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Chapter 17: Horizontal and Vertical Design

Introduction

Since there are many different, and acceptable, methods of creating
horizontal and vertical geometry using GEOPAK, this chapter will not
dictate the exact methods to use. Instead we will describe the different
methods that can be used and provide a workflow for a macro that will
check the horizontal alignment design for kinks, once completed. This
chapter will be in three sections: Horizontal Design, Vertical Design,
and Macros.

Horizontal Design

There are four methods of setting a horizontal alignment: Coordinate
Geometry (COGO), Graphical COGO, Horizontal Alignment Generator,
and Store Graphics. Any of these methods are acceptable to CFLHD.
Each one of these methods has their advantages and disadvantages,
although graphical COGO and the horizontal alignment generator are
so similar that we will address these tools together. This chapter will
describe each of the above listed methods and indicate their
advantages and disadvantages. Regardless of the method used,
the final alignment must be drawn into MicroStation using the
GEOPAK D&C Manager, with the CFLHD .ddb file. This will assure
that the elements are drawn with the correct symbology, matching the
CFLHD standards.

Coordinate Geometry

Coordinate Geometry can be accessed using Project Manager by
selecting the Coordinate Geometry button.
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Figure 17-1: Accessing COGO Through Project Manager |

You can also select the Coordinate Geometry button on the GEOPAK
main dialog box.

4 4
L5

Figure 17-2: Accessing COGO Through Road Tools Icon

Either method will bring up the following Coordinate Geometry start up
dialog box:

Coordinate Geomektry

Project Mame: | cfhd
ob Number: [101]  Q

Dperator Code: I ib

Subject: |

] | Cancel

Figure 17-3: COGO Settings

If you are using Project Manager, the appropriate information should
already be in the correct fields. Otherwise, the Job Number and
Operator code will have to be entered. Project Name and Subject are
optional fields. Press the OK button to bring up the Coordinate
Geometry window.

You can create the horizontal geometry by typing commands in at the
COGO command line, by creating an input file with a sequence of
COGO commands and loading it into COGO, or by using the dialog
box driven Store Curve From Tangents, Locate Traverse, etc., tools
that are accessed from the COGO pull down menus to generate the
commands. If you use the input file method, remember that the COGO
input file name can only be 8 characters long, must have the job
number as the last three digits in the name, and the extension has to
have an “i"+ the operator code. (i.e. XXXXX470.ijb), where the i
stands for input file.

Advantages.
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e This method allows the user to have more precise control over
tangent bearings, control point coordinates, etc., than with
Store Graphics, if done properly.

e The user can set visualization on to view progress of design.

Disadvantages.

¢ Commands for the command line and input file methods are
difficult to memorize

¢ Small adjustments are hard to make
e Process is time consuming

Uses.

Reviewing both horizontal and vertical alignments

Creating output of alignments for printing

Tweaking alignments that were created using store graphics, or
any of the other methods.

Storing as-built centerline chain and profiles, especially those
for which there are only hard copy paper plans.

Graphical COGO / Horizontal Alignment Generator Overview

Graphical COGO and the Horizontal Alignment Generator, allow the
user to create coordinate geometry elements, much the same as the
original COGO tools, but with a much more graphic and user-friendly
process. Graphical COGO and the Horizontal Alignment Generator
can be accessed by selecting:

Applications>GEOPAK ROAD>Geometry>Graphical
Coordinate Geometry, or

Applications>GEOPAK ROAD>Geometry>Layout
Horizontal Alignments

17-3
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Figure 17-4. Accessing Horizontal Alignment Generator and Graphical
COGO

Or by selecting the icons from the main GEOPAK Road tool box.
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Figure 17-5: Horizontal Alignment Generator and Graphical COGO Icons

Horizont-!

When using either of these tools, the original COGO window must be
active. If the COGO window is not active when the tool is selected the
following dialog box is displayed.

This application requires 0G0 o be activated,
@ Would wou like to invoke COG0 now?

Figure 17-6: COGO Alert
17-4
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Selecting Yes, will then activate the desired tool.

The Horizontal Alignment Generator can also be accessed using
Project Manager by clicking on the Horizontal Alignment button on the
flow chart and selecting Graphical Element Based geometry.
Graphical COGO cannot be accessed directly from Project Manager

Graphical COGO

The Graphical COGO tool frame, shown below contains tools for
creating COGO elements such as lines, points, curves, modifying
COGO elements, manipulating elements, and grouping elements.

