Reference: HZ_Mainline Design Surface: Existing Ground - - . o
11| Required Sight Distance: 550 Existing Surface: Existing Ground BIEO-A-h-uaw
12|  Relaxed Sight Distance: 550 =
13 3 H 1.
& el Right-Click and Search the menus
i Eye oMsat: 0 select Copy \r ;._
16 Eye Height: 35 -
17 1 Cony
18 3 Paste Options:
19 Eye Position Actual End Position Obiect Position Eve Level ActualEn ~ . nSpeed Instant Grade Average
20 5318478 52372 52644 78 1480695 & E 3 [
2 5316078 52745.451 52619.78 1480274 paste 35 [
2 5314478 52716707 52504 78 1480.305 35 o
23 5311978 52752269 52569.78 1481.088 Insert 35 o
2 5300478 52788153 52544.78 147899 35 [
25 5306978 52801755 52519.78 1478641 35 [
26 53044 78 52804 106 5249478 1479 088 35 o
Fig 53018.78 52810564 52469.78 1478.169 =] 35 [
28 52094 78 52809 889 5244478 1477 674 35 o
29 5206078 52812.229 52419.78 1477341 35 o L
N 59944 78 52818 503 52394 78 1476 706 B 35 o [=]
RPTarskezs3 | (3) Linhide L y
Ready  ScrollLock (i Accessibilty: Good to go Average: 1231477275 Court 646 Sum: 170s5se025 NI B] @ - ——4——+ 10w

In the Microsoft Excel results table, select all cells by pushing the Triangle button located in the

upper-left corner. Right-Click and select Copy.

In the FLH spread sheet template, select either the “Alg Upstation” or “"Alg Downstation” tab. The
selected tab depends on which direction along the alignment the Microsoft Excel Results table was

generated from.

o Select the Triangle button located in the upper-left corner. Right-Click and select Paste.

dan McCray e <] - [} X
FLH Spread Sheet Template e
-n-L X arial 'H‘“ A General ~| | [ Conditional Formatting ~ | &= Insert ~ X v iv~ B Create PDF
By $ v % » | [ FormatasTable ~ xDelete ~ | [¥] - O~ | © Change Settings
Paste B I U -|&- A = ol
. ¥ = == - % 5 [22 Cell Styles ~ [%] Format ~ B Batch PDF
Cipboard ot s Number syes cals caing e ~
B1 f v
B (e D E F G H J H
;
2 Click on the triangle
3
a to select all cells
5
6
7 adal <10 A A $ % 0 B
2 BI=O-A-T-93
10 N
1 n Search the menus
12
13 db Cut
%' | Right-Click and
16 select Paste
17
18 /m
19 aste (P)
20 Tnsert C C
21
2 : ©
5 Select either the  Contents
u "Alg Upstation" or  fuces
s | "Alg Downstation" tab |
27 —
z Unhide
30 [~
» Alg Upstation | Alg Downstation | Cor Upstation | Cor Downstation | Upstation Analyzed | Dowr ... @) : [] D]
Select destination and press ENTER or choose Paste B B [ -——+ 100%
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Repeat Steps 1-3 for the opposing direction along the alignment. Ensure that results generated
from ORD are copied into both the “"Alg Upstation” and “Alg Downstation” tabs.

In the FLH spread sheet template, select either the “"Upstation Analyzed” or “"Downstation
Analyzed” tab

Expand the Design Speed drop-down located in cell E1. Select the appropriate design speed.

o Repeat steps 4-5 for the opposing direction along the alignment. Ensure the Design Speed has
been selected in both the “Upstation Analyzed” and Downstation Analyzed” tabs.

H - S rdan McCray 3l
I FLH Spread Sheet Template = :
ile lome nsert age Layout  Formu do 5, Share

= i ; "

[ & From Text/CSV [ Recent Sources T [ Queries & Connections Al [ZA Y ~ B=
- rg &l EE ae 2 || E
Get

