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Projects Originally Issued: 05-23-07

To facilitate the development of the data files needed for machine control grading, the
following protocol needs to be followed when developing cross sections for mainline,
side roads, ramps, loops, and on-site detours for a project.

Cross Sections Pattern Line Placement

1. Normal Cross Section Spacing:
A 10’ spacing between cross section pattern lines is required for projects that will be built
with machine control techniques. There needs to be a cross section made at the exact
beginning and end of the project. The cross section on 10’ intervals shall be at even +10
stations.

Note: The 10’ spacing will not be used for calculating earthwork quantities and soils layer
lines will only be placed at currently established cross section intervals.

Use the GEOPAK “Draw Pattern Lines” tool, shown below, which is accessed through
“Cross Section” and then “Draw Patterns by Station Range” to accomplish this task (Future
PAR section describing pattern lines):

£ Draw Pattern Lines O] =]
Jok: IEEI-:I Q. Chair; IEHN_D vI J:§ Friafiles |<Select> vI
Beginning Ending
Left Offzet]+]): I'IEIEI Left Offzet]+]): I'IEIEI
Statior: |?EE+3EI.4EI win Statior: |E|24+45.EI1 Bi e
Right Offset+]: |1EIIZI Right Offzet(+]: |1EIIZI
' Even « | [10.00 W Skewangle [0.00
Level Syrmbaology: = Diraww Pattern Lines |

2. Additional Cross Section Locations:
In addition to the 10’ spaced cross sections, the following locations require a cross section
due unique changes in the proposed design:

Changes in Typical Sections
Beginning and End of Transitions

Ditch Grades
An effort should be made to place ditch grade points on +10 stations to avoid the need for
additional section.
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Chapter 1-General Information Section 1D-16—Machine Control Grading Projects

= Foreslope Transitions
= Backslope Transitions

= Horizontal Curve Geometry Points:
a. Curves Without Spirals: PC and PT
ftp://165.206.203.34/design/dmanual/02a-01.pdf
b. Curves With Spirals: TS, SC, CS, and ST
ftp://165.206.203.34/design/dmanual/02¢-01.pdf
c. Pl Points With No Curves.

= Vertical Curve Geometry Points:
a. VPCand VPT
ftp://165.206.203.34/design/dmanual/02b-01.pdf
b. Maximum or Minimum Points (if not VPC or VPT)

= Super Elevation Points (A, B, C, and D)
See Typicals 2114A, 2114B, 2114C, and 5303
Ramps: See Typicals 2114D and 2115

= Guardrail Berms Transition Points
See Standard Road Plans
RL-14A ftp://165.206.203.34/design/stdrdpln/english/erl14a-01.pdf
RL-14B ftp://165.206.203.34/design/stdrdpln/english/erl14b.pdf

= Median Shaping for Cable Barrier
See Standard Road Plan RL-12 ftp://165.206.203.34/design/stdrdpln/english/erl12.pdf

Use the GEOPAK *“Draw Pattern Lines” tool, shown below, which is accessed through
“Cross Section” and then “Draw Patterns by Station Range” to accomplish this task (Future
PAR section describing pattern lines):

#£ Draw Pattern Lines =10] x|
Job: IEEI-:I Q Chair; II:HN_D vI J:f Erofile: |<Select> vi
Beainning Ending
’7 Left Offzet[+]; I'IEIEI Left Offzet[+]: I'IEIEI
e e

i Station: | 324+45.01 F & siw

Riight Difset(+}: [100

¥ Skewangle [0.00

Inzrement
Even

# Contral Points-Harizantal
Contral Paintz-fertical
Superelevation Transitions

Diraws Pattern Lines |

Gapped Areas

The following areas will not require special cross sections since they will not included in the models
for machine control grading.
1. Intersection Returns
Note: Both the mainline and side road should still be included in the model surface.
2. Bridge Berms
See Standard Road Plan RL-17 ftp://165.206.203.34/design/stdrdpln/english/erl17.pdf
3. Side Pier Berms
See Standard Road Plan RL-15 ftp://165.206.203.34/design/stdrdpln/english/erl15.pdf
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4. Wing Dikes

See Standard Road Plan RL-3 ftp://165.206.203.34/design/stdrdplIn/english/erl03.pdf
5. Let Down Berms, Ditch Blocks & Dikes

See Standard Road Plan RL-4 ftp://165.206.203.34/design/stdrdpln/english/erl04.pdf

6. Entrances and Safety Dikes
See Standard Road Plan RL-7 ftp://165.206.203.34/design/stdrdpln/english/erl07.pdf
7. Median Crossovers

Note: An overview layout of the project should be developed which shows the areas which are not
included in the surface model. The following is an example of this type of layout:
Al
 Idobe
Shortcut to 51MCLayout.pdf.Ink

Grouping Cross Section Cells

NOTE: Currently, the 10’ cross section spacing will not have soil layer lines drawn for them, nor
will they be sheeted for the final plan set. However, in the future, it is planned that a method will be
developed for soil layer lines to be drawn using subsurface TIN files. Also, it is planned that the DOT
will move away from printing cross sections to paper. If these new methods come to pass, then the
process of grouping cross sections as described below will no longer be necessary.