Figure 17-7: Graphical COGO Tool Frame

From the main Graphical COGO tool frame, shown above, additional
tools may be accessed from each of the four main tool boxes.

CIEIMENnCs

A | @

4

Figure 17-8: Graphical COGO Tools

The Graphical COGO tools shown above, and those
in the Horizontal Alignment Generator, look and act
the same as many MicroStation tools. However,
these tools are not relying on the accuracy of
MicroStation graphics, but rather the much more
accurate GEOPAK coordinate geometry engine.

N,

Horizontal Alignment Generator
When selecting the Horizontal Alignment Generator the first time, the
following dialog box is displayed.

SINES
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9 Would wou like to activate the default design tables?

Tes Mo |

Figure 17-9: Horizontal Alignment Generator Startup Options

If No is clicked, the dialog closes and no dialogs open. Once Yes is
selected, the following dialog box is displayed.

& orizontal i

File Design Tables Tools

Figure 17-10: Horizontal Alignment Generator Menu

The file pull-down menu allows the user to set preferences for how
newly created elements will be displayed, how to name elements, and
which geometry tables to use as a default. The Design Tables menu
allows the user to view the settings for the current default design
tables. The tools menu activates the COGO tools that will be used to
create geometry elements. Selecting Tools>Main accesses the
following tool frame.

Aligna
/o

TR

Figure 17-11: Horizontal Alignment Generator Tool Frame

From the main tool frame, shown above, additional tools may be
accessed from each of the six main tool box icons.

Lines / Curves H
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=
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Figure 17-12: Horizontal Alignment Generator Tools

Each of the tool boxes shown above, as well as the tools from
Graphical COGO, may be used together to create any combination of
geometry, from the simplest to the most complex.

Advantages

e Using these tools to set a horizontal alignment, if done
properly, is just as accurate as traditional command line
COGO.

e The user does not have to remember syntax of COGO
commands.

Disadvantages

e The Graphical COGO and Horizontal Alignment Generator
tools can be complicated.

e the process is slower than using store graphics, as detailed
below.

Uses

e When the geometry is known, as the input of As-Built
alignments.

o When the user wants to give exact bearings and distances.

Store Graphics

The store Graphics procedure is the simplest and quickest method to
create a horizontal alignment. The user can use standard MicroStation
draw utilities to layout the alignment then use the Store Graphics tool
to store the alignment into COGO. In one sense, the Store Graphics is
the “least accurate” of the methods that can be used to create
horizontal alignments because it relies on the limited precision of the
MicroStation elements to determine the geometry of the alignment.

STANDARDS FOR USE WITH X10 CRITERIA

qa

17-7
9/7/2005



Federal Lands Highway

CFLHD CADD Standards Manual
Chapter 17 — Horizontal and Vertical Design

Commitmant to Excollonce

Store Graphics will make slight adjustments to the graphical element
locations as required to force each element in the chain to be exactly
tangent to the immediately preceding element and the immediately
following element. These adjustments are always minor (e.g. the
coordinates of a curve’s PC and/or PT may be adjusted a few
millimeters to force the curve to match the tangents exactly) but they
do occur and the user has no control over them. So in this sense,
Store Graphics is “less accurate” than the other methods. However, if
the graphical elements were drawn correctly then the chain that gets
stored into the gpk file is exactly as “accurate” as a chain stored using
any of the other methods.

This command cannot be accessed using Project Manager, but can be
accessed the following two ways. From the GEOPAK pull down
menus select, Applications>GEOPAK ROAD>Geometry>Store
Graphics, or select using the icon shown below.

PR 2 A b B
& "

Figure 17-13: Store Graphics Icon
Advantages
o Use simple MicroStation commands to layout alignment,
adjustments to alignment are quick, and, the only point

numbers used are on the alignment (usually just the first and
last).

Disadvantages

¢ Not as accurate as COGO. Store Graphics makes minor
adjustments to the as-drawn elements in order to get them to
tie together mathematically.

e Cannot draw spirals using MicroStation commands. If spirals
are needed, you must use Horizontal Alignment Generator to
create that element, then you may continue using MicroStation
commands.

Uses

¢ Forlong alignments with many elements.