[;9 From Web D Existing Connections

Refresh z] Sort Filter Textto What-If Forecast | Outline
Data ~ D From Table/Range All ~ T/Ad“a”@d Columns == ~ IEﬂ Analysis ¥ Sheet -
Get & Transform Data Queries & Connections Sort & Filter Data Tools Forecast Fa
E1 - S 30 v
A B C D E F G H I J K H
" -
,| ENTER DESIGN SPEED HERE —WQH — FROM DROPDOWN
35
3 40
45 Assumingflevel Road 4
Sight Distance Tool Meas|so _ L )
(Achieved Dist 55 Through@ut (Tool
chieved Distand| -
4 ®° v Outfyt) Expand the Design Speed
Measured SSD  Measured S5D TVITAIFFCIFTY Required S5D
Design S d - d
Station es;i:P:)ee off Alignment off Corridor  Measured SSD (Level) SSD Met? d ro p d own an d se I eCt th e ;aMet?
. at?
5 () ) (te) ) appropriate value.
6 402485 30 150 150 150 200 No 0 - 0
7 402+75 30 160 160 160 200 No 3532.627 -2.09 200 No
8 402+65 30 200 200 200 200 Yes 3532.622 -2.09 200 Yes
9 402455 30 200 200 200 200 Yes 3532.698 -2.03 200 Yes
10 | 402+45 30 200 200 200 200 Yes 3532.885 -1.87 200 Yes
11| 402+35 30 200 200 200 200 Yes 3533.135 -1.66 200 Yes
12 | 402+25 30 200 200 200 200 Yes 3533.4 -1.43 200 Yes
13 | 402+15 30 200 200 200 200 Yes 3533.664 -1.20 200 Yes
14 | 402+05 30 200 200 200 200 Yes 3533.93 -0.97 200 Yes
15 | 401+95 30 200 200 200 200 Yes 3534.21 -0.73 200 Yes
16 | 401+85 30 200 200 200 200 Yes 3534.499 -0.48 200 Yes
17 | 401+75 30 200 . 14.796 -0.24 200 Yes
18 401465 30 200 Select either the 5.003 0.01 200 Yes
19 | 401+55 30 200 n H " 5.36 0.24 200 Yes
20 | 401+45 30 200 " U pStatl?n Analvzed "c’r 5.626 0.48 200 Yes
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22 | 401+25 30 200 To To 0o Tes 3536.143 0.93 200 Yes
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b e ‘ Cor Upstation | Cor Downstation ‘ Upstation Analyzed | Downstation Analyzed | Upstation Analyz ... (3) [« \ ]
Ready (‘,‘.(Arressib\lity: Investigate B f ——8—+ 100%
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After the design speed has been selected, select the “"Upstation Analyzed Filter” and "Downstation
Analyzed Filter” tabs to review the results. Results shown in the “Level Roadway Only (Tool Output)”
table are generated directly from ORD. Results shown in the “Accounting for Grade” calculate the SSD
with the effect of grade accounted for. These results use the ORD generated eye level and object level

elevations to calculate an approximate average grade.

E ﬁ"’ L

FLH Spread Sheet Template

= O X

File Home Insert Page layout Formulas Review View Help BLUEBEAM  Acrobat Q Tell me Qi_ Share
B2 [RE i | e - A ||
B Lo Al [Z]A x g g
EpYe ['?3 o  Reapply == EE 57 :
Get Refresh H Sort Filter Textto _ _ What-If Forecast | Outline
Data ~ D All ~ VAdvanced Columns == ~ @' Analysis ©  Sheet v
Get & Transform Data | Queries & Connections Sort & Filter Data Tools Forecast s
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3
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6 | Yes |~ 531+95 - 200 |~ 200 |~ #N/A | T 531+95 M 200 |~ #N/A |~
28 | 526445 5.49g 200 Mo S20240 5.495 200
29 1 10.285 200
- Select either the
30| " - . " 54.875 200 |
31 Upstation Analyzed Filter" or 48701 200
32 " = = " 47.315 200
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Ready Filter Mode (5 Accessibility: Investigate aes| H —-— Bk + 100%
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21H - USE THEMATIC DISPLAY STYLES TO ANALYZE SLOPES

Using the “"Thematic:Slope” Display Style, slopes along a Corridor, Linear Template, Terrain Model can be
analyzed. The “"Thematic:Slope” Display Style can be used to locate flat pavement areas where a
drainage/ponding issue may form or to review slopes along a model to ensure ADA/ABA compliance.

The “Thematic:Slope” Display Style color-grades the surface of the Corridor, Linear Template, or Terrain
Model. A legend is shown in the upper-right corner of the View window that identifies the approximate
slope of each colored area.

NOTE: Thematic Display Styles are ONLY available in the 3D Design Model %. This analysis must be
performed from the 3D Design Model .

3D Design Model i

 View2,2D DesignSuné| ) \ =B [
- L 8 View Display Style: |
Thematic:Slope

-

f“ Change View Display Style

NOTE:
Areas with Slope greater than 2.00%
are NOT shown in this graphic.
However, the Display Style can be

customized to show any range of slope.
L

Area of
Shallow Slope
The “Thematic: Slope” Display Style must be edited in the Display Style Editor for effective use. By

default, this Display Style uses degree units in the legend and color grading. The Display Style should be
edited to show percent units, instead of the default degree units.

