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Introduction 

 
 
 
This purpose of this document is to serve as a general guide for the design of 
a roadway project. This manual will attempt to provide the basic background 
of how to start and design a project and where to find design information.  Not 
every situation that you encounter in your work will be covered in this manual. 
Many steps will be referenced from the GEOPAK V8i ROAD manual. 
 
The example project used in this guide is State Route 99 (New Salem Road) 
in Rutherford County, from Southwest Loop Road to Cason Lane. The actual 
project covers a distance along the alignment of approximately 2.5 miles, but 
in this manual we will only design a section of a mile or so in length. The 
original design calls for a 5-lane curb and gutter (urban) section. In addition, 
we will also design a rural section for the same portion of roadway. 
 
 

Roadway Design Manual Introduction     



Chapter 1 

Getting Started  
 
At the start of every project, Survey will provide you with some files. For this 
project those files are: 
 

1) job3M4.gpk            GEOPAK file 
2) RF099-03Survey.dgn    design file containing existing topo 
3) RF099-03Survey.tin     existing surface elevations 
4) 106982.00_acq.xlsm     property owner and tracts table 

 
Before beginning work in Microstation and GEOPAK, read the Transportation 
Planning Report (TPR).  Also, find a set of plans to use as a reference.  
Begin a project activity status sheet for the job by going to 
C:/Users/Public/Office Standards/TDOT Letters and saving the word file 
“Project Activity Status Sheet.dotx” to the active job directory. Also, there are 
roadway design checklists for each stage of a project. From the same 
directory, copy the file “Roadway Design Checklist.dotx” to your active job 
directory. Use the list and plans as a guide. 
 
Other documents you need to become familiar with: 
 

Roadway Design Guidelines 
CADDv8.pdf (CADD Manual) 
TDOT Roadway Design Division Programs.pdf 
 

Making Files 
 
Use the Survey & Design Computer-Aided Drafting and Design Standards 
from the CADDV8.pdf file.  Refer to “Standard Filename Section” pages 2-4 to 
make all necessary files names with the proper extension and seed files.  
Make sure that the SeedXS.DGN file is used when making both the cross 
section file and cross section sheet file. For this project, the county is 
Rutherford and the alphanumeric name is RF099.   The survey file RF099-
03Survey.dgn has been supplied for you.  For this project, the following files 
with a *.DGN extension should be made on the C drive in a new folder named 
Projects\Rutherford\SR099:  
  

1) RFSR099Alignments.dgn 
2) RFSR099Proposed.dgn 
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3) RFSR099PropertyMap.dgn 
4) RFSR099SEShapes.dgn 
5) RFSR099RoadwayPattern.dgn 
6) RFSR099CulvertPattern.dgn 
7) RFSR099MainlineXSections.dgn 
8) RFSR099CulvertXSections.dgn 
 

For this project, the following files with a *.SHT extension should be needed: 
 

1) SR099XSections.sht 
2) SR099CulvertXSections.sht 
3) 001.sht (Title Sheet) 
4) 002.sht (Typical Section sheet) 
5) 003.sht (Property Map) 
6) 004.sht   (Present Layout Sheet) 
7) *004A.sht  (Proposed Layout Sheet) 
8) 004B.sht  (Profile Sheet) 
 

Open up the file RF099-03Survey.dgn by selecting the Microstation icon on 
your desktop. Select tdot interface. Highlight the file and double click (or select 
“Open”). You should always use this method when opening a Microstation file 
for the first time. This allows the “T.D.O.T.” option on the top menu bar. Then, 
to create a new file, select File –> New and type in the file name. Make sure 
the correct seed file is selected (seed2d.dgn for most files, seedXS.dgn for 
cross section files). Use this method to create above-named files. You can 
also create a new file by selecting “File -> Save As” and typing in new file 
name. 

 
At this time, only create sheets through 002.sht. Since there will be several 
layout sheets in this project, use the Plan and Profile Sheets Icon found in 
Project Manager in GEOPAK to lay out and clip sheets. We will do this later 
when the length of the project is known, after we have set the vertical grade.  
If the project has so much present and proposed R.O.W. text that readability is 
affected, an additional sheet may be added for R.O.W.  In this case, the 
R.O.W. sheet would become sheet 4A and the proposed and profile sheet 4B 
and 4C, respectively. 
 
*Do not create this sheet file. The sheet files 004A.sht and 004B.sht will be 
copied from sheet 004.sht. The sheet filters can be used to change the active 
levels for each sheet. 
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Checking the Survey                  

 
Use the computer guidelines to check the levels in the survey file.  This will be 
very important in using File Filters in your sheet files. Refer to the Survey & 
Design Computer-Aided Drafting and Design Standards pages 88 - 96 when 
checking the levels of each Microstation element. 
 
 
Referencing Files 
 
Even though RFSR099Alignments.dgn and RFSR099Proposed.dgn do not 
contain any Microstation elements at this time, reference each file into the file 
RF099-03Survey.dgn file. Make sure that each file is referenced using the 
method Coincident World. Open the file RFSR099Alignments.dgn and 
reference the files RF099-03Survey.dgn and RFSR099Proposed.dgn using 
the method Coincident World. Use the Fit View -> Reference after referencing 
in the files and save settings. By doing this, each time the files are opened the 
project site is in view.  Open the file RFSR099Proposed.dgn and reference the 
files RFSR099Alignments.dgn and RF099-03Survey.dgn using the method 
Coincident World.  
 
GEOPAK 
 
At this point it will be assumed that the designer is familiar enough with 
GEOPAK that the processes of starting a project and performing vertical and 
horizontal alignment, cross-section, and other operations need not be 
described in detail in this manual. 
 
 
READ THE PROJECT TPR.  The report may have specifics pertaining to the 
proposed vertical grade of the structure.  The grade may need to remain as is 
across the structure or may need to be raised 2 feet.  The report will also state 
the Roadway Design Standard that should be used for the proposed cross 
section.  The Roadway Design Standard has vital information such as 
maximum grades, “K” values, roadway width and shoulder width. 
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Determine Length of Project 
 
The TPR calls for the project to go from SW Loop Rd at Log Mile 14.39 to 
Cason Lane at Log Mile 16.12. However, for instructional purposes we will 
design a shorter section of a mile or less in length.  We will avoid the section 
where the road is adjacent to Puckett Creek since the alignment would likely 
have to be shifted away from the creek. We will begin our design section at 
approximate station 885+00 to include the box bridge at Armstrong Branch, 
continue through the curve and end in the tangent section at approximate 
station 915+00.  
 
The proposed design section is 5 @ 12 foot lane with curb and gutter and 12 
foot shoulders. (TPR says 14 feet but it considers the curb part of the 
shoulder).  We will be widening from the existing so a transition length will 
need to be calculated. This will determine the total length of the project. The 
proposed width of the roadway is 5 x 12 = 60 feet. 
The existing road width at the beginning (sta. 885+00) is 23.48 measured from 
the survey dgn file.  We will consider it to be 24 feet. The equation for length of 
transition is found in the Design Guidelines on p.2-37.  The design speed for 
the project is 50 mph from the TPR, so the length of the transition is L=WxS. 
Width (W) is (60-24)/2=18, so L=18 x 50 =900. We will begin the project at sta. 
876+00 (88500-900). At the other end, sta. 915+00, the existing roadway 
width is 35.36 feet, but we will say 36 feet. This is three lanes but a short 
distance further narrows down to two lanes, so we will consider this when 
figuring the transition. As at the beginning the transition length at the end will 
be 900 feet which would extend the project to sta. 924+00. However, the road 
widens back out to three lanes a little further down so we will extend the end 
to that point which appears to be at sta. 926+37.75. 
 
Still in RFSR099Alignments.dgn, window area to the SR99 profile. We now 
need to set a vertical alignment. If the existing profile is  not showing, Go to 
File -> Reference, select RF099-03Survey.dgn reference file, make sure 
display is checked on, go to Settings -> Level Display, select Filters then  
Sheets –> Profiles to turn the  necessary levels on.  On a scratch level, place 
a vertical line at 876+00 and 926+37.75 to mark the beginning and end of the 
proposed vertical alignment.  
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TYPICAL SECTIONS 

 

Typical Section for Mainline, Tangent Section, Curb And Gutter: 

 

 

Typical Section for Mainline, Superelevated Section, Curb and Gutter: 

 

 

Lane and Shoulder widths are based on information given in Transportation Planning 
Report (TPR) – Appendix A 
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Typical Section for Mainline, Tangent Section, Transition: 

 

 

 

Per the Transportation Planning Report (TPR) , SR 99 is classified  as Arterial, therefore 
RD01-TS-3 is the standard used for the transition sections without curb and gutter. 

 

 

 

 

 

 

 

 

 

 

 

 

2-2   Typical Sections Roadway Design Manual 



Chapter 2 

Typical Section for Old Salem Road: 

 

 

 

 

Lane widths and shoulder widths for Old Salem from RD01-TS-1, Table IV 

Design Speed, ADT over 2,000: 

 
 

 

Roadway Design Manual Typical Sections   2-3 



Chapter 2 
 
Typical Section for Weston Blvd.: 

 

 
Lane widths are based on existing conditions for Weston Blvd.  
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VERTICAL ALIGNMENT 
 
According to the TPR, the classification for this road is Urban Minor Arterial. 
Refer to Standard Drawing RD01-TS-3C for maximum grades and k-values. 
Information on Vertical curves is found in “Green Book” p. 265-280. The 
Design Speed is 50 mph. This is the current signed speed on the roadway. 
Also refer to Exercise 7 in the GEOPAK Road Manual. 
 
Designing a Vertical Alignment seems to be the most challenging thing to 
learn for most new designers. The following are some tips that might help: 
 
Determine the necessary length of the project.  Where will the proposed 
horizontal alignment tie in after the pavement transitions are drawn?  There 
may be 1 mile of horizontal alignment sent with the survey but work may be 
required only on 0.4 miles of the project. A vertical alignment is only 
necessary for the project length that has been determined. 
 
Designing Preliminary Vertical Alignment 
 
From Standard Drawing RD01-TS-3C, the maximum grade for our design is 
7%. This is for urban design with rolling terrain. The minimum grade to assure 
proper drainage is 0.5%. 

 
In file RFSR099Alignments.dgn, make sure Survey reference file is displayed. 
Go to File -> References. Select survey reference file, then Settings -> Level 
Display.  Set “Levels” to “Filters”, select Sheets -> Profiles to display correct 
levels. Window area to the profile.  

 
At the beginning (sta. 876+00), with intersection snap on, draw a line  
where the vertical line intersects the ground line (Line 1). Go back about 50 
feet, draw another line to intersect the ground line. Connect these two lines 
and use the Extend Line command to extend about 50 to 100 feet past the 
beginning station. This determines the tie-in grade at the beginning of the 
project.  Then go to the ending (sta. 926+37.75) and determine the ending tie-
in grade using the same procedure (Line 2). 
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   Line 1 
 

  Line2 
 

 
Take note of the Side Road crossing locations (sta. 888+80.83, sta. +/-
899+00, sta. 912+46.59). The proposed grade needs to be close to the 
existing for traffic maintenance purposes. However, for drainage purposes in a 
curb and gutter design, the profile needs to “roll”. That is, the profile needs to 
have a series of alternating up and down grades. Also keep in mind that since 
this is a widening project the proposed grades should not deviate greatly from 
existing. 

 
At the box bridge at sta. 888+50, draw Line 3 at a 1% grade. Using the 
MicroStation Place Line command, place data point and keyin dx=1000, 100. 
Grab the line near the middle and move so that the line intersects the ground 
line near the top of box on left side. 
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   Line 3 
 
 

 
Near the beginning, draw a 1% grade line (Line 4) by placing a data point and 
keying in dx=1000, 100.  Grab the line near the left end and move the line so 
that it intersects the ground line about 200 feet from the beginning end. 
Extend Line 1 so that it intersects with Line 4. 
 
 

  Line 4 
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Now place another 1% grade line (Line 5). This time key in dx=1000,-100. 
Move the line so that it intersects Line 4  near the 635 elevation. This should 
be near sta. 882+00. This line should also intersect Line 3 near sta. 887+00.  
 

   Line 5 
 
 
Next, draw Line 6 by placing a data point and keying in dx=1000,-100. Grab 
the line near the middle and move it so that it intersects the ground line near 
the side road intersection at sta. 899+00. It should also intersect Line 3 near 
sta.895+50. You may have to extend it some. 
 

   Line 6 
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Now, draw Line 7 as before (dx=1000, 100). Move the line so that near the left 
end it intersects Line 6 near the 899+50 grid line. You can see that it will raise 
the grade considerably at the next side road intersection (912+46). Change 
the grade to 0.75% by selecting the Modify Element command. Snap to the 
right end, then snap the left end and key in dx=1000, 75. Then extend the line 
past the side road intersection. 
 