STANDARDS FOR USE WITH X10 CRITERIA
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Vertical Design

There are two tools used to set proposed vertical alignments, and both
are acceptable to CFLHD. The VPI based Vertical Alignment
Generator has been used by engineers and designers since the early
days of GEOPAK. This tool, although having been around for years, is
still a user-friendly, accurate method for creating and storing vertical
alignments. The second method is the Component Based Vertical
Alignment Generator. This tool is much newer than the VPI based
tool, and has yet to be fully utilized by most GEOPAK users. Both
these methods are just as accurate and depending on your preference,
as easy to use. Regardless of the method you use for creating
proposed vertical alignments, there is only one process for creating the
existing ground profile.

CFLHD's preferred method for cutting existing ground profiles is
Intersection mode.

After completion of the existing and proposed profiles, they must be
drawn into MicroStation using the GEOPAK D&C Manager, with the
CFLHD .ddb file. This will assure that they will be placed with the
correct symbology.

Draw Profile Tool - GEOPAK 2004

New to GEOPAK 2004 is a streamlined way to create existing ground
profiles, and plot both existing and proposed profiles. The Draw
Profiles tool is not available through project manager, but can be
accessed by selecting Applications>GEOPAK ROAD>Plans
Preparation>Draw Profiles, as shown below.

17-9
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Applications  Window

GEOPAK 3
GEOPAK DRAIMAGE 3
GEOPAK ROAD Tools
GEQPAK SITE g Project Manager
GEOPAK SURVEY g Active Chain Control
GEOPAK WATER SEWER d GECPAK Element Attributes
GEOPAE 3PC Adhoc Attributes

Liser Preferences

Geometry »
Design & Computation Manager
Quantty Manager

Plans Preparation 3 Plan View Labeling

OTM Tools DF Station/Offset

30 Tools b Draw Transition

Qrfzfs.s Sections Draw Cell by Feature
Utiities Draw Cell Group by Feature
Help Pavement Markings

About GEOPAK Profile Labeling

Draw Profiles

Draw Profile Tabular Data

Flan/Profile Sheet Composition
Tables

Figure 17-14: Select Draw Profiles

The Draw Profiles tool may also be accessed from the Plans
Preparation tool palette as shown below.

A5 7 GBS e B

Figure 17-15: Draw Profile Icon

All that is needed for this tool is a horizontal alignment and a .tin file.
This tool allows for the creation of an existing ground profile in much
the same way as the original GEOPAK 2001 tool, but does so behind
the scenes, with increased efficiency and a much cleaner workflow.
This tool also allows the user to draw profiles into MicroStation using
the D&C Manager DDB settings ensuring adherence to the CADD
standards. Also, with the Draw Profiles tool, there is no need to delete
before re-drawing updated profiles.

Workflow 1: Creating an existing ground profile

17-10
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1. Select the Draw Profiles tool using one of the methods described
above.

E Draw Profile E |§|@

File Edit Update Options
dob Number! [N « | @ ﬁ ET
Chair: |< Mone » v|

Surfaces | COGO | Frojection |

[iizngles 7|
| ——
| b
r jooomo [o0000
r jooooo [ooooo
r e—

Figure 17-16: Draw Profile Dialog Box

2. Select the job number where the chain is stored and the
associated chain.

3. Select the Dialog Profile Cell Control icon '@ , located to the
right of the job number. The following dialog box will appear.

17-11
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E Profile Cell Control
&ctive Chain: == Ed

icroztation File

Station Elevation  H. Scale Y. Scale Gap

Place Profile Cell

Figure 17-17: Profile Cell Control

4. Select the Place Profile Cell icon on the top right side of this
dialog.

5. Once selected the following dialog box is activated allowing the
user to set the station and elevation for the origin of the profile,
set the horizontal and vertical scale, and set the top and bottom
ranges for the cell. Notice how similar this dialog looks to the
D&C Manager dialog for placing a profile cell.

E]oIX]

E lesation; |?4EI.EIEIEIEI
Harizontal Scale: | A0.000000
Yertical Scale: | 5.000000

# Place Profile Cell

MoGap ™
Cell R ange
Top Delta bl | IW
Bottom Delta hd | [1o00000

Figure 17-18: Place Profile Cell

6. Once this dialog box has been populated, the user may place the
cell where desired. The Profile Cell Control dialog box will now
be populated.

E Profile Cell Control

Active Chain: (IS0~ |

bicrostation File

Elevation  H. Scale . Scale

FA0.000000 50.00 5.00

Station

10+00.00

Gap

A& Active Design
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Figure 17-19: Profile Cell Control

7. Dismiss the Profile Cell Control dialog box and return to the Draw
Profile dialog. Notice that before placing the profile cell
everything below the chain name on this dialog box was grayed
out.