When editing the Display Style, a slope range should be specified. The default slope range (which is 0%
to 100%) is too broad, which causes areas of shallow slope are displayed as completely flat. In the
graphic above, the slope range is edited to ONLY show slopes from 0.00%-2.00%, which means slopes
greater than 2.00% are NOT shown and color-graded.

Setting the range from 0.00%-2.00% is useful for locating areas where ponding or drainage may be an
issue. The narrow slope range is necessary to depict small changes of slope in relatively flat areas. If the
slope range was set from 0.00%-10.00%, then areas of slope between 0% and 1.9% are shown as
completely flat (0.00%).

BEST PRACTICE: Set and adjust the slope range to isolate areas of interest. Engineering judgement
may be required in setting the slope range for the particular analysis. A recommended slope range for
identifying drainage and ponding issues is 0% - 2%. A recommended slope range for assessing ADA/ABA
compliance is 2% - 10%.
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Workflow for Setting and Editing the "Thematic:Slope” Display Style:

Open the Corridor ORD File. NOTE: A Corridor must have been previously-created for this
analysis.

Open the 3D Design Model .

Change the View Display Style to "Thematic:Slope”. At the top of the View window,

click the b button open Change View Display Style box. Select the “Thematic:Slope” option in
the drop-down.

As discussed on the previous page, the "Thematic:Slope” Display Style needs to be customized to
show the slope in percent units in the legend and narrow down the slope range.

O 909

In the Change View Display Style box, push the |...| button to open the Display Style Editor box.

Click the
Display Style .. button E=REeE <"

4‘%‘ Change View Display Style - x

Click the .. button
to edit the
Display Style

glsplayStyle lllustration:lgnore Lighting >
Smooth:Modeling -
Smooth:Shadows

Smooth:Sky Sphere
Smooth:SkyBox

Smooth:White Background

SU Active Display
Thematic:Aquaplaning
Thematic:Aspect Angle
Thematic:Height
Thematic:HillShade
Thematic:Slope

Select

n H n
Thematic:Slope Transparent v
w TransparentModeling
Transparent:Shadows
Transparent:Sky Sphere
Wireframe "
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o In the Display Style Editor box, select (highlight) the “Thematic:Slope” style.

o Push the Thematic Display 7~ drop-down button.

o Set the Display Mode to Percent.
Set the Stepped Display to Accurate.

o NOTE: If the default option “Off (Smooth)” is used, then fine details in the grading are smoothed
over and not depicted.

Set the Slope Range as appropriate for the analysis. Setting the Slope Range too broad is
problematic because small changes in slope may NOT be depicted in the color grading.

Slopes outside of the set range will NOT be shown as color-graded.

BEST PRACTICE: For analyzing flat areas for ponding or drainage issues, it is recommended
o that the Slope Range is set from 0.00% to 2.00%.

To analyze areas for ADA/ABA compliance, it is recommended that the slope range is set from 2%
to 10%.

In all cases, engineering judgment is necessary for setting a slope range that isolates the areas of

interest.
rYT—— Display Style Editor | >
+ < x

Type  MName * ~ Render Mode

57 Hidden LineModeling Display:S eliaded e

50 Hidden LineRealistic [ ] tgnore Lighting

50 Hidden Line:Sky Sphere Display
lustration Geometry Maps
..\ Highlight Asphalt Pavt D Shadows
II.\ Highlight Concrete Pavt Pattern Maps
Il.\ Highlight Default Level Transparency Threshold: 30 -
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Illustration:Modeling
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Smooth:Shadows u Invisible to Camera Display Legend Dlsplay MOde
Smooth:Sky Sphere LFRETE tO Percent

Sty [0 visbleoges |G- —
. . nd Hidden Edges: _' Stepped Display: | Accurate B
Select (hlg hllg ht) the Treat Open Elements as Edges Edge Override: | None :
"Thematlc:slope" Options Display Legend Set the
Display Style [ ] idden [] Trnsparent Margins el Stepped Display
Usable for
,. to Accurate

ThematicHillShade Views Color Scheme: | Blue - Red hd
Thematic:Slope D Clip Volumes
Transparent
Transparent:Modeling - .
Transparent:Shadows - =
Transparent:Sky Sphere

&1 Wiretrame 5 ' Slope Range 0.00% I 2.00% I I

< >

Set the
Slope Range
\
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