   Line 7 
 
Now, go the ending of the project and extend Line 2 so that it intersects the 
grid at station 924+50. From that point, draw Line 8, 0.75 % line (dx=-
1000,75).  Now extend Line 8 to intersect the Line 7 at approx. sta.913+00. 
 

     Line 8                                                                                                 
 

Now you can go to GEOPAK and enter the vertical alignment. Locate VPI 1 at 
the intersection of Line 1 and the existing ground line at station 876+00. 
Tentatively locate the next 7 VPIs where the lines intersect. Then locate the 
last VPI (VPI 8) at the intersection of Line 2 and the existing ground line at 
station 926+37.50. 
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Relocate VPIs to even stations close to their original locations. You might end 
up with something like this: 
 
      VPI        Station        elev.        
       1           876+00       630.68       
       2           878+00       630.46     
       3           882+25       635.06      
       4           887+50       629.80       
       5           895+75       638.28       
       6           899+75       634.34       
       7           913+00       644.30      
       8           924+50       635.49       
       9           926+37.75  634.95 
  
Next, add vertical curves at each VPI. At VPI 2, select speed of 50. This gives 
a curve length of 114.31 and a k-value of 96. We like to use even lengths, so 
round up to 200. This gives a speed of 65. Use a similar procedure for VPIs 3-
8. It is permissible to use a longer curve length than the design speed 
warrants. This will make for a smoother design, as long as there is no overlap 
with adjacent curves. A good selection of curve lengths is as follows: 
 
      VPI                L 
       2                200 
       3                500 
       4                500 
       5                400 
       6                400 
       7              2000 
       8                200 
       
Note that the k-values will exceed those shown in the Standard Drawing for 
the design speed.  
 
At VPI 7, the finished grade elevation is still about a foot higher than existing 
ground at the Belle Rive side road. Using station lock, lower VPI elevation to 
about 643.09; the finished grade is now about 2 or 3 inches above existing. 
Now make some further adjustments so that the finished grade is closer to the 
other side road intersections: 
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VPI 4 – change elevation to 629.04 
VPI 6 – change station to 898+75, elevation to 634.50, curve length to 200. 
 
Now use D&C Manager to display the proposed vertical alignment. 
 
Set Profile definition in Working Alignment: 
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CROSS SECTIONS 
 
The next step is to cut some preliminary cross sections along the project to 
see if there are any encroachments that could determine whether the 
alignment needs to be shifted. 
 
Existing Sections 
 
Refer to the GEOPAK v8i Road Manual, Exercise 8 to draw pattern lines in 
RFSR099RoadwayPattern.dgn, and then draw existing ground cross sections 
in RFSR099MainlineXSections.dgn. Place patterns at a 50 foot interval and at 
the beginning and end stations (876+00 and 926+37.75). Remember to 
include at least one station before the beginning and after the end station. To 
insure plenty of room to work, go from 874+00 to 928+00. 
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Proposed Sections 
 
In the file RFSR099MainlineXSections.dgn now draw proposed cross 
sections. Use Exercise 9 of the GEOPAK Road Manual as a guide: 
 
XS DGN File RFSR099MainlineXSections.dgn 
Pattern Working Alignment definition 
Existing Ground Working Alignment definition 
Shapes Shapeless 
Shape Clusters See below 
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Define Variables: 
      
Centerline SR99ALI1 
Plan DGN  RFSR099Proposed.dgn 
XS DGN   RFSR099MainlineXSections.dgn 
urban shoulder width   12 
LT Sidewalk width  3.5 
RT Sidewalk width  3.5 
Fixed Cut Slope LT  3:1 
Fixed Fill Slope LT  3:1 
Fixed Cut Slope RT  3:1 
Fixed Fill Slope RT  3:1 
Plot Parameters Refer p. 9-14 in GEOPAK Road Manual 
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Before running proposed cross-sections, go back into file 
RFSR099RoadwayPattern.dgn and change symbology on pattern lines before 
beginning station and after end station of vertical alignment. Change those 
lines to co =3.  
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MODIFY HORIZONTAL ALIGNMENT 
 
When the preliminary cross sections are run we can see that the slope lines 
encroach on the subdivision to the right from approximately sta. 904+00 to 
sta. 912+00. We need to adjust the alignment so that the slope lines stay 
inside the existing Right of Way, about 10 feet. The survey file shows that the 
existing ROW is offset a constant 50 feet from the centerline.  Go back into 
the MainlineXSection file and check the section at 906+00. The offset of the 
right slope line is 60.30, or 10.30 feet outside of ROW. Therefore, we need to 
shift the alignment a little over 20 feet to the left at that station. Now, check a 
couple more stations, say, 908+00 and 910+00. In the same manner, you can 
see that the alignment will need to be shifted approximately 19 and 18 feet, 
respectively, at those stations. 
 
 

 
 
 
 
 
In the Alignments file, go to Project Manager, select Draw Pattern and make 
sure the correct chain SR99ALI1 is selected.  Change the symbology to Lv: 
DESIGN-SCRATCH-User 1, Co, Lc, and Wt to 0. For the increment select 
Once, Left Offset 20, and Station 906+00 and Draw Pattern Line at that 
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station. Then draw pattern lines at 908+00 and 910+00 with the offsets 19 and 
18, respectively. These lines give some points that the alignment needs to hit. 
 
 

 
 
To accomplish the shifting of the alignment, it will be necessary to move the PI 
point at approximately sta.904+50. The best way to do this is to graphically 
draw an alignment and use trial-and-error to determine the best location. 
 
Copy the back tangent and extend it approximately 50 feet. Use Modify 
Element to change the color to 2 and move the line to a scratch level. From 
the end point, draw another line to tie back in to the alignment before the St. 
Andrews Drive intersecting road at about sta. 918+50. We want to end the 
project before that road. 
 
With the lines intersected, it is noticeable at first glance that the second 
tangent is not moved out enough at sta. 910+00. 

5-2   Horizontal Alignment Roadway Design Manual 



Chapter 5 

 
 
Modify the line so that it hits near the end of the third perpendicular line 
(910+00), and then intersect it with the first tangent. 
 

 
 
 
Measuring from the original PI to the intersection, the distance is 101.34’. 
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Now the original curve is a radius of 3,820’ so using Microstation Construct 
Circular Fillet command place a curve of that radius using the two tangents. 
 

 
 
It is obvious that the radius is inadequate so we will need a shorter curve. 
Looking at standard Drawing RD01-SE-2 for E max =0.04, the next curve 
under the 3,820 radius is 2,865, so place a new curve at that radius. 
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So, it looks like without a lot of trial-and-error we have found our solution! 
 
Open the alignment file 
C:\Projects\Rutherford\SR099\RFSR099Alignments.dgn. 
Reference the survey file RF099-03Survey.dgn if it is not already referenced 
in.  Turn all the levels off in the Survey file except for: 
 
SURVEY – CENTERLINE – Preliminary 
SURVEY – CENTERLINE – Preliminary Curve Text 
SURVEY – CENTERLINE – Preliminary Text 
 
 Also, attach the file RFSR099RoadwayPattern.dgn as a reference. 
 
Now, notice that the original centerline is much longer than what we need for 
the project. We only need the section in the area in which we have previously 
cut pattern lines and cross sections – sta. 874+00 to 928+00. 
 
Exercise 4 of the GEOPAK Road Manual contains some helpful information to 
assist in modifying the alignment. The original alignment needs to stay as is 
so it needs to be renamed SR99ALI1PRE. Delete the old chain SR99ALI1 
then create a new chain called SR99ALI1. 
 
First create horizontal alignment points and curves. 
 
For “Point Name” enter D100 and snap to the intersection of the first pattern 
line with the centerline then click “Store Point”. 
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In a similar manner locate points D101 and D102 at the new PI locations. 
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5.8) Then locate D103 at the intersection of the last pattern line with the 
centerline.  
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5.9) Now we need to store the curves at the PI points D101 and D102, which 
will be named DC101 and DC102. 
 
As we determined earlier, the curve at point D101 will have a radius of 2,865 
ft. 
 

 
 
 
5.10) In a similar manner, store curve DC102: 
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5.11) Once the curves have been stored the new alignment SR99ALI1 can be 
created. 
 
Open up the COGO Dialog and select “Store Chain From Elements” 
 

 
 
5.12) Make sure “Redefine” is checked on, Permanent Visualization is 
selected, and the alignment is displayed in the Alignments file. 
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5.13) Cut cross sections again as before. Delete proposed cross sections 
generated earlier first.  It is also a good idea to either delete the slope lines 
generated before in the Proposed file or move them to another level first. 
 

 
 
5.14) The slope lines are no longer encroaching on the subdivision. 
Now, go to D & C Manager and display the horizontal alignment and 
stationing. Turn off scratch levels and Proposed GPK Visualizations and save 
settings first. 
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5.15) At this point it will be necessary to send the GEOPAK file with the 
modified alignment back to Survey so they can change the ROW offset flags, 
etc. Information on what to do is found on page 6-7 of the CADD Manual. 
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PROFILES 
 
With the change in horizontal alignment, a new existing ground profile will 
need to be generated. Refer to Exercise 6 of the GEOPAK Road Manual for 
guidance. 
 

 

 
 
6.1) Call the new profile SR99GRN2 to distinguish from the original survey 
profile named SR99GRN. 
 
6.2) After the existing profile has been stored, then go to D & C Manager to 
display the groundline in the file RFSR099Alignments.dgn. Window area to 
where the existing survey profile is displayed. You may have to turn the 
Survey file reference on to see it. 
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6.3) Select DP and snap to sta 874+00 on the survey profile grid and place 
the cell there. 
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6.4) Display existing ground profile, SR99GRN2 , and new grid (Survey 
reference and graphics of proposed profile created in section 3  are turned 
off): 
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We need to recheck our beginning and ending points against the new 
alignment. The beginning will still be 876+00, but the ending station, originally 
926+37.75 is 926+43.67 on the new alignment.  
We have a proposed vertical alignment that was created in section 3. That 
profile is associated with the profile cell in the Survey file.  We will need to 
draw a new profile using the new cell. The stations and elevations of the 
points will be the same as before. Only the end station will be different. If the 
graphics are still there you can snap to the VPI points to input them or you can 
key them in. Remember the new end station is 926+43.67. 
 
 
6.5) Identify cell placed in step 6.3: 
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6.6) Input VPI points  1-8 as before: 
 

 
 
The last point can be rounded to an even station number: 
 

 
 
6.7) Input the same vertical curve lengths for each VPI, save profile  (use 
original name or a new one) then re-display proposed profile. (Delete original 
graphics first) 
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6.8)  Since we have a different ending station on the vertical alignment , we 
will need to cut existing and proposed cross sections again.  
 

a) Go to RFSR099MainlineSections.dgn, delete all graphics  then compress  
design.  

b) Go to RFSR099RoadwayPattern.dgn and delete pattern lines drawn 
previously. Compress design. 

c) Go to RFSR099Proposed.dgn, delete slope lines drawn in step 5.13 
d) Redraw pattern lines, first at 50 foot intervals, then draw a single pattern 

line at 926+45. 
e) Go to RFSR099MainlineSections.dgn, draw existing cross sections. 
f) Go to RFSR099RoadwayPattern.dgn ,change symbology on lines before 

876+00 and after 926+45 to co=3 
g) Go to RFSR099MainlineSections.dgn, draw existing cross sections. 

In Project Manager, select Proposed Cross Sections. Under Shape 
Clusters,  change ending station to 926+45.00 for both LT and RT. 

h) Run Proposed Cross Sections. 
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PROPOSED PAVEMENT LINES AND TRANSITIONS 
  
Open file RFSR099Proposed.dgn. You can turn off the all the levels in the 
Survey reference file except for SURVEY-TRANSPORTATION-Roads but 
leave the Alignments reference displayed as is. 
 
In Chapter 1, the length of project, transition lengths and stations were 
determined. With the modifying of the horizontal alignment some minor 
changes may be necessary. The beginning station can stay the same, 
876+00.  In the previous section, the ending station was reset to 926+45. Start 
out by drawing pattern lines at both beginning and ending station, but with left 
and right offsets at 10 feet. Then extend the lines to intersection with the 
existing pavement lines. Use the Station/Offset tool to find the offset distances 
 

 
 
Offsets at the beginning station 
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Offsets at the end station 
 
At each end the pavement transitions  from the existing width to 60 feet (30 ft. 
either side of centerline).  As shown in section 2  the equation is L=WS. At the 
beginning use the smaller of the offsets to determine the minimum transition 
length (W=30-11.57=18.43). Design speed is 50, so  
L=18.43 x 50=921.5, round up to 925 to make it an even station. Similarly, the 
transition at the other end will be 665 ft. 
 
For the next steps in drawing pavement lines, shoulders and curb and gutter 
using D & C Manager  refer  to GEOPAK Road Manual, Exercise 12. 
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Beginning Pavement Transition, station 876+00 to 885+25 
 
 

 
 
End Pavement Transition, station 919+80 to 926+45 
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Drawing Shoulder Lines 
 
The shoulders are 12 feet wide except at the ends where they will transition  
from the existing widths. 
 