8. This dialog box is now active and the user is now able to populate
the Surfaces and COGO tabs.

E Draw Profile

File Edit Update Options

Job Humber; (200 '@ ﬁ Label Scale; | 0.000000
Chair: |[TEST v|

Surfaces | COGO | Frojection |

Type | Mame Digplay Settings Diraw
]
Detailz*
TIM File: | Q
{ i F Trangles
Dizplay Settings Breaklines Filker Tolerances
By Lewvel Symbaology ::.DT t Horizontal: | 0.23000
NCremen
Even Wariance: | 0.1000
Station Limits Offzetz

I Beqgin: | 10+00.00 i Huarizontal; |EI.EIEIEII:I
I End: | 90+73.54 i Yertical [0.0000

[ “oid

Figure 17-20: Draw Profile Method
9. Begin by selecting the correct .tin file.

10. Once the .tin file is selected the user must now decide how to cut
the existing ground profile. The options shown above; Triangles,
BreakLines, POT, Increment, and Even, are the same options
allowed in the original Ground Profile tool. Select the Triangles
option.

11. Next the user must tell GEOPAK how to draw the profile with the
correct symbology. Previously, the user would use the D&C
Manager exclusively to accomplish this. As shown below, the

17-13
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Draw Profile tool will use either the D&C Manager or allow the
user to input symbology.

— Details
TIM File: | Q
Method: Triangles ¥ I
— Digplay Settings Filter Talerances

P Bylevel Syrbology | | Horizontal: | 0.3000
By Feature -1 4 Variance: [0.1000

— Station Limnits Offzetz

[T Begin [10+00.00 i Horizontal: IEI.EIEIEIEI
r End: |90+78.54 HE Wertical: | 0.0000
™ ‘oid

Figure 17-21: Display Settings
12. Select By feature to access the D&C Manager.

13. Once selected, the paintbrush becomes active. Click on the
paintbrush to access the D&C Manager.
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= 50_5EGP Exizting Ground Profile
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I RA
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23 Existing Utilities
21 Proposzed Utilities
I3 Topography
£ Payltems j

Figure 17-22: D&C Manager

14. Select the correct element, shown above as Drafting
Standards>Ground Profiles>Existing>50 5EGP Existing Ground
Profile.

15. Select the OK button in the upper right hand corner of the dialog
box.
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& Draw Profile M= |

File Edit Update Options

Job Number: [200 - '@ ﬁ Label Scale: | 0000000
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Suaces | COGO | Projection |

Type | MName Dizplay Settingz Diraw O
]

Details*
TIM File: | existing. tin a
Method:  Trangles ™
Dizplay Sethings Filter Tolerances
! By Feature - [—————| Harizontal: [0.2000
Feature: |50_SEGP ] é W ariance: IW
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I_ Beqgin: | 10+00.00 i Huarizontal; |EI.EIEIEII:I
I End: | 90+78.54 +in Wertical: [ 0.0000

M oid [ —

Figure 17-23: Add Surface

16. Once the above dialog box has been populated with the correct
tin file, the Method, and the symbology, select the Add Surface
Settings icon, circled above.

17. Selecting the Add Surface Settings icon will populate the surface
into the dialog box and instantly draw the profile onto the
previously drawn profile cell.
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File Edit | Update Options

Job Mumber: 200 = '@ ﬁ Label Scale: | 0.000000
Chair: [TEST hd

Surfaces | COGO | Projection |

Type | Mame Display Settings Diraw
TIMN  existing.tin A0 _BEGP

Details
TIN File: | existing.tin Q
Method: Triangles
Display Settings Filter Tolerances
By Feature 'l ————— Harizontal: m
Feature: |S0_EEGF 14 Varance: | 01000
Station Lirnits Oiffzets

[ Beqin: | 10+00.00 i Harizontal: | 0.0000
I End: | 90+73.54 i Wertical | 0.0000

™ oid

Figure 17-24: Store Surface in COGO

So far this workflow has allowed us to create the existing ground
profile and draw it into MicroStation with the correct symbology. In the
continuation of this workflow, we will store the profile into COGO and
plot more information such as elevation and station labels, along with
anything else that was previously available to be plotted from the D&C
Manager.