Because the 10’ cross section spacing will not be used for drawing soil layer lines,
calculating earthwork quantities, or printing cross section sheets to include in the plan set,
the ability must exist to choose which cross sections will be used for any given process.
There are three steps that allow for this to happen:

3. Set Cross Section Pattern Lines to be Unique:

There are generally four different sets of cross sections that will need to be cut:
A. Regular interval cross sections for earthwork quantities (100’ rural or 50° urban)
B. Single cross sections for unique changes in the proposed design
C. Single cross sections for culverts and drainage areas
D. Regular interval cross sections for machine control grading (107)

For each of these sets of cross sections, a different symbology must be used when drawing
the pattern lines. This symbology difference can be accomplished by placing the pattern lines
on a different level, different color, different line style, etc.

This will generally not present a problem except for the case where the two sets of regular
interval cross sections overlap one another (which will happen every 100’ rural or every 50’
urban). In this instance, the user needs an easy way to eliminate the duplicate pattern line that
will be placed. One method is to use Axiom’s Duplicate Element Remover.

Once the tool is started and the target file is chosen, the user must tell the tool how to find and
delete the duplicate elements. This is done by going into the ‘Change Settings’ dialog.
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& Duplicate Element Remover X
File | Setfings

Load Settings...

Repe  Save Settings
Save Seftings As...
Restore Factory Defaults... | Cloge |

- Settings File: ...ppsiaxiomiWEyremoveryremaover. ini _

The *Change Settings’ dialog has several screens, but the ones of most interest are the three
that follow below, which all work together to accomplish the removal of the extra pattern
lines.

The first screen is labeled ‘Characteristics to be ignored’. Even though the duplicate pattern
lines are the same length and occupy the same location, they have some part of their
symbology that is unique, so that they can be used at different times. By choosing one of the
check boxes on this screen, the user can tell the tool to ignore this difference in symbology.

Duplicate Element Remover Settings - ...\Axiom\V8\remover\...

Categony [lze theze optionz to ignore zome symbology category when
General comparing elements. For example. if you ignore level', an element
Characteristics ko be ignored on level 3 can match an element on level 14,
Hestr!ct!nns on elements removed ™ Level
Restrictions on elements compared -
D'esign report file syrmbaology Color
Tolerances [ wieight
[ Style

k. | Cancel

The next screen is labeled *Restrictions on elements removed’. The same checkboxes are
chosen as on the first screen, and the purpose of this screen is to make the distinction on
which of the duplicate elements is to be removed.
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Duplicate Element Remover Settings - ...\Axiom\V8\remover\...

Category Uze theze optionz with 'Characteniztics to be ignored.”
General Femove the elements that match the symbology in this dialog bos.
Characteristics to be ighored
FIE:E:lrE:tljr'l:E: an elements remoyved B Level | p
Festictions on elements compared
Dezign repart file syrmbalogy [ Color | pe
Tolerances [ weight | yeol
[ Style [ jel
[T Keep the element with heaviest weight.
[ Keep the element with line stple 0 one exists.

kK | Cancel

The final screen is labeled ‘Restrictions on elements compared’ Similar to the last screen, the
same checkboxes are chosen as on the first screen, only the purpose of this screen is to decide
which of the duplicate elements will be kept (not deleted).

Duplicate Element Remover Settings - ...\Axiom\V8\remover\...

Categary lUze theze optionz with 'Charactenizticz to be ignored."
General Compare elements only to elements that match the symbology selected
Characteristics to be ighored ir thiz dialog bo,
Hestrctons on elements removed ™ Level | Jeo
Festrictions on elements compared
Design report file symbalogy [ Color | o
Talerances [ weight | o

[ Style [ ol

kK Cancel

4. Cut Existing Ground Cross Sections in Different Sets

Because the pattern lines for the various sets of cross sections are unique, they can be cut at
different times. And when the sets of cross sections are cut separately, they will be drawn to
different parts of the working cross section file. This is important for the next step. Once the
user has cut all of their cross sections, they should make note of where each set of cross
sections has been drawn by placing a large MicroStation shape around each set, with text that
labels the type of set that is represented.