 
 
Drawing of shoulder transitions from existing width to 12 feet wide using 50 
foot transititon. 
 
Draw the rest of the shoulder lines in. On the left side , station 876+50 to 
885+25  will transition from -25.04 to -42. Station 885+25 to 919+80, -42 feet. 
Station 919+80 to 925+95, transition from -42 to -31.91. Station 925+95 to 
926+45, transition from -31.91 to -27.49.  
 
On the right side , station 876+50 to 885+25  will transition from 24.57 to 42. 
Station 885+25 to 919+80,  42 feet. Station 919+80 to 925+95, transition from  
42 to 29.73.  Station 925+95 to 926+45, transition from  29.73  to 25.03.  
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Drawing Curb & Gutter 
Curb and Gutter will be drawn at an offset of 44 feet on both sides from station 
885+25 to 919+80. Don’t forget to “flip” the pattern on the right side. 
 

 
Sta. 885+25 

 
 
Sta. 919+80 
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SUPERELEVATION AND PROPOSED SURFACE CREATION 
 
Now that pavement lines have been set, cross sections will need to be run 
again,  with superelevation applied.  Refer to Exercise 13 of Geopak  Road 
manual for the creation of superelevation shapes. 
 
Superelevation Shapes: 
 
Open file RFSR099SEShapes.dgn.  Attach files RFSR099Alignments.dgn and 
RFSR099Proposed.dgn as references and fit view or window area to 
horizontal alignment area. 
 

 
 
 
In Project Manager: 

1) select Calculate Superelevation 
2) Create Run SR99a. Since there are three sections – beginning transition, 

Curb& Gutter, End transition. There will be three separate super runs 
 
Make settings as shown below.  Beginning  and end stations are for the 
proposed vertical alignment (SR99V). The design is urban curb and gutter 
section, so 4 % e max is used. 
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Press “Generate Superelevation Transitions”  to create the file 
“begtranssupers.inp” 
 

 
Check the beginning section (sta. 876+00 in the cross section file). The 
proposed normal crown cross slopes appears to match the existing pavement.  
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If that was not the case, the file begtranssupers.inp could be edited to show a 
transition from existing cross slope to proposed at each end. 
 
Create Superelevation Shapes: 
 

 
 
 
 
Now create runs SR99b, and SR99c 
 
SR99b: 
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SR99c: 
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Define “Shapes” in Working Alignment – Refer p. 13-20 on GEOPAK Road 
Manual 
 
Now that Pavement lines are drawn and Superelevation shapes have been 
created we need to once again redraw both existing and proposed cross 
sections. 
 
Repeat steps a,b ,c and d in section 6.8.of Chapter 6. 
 
Use Text Editor to open the file 5lanesupers.inp.  Stations are shown where 
normal crown begins and ends and where superelevation begins and ends for 
both left and right sides. 
 
 
 
Left side (minus offset): 
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 Right side (plus offset): 
 

 
 
Place single pattern lines at the stations: 
    899+84.08   (end normal crown left side) 
    901+28.76   (end normal crown right side) 
    901+54.08   (begin full super) 
    909+39.04   (end full super) 
    909+64.36   (begin normal crown right side) 
    911+09.04   (begin normal crown left side) 
 
In addition a pattern line needs to be placed where there is a cross slope of 0. 
This condition will occur on the left side between end of normal crown and 
beginning of full super and between end of full super and beginning of normal 
crown. 
 
The first occurrence of zero slope is found by determining the rate of change 
in slope: 
  .027- (-.020)=.047 (change in cross slope from normal crown) 
  90154.08 – 89984.08 = 170 (Transition Length) 
  0.047/170 = .00028 ( Rate of change in cross slope) 
 
 Difference in cross slope (from normal Crown): 
 0.020 – 0.000 = 0.020 
 0.020/.00028 = 71.42 
   
Add distance to end of normal crown station: 
 89984.08 + 71.42 = 90055.51 
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 This is where zero cross slope occurs as the roadway transitions from  
  tangent to super. 
 
At the other end the distance will be the same so subtract from begin normal 
crown station: 
 91109.04 – 71.42 = 91037.58 
 
This is where zero cross slope occurs as the roadway transitions from  
super back to tangent. 
 
Now, place single pattern lines at 900+55.51 and 910+37.58 
 
In addition, place single pattern lines at 885+25 and 919+80. These are the 
beginning and end curb and gutter sections 
 
Open file RFSR099MainlineXSections.dgn  and, in Project Manager, select 
Existing Ground Cross Sections, run SR099, and draw cross sections.  
 
Open file RFSR099RoadwayPattern.dgn ,change symbology on lines before 
876+00 and after 926+45 to co=3 
 
Open file RFSR099MainlineXSections.dgn  and, in Project Manager, select 
Proposed Cross Sections, run SR099.   
 
Some changes need to be made before proposed cross sections are run 
again.: 
 
Select  Shapes and check “Use Working Alignment Definition” .  
 
Shape Clusters: 
Adjust for the transitions at the beginning and end. In the preliminary run the 
curb and gutter template was applied for the entire alignment.  First change 
the beginning and end stations to the original shape cluster to the stations for 
beginning and end of curb and gutter: 
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Add a new template for the beginning transition section: 
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Then add same template for end transition section: 
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To get the cross sections to run properly it was necessary to create three 
separate runs for each section – the beginning transition , curb and gutter, and 
end transition.  Also the side slopes for the curb and gutter section were fixed 
at 3:1. It may not always be necessary to make separate runs. 
 
Beginning trans. Section, 876+00 – 885+25: 
Some of the cross sections in this range show a message “Guardrail may be 
needed” 
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The sections that show this message are 876+00, 876+50, 879+50-885+25 on 
left, 879+50 – 884+50 on right 
 
At 876+00 lt,, the beginning of construction, there is existing guard rail. 
Proposed guardrail can tie to the existing at this station. 
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Proposed guardrail w/type 38 end terminal and showing exist. guardrail 
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Proposed guardrail w/type 38 end terminals from 879+50 to 885+25, both 
sides 
 
Now that guardrail has been placed,run proposed cross sections again: 
 

 
 
Guardrail placed on cross sections 
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Save proposed surface from cross sections just created. Refer Section II of 
Exercise 22 in GEOPAK Road Manual 
 
Set “Creating DTM Input File” as shown: 

 
 
Set “Bulid Triangles” as shown, and process: 
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Create new dgn file “Triangles.dgn”  w/ seed2D.dgn seed file. Select “Load 
DTM Features” to display newly created surface.  Turn all features off except 
triangles. Fit View to see triangles. 
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If you see gaps in the surface, you need to build triangles again with a 
different value for “Side Length”  
 
Delete triangles  w /Graphic Group lock, run Build Triangles again with Side 
Length = 75. 
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SIDE ROADS 
 
The  side roads Old Salem Highway and Weston Blvd. intersect the mainline 
approximately at station 899+00 as shown: 
 

  
 
 
 
 
There are two other side roads in this section of S. R. 99. To simplify this  
manual, we will not consider those two. 
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The mainline and side road alignments were displayed in the file 
RFSR099Alignment.dgn using D&C Manager. The mainline is the updated 
SR99 Alignment. The side roads are the preliminary alignments provided by 
survey. 
 
On closer inspection, it is found that the preliminary side road centerlines do 
not intersect the new mainline centerline. 
 

  Old Salem  
Highway and Weston Blvd. 
 
 
   
 
Similarly, as was done with the mainline, new side road centerlines will need 
to be created, intersecting with the mainline. 
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Old Salem Road and Weston Blvd. w/existing EOP 
 
 
 
In Navigator, describe chain OLDSALEM: 
 
Chain OLDSALEM contains:                                                                                              
 S21109 CUR SC10 S21105                                                          
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Redefine Old Salem Road  
 
Graphically extend the tangent line on Weston Blvd. to intersect mainline and 
locate point D104 at intersection. D104 will be the new ending point for Old 
Salem and the new beginning point for Weston. 
 

 
 
 
In COGO Navigator, select chain OLDSALEM and save as “OLDSALEMPRE” 
by selecting the “Store Chain” option 
 
The new chain “OLDSALEM” will intersect the mainline SR99 at point D104. In 
addition the curve, now SC10 will need to be redefined since the tangent from 
the PI of the curve to the ending point at the intersection has changed. 
Describe curve SC10 in Navigator: 
 
 
Curve SC10                                                                                                               
P.I.  Station            35+91.24  N          537,467.74  E        1,829,440.61                                          
Delta       =         56° 45' 33" (RT)                                                                                   
Degree      =         22° 55' 05"                                                                                        
Tangent     =              135.06                                                                                        
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Length      =              247.66                                                                                        
Radius      =              250.00                                                                                        
External    =               34.15                                                                                        
Long Chord  =              237.66                                                                                        
Mid. Ord.   =               30.05                                                                                        
P.C.  Station            34+56.18  N          537,476.35  E        1,829,305.83                                          
P.T.  Station            37+03.84  N          537,350.29  E        1,829,507.30                                          
C.C.                               N          537,226.85  E        1,829,289.90                                          
Back        = S  86° 20' 47" E                                                                                           
Ahead       = S  29° 35' 14" E                                                                                           
Chord Bear  = S  57° 58' 00" E                                                                                           
 
 
Define a new point, “D105”  locate it at the same NE coordinates as the PI for 
curve SC10           
 

 
 
 
Define new curve “DC105”: 
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Again select OLDSALEM in Navigator: 
                            

 
 
Replace point S21105 with D104 and curve SC10 with DC105. Set “Begin 
Station” to 2000. This is the original beginning station for Old Salem Road. 
Ensure that “Redefine” is selected in main COGO dialog. 
 

 
 
When “Store Chain” is selected the new “oldsalem” alignment is displayed in 
white, aligned with Weston Blvd. the original alignment is still displayed in red. 
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Redefine Weston Blvd. 
 
As previously, in COGO Navigator select chain WESTON and save as 
“WESTONPRE” 
 
Select chain WESTON,  define Begin Station as 3000. Replace point S21117 
with D104. Ensure that “Redefine” is selected in main COGO dialog.  
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The new “Oldsalem”  and “Weston” alignments, intersecting the mainline at 
D104. 
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Display new Side Road alignments 
 
In the file RFSR099Alignment.dgn, turn off the level DESIGN-CENTERLINE-
Proposed GPK Visualizations. Delete all graphics of the original alignments of 
the side roads. Use D&C Manager to display Chains, Stationing, and Points 
for each side road. 
 
 
 
 
 

 
 
D&C Manager display of Old Salem and Weston 
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Create Side Road Ground Line Profiles 
 
Create Existing Ground Line profiles for both the existing road and proposed 
mainline for each side road by making settings as shown: 
 
Old Salem: 
 
Ground line                                      Mainline 

 
 
 
Weston: 
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Display Ground Line Profiles 
 
Old Salem: 
In File RFSR099Alignments.dgn, turn on display for Survey reference file and 
locate the Old Salem Road Profile. In Level Display, select master file and 
Survey reference. Select Filters and Sheets-Profile to display the needed 
levels. 
 

 
 
This in the profile of the original alignment. Since the horizontal alignment has 
changed the ground line shown is not needed so that reference level 
(SURVEY-PROFILE-Existing Roads with text)can be turned off 
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In D&C Manager,  Exist Profiles – Exist Ground, select the profile OSGRN2. 
Select DP and snap to the 600 elevation point on the left side of the grid., then 
pick “Draw Cell at XY”: 
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Then OK to draw ground line: 
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Draw profile for mainline intersection (profile OSGRN3): 
 

:      II 
 
Identify Cell and OK to draw profile 
 
Change Symbology: 
     LV-  DESIGN-PROFILE-Proposed 
     CO – 6 
     LC – 0 
     WT – 10 
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Now, turn off “DESIGN-SHEET” levels in the survey reference file and save 
the view.  
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Use D&C Manager to place grid in the file RFSR099Alignments.dgn: 
 

 
 
Draw Profile Grid and snap to cell origin 
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Now repeat this procedure for Weston Blvd.  
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  Weston Blvd. 
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Determine Length of Side Roads 
 
Before the Vertical Alignment for the side roads can be designed, the length of 
road to be improved needs to be determined. This will be a similar procedure 
to what was used for the mainline. 
 
Old Salem Road transitions from two lanes to three lanes (left turn lane in 
center ) as it intersects with SR99. Figure 2-15 of RDG shows the 
configuration of a roadway where a turn lane is added showing  he approach 
taper, bay taper and storage lane length. 
 
      Storage Lane 
      Fig 2-18A – Fig 2-20F of the RDG show the warrant for left turn lanes   
      and storage lengths for different design speeds and percentage of left  
      turns. Since the minimum design speed covered is 40 mph and Old 
      Salem Road is 30 mph,  we will assume the current length is adequate. 
      Measuring in the design file, this length is about 60 feet. 
      