18. To Store this profile into COGO, select the Store Surface in Cogo
icon, circled above.
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E Store Profile

Profile Name: | ex-ground Select
[+ Stare Prafile in GPE
[ ~Create lnput File

—

| s |

Apply |

Figure 17-25: Store Profile

19. Populate the Profile Name box with the desired name. Check the
box labeled Store Profile in GPK.

20. Click Apply.
21. The profile is now stored in the GPK.

22. Dismiss the Store Profile dialog box and return to the Draw Profile
dialog box.

23. Select the COGO tab and from the Profile Name box, select the
correct profile.
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# Draw Profile E|ﬁ|® &/ |

File Edit Update Options

Job Number: [200 - '@ ﬁ Label Scale: | 0000000
Chair: |[TEST 1|r|

Surfaces | CaGao | Frojection |

Diraw

M ame Dizplay Settings
1

Details™
Station Limits

o fiame: RG]
. if; .
‘ertical Offset: [0.0000 [ Begin: | 10+00.00 b
[ End: |90+78.54 i

Dizplay Sethings
Custam Line Shyle

By Feature
Feature: [50 REGF ~ 4 [ Scale factor: | 0.0000

O ptions
General [T %Pl Labels Fram %Pl
WP Cicle
WL [T Grade Labelz '+ and - "rl

Figure 17-26: Draw Profile Dialog Box

24. Under the options section, located in the bottom quarter of the
dialog box, select General.

Dptions

Strip Grade Increment: | 50,0000

General

WP W Horizontal fxis Labels
WL W “ertical fwiz Labelz
[ Station Equation

Figure 17-27: Profile Options

25. This allows the user to select the Axis labels and the Strip Grade
Increment, if desired. The additional options are shown below.
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~ Ophions

Gieneral [~ WPl Labels Fram WFI v|
Cicle_~]
R [T GradeLabels '+ and“ vl

— Optionz
General [ Incremental Elevations [~ YPCAPT Label
P [T %.C. Parameters

[ K Value [T Extemnal Length
[~ Stopping Sight Distance

Figure 17-28: Profile Options

26. From the options shown above the user has the same flexibility in
drawing the profile into MicroStation that the D&C Manager
afforded. Once the desired options have been selected click the
Add Cogo Profile Settings icon, as shown below, and the profile
will be complete.

785 & Draw Profile EI':E‘
. File Edit Update Options

Job Number: [107 = @ ﬁ Label Seale: [0.000000 |——

TRO T e T T T T

_____ Chain: [MAINLINE <]

: Surfaces I COGO l Projection I
775 . Mame Display Settings Digg”]

: 50 GEGP fal
770 : X

. i~ Details
765 : Profile Name: [EHL =] [ StatinLinits

: Vettical Oifset. [0.0000 I Begin [285:0000  «»

™ End [347+9154 @

Display Settings

750 : By Feature vI ,j Custom Line Style
Feature: [S0_SEGF - é ™ Scale factor: | 0.0000

: Options
755 :

: m Ship Grade Increment: | 50.0000

. R ¥ Horizontal Az Labels

: Ve ¥ Vettical duis Labels
750 : ™ Station Equation
745

e _
) g g z = z g 5 g & 5 g K 5 z g
T40 [ s 2 = S = = i 2 2 = = = = = 2
28%@3.“ w F Yy EREEEREEEE sabn samegy s sansba sdpon segiie

28500, 000600
T4O

50

3

NOGAP

Figure 17-29: Profile Drawn Into MicroStation
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New to GEOPAK 2004

Horizontal Design

In GEOPAK 2004 there have not been many enhancements to the
workings of the existing coordinate geometry tools. The main COGO
dialog box has been enhanced to include utilities for each type of
COGO element such as points, lines, curves, chains, etc. The utility
dialog box will allow the user to functions such as visualize, print,
transpose, etc., for each element type. This allows the user to more
efficiently work with each type of element independently. The new
COGO dialog box, along with some of the utility dialog boxes is shown

below.
& Coordinate Geometry Job: 100 Operator: jb |Z||E|[g|
File Edit Element View Tools User
OLOEE: O~
Disable Yisuslization ¥ |[OFT [Feature) v | Browte | 9912 | 979912 ¥| ﬂﬂﬂ
LET ke =

-..._W_!.'_E!E_' ETE
» x &

[Chain

Figure 17-30: New COGO Tools
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