5. Using the MicroStation ‘Group’ Command

Because the different sets of cross sections have been drawn to different locations in the
working cross section file, it is possible to use the MicroStation ‘Group’ command to isolate
a particular cross section set (in this case, the regular interval cross sections for machine
control grading that were cut every 10”). This is accomplished by using the Element
Selection tool in MicroStation to select all of the cross sections in a set. Once the entire set of
cross sections has been selected, the user will choose Edit | Group from the MicroStation
menu bar.
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What this does is wrap a blank cell header around all of the selected elements. Because of
this cell header, Geopak now cannot ‘see’ the cross section cells within the group. As a
result, these cross sections effectively disappear as far as Geopak is concerned. They cannot
be seen by the Cross Section Navigator, they cannot be used for earthwork calculations, and
they cannot be sheeted.

So the procedure will be to ‘Group’ the machine control cross sections right before earthwork
or sheeting is run, and then afterward, they will be put back to normal by doing an element
selection on the group and choosing Edit | Ungroup from the MicroStation menu bar.

Generation of 2D Cross Sections

Future PAR section describing generation of 2D cross sections.

Generation of 3D Surfaces

Once the cross sections are complete the following steps are to be completed to develop the
surface files in the Triangular Irregular Network (TIN) format. data files that will be
provided to the grading contractor for application in the machine control grading process.
There are multiple ways to accomplish this task, 2 processes are discussed below.

Process 1

Start GEOPAK, Get the Cross Section Reports icon in the Cross Sections icon bar, as shown by the Blue
arrow.

Cross Sechons

oy g 4 Em T
o vt et | v |l 1 4

x|
e =

| Crogz Section Fiepl:nrts|

1 e
St Pl
-ﬂi}"-. :_,5‘.&!
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Select the DTM Input report as shown by the Red arrow. Then select the job, chain, station range and by the
Green arrow select the cross section line work you want as a DTM. Then name and create the .dat file.

g Candidate Elements | =) x|

W [ ETIE S a
_| s T Lmerss _|
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After the .dat file has been created open the GEOPAK DTM icon bar and select the DTM as shown by the Red
Arrow. Then select the Build/Triangles as shown by the Blue Arrow.

DTS |l Z DT =101 %]
Tﬂ t‘”'j Seftings  Estract | Buld Edit Drape Load Beportz  Analpsiz  Utilites
e
SRS Lattice
K, : Merge TIMNz
el 741 =
E}d; I’:: Clip TIN
i A Ead
el Delta Surface

ZEh
HrZ To Tin

Then select your created .dat file, name your .tin file, set the Dissolve Option as shown by the Green Arrow,
and set the side length as the 15 ft (5 ft farther than the maximum cross section spacing).

E Build Trianglez =l E
Drata File: | .dat o
TIM File: | tin Q

Digzolve Option; Side ™

— \
Side Length: | 15.00000

Process 2

3D Cross Sections

1. Copy from the seed files a 3D design file for use in the development of the 3D cross sections.
( Future PAR section describing the Copy Seed application.)

Etupy Seed (¥3) - |I:I|5|
Choose the units of fils to create :
= English M etric Enalizh MName of file ko create [CCRRRPPP]: |k ant: 30 Fil

L‘ (10000 rezalution] (2000 resalution] L [720 resolution] | C=Courty, R=Route, P-Parerthesis |~ — = ©

Browsze Directory | Location of file to create :  P:hdata

Choosze type of 10000 Englizh file :

30 Blank. File [.30] Create File

Chooze type of 2000 Metric file : I

j Lreate File
[

Choose type of 720 Englizh file : I Create File

1L

Estenzion of file to create : |3':I Exit Pragram
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2. Generate 3D cross sections for all of the proposed improvements.
Use the GEOPAK “3D Modeling” tool which is accessed through “3D Tools” and then “3D

Cross Sections” to accomplish this task

(Future PAR section

cross sections.). The tool palettes are

shown here:

describing 3D

& 3D Modeling 1

File

=10 x|

Job: [175 Q@

A0 Ahgniment

Chair: [DETT i [

A0 Crogs Sechions

Interpolate Between Sections

30 Pavement M arkings

7= 3D Cross =10 x|
#5 DGM File: | 6 Stuff0DIFIED Detowr_#5.dgn Files... |
Current Station:  0+00.00 R 1
Begin Statior:  0+0000R1  [0+0000R1
EndStatior: 11+70.00R 1 [11+7000R1
Lewvel Symbalogy Search Criteria
E sisting Ground Line ; /@T"‘\