 
 
Existing Pavement Markings 
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      Approach Taper  ( Ref. TDOT Design Guidelines, p.2-37) 
 
 
      For a design speed of less than 45 mph, L= W x S.  Since the turn lane 
      Is centered on the center line, W is half the lane width which would be 6 
      feet. S=30,  so  L= 6 x 30 = 180.   
 
      Bay Taper   ( Ref. TDOT Design Guidelines, p.2-37) 
 
      L=WS/3 
        = 6 x 30/3 = 60 
 
      The total of the tapers plus storage length is 60 + 180 + 60 = 300 feet. 
 
      The location of the stop line is at approximately station 37+13.54 
        
      The existing pavement width is 20 feet. The length required to transition   
      to the proposed 24 foot width is: 
                                        24-20 =4 
                                        4/2 = 2 
                                        2 X 30 =60 
 
       The Station at which proposed work will tie in to the existing roadway: 
         
                           3713.54 – 300 – 60 = 3353.54 
         Make it an even station – 33+50.00 
 
 
Vertical Alignments 
 
 
First, determine where on the mainline the side road profile needs to tie in. 
This will usually be where the pavement of the mainline breaks at the 
shoulder. 
 

9-22   Side Roads     Roadway Design Manual 



Chapter 9 

 
 
 
The tie-in grade will be approximately equal to the cross slope on the mainline 
at the tie in point. 
 
Draw some more grades to get an idea where the profile will tie in to the 
existing road and for the locations of the VPI’s to input in Geopak, 
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These lines are drawn on a scratch level so they can be turned off later, or 
deleted.  
 
Input 4 VPI points following the procedure outlined in Exercise 7 of Geopak 
Road Manual. Rather than keying in station and elevation, use Dynamic place 
using the lines drawn previously as a guide. 
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Input Vertical curves for VPI’s 2 and 3 using a design speed of 30. (This is the 
signed speed on Old Salem Road).  
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The curve lengths are 78 and 93 for VPI 2 and VPI3 respectively.It is desired 
to have even lengths for vertical curves, so change lengths to 100 and 150, 
respectively.  
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An important thing to keep in mind at this point  is the maximum allowable 
grade. Looking at the profile it is highly doubtful that the maximum allowable is 
being exceeded , but referencing the standard drawing RD01-TS-1 (Local 
Roads and Streets) shows the maximum for 30 MPH, rolling terrain is 10%. 
From Profile Generator, the grades are 
VP1 - VP2  +3.61 
VP2 - VP3  -0.52 
VP3 – VP4  +1.99 
 
 
Lastly, move VPI2 and VPI3 to even stations. Their current locations are 
35+26.52 and 36+78.20. Move VPI2 to 35+25.00 and VPI3 to 36+75. 
Then save  Vertical Alignment and display using D&C Manager. 
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Profile of Old Salem Road 
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Profile of Weston Blvd., 30 mph design speed 
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Pavement Lines 
 
For Old Salem Road, use D&C  Manager  to draw pavement lines. When the 
vertical alignment was designed, it was determined that the tie-in point will be 
at station 33+50. At this point, the existing pavement is 20 feet wide and to 
transition to a 24 foot total width will take a length of 60 feet. Reference 
Exercise 12 of Geopak Road Manual for instructions on drawing pavement 
transitions. 
 

 
 
 
 
Next, the approach taper where the pavement transitions from  two to three 
lanes will be drawn. Earlier, this length was determined to be 180 feet. One 
lane will be on the left of the center line and two lanes will be on the right: 
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Draw pavement lines for remainder of alignment  to SR99: 
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Ensure that Place Influence is still on in D&C Manager and place 50 foot radii 
at the inter sections of the edge of pavement lines for Old Salem Road and 
SR 99. Turn off  Place Influence and partial delete the SR99 Shoulder and 
Curb & Gutter lines: 
 

 
 
 
Once again, using D&C Manager, draw Shoulder lines for Old Salem Road.  
According to RD01-TS-01, the shoulder width will be 8 feet.  This is for the 
Design ADT of over 2,000. At the tie-in the existing shoulder width is 2 feet, so 
transition from 2 to 8 feet from 33+50 to 34+10 on both sides: 
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Pavement lines for Weston Blvd. 
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At this point, you are ready to calculate superelevations and cut cross sections 
for the side roads. A more detailed procedure for side road cross sections is 
described in Appendix  C. Also reference the appropriate chapters in the 
Geopak v8i Road Manual. When drawing pattern lines for the side roads, 
include the station at which the side road alignment intersects with the SR99 
edge of pavement. For Old Salem Road this station will be 37+69.79 , and this 
will be the last station.  This will be the first station for Weston Blvd., 30+30.00  
. Also include a pattern line  at the beginning or end of curve radius at the 
intersections. At Old Salem Road this station is 37+08.31 For Weston Blvd., 
station 30+95.81.  The reason for this will be explained later, when Proposed 
sections are cut. When you cut existing sections, define not only the existing 
ground surface, but also the mainline.tin surface, so that you can determine 
what the superelevation rate is where the side road intersects with the 
mainline edge of pavement. 
 
 
 
When the existing cross sections for Old Salem Road are cut, measure the 
cross slopes on the existing ground at the tie in point at station 33+50. The 
cross slopes appear to be -.006 for the left and -.023 for the right. 
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At the other end at the proposed EOP for SR99 (red line) at station 37+69.79, 
the cross slopes are +.002 left and -.002 right. 
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Run the Superelevation calculation in Geopak, the input file appears as 
follows.: 
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 Then draw the shapes in the design file. Notice that it has placed normal 
crown (-2.00/-2.00) at each end.: 
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The input file can be edited to match the existing conditions at each end. 
The first part is for the left side. Edit the slope at Station 33+50 to read -
0.6000. Edit the slope at station 37+69.79 to read 0.2000. For the right side 
edit the slope at 33+50 to read -2.3000 and -0.2000 at 37+69.79.: 
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Then re-draw the shapes in the dgn file.: 
 

Roadway Design Manual Side Roads    9-39 



Chapter 9 
 

 
 
 
Repeat this procedure for  Weston Blvd. 
 
 
 
Cut Proposed Cross Sections for each side road. Process only the stations 
between the existing tie in and beginning or end of curve radius. 
For Old Salem Road, this would be station 33+50 to 37+08.31 
For Weston Blvd., Station 30+95.81 to 31+25 
 
 
Old Salem Road has proposed side slopes of 2:1 and 3:1 which will warrant 
location of guardrail.  (Roadside Design Guide, Fig. 5.1b)(AASHTO) 
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In the proposed.dgn file, draw the guardrail along the proposed shoulder line. 
This is the location as shown on Standard Drawing RD01-TS-1. 
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Old Salem Road is a local (non-numbered) road with a design speed of less 
than 40 mph, Type 21 end terminals will need to be used on the approach 
ends. (Ref RDG 4-706.20). On the trailing ends, at 33+50, Type 21 shall be 
used because it is inside the clear zone of oncoming traffic. (See Std. Dwg. S-
CZ-1). At 37+25, the trailing end is outside the clear zone of oncoming traffic, 
so a Type 13 can be used. 
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The length of type 21 terminal is approx.. 30’ so shorten the guardrail drawn 
by that distance at the locations where type 21 terminals are needed. 
 
 

 
 
 
Then use D&C Manager to draw the terminals. Reference Exercise 12 in 
Geopak Road Manual. 
 

Roadway Design Manual Side Roads    9-43 



Chapter 9 
 

 
 
 
 
Cross Sections can now be cut along the side road. 
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Cross section showing guardrail 
 
 
Merge the dtms created of the side roads (oldsalem.tin and weston.tin) with 
the proposed surface of the mainline (mainline.tin) to create a proposed 
surface (proposed.tin)  
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PRIVATE DRIVES 
 
Private Drives, Field and Business Entrances are located where there are 
existing drives. In addition drives will be located on tracts where a drive is not 
currently located.  
 
This section of SR 99 has many potential locations for drives. This manual will 
show the method for locating two or three drives. 
 
Existing drive location: 
 

 
 
Drive to be located at approximately 914+07 Lt. 
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Tract showing no present drive: 
 

 
 
Drive to be located at approximately 917+99 Rt. 
 
 
 
 
 
The procedure for setting up Private Drives is documented at the link: 
 
https://www.tn.gov/content/dam/tn/tdot/roadway-
design/documents/cadd_files/documents/Private%20Drive%20Profiles.pdf 
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For drives in curb and gutter sections,  lower the curb to tie the drive in: 
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914+07 Lt., Profile view: 
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Proposed Layout view: 
 

 
 
For the width, match the existing drive width. 
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Present Layout view: 
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To shade the drive use setting: 
 
 
T.D.O.T.> Area Patterns > Design Area Patterns: 
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917+99 Rt., Profile view: 
 
 
 

 
 
The side  drain is located in the ditch line. The size of pipe based on flow in 
ditch. Downstream cross drain is 18” so 18” side drain will work here. 
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Proposed Layout view: 
 
 

 
 
 
The length of the side drain is based on 2:1 side slopes and the height 
difference between the ditch or side drain elevation and the surface of the 
drive. 
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CULVERTS AND DITCHES 
 
The Grade Approval (Appendix B) contains relevant information about the 
existing box culverts and box bridges on the project. The designer can use 
this information to generate culvert cross sections and place the proposed 
information on the plans. The structure at station 965+60 is outside the limits 
for this manual. 
 
 
First draw culvert sections for each structure required. 
 
3@15x9 Box Bridge at Station 888+55: 
Draw a skewed pattern line in the file RFSR099CulvertPattern.dgn 
 

 
 
Go to the file RFSR099 CulvertXSections.dgn and draw cross section with the 
existing and proposed surface: 
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Draw Existing and proposed culvert using information provided on the Grade  
approval: 
 

 
 
 
Using the offset distances and elevations on the cross section,and grade 
approval information, draw the proposed extended box bridge on the plan 
view, in the file RFSR099Proposed.dgn. (The Culvert Pattern dgn file is 
referenced) 
 
The offsets for the ends  are marked along the pattern line 
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Draw Proposed Box Bridge using TDOT drop down menu 
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The wingwall lengths are found  in standard drawing STD-17-14, based on a 
slope of 3:1 and height of 10’ from the cross section at sta 888+00 
The Standard Drawings have changed since this Grade Approval was issued 
so you will need to look up the proper drawings on the State website. 
 
 

 
 
Proposed Box Bridge at Station 888+55. The slope lines have been modified 
to turn in to the wingwalls. 
. 
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Cross section of 8x8 box culvert at Station 890+00 
 

 
 
Plan view of 8x8 box culvert at Station 890+00. Wingwall lengths based on 
std. dwg. STD-17-11, 3:1 slope. 
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Cross section of 3@15 x 9  box bridge at Station 34+55.50 
 

 
Plan view of 3@15 x 9  box bridge at Station 34+55.50 
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Now it needs to be determined where any other culvert crossings might be 
needed. On inspection of the Survey dgn file it is seen there is an existing 42 “ 
culvert at station 884+00 and an 18” culvert  crossing Weston Blvd. 
 

 
 
Station 884+00, Mainline 
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Weston Blvd. 
 
Before proceeding note that the survey tin file is inadequate to cover all the 
drainage areas given in the survey file. Follow the procedure outlined in 
Appendix B of the GEOPAK Drainage Manual in order to add more DTM 
information. Give the new tin file a name of you choosing. For this manual we 
will call it “Expanded Survey.tin”. Then merge the proposed.tin surface created 
in the previous section and call it “Expanded Merge.tin” 
 
Now use the drainage tools in the DTM tool box to display ponding areas for 
the merged surface. 
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Ponding along the slope lines (displayed in blue ) will need either a cross drain 
or special ditch. 
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Area from Sta 876+00 (Begin. Project) to Box Bridge 
In this area, much ponding is seen along the slope lines on both sides. 
In this area, extend the existing culvert at sta. 884+00 on both ends. Run a 
ditch on the right side from approx. sta 879+00 to approx. sta. 884+00. This 
ditch will drain into the inlet of the extended culvert. On the left side , run a 
ditch from approx. 878+50 to approx. sta 888+50. Drainage from the culvert 
will run into the ditch on the left side into the creek at the box bridge outlet. 
Ordinarily we would want to drain directly into the creek at 884+00 but the 
elevations indicate we can not do that  so that is why the ditch on the left is 
needed to go all the way to the box bridge. 
 

 
 
By looking at the toe of slope elevations, you can see the elevations do not 
consistently run in one direction. This also indicates that a ditch is needed at 
the toe of slope from approx. 879+00 to the box culvert. 
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Area from Box Bridge to Old Salem/Weston 
 
In this area the ponding that we will be concerned with is on the right at 
approx. 892+50, so run ditch from 892+50  back to 890+00 to drain to the inlet 
area of the box culvert. The cross drain on Weston at approx. sta 30+45 will 
need to be relocated.  
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Existing cross drain at Weston Blvd. , sta. 30+45 
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Area from Old Salem/Weston to Belle Rive 
 
In this area there is ponding at the slope lines on the right side from 900+00 to 
907+00. We will likely need a ditch draining from 907+00 along slope line into 
the relocated cross drain at Weston Blvd. Then continue this ditch back to 
892+50 so there is a continuous ditch from 907+00 to 890+00. 
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Area from Belle Rive to Sta. 926 +50 (End of Project). In this area no ponding 
was shown, but we delineated the low points (LP), and there are some 
showing up in the vicinity of the toe of slope on the right side. Here the 
existing ground slopes toward the end of the project, so locate a ditch at the 
slope line from the vicinity of Belle Rive to the end of project. 
 
 
 
 
 
Ditch 1 – 879+00 to 884+00, Right side 
 
Sketch a line from the toe of slope at 880+00 (low point at toe of slope, el. 
623.04) to the box bridge inlet area approx. 887+50 on the right to determine 
what grade of the ditch you will need. Use DTM Height/Slope tool to find the 
elevations 
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Measure the line to find that the length is 749.21. Therefore the grade is  
(623.04 – 619.69)/749.21 = .0044, or 0.44 % 
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Elevations at toe of fill slope are shown to illustrate that a ditch is needed on 
the right side of the roadway. The proposed ditch elevation at 884+00 is 
621.28 calculated on a 0.44% grade. This is lower than the existing inlet invert 
of the culvert. This means that the culvert can not be extended and drain 
properly since it drains from right to left. The culvert can be relocated to 
883+50 (inlet el. 621.49), but an elevation check shows that the ground on the 
other side is higher (el. 621.71) than what the proposed inlet would be. It has 
already been determined that a ditch is needed on the other side, so make 
sure the elevation in that ditch is lower than 621.28 at 883+50 .  
 
 
 
 
 
 
 
Create alignment for special ditch 
In GEOPAK, Coordinate Geometry, Locate points as shown, here they are 
D111 and D112, but they can be named whatever the user prefers. 
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Create profile for special ditch:

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Display using D&C Manager: 
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Modify cross sections to include special ditch. Reference Geopak Road 
Manual Exercise 14 to modify the criteria file “Var2Lanestroutes.x” as shown: 
 

 
 
 
Then re run proposed cross sections with modified criteria file 
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Cross Section with special ditch at sta 882+00 
 

 
 
Plan View of special ditch, with slope lines 
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Ditch 2 – 878+50 to 888+50, Left side 
 

 
The beginning of the ditch, at 883+50 on the left is the outlet of the relocated 
culvert. The elevation is 620.60, calculated on a grade of 0.5%, based on a 
length of 178.44. 
 
The proposed length of the ditch is 588.80’ from the culvert outlet to the creek.  
The grade is (620.60 – 619.18)/588.80  = .0024, or 0.24% 
 
Ideally we would like to have at least 0.4% grade for optimum drainage, but 
that is impossible to obtain given the existing conditions. 
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Profile of ditch on left side from 883+50 to 889+00 +/- 
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Plan view of ditch on also showing proposed contours 
 
 

 
 
Cross Section showing ditchs at sta. 883+50 
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Locate Culvert 
 
Using GEOPAK Drainage, add culvert 
 

 
 

 
Culvert Configuration – Since the exist. culvert at 884+00 is 42”, we will 
specify that size for the new culvert. 
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Section at 883+50, this is inlet end of culvert. The subgrade elevation is 
631.25. The allowable headwater is 1 foot below subgrade elevation or 630.25 
in this case. The overtopping elevation is the edge of shoulder elevation, 
632.47. 
 
In file (RFSR099CulvertSections.dgn) draw the section at 883+50 using the 
original ground tin and proposed tin surfaces: 
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Draw a line to connect the ditch low points on each side of the cross section 
and copy line parallel 3.5 ft. This locates the grade of the pipe: 
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Intersect the top line with the side slopes and modify the lower line to be th 
same length as the top. This determines the offsets and elevations of the ends 
of the pipe.: 
 
 
 

 
Inlet end, el. 621.41, offset 75.55 
 

 
Outlet end, el. 620.67, offset -73.40 
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Headwall Locations 
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Drainage Area 
 
The drainage areas are found in the Survey reference file on the levels 
SURVEY-DRAINAGE-Area Shapes and SURVEY-DRAINAGE-Area Shapes 
Text. Turn the display on for these levels. 
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Create a Land Use file by following instructions in Exercise 2 of the GEOPAK 
Drainage Manual and attach it as a reference file to the Proposed dgn file. 
 
Add the drainage area to the drainage project.  You may need to reference 
Exercise 4 of the GEOPAK Drainage Manual.  The area shown is in the  
Survey dgn file.  Name it 883+50, the same as the culvert. The area is 5.546 
Acres.   
 
 Use a base “C” of 0.350 
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Calculate the Time of Concentration of the drainage area following the 
procedure in Exercise 4 of the GEOPAK Drainage manual. 
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Be sure to specify the TIN file that contains additional surface data not 
included in the original survey file, the one that was created on page 10 of this 
chapter. 
 
 
 The picture below shows the  drainage area with the flow path from the 
remote point drawn manually. Using the trace option fails to produce an 
adequate path, probably due to the unusual layout of the land. From the 
diagram the maximum values of 300 ft. for sheet flow and 100 ft. for shallow 
flow can be used. Where the flow is in the special ditch, that is Concentrated 
Flow. 

 
 
 For sheet flow , use 0.400 for the “”n” value. (Table4-3,  TDOT Drainage 
Manual, Woods and  Shrubbery) 
For Shallow flow, use 0.457 for the “Inter K “ value. 
The Concentrated Flow velocity can be calculated using  Eqn. 4-9 in the 
TDOT Drainage Manual. 
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The cross section of the special ditch at station 881+50 shows that assuming 
the ditch is full, the cross section area (A) is 13 sq. ft..  
Rh (Hydraulic Radius) = A/P  , where P is the wetted perimeter 
P= 7.5+6.5+13.4= 27.4 ft. 
Rh = 13/27.4 = 0.47 ft. 
 
Sc (slope of ditch) = 0.42%, or .0042 ft./ft.  (shown earlier on page 24) 
 
n= 0.027 (Table 5A-1, TDOT Drainage Manual, assume grass lining) 
 
From Eq. 4-9, the velocity for Concentrated Flow is 2.159 
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Under “Define Path, select  ID and identify the line drawn previously. 
The Time of Concentration should compute to about 33.1 
After applying this to the drainage area follow procedure outlined in GEOPAK 
Drainage Manual to compute discharges for 50 and 100 year storms. 
 

Roadway Design Manual Culverts and Ditches    11-37 



Chapter 11 
 

 
 
Subareas 
 
The computed value for the 50 yr discharge is  7.092  cfs, for 100 yr the 
discharge is 7.922. 

 
Culvert Parameters 
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Culvert Computations 
 
--------------------------------------------------------------------- 
Culvert Analysis Results for 883+50 
--------------------------------------------------------------------- 
Circular 
Concrete 
42 Inch Dia. Circular 
Rise =  3.500 
Number Of Barrels = 1 
Length = 148.950 
Slope =  0.005 
Upstream Invert = 621.410    
Downstream Invert = 620.670    
N value =  0.013 
Entrance KE value =  0.200 
--------------------------------------------------------------------- 
Culvert     MAX     Inlet    Outlet   Tailwater 
Discharge    HW       HW       HW       Elev.    
--------- -------- -------- --------- ---------- 
7.092     622.365  622.365  622.365  620.861   
7.922     622.439  622.439  622.439  620.875   
--------------------------------------------------------------------- 
Culvert   Outlet   Uniform  Critical Critical Friction   
Discharge Velocity Depth    Depth    Slope    Slope    
--------- -------- -------- -------- -------- ---------  
7.092     4.742    0.744    0.802    0.004     0.005      
7.922     4.873    0.789    0.849    0.004     0.005      
--------------------------------------------------------------------- 
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Hydraulic data for Culvert Section. This is a cell, DRCLV1 A, accessible by 
T.D.O.T.>Drainage(Profiles/Culv Sections)>Cells. This information goes on 
plans (Culvert Section ) 
 

 
 
Ponding at the inlet for the 50 yr high water elevation (622.365 contour) 
This does not need to be shown on plans. 
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Though GEOPAK Drainage has placed the culvert on the plans, it is not on 
the right level so that it can be displayed on the plan sheet.  In D&C Manager  
select “42  Prop Xdrain and draw a line over the culvert generated by Geopak. 
 

 
 
Next, draw the endwalls  for the pipe size and side slope, using D&C 
Manager: 
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Plan view of proposed culvert at 883+50.   
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Culvert Section with endwalls  and hydraulic data. Note that the length of pipe 
has changed after endwalls were drawn in 
 
 

 
 
Endwall on inlet end. Drawn according to dimensions on standard drawing  
D-PE-42A (4:1 slope) 
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Ditch 3 – 890+00 to 907+00, Right side 
Ditch is to drain from approx.. 907+00 back toward box culvert inlet at 890+00. 
Locate the ditch outlet point (D116)  in the vicinity of the inlet of the proposed 
box culvert at 890+00.The inlet elevation of the box culvert is 621.90 which 
will be the  elevation at the ditch outlet.: 
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At the beginning of the proposed ditch, 907+00, locate point D117. The 
elevation here is 634.65.: 

 
 
In the vicinity of Weston Blvd. we want to make sure the proposed ditch does 
not encroach on the subdivision. Existing ROW lines and Property lines are 
shown.: 
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Locate points D118-D120 approximately as shown: 
 

 
 
Then define the alignment for the ditch using the points, D116-D118-D119-
D120-D117 : 
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Preliminary layout of proposed ditch from 890+00 to 907+00 (Ditch 3). The 
cross drain at Weston Blvd. will be relocated to where the ditch crosses.. 
 
Ditch 4 - 
No definite ponding areas were defined from about 907+00 to the end of the 
project on the right side. However if the toe of slope elevations are read it 
shows that there are several low spots that would need to be drained. 
 

Roadway Design Manual Culverts and Ditches    11-47 



Chapter 11 
 

 
 
909+00 to 913 +00 
There is a low spot at 910+00 (638.07),  and another at 912+00 (637.56). 
For this manual, we are ignoring Belle Rive Rd. at 912+50. Otherwise we 
would locate a cross drain there. For the purpose of this manual instead we 
will locate a ditch beginning at the 638.07 elevation to drain forward along the 
alignment. 
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913+00 to 919+00 
The slope elevations in this section indicate our proposed ditch would need to 
continue at least to 918+50 (638.83 elevation). The proposed pavement levels 
have been turned off in this view so that the elevations may be read easier. 
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919+00 to end of project 
Elevations trend down to 923+50 (633.20) , which is a low spot, then 
downward again from 924+00 to end of project. Continue ditch to end at 
924+50 (632.95 elevation) 
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--------------------------------------------------------------------------- 
 
 
 
 
 
 
 
 
 
 
 
 
Determine ditch profiles 
 
Ditch 3: 
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The ending station of the ditch is 16+84.76. Beginning and ending elevations 
are 621.90 and 634.65. the grade of the ditch is 0.76%. 
 
Check elevations at side road crossings to ensure the culverts at the side 
roads will have enough clearance. 
 
Weston Blvd.: 
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Using DTM Tools Height/Slope for the proposed tin surface the finished grade 
elevation is 633.96 at station 30+82.01 of Weston Blvd. and  9+03.40 of the 
ditch 
 

 
 
The elevation difference is 5.21 feet.  Assuming a subgrade thickness of 1 ft 
and 18” culvert  there is a clearance of 2.7 feet between the subgrade and top 
of culvert feet. At least 1 foot  clearance is desirable. 
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Display of Ditch Profile,  ditch 3 890+00 – 907+00 Rt. Beginning elevation is 
621.90 at station 0+00 (890+00 on mainline). Ending elevation is 634.65 at 
station 16+84.76 (907+00).  Grade is 0.76%. 

 

 

Preliminary layout of proposed ditch from 910+00 to 924+50 (Ditch 4)., 
defined by points D122-D123-D124-D125-D126-D127. The points are located 
generally about 12 feet from toe of slope, with the exception of the first and 
last points. 
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Display of Ditch Profile,  ditch 4 910+00 – 924+50 Rt.. Beginning elevation is 
638.07 at station 0+00 (910+00). Ending elevation is 632.95 at station 
14+53.21 (924+50).  Grade is 0.35%. 

 

Edit criteria file to include the last two ditches: 

 

Roadway Design Manual Culverts and Ditches    11-55 



Chapter 11 
 
Now rerun the proposed cross sections to include ditch 3 and ditch 4. Save 
surface as “mainline.tin”. Merge with the side road surfaces and save as 
“proposed.tin” 

 

 

Upon closer inspection there are some areas where there is some additional 
encroachment: 

 

900+00 – 904+00 Rt. 