Fropozed Finizh Grade

Apply

3. Use the GEOPAK “DTM?” tools set to “Extract Graphics” into a “.dat” file. This tool palette

is:
7= Extract Graphics =10 x|
T Im— Q
File tppe:  Binary
File open:  Create il
Feature: Breaks bl Stroking |
kode:  Ewxtraction bl |
— Search Criteria
¥ LvMames |Default &
™ LvHumbers: | (|
r Colars: | |
r Styles: | (]
r Weights: | |
| Tiupes: | |
b atch I Digplay I Feszet |
— Extract
"iew 1 - | Apply |

4. Use the GEOPAK “DTM” tools set to “Build Triangles” as shown in the following palette:
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gBuiId Triangles =10 x|

Drata File: | extraction DET1.dat Q,

Dizzolve Option: Side ‘"’l
Side Length: | 15.000000

Process

5. Check the newly generated TIN using the GEOPAK “Load DTM Features” tool:

gw:"-.,proiects"-.,-ﬂ1?5l]1l]Al]l]"-.,Design"-.,l(enl:'s 2006 Stuff,Kents_2Znd_3D_File.3d (3D - ¥8 i m| ﬂ
o 2o - —

Nzd e tad-~@72)5-c- 00 BEefe]

= _ x | %

WX E REET] ol olel

Load Reports  Analysis  Ukilities

Settings Extract Build Edit Drape

s
£
n

fi
il
-

=&~

* = 00

B
o

a
o

gLoad DTM Features
File

X R
Fl

LoadFile: TIN | [Testtin

Dizplay Preferences

o
&

&

e
3

Load: Extert | [ Display Only ¥ Graphic Group

+
[
=
-

/:’ Feature Level Color ['Weight| Style
W TE 2 i i ot
P D efault o
/ff, 2“, Cortours - - - OM =
MajorLines  Defaul 30 0 N - -
M ajor Label [refault 4 1] 1] OFF e
Minor Lines D efault B 1] 1] ON j
—
At =Baudt P o apFad [
| F| il i
— = = E - = -
AQAOCE/EESRP B2 @ eGq @
Element Selection DTMTRG unloaded. | a_c? a |Default

6. Merge TINS as needed to develop the needed composite TIN file. This may be a composite

TIN by stage of construction or composites for grading and paving projects.

Additional Surfaces

Surfaces should also be developed for the following situations:
Borrows (By Soils Design using GEOPAK Site)

Under Cuts

Over Burden

Special Channels

Recreational Trails

agrwbdE
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Comments

Roadway Pipes and Boxes do not require special sections for modeling.
Final Surface with Topsoil vs. Class 10 Surface
Select Treatment — Top or Bottom

Output Surfaces

Once the TIN files have been completed, then the following steps are to be process should be
followed to generate the that will be provided to the grading contractor for application in
the machine control grading process.

File Formats

The “Utilities” tool set option on the “DTM” palette allows for the conversion of the final design TIN
into a number of possible out file formats. The palette is shown below:

=101 x]

Seftings Extract Build Edit Drape Load Reports  Analysis | Utilities

Conwverk TIM
A5CIT bo Binary
Eimary to ASCII
Check Triangulation
Metric <- =English
Export DTM
Import LandxML
Excport Land#mML

The following file formats of the proposed roadway grading surface, as well as the existing ground
surface, will be generated and provide to the Office of Contracts prior to letting:
1. Bentley Format
This is the final TIN file generated by the pervious instruction and the existing ground TIN
created by Photogrammetry.
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2. ASCII Format
Use the “Binary to ASCII” tool shown below to generate this file format.
10l
Binany File; |e:-:trau:tiu:un_DET1.u:Iat Q
@aoii Files | etour Surface [ASCH)).dat - €

Mumber Of Decimal Paintz: 0 vI
[ Append Paint Murbers

Frocess |

3. Land XML Format
Use the “Export Land XML tool shown below to generate this file format.

_Iolx]

TIM File: [CET1.tin aQ,
Project Marme: |
Descriptior: |

Land=ML File: | Detour | Q

Output Mode:  Create ™ I

4. Trimble Format
Use the “Export DTM” tool shown below and select the “Triangle TIN to Trimble TTM” option
as shown below:

Il

Triangle TIN File: | Test.lin a,
Trimble TTM File: | ineContralRevieed TIM.tm | G

Process | TIMN iz: etz "’l
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