If you check the cross sections at these stations it appears that the ditch can 
be moved closer to the mainline but we will leave these alone for now. 
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Place cross drain at Weston Blvd. 

 

 

 

Plan view of culvert location at Weston (prop. ditch line) , crosses Weston at 
30+82.03. 

 

Cross section view of culvert locaton (using proposed.tin) With inlet and outlet 
elevations and offsets located. 
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Locate endwalls on plan view: 

 

11-58   Culverts and Ditches     Roadway Design Manual 



Chapter 11 
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Drainage Area for 30+82 Weston Blvd. use “Downstream Trace” in Drainage 
Utilities to determine drainage area. 

 

 

 

 

 

 

 

 

 

 

Time of Concentration: 
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From the remote point of the drainage area, use “Downstream Trace” to 
determine the path of flow.: 

 

It appears that the flow would do from sheet flow (distance of 80’) to 
concentrated flow in the proposed ditch. For sheet flow ‘n’value use 0.400 for 
grassed area.: 
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Use Eqn 4-9 in TDOT Drainage Manual to determine Velocity in Concentrated 
flow: 

11-62   Culverts and Ditches     Roadway Design Manual 



Chapter 11 

 

Typical Section of proposed ditch at sta. 903+00 rt. 

 

Rh=A/P = 0.95 

S= 0.76% = 0.0076 

n= 0.027 (Excavated, straight, short grass) 

V=4.65 
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For the Sheet Flow “n”value , 0.410 is used , for grassed area. (Table 4-3, 
TDOT Drainage Manual, Manning’s n Values for Overland Flow) 

Using a computed Tc of 11.492, discharges are 7.140 for 50 yr. storm and 
7.839 for  100 yr.  
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Refer to Geopak Drainage Manual, pages 4-13 and 4-14 to calculate tailwater.  
Slope= 0.76% (proposed ditch grade), N=0.027 (Table 5A-1, short grass) 

Configuration (use same settings as Geopak Drainage Manual): 
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--------------------------------------------------------------------- 
Culvert Design Results for 30+82 
--------------------------------------------------------------------- 
Circular 
Concrete 
--------------------------------------------------------------------- 
Suggested Design 
--------------------------------------------------------------------- 
18 Inch Dia. Circular 
Rise =  1.500 
Number Of Barrels = 1 
Length = 115.393 
Slope =  0.008 
Upstream Invert = 629.836    
Downstream Invert = 628.922    
N value =  0.013 
Entrance KE value =  0.200 
--------------------------------------------------------------------- 
Culvert    Allow.    MAX     Inlet    Outlet   Tailwater 
Discharge    HW       HW       HW       HW        Elev.    
--------- -------- -------- -------- --------- ---------- 
7.140     632.460  631.422  631.422  631.422  619.018   
7.839     632.460  631.542  631.542  631.542  619.103   
--------------------------------------------------------------------- 
Culvert   Outlet   Uniform  Critical Critical Friction   
Discharge Velocity Depth    Depth    Slope    Slope    
--------- -------- -------- -------- -------- ---------  
7.140     5.844    0.979    1.035    0.007     0.008      
7.839     5.896    1.056    1.085    0.007     0.008      
--------------------------------------------------------------------- 
Alternate Designs 
--------------------------------------------------------------------- 
Barrels Rise    Span    HW           Library Item 
------- ------- ------- ------------ ------------------------- 
      1   1.250     n/a 632.108      15 Inch Dia. Circular 

 

Culvert Computations for 30+82 Weston Blvd. 

 

.Now that computations are complete. Reference Geopak Drainage Manual to 
adjust the length of the culverts on both the profile and plan view. Then draw 
the endwalls on both views. 
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Profile View (culvert Section) 

 

 
 
 
Plan view 
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STORM DRAINAGE 
 
Now that Culverts and ditches are located, the locations for the catch basins 
and their outlets can be determined. Catch basins will be located in the gutter 
line on each side of the roadway. Before doing this, if you have not already, it 
is a good idea to re run cross sections for the proposed roadway every 5 feet. 
This will ensure more accurate elevations for low points, etc. 
 
The procedure for running cross sections every 5 feet will not be discuissed 
here. The procedure is described in Exercise 22 of the Geopak Road Manual. 
Use your preference for file names. 
 
Then merge the side road surfaces with the new mainline surface , then 
merge with existing surface as before. 
 
Once a new surface for the mainline has been created it is helpful to create a 
profile for each gutter line. This will give a good picture of  where the high and 
low points are. 
First, for the left gutter profile, in Existing Ground Profile, make settings similar 
to what is shown below. The first section runs from the beginning of curb and 
gutter (885+25) to the beginning of the radius at the Old Salem road 
intersection (898+24.03): 
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The second section runs from the end of the radius at the intersection 
(899+76.05) to the end of the curb and gutter (919+80): 
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The TIN file Mainline with cross sections cut every 5 ft merged with the 
proposed side roads.. The gutter is at 44 ft offset from the center line (-44 for 
left) Begin and End stations for the curb and gutter differ from the roadway 
alignment 
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Description in Navigator of profile “GUTTERLT1” 
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Profile of “GUTTERLT1” plotted on grid.Since it was stored as existing ground 
the profile was drawn with that symbology. The symbology was changed to 
match that for proposed profile. 

 

Profile of “GUTTERLT2” plotted on grid. 

Catch Basins are located in the gutter line in low points, or sags, at the upper 
side  of  side road inter sections and private drives. Catch Basins are spaced 
at a maximum of 400 feet. For further guidance ,see TDOT Drainage Manual, 
Chapter 7, Section 7.04.1.2. 
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Locations are determined starting at high points and working toward low 
points, so first locate high and low points in the curb and gutter profile. 

 

 

 

 

 

Now looking at the profiles and their descriptions, the high and low points in 
the gutter can be determined: 

High Pts. (Station)       Elevation 

        885+25                 630.82 (begin. of curb & gutter) 

        895+55                 635.90 

        909+41                 640.55 
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 High pt. at 895+55, on profile  

 

GUTTERLT1 description, showing high point at 895+55 
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High pt. at 909+41, on profile  

 

 

GUTTERLT2 description, showing high point at 909+41 
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Low Pts. (Station)       Elevation 

        887+47.50            629.82 (sag) 

        898+24.03            634.01 (begin. of radius at intersection) 

        899+76.05            633.94 (begin. of radius at intersection) 

        919+80                 637.47 (end of curb & gutter) 
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Sag in curb & gutter at 887+47. 
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898+24.03, at beginning of radius at Old Salem Rd. intersection 

 

In addition to the low points listed above, locate catch basins at the ends of 
the radiuses at the Old Salem Rd. intersection. 
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Appendix C shows how  the profiles of each radius was modified to slope 
down from the mainline, so locate a catch basin at the end of each radius. 

At the sag points at stations 887+47.50 and 911+21,   #14 Catch basins will 
be placed. At the other points #12 catch basins will be used since they are not 
sags. 
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First, let us place the #12 catch basins in the known locations: 

CB-1,  898+24.03  LT., -44 offset 

CB-2,  37+07.17 RT., Old Salem Rd., 34 offset, end of c&g in radius 

CB-3, 37+08.31 LT., Old Salem Rd., -22, end of c&g in radius 

CB-4, 899+76.05 LT., -44 

CB-5, 913+95 LT., -44 (upstream of  private dr.) 

CB-6, 919+80 LT., -44, end of c&g  

 

 

 

 

CB-1: 
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Location of CB-1 on plan view at 898+24 
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Ref. Appendix A of GEOPAK Drainage manual for drop and min. and max. 
elevations. Assume for 18” pipe. 

Junction Loss and Discharge Options will stay at default values.  

Now, similarly, locate CB’s 2 -6.  Reference the GEOPAK Drainage Manual 
for settings for the #12 CB’s. The drainage areas will be added later. 

 

Roadway Design Manual Storm Drains    12-17 



Chapter 12 
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Locations of CB-1, CB-2, CB-3, and CB-4 
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Location of CB-5 
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Location of CB-6 
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Now locate a #14 catch basins at the sag location, station 887+47.50 (CB-7). 

CB-7: 
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The Left and Right % slopes are found on the profile description: 
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Location of CB-7 
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Locate the remainder of the catch basins by working from a high point to low 
point. Assume a location first, calculate discharge to determine the spread. 
If the spread is too high, move the catch basin up the grade and recalculate. 
 
Start at the high point on the curb and gutter grade at sta 895+55, working 
back toward the beginning of the project, determine a preliminary location for 
a catch basin at 892+50. This will be CB-9. 

 

 

CB-9 with drainage area 
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Trace path of flow using Utilities>Downstream Trace in  

Reference Geopak Drainage Manual, section 5.12 to determine Tc and to 
compute discharge.  
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Tc is computed to be 1.770, but use 5 
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For this area the discharge for the 10 year storm is computed to be 1.942 cfs. 

 

 

The ponded width and depth are an acceptable value. 
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CB-10 and drainage area, located at 889+75.  

 

Computations for CB-10 
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Drainage area for CB-7, sta. 888+47.50, 0.517 ac 

 

Computations for CB-7 

 

According to the computations the ponded widths are more than allowable, so 
the drainage area can be revised to reduce the discharge.  
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Revised drainage area for CB-7, 0.344 ac 
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New computations for CB-7 

Looks like the area needs to be reduced further. 

 

 

Revised drainage area for CB-7, 0.230 ac 
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New computations for CB-7. Ponded widths are under the 8 ft max. limit 

 

Where there are catch basins in a sag, there will need to be flanking catch 
basins on each side of the #14. The procedure for this is discussed in the 
Drainage Manual, Chapter 7,and will be handled later in this chapter. 

Additional #12’s will need to be located now at outside edged of area CB-7, at 
stations 886+47.50 and 888+47.50. 
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Locate CB-11 at 886+47.50 

Drainage Area, CB-11 
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Using previous settings, Tc is computed to be 1.158 (use 5), and discharge is 
0.720. 
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Locate CB-12 at 888+47.50 

Drainage Area, CB-12 

 

 

Using previous settings, Tc is computed to be 1.173 (use 5), and discharge is 
0.749 

.  
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Now work back toward the end of the project from the high point at 895+55: 
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CB-1 is located at the beginning of radius of the intersection so locate area 
CB-1: 
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Using previous settings, Tc is computed to be 1.648 

 (use 5), and discharge is 1.582 
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Determine drainage area CB-2: 

 

Using the drainage tools and judging from the contours the drainage area for 
CB-2 is located 
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Using previous settings, Tc is computed to be 1.102 (use 5), and discharge is 
0.713 
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In the same manner as CB-2, the drainage area for CB-3 is located: 
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Using previous settings, Tc is computed to be 1.043 (use 5), and discharge is 
0.576 
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Now move to the next high point , sta 909+41, and work back toward CB-4. 

 

Note that the majority of this area is a superelevated section, the left side is 
the high side so only the shoulder would be in the drainage area. In this case 
no other catch basins may be needed between the high point and CB-4. 

Drainage area CB-4 
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Using previous settings, Tc is computed to be 3.536 (use 5), and discharge is 
2.104 
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Drainage area CB-5: 

For the catch basin (CB-5) located just before the private drive, initially the 
drainage area will be the area between the last high point at sta 909+41 and 
sta 913+95. There will also be a small area outside the pavement and 
sidewalk area also included. 
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Using previous settings, Tc is computed to be 1.793 (use 5), and discharge is 
2.664 

 

The ponded width is above the acceptable limit, therefore another catch basin 
will need to be added upstream from CB-5 

Here is not a CB-8 located yet, so locate this catch basin at 911+50: 

 

Drainage Area CB-8 and revised area CB-5 
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Tc for CB-8 is 0.974 (5): 

 

Discharge for CB-8 is 1.029: 
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The new Tc for CB-5 is 1.593 (5) 

 

 

Discharge for CB-5 is 1.440 

 

It can be seen the ponding widths for both CB-5 and CB-8  are within the 
allowable limits 
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Catch basin CB-6 is located at the end of the curb and gutter section. Since 
CB-6 and CB-5 are more than 400 feet apart, another catch basin, CB-13, will 
be located about halfway between the two, at sta 916+75. 
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Drainage area CB-13: 

 

Using previous settings, Tc is computed to be 1.680 (use 5), and discharge is 
1.779 
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Drainage area CB-6: 

 

 

 

Using previous settings, Tc is computed to be 1.753 (use 5), and discharge is 
1.935 
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Flanking CB’s for CB-7 : 

 

The left gutter profile at CB-7 location shows the location and elevations for 
the flanking catch basins. The difference in elevation from the maximum depth 
is 0.41 ft,, which is 82% of the total maximum depth.   

Ref.  Drainage Manual 7.03.3.2 

 

Locate catch basins CB-7A and CB-7B 
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Also add drainage areas for CB’ s 7A and 7B: 
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Now that catch basins are located for the left side, the ones on the right side 
can now be located. A profile for the right side gutter can be made in a similar 
manner to the one for the left side. 

The gutter profile from the beginning of the project to Weston Blvd. is identical 
to the left side: 
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The gutter profile from Weston Blvd. to the end of project: 
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High Pts. (Station)       Elevation 

        885+25                 630.82 (begin. of curb & gutter) 

        895+55                 635.90 

        912+52                 639.43 

 

Low Pts. (Station)       Elevation 

        887+47.50            629.82 (sag) 

        898+26.55            633.99 (begin. of radius at intersection) 

        899+90.60            634.05 (begin. of radius at intersection) 

        919+80                 637.47 (end of curb & gutter) 
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The last catch basin placed on the left was CB-13, so lets place catch basins  
first in the known locations on the right: 

CB-14,  887+47.50, 44 offset, #14  

The rest will be #12’s: 

CB-15, 898+26.55, 44 offset (begin. of radius at intersection) 

CB-16,  31+25 RT., Weston Blvd.., 28 offset, end of c&g in radius 

CB-17,  31+25 LT., Weston Blvd.., -36.70 offset, end of c&g in radius 

CB-18, 917+85 RT., 44 ( upstream of private dr.) 

CB-19, 919+80 RT., 44 offset ( end of c&g ) 

 

High Point  to High Point 885+25 to 895+55: 

A check of the contours show that there is no flow from off  the roadway in this 
section . The drainage areas are contained entirely within the pavement area. 
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Since the gutter profile is identical with the left side,additional catch basins can 
be located on the right side corresponding with those on the left. These are all 
#12 cb’s 

CB-20, 886+47.50, 44 offset 

CB-21, 888+47.50, 44 offset 

CB-22, 889+75, 44 offset 

CB-23, 892+50, 44 offset 

In addition, locate flanking cb’s CB-14A and CB-14B at 886+80.35 and 
888+13.48, respectively. 

 

 

 

CB-14, CB-14A, CB-14B, CB-20, CB-21 on right side, corresponding to cb’s 
on left side 
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CB-22 and CB-23 on right side, corresponding to cb’s of left side 

 

Drainage areas also will correspond to those on the left side and their 
discharge values should also be the same. 

 

Drainage Area CB-14, q= 1.310 

Drainage Area CB-20, q= 0.793 
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Drainage Area CB-21, q= 0.876 

Ponding widths are all in the acceptable range 

 

 

 

 

 

 

 

 

 

 

 

Drainage Area CB-22, q= 1.751 

Drainage Area CB-23, q= 1.944 
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Ponding widths are in the acceptable range 

 

Now, working from the high point at 895+55 toward end of project, CB-15 is 
located at the beginning of the radius with the intersection, sta 898+26.55, add 
drainage area CB-15: 

 

For CB-15, q=1.730, ponding width <8 

 

Before we look at the drainage areas for CB-16 and CB-17, add CB-24 at sta 
899+90.60. This is the point upstream from the beginning of the radius at the 
intersection: 
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Area CB-16: 

 

 

Q=0.841, Ponded width <8 
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Area CB-17: 

 

Q=0.962, Ponding width <8 

 

 

This one’s cutting it close! 
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Area CB-24 (outlined in white) from CB-24 at sta 899+90.60 to the high point 
at sta 912+52, area is 2.079 Ac: 

 

 

First the discharge wil be calculated for the area to check the ponding width. If 
necessary more catch basins will be added and to break up the area into 
smaller areas. 

Tc for area CB-24 = 4.356  (5) 

Begin trace path  at other end of area near sta 921+52; 
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As expected, the ponded width for CB-24 is over the acceptable limit: 

 

 

Locate CB-25 at sta 910+00: 
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Tc for area CB-25 = 1.558  (5) 

Discharge is 1.665 

 

 

Locate CB-26 at staa 908+00: 

 

Tc =1.805 (5) 

Discharge is 2.116 
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Ponding width is within acceptable limit.   

It should be noted that when the ponding width is close to 8 feet like these last 
couple of catch basins, it would be advisable to go ahead and addin the 
bypass flow from the upstream catch bain, in this case CB-25: 

 

Then check the computations for CB-26  again: 
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After recalculating, the ponding width for CB-26 is still good 

 

For the remaining area between CB-24 and  CB-26 (approx. 800 ft.) it would 
appear that a spacing of between 150 and 200 feet should be good, so locate 
the following catch basins: 

CB-27, sta 906+25 rt 

CB-28, sta 904+50 rt 

CB-29, sta 903+00 rt 

CB-30, sta 901+50 rt 

Also assign bypass flows CB-26 to CB-27, CB-27 to CB-28, etc., CB-30 to 
CB-24 

Using procedures outlined previously the calculations can be performed for 
the areas CB-24 and CB-27 thru CB-30: 

CB-27, Tc= 1.537(5), q=1.827(2.203 incl. byp. from CB-26), pond. w = 6.78 

CB-28, Tc= 1.615(5), q=1.857(2.231 incl. byp. from CB-27), pond. w = 6.46 

CB-29, Tc= 1.525(5), q=1.557(1.953 incl. byp. from CB-28), pond. w = 5.86 

CB-30, Tc= 1.509(5), q=1.571(1.889 incl. byp. from CB-29), pond. w = 5.77 

CB-24, Tc= 1.539(5), q=1.277(1.576 incl. byp. from CB-30), pond. w = 5.31 
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High point (921+52) to end of curb and gutter (919+80) : 

The drainage area for CB-18, from high point to 917+85 : 

 

There will be no runoff from outside, due to special ditch 

Using procedure outlined previously: 

Tc = 2.526 (5), q=3.451, pond. Width = 8.45 
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Then locate another catch basin (CB-31) at 915+25, and add drainage area 

Remember to set the bypass for CB-31 to CB-18: 

 

CB-31, Tc= 1.669 (5), q=1.797, pond. w = 7.39 

CB-18, Tc= 1.606(5), q=1.654(1.871 incl. byp. from CB-31), pond. w = 6.52 
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CB-19, at 919+80 (end of curb and gutter): 

 

There will be no runoff from outside, due to special ditch 

Using procedure outlined previously: 

CB-19, Tc= 1.380(5), q=1.238(1.510 incl. byp. from CB-31), pond. w = 5.52 
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All the catch basins located now, but earlier ones located did not have 
bypasses defined so this would be a good time to check that before we go any 
further to see if it be necessary to reposition or add some more catch basins. 

  
bypass 
to discharge 

pond. 
Width 

CB-1 CB-2 1.582 5.16 
CB-2 n/a 0.928 3.52 
CB-3 n/a 0.941 3.53 
CB-4 CB-3 2.105 6.06 
CB-5 CB-13 1.496 7.80 
CB-6 n/a 2.204 6.54 
CB-7 n/a 1.412 1.65 
CB-8 CB-5 1.029 7.30 
CB-9 CB-10 1.942 5.33 
CB-10 CB-12 2.072 5.63 
CB-11 CB-7 0.720 4.12 
CB-12 CB-7 1.111 5.09 
CB-13 CB-6 1.907 6.90 
CB-14 n/a 1.484 1.71 
CB-15 CB-16 1.730 5.42 
CB-16 n/a 1.096 8.34 
CB-17 n/a 1.174 8.58 
CB-18 CB-19 1.871 6.52 
CB-19 n/a 1.510 5.52 
CB-20 CB-14 0.793 4.33 
CB-21 CB-14 1.238 5.36 
CB-22 CB-21 2.072 5.63 
CB-23 CB-22 1.942 5.33 
CB-24 CB-17 1.576 5.31 
CB-25 CB-26 1.665 7.34 
CB-26 CB-27 2.299 7.42 
CB-27 CB-28 2.203 6.78 
CB-28 CB-29 2.231 6.46 
CB-29 CB-30 1.953 5.86 
CB-30 CB-24 1.889 5.77 
CB-31 CB-18 1.797 7.38 
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CB-16 and CB-17 are the only locations where the ponded width is more than 
allowable. 

 

This can be corrected by adding extra catch basin in the radius 
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CB-32 and CB-33 at sta 30+75 Rt. And Lt.: 

 

Using procedures outlined previously the calculations can be performed for 
the drainage areas: 

CB-16, Tc= 1.051(5), q=0.211(0.246 incl. byp. from CB-32), pond. w = 4.24 

CB-17, Tc= 1.076(5), q=0.275(0.310 incl. byp. from CB-33), pond. w = 4.76 

CB-32, Tc= 0.889(5), q=0.629(0.885 incl. byp. from CB-15), pond. w = 7.63 

CB-33, Tc= 0.891(5), q=0.687(0.889 incl. byp. from CB-16), pond. w = 7.68 
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Linking the catch basins 

Now that all catch basins are located and there is no excessive ponding, it is 
time to create storm drainage networks by linking the catch basins so that 
each network has a separate outlet. 

Start first by determining where would be good places for outlets. 

 

From the contours, it is evident there can be an outlet in the ditch as the CB’s 
7A, 7B, 11 and 12 drain into CB-7, and CB-7 can outlet into the ditch. This will 
be the first network. 

Locate outlet (EW-1) in ditch at same station as CB-7 
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Before proceeding, remember that the elevations specified on the CB’s were 
for minimum depth, that is assuming there will be an inlet and outlet. This is 
not the case for CB-11 and CB-12. They will be outlet only, so the min. drop 
distance needs to be added to the minimum depth for those nodes. 
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The minimum depth for CB-11 and CB-12 should be changed to 2.38. The 
others can remain as set. 

 

Now, for link configurations, refer to GEOPAK Drainage Manual, Section 6 for 
the settings. Then make link connections as shown below: 

link From  To 
SS-11 CB-11 CB-7A 
SS-7A CB-7A CB-7 
SS-7B CB-7B CB-7 
SS-12 CB-12 CB-7B 
SS-7 CB-7 EW-1 

 

This will be the first network, named 88750LT, for the location of the outlet 

 

 

Network with outlet, EW-1, curb and gutter level display has been turned off 

Onte other thing to consider when locating drainage outlets, is the existing 
conditions. Turn the present layout levels on for the survey reference to make 
sure for example you  won’t be running water onto somebody’s house  
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Note that “MS Element” was used when storing the links. The link ID method  

outlined in the Geopak Drainage manual would not connect to the proper node  

points on the #14 CB’s 
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After running the network, some warnings were found.  The velocity in SS-7 
can be reduced by reducing or increasing the slopes in the links.  The errors 
concerning  CB-14A and 14 B can be ignored since those nodes are not part 
of the network. 

Reports>Storm Drains/Links>Link Configuration: 

 

 

Checking the rise value on all links, the system designed all links at 18” so no 
minimum elevation settings need to be adjusted 

Reports>Storm Drains/Links>Link Hydraulic Computations: 
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The velocity in SS-7 is greater than the maximum value of 12 and the 
velocities in links SS-11 and SS-12 are slightly under the minimum value of 3.  

The slope on SS-11 and SS-12 is .5%, the minimum value, so it can be 
increased by lowering the invert elevations 

SS-11 current settings: 

 

Lower the outlet invert by .5 and fix both upper and lower inverts: 
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For SS-12, do the same: 

 

 

 

Re-run Network: 
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Reports>Storm Drains/Links>Link Hydraulic Computations: 

 

 

The velocities have been corrected in SS-11 and SS-12 ,but SS-7 is still over 
the maximum 

 

Edit link SS-7: 

 

The lower invert has been raised 2’ (was 618.571), and both upper and lower 
inverts elevation fixed        
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In addition, change the offset on EW-1 from -90 to -86 (1’ vertical change on 
4:1 slope):              

 

 

 

After running the network again, the velocity in SS-7 is now 11.5, this is under 
the maximum: 
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Making these corrections is a trial and error procedure and several guesses 
may need to be made to make all  the numbers come out right 
------------------------------------------------------------------------------------------------ 
 
Other Networks: 
 
2) CB-10 (889+75 Lt.) 
 

 
 
The location of this catch basin between the box bridge and the box culvert  
dictates that this one will stand by itself. The outlet can be located either at the 
toe of slope or stub into the box culvert. One other thing to consider when 
deciding on an outlet is the elevation relative to the bottom of the catch basin. 
Thr grate elevation of CB-10 is 630.875. the bottom of the CB is 626.995 
(630.875-2.38-1.5). The elevation of the toe of slope  is 626.67. The bottom of 
the box culvert is 621.50. The stub elevation would  be 622..50 or above. 
 
 
Locate stub “ST-1” 
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From the grade approval letter (Appendix B), 100 yr water elevation for the 
box culvert at 889+00 is 629.28. for 10 yr ,assume to be 628.00.  
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Pick 625.00 for the outlet elevation it can be adjusted later if need be 
 
Then locate link SS-10 from CB-10 to ST-1 
 
Network name could be 89000LT, outlet ST-1 
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3) CB-9 (892+50 Lt.) 
 

 
 
This one also will most likely stand by itself. It is the last CB before the high 
point around Sta. 895+50. It can outlet at the toe of slope. 
Bottom CB elev. 629.812 
Outlet  el.  621.10 
  
Locate outlet EW-2 at toe of slope  
Sta. 892+50, offset -87.5 
Fix Tailwater at Critical Depth 
Link SS-9 from CB-9 to EW-2 
CB-9 Minimum depth 2.38 
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Network: 89250LT 
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4) CB-1 and  CB-2 (898+25 Lt.) 
 

 
 
Bottom CB elev. (min. Depth) 
              CB-1   630.130 
              CB-2   628.613 
The outlet can be located  out from CB-2 toward Puckett Creek (EW-3) 
Outlet  el.   < 627.00 
Change CB-1 and CB-2 to CB#12 4’ DIA, CB-1 Minimum Depth to 2.38 
Link SS-1, CB-1 to CB-2 
Link SS-2, CB-2 to EW-3 
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Network: 89850LT 
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5) CB-3 and CB-4  (899+75 Lt.) 
 

 
          
Bottom CB elev. (min. depth) 
              CB-3   629.047 
              CB-4   630.065 
The outlet can be located  out from CB-3 toward Puckett Creek (EW-4) 
Outlet  el.   < 627.00 
Change CB-3 and CB-4 to CB#12 4’ DIA, CB-4 Minimum Depth to 2.38 
Link SS-4, CB-4 to CB-3 
Link SS-4, CB-3 to EW-4 
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Network: 89950LT 
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6) CB-8, CB-5, CB-13, and CB-6 (911+50 Lt. – 919+80 Lt.) 
Bottom CB elev. (min. depth) 
              CB-8   635.512 
              CB-5   635.471 
              CB-13   634.878 
              CB-6  633.592 
The outlet can be located  out from CB-6 (EW-5) 
Outlet  el.   < 633.00 
Locate outlet EW-5 at toe of slope  
Sta. 919+80, offset -100 
CB-8 Minimum depth 2.38 
Link SS-8, CB-8 to CB-5 
Link SS-5, CB-5 to CB-13 
Link SS-13, CB-13 to CB-6 
Link SS-6, CB-6 to EW-5 
 

 
 
Network: 91980LT 
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Check the ponding on CB-8: 
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The velocities in SS-5 and SS-13: 
 

 
 
 
Upon closer inspection, it seems there is a dip in the left side gutter profile at 
the station 911+16.: 
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Change CB-8 to #14, relocate to 911+16, minimum depth will be 2.55 
(2.22+0.33). Recalculate drainage areas: 
 
 

 
 
 
Re run Network 91980LT: 
 

 
 
 
Ponding issue is solved, now to correct velocities in links SS-5 and SS-13 
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In addition EW-5 was moved to the low point according to the contours. This is 
elevation 631.02. The lower invert on link SS-2 was fixed at this elevation 
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When the network is run again  

 

Reports>Storm Drains/Links>Link Hydraulic Computations: 

 
 
 
Reduce slope in SS-6 by lowering the upper invert 
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631.455 fixes the slope at 0.4% 
 
 
On SS-8, fix the upper invert at 635.315. This is the minimum depth elevation 
and will eliminate the “Min Depth exceeded upstream of SS-8” error 
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Reports>Storm Drains/Links>Link Hydraulic Computations: 

 
 
 
Velocities in SS-5 and SS-13 are still under the minimum allowable value, but 
noting that the slopes are all 0.4% there is not anything that can be done to 
increase the velocities. 
 
 
 
7) CB-20, CB-14A, CB-14, CB-14-B, CB-21 (886+50 Rt. – 888+50 Rt.) 
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CB-14 is located on top of the propoed box bridge. There is not enough 
clearance elevation to allow for the minimum depth catch basin at that 
location, so CB-14B will have to be removed. For the same reason CB-21 will 
not be able to connect to the other catch basins. It can connect and form a 
network with the next catch basin CB-22.  
 
Bottom CB elev. (min. depth) 
              CB-20   626.311 
              CB-14   626.099 
              CB-14A   626.190 
               
The outlet (EW-6) can be located out from CB-14A  
Station 886+95  
Offset 85, el. < 625.00 
 
Link SS-20, CB-20 to CB-14A 
Link SS-14, CB-14 to CB-14A 
Link SS-14A, CB-14A to EW-6 
CB-20 Min Depth, 2.38 
CB-14 Min Depth, 2.55 
 
 

 
 
 
Network:88695RT 
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Upon running the network, the velocities in SS-20 and SS-14 were below the 
minimum value. This was fixed by increasing the slopes in those two links and 
decreasing the slope in SS-14A 
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8) CB-22  and CB-22, outlet EW-7,  88975RT 
 
 
Originally it was intended to stub into box, but elevations did not allow for 
minimum 0.4 slopes on the pipes which would not permit proper velocities . 
 
As with previous networks, adjustments to elevations had to be made to 
elevations to be able to obtain proper velocities 
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,  
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9) CB-23, outlet EW-8, 89250RT 
      This will be the last network before the high point at 895+50 
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10)    CB-15, CB-32,CB-33, outlet EW-9 (in proposed ditch), 89800RT 
 
 Change all to round catch basins (CB#12 4’ DIA) to accommodate link 
connections at an angle 
 
        (Side Road and low point 899+00) 
 

 
 
Note that a manhole has been added, MH-1 
 
The outlet invert of link SS-MH-1 has been fixed at the ditch elevation at the 
endwall location (628.00) 
 
 
 
 
 
 
 
 
 
 
 

Roadway Design Manual Storm Drains    12-113 



Chapter 12 
 
First run of the network : 
 

 
 
 
 
 

 
 
In SS-15, the outlet link, both the slope and velocity are acceptable. There is 
room to reduce the slope in this link so the slopes can be increased in the 
other links, resulting in increased velocities  
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Second run of the network: 
 

 
 
 
 

 
 
For this run, the upper invert of SS-33 was fixed at the minimum depth 
elevation for CB-33 and the upper invert of SS-15 was fixed so that the link 
has a slope of approx. 0.8. The velocities of three links are still below desired 
but we may have to live with it because of the terrain it is difficult to find any 
lower elevations to drain to. 
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Network 89990RT, outlet EW-10: 
 

 
 
 
 

 
 
 
Calculations for network 89990RT 
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11)  CB-16, CB-17, outlet EW-11 (in proposed ditch), 89825RT 
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12) CB-30, CB-29, CB-28, outlet to EW-12 (in proposed ditch),90150RT 
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12) CB-27, CB-26, CB-25, outlet to EW-13 (in proposed ditch),90550RT 
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14) CB-8, CB-5, CB-13, CB-6, CB-19,outlet to EW-5, 91980LT 
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   14) CB-31, outlet to EW-15, 91525RT 
         CB-18, outlet to EW-14, 91825RT 
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Taking into account the minimum depths  for the catch basins, the ditch profile 
did not allow for the outlets to have the proper elevations and minimum slope 
for the links.  The outlet elevations were fixed so that the links had a 0.4% 
slope. This will require the ditch profile to be modified. 
 
Station         CB min.depth elev.   old ditch elev. (outlet)     new elevation 
 
915+25               635.26                        636.22                       635.20 
 
918+25               634.49                        635.16                       634.32 
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Appendix  E 

SIDE ROAD CROSS SECTIONS: 

 

Roads on Left side of Mainline: 

1. Beginning of alignment to beginning of radius run sections every 50 
ft. 

2. Beginning of radius to tie –in point on mainline (edge of pavement), 
sections every 5 ft. 

Roads on Right side of Mainline: 

1. Tie-in point on mainline (edge of pavement) to end of radius,  
every 5 ft. 

2. End of radius to end of alignment ,every 50 ft. 

 

After the 5 ft interval cross sections are run in the radius area, check the 
cross sections against the plan view. Some manual modification may be 
necessary to ensure that pavement widths, offsets, etc. match what is 
drawn. 

 If the radius has curb and gutter, plot the elevations obtained from the 
cross section on a profile grid. It may be helpful , but not necessary to 
make an alignment of the radius.  Make sure then that the curb and gutter 
radius has a smooth profile. Then go back to the cross sections and adjust 
the curb and gutter elevations match the profile. This is to insure that the 
radius transitions smoothly from the mainline to the side road. 

After this is done then a dtm can be created of the side road and merged 
witn the mainline dtm created earlier to make a proposed surface. 

 

 



 

Example for Old Salem Road: 

 

The alignment begins at 33+50 and ends at 37+69.79. The radius begins at 
37+08.31. The end points of the radius on the mainline are 898+24.03 and 
899+76.05. 

 

 

 

 

 



 

 

 

Pattern lines every 50 feet until beginning of intersection radius, then every 
5 ft. 

Cut existing and proposed cross sections for 50 ft spaced sections and 5 ft 
spaced sections in separate files. 

 

 

 

 

 

 



 

When cross sections are run for the radius area, modify the last three 
sections to remove the curb and gutter and shoulder as evidenced by the 
pattern lines: 

 

 

It may be necessary to modify the pavement widths to match the edge of 
pavement lines drawn in the proposed file. 

 

 

 

 

 

 

 



 

 

 

The last section corresponding with the pattern line drawn at the mainline 
edge of pavement. The Mainline EOP is the green dashed line. The red 
proposed side road finished grade surface was modified to match the green 
line. 

 

 

 

 

 

 

 

 

 

 



 

 

Modified section at 37+65.  Section is modified to match green dash line, 
which is mainline tin surface. 

 

Modified section at 37+60. 

 

 

 

 



 

 

 

Modified section at 37+55. Now includes shoulder 

 

Modified section at 37+50. Now includes curb and gutter. The mainline 
surface is the yellow dash line. 

 

Modified section at 37+45. Now includes sidewalk 

 



 

 

 

 

 



 

 

For the sections from 37+08 to 37+25, offsets are close enough they do not 
need to be modified. 

 

In the side road cross section file, document the curb and gutter elevations 
for each section in the radius: 

 

Section at 37+08.31 (beginning radius) showing left and right curb and 
gutter elevations 

 

 

 

 



 

 

 

 

 

 

 

 

Curb and Gutter elevations at each station: 

 

 

 

 



 

 

 

 

 

 

 

Left radius: 

 

The left side radius showing the station points at which there were curb and 
gutter elevations. The length along the radius from 37+08.31 to SR99 
899+76.05 is 75.04 ft.  From 899+76.05 to 900+00 the length is 23.95. the 



gutter elevations were read from the mainline dtm using DTM Tools. Using 
this information the curb and gutter profile can be drawn. 

 

 

 

Profile of left side radius showing elevations at each cross section of Old 
Salem Road. The red line is the curb and gutter profile of the mainline from 
899+76 to 900+00. That part will not change. 



 

 

 

The adjusted curb and gutter profile in green, with new elevations. 

 

New Elevations at each station for left side: 



 

 

 



 

Station 37+50 as originally drawn 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Station 37+50 with curb and gutter elevation adjusted. 

 



 

 

Station 37+45 with curb and gutter elevation adjusted. 

 

When all curb and gutter elevations for the left radius have been adjusted, 
take similar steps to adjust the curb and gutter elevations for the right 
radius.   

 

 

 

 

 

 

 

 



 

 

 

Since the radius section was in curb and gutter, two separate runs were 
made, so create a dtm for the section running from the beginning station of 
the alignment to the beginning or the radius. Then create a dtm for the 
radius section, and then merge the two dtms to create a single dtm for the 
road.  For example, for Old Salem Road, the section from the beginning of 
the vertical alignment (33+50) ti the beginning of the intersection radius 
(37+08.31) would be oldsalem1.tin. From 37+08.31 to the mainline edge of 
pavement (37+69.79) would be oldsalem2.tin. Merge the two to create 
oldsalem.tin. 

If the radius section is not in curb and gutter, or if the entire side road is 
curb and gutter, it would not be necessary to make two separate dtms. 

 

 



 

Weston Blvd. has curb and gutter for its entire length, so it will not be 
necessary  to cut two sets of cross sections. Cut cross sections every 5 
feet from the beginning at the mainline edge of pavement (30+00) to the 
end of the intersection radius (30+95.81), then every 50 feet to the ending 
station of the vertical alignment (31+25). 

 

 

 

Modified cross section at 30+75 Weston Blvd. Orange dash line is mainline 
dtm surface. Curb and gutter elevations and off sets shown. 

 

Once tin files are made of each side road, merge them with the mainline tin 
file to create a proposed tin file.  

It may be necessary to edit the surfaces before merging, using the “edit 
triangles” option under DTM Tools. 

 

 



 

 

Example of triangle display 

 

 

 

 

 

 

 

 

 

 

 



 

 

Delete triangles highlighted in green 
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