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The purpose of this tutorial is to outline the method for checking  for the 
minimum depths on a variety of Catch Basins. 







                                                                                                                 Catch Basin Minimum Depth 
 
 
The following example shows the #12 catch basin with an 18” diameter pipe (Std. 
Dwg. D-CB-12S) 


 


 


Vertical distances shown are minimums. 


 


Link to Standard Drawing D-CB-12S 
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https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings/catch-basins-and-manholes/d-cb-12s.html





                                                                                                                 Catch Basin Minimum Depth 
 
 
 


 


Outlet 


 


 


The outlet point of the catch basin is where the inside diameter of the outlet pipe 
intersects the inside edge of the catch basin wall, signified by the purple circle. 
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                                                                                                                 Catch Basin Minimum Depth 
 
 
 


 


Depth 


 


 


The minimum depth of the catch basin is a known value per the standard 
drawing. 


The depth is the vertical distance from the grate elevation to the outlet. 


For this example the minimum depth of the #12 catch basin is 3.90 ft.  
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                                                                                                                 Catch Basin Minimum Depth 
 
 


 


                            Catch Basin Dimensions from D-CB-12S 


 


Drop 


 


 


The drop is the vertical distance between the inlet elevation and outlet elevation. 


For the #12 CB example, the drop is 1/24 x 4 = 0.167, rounded to 0.17 
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                                                                                                                 Catch Basin Minimum Depth 
 
 
Inlet Depth 


    3.90  minimum outlet depth 
-   0.17  drop 
    3.73  minimum inlet depth, for #12 CB -18” pipe dia.  
 
 This is the point signified by the lower left purple circle.  
 


Depth of Cover - Inlet 


 


The  depth of cover is the vertical distance from the grate elevation to the point 
where the inside diameter of the inlet pipe intersects the inside edge of the catch 
basin wall, signified by the upper left purple circle. 


If the inlet elevation is known, subtract  the pipe diameter for the depth of cover.  


3.73  minimum inlet depth 
-1.5  for 18” pipe 
2.23 minimum depth of cover 
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                                                                                                                 Catch Basin Minimum Depth 
 
 
 


Depth of Cover – Outlet 


 


 


3.90  minimum outlet depth 
-1.5  for 18” pipe 
2.40  minimum depth of cover 
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                                                                                                                 Catch Basin Minimum Depth 
 
 
 


Example 


 


 


         


 
Node Type Drop 


Pipe 
Size 


Min. 
Depth 


Max. 
Depth Std. Dwg.  


 
plan plan 


TDOT Drainage Nodes 
Guide plan Std. Dwg. Std. Dwg. 


 
 


CB-1 12 0.17 18" 3.90 20 D-CB-12S 
 


 
CB-2 42 0.17 18" 3.82 28 D-CB-42SB 


 
 


CB-3 14 0.33 18" 4.07 20 D-CB-14S 
 


 
CB-4 12 0.17 24" 4.45 20 D-CB-12S 


 
 


MH-1 MH 0.21 24" 2.18 40 D-MH-2 
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                                                                                                                 Catch Basin Minimum Depth 
 
 
CB-1 


Outlet elevation  =  Grate el. – min depth 


877.68 – 3.90  = 873.78  - This is the elevation at minimum depth.  


Normally the  outlet of the first catch basin in a network run would be at the 
minimum depth. 


The roadway profile in this section as approx. 2% so the remainder of the catch 
basins can be minimum depth and the pipes connecting them will be at an 
adequate grade, at least with respect to the minimum acceptable grade which is 
0.5%. 


CB-2 


Outlet elevation  =  Grate el. – min depth 


871.61– 3.82  = 867.79   (minimum depth elevation) 


 


CB-3 


Inlet elevation, from CB-1 = 873.91- 4.07 + 0.33  = 870.17  (min. depth is 4.07 to 
outlet, add 0.33 drop distance to get inlet elev.) 


Inlet elevation, from CB-2 : 


Assume 0.5% grade in pipe from CB-2 to CB-3 :  867.79 – (0.005 x 21.5) = 867.68 


Outlet elevation =  867.78 – 0.33 = 867.45 


 


CB-4 


Outlet elevation, assume min. depth = 870.74 – 3.90 = 866.84   


Inlet elevation = 866.84 + 0.17 = 867.01 
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                                                                                                                 Catch Basin Minimum Depth 
 
 
Since the outlet of CB-3 was lower than min. depth a quick check on grade of pipe 
may be needed: 


(867.45-867.01) / 144 x 100 = 0.31%, this is less than acceptable minimum grade, 
so assume 0.5% grade: 


867.45 – (.005 x 144) = 866.73 (this will be the inlet elevation) 


Outlet elevation = 866.73 - 0.17  = 866.56 


 


MH-1 


Outlet elevation, assume min. depth = 870.78 – 2.68 = 868.10  (this is higher than 
CB-4 outlet), so 


Assume 0.5% grade in pipe from CB-4 to MH-1 :  866.56 – (0.005 x 47) = 866.32 
(this is inlet el. for CB-5) 


Outlet elevation =866.32 – 0.21 = 866.11 
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                                                                                                                 Catch Basin Minimum Depth 
 
 


 


                               Tabulated Quantity Block for Catch Basins and Manholes 


 


An additional note for designers to remember is to consider the riser and casting 
thicknesses when verifing if minimum depths are met. 
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Calculations

		Measurements in Inches

		Catch Basin Inside Width		48

		Cath Basin Wall Thickness		8



		Inside Diameter of Pipe		18

		Minimum Depth of Cover		23

		Slope (X:1)		24



		Minumim Design Depth		3.90











































Documentation



Variables and their values for this example:

Catch Basin Width = 48"
Catch Basin Wall Thickness = 8"

Minumum Cover = 23"
Cutout = 25"

Pipe Inside Diamter = 18"
Slope = 24:1
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Calculate






Calculate
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INTRODUCTION 


 The purpose of this manual is to help Designers understand the horizontal and vertical 
design of driveways and how to perform the calculations for determining driveway side drain 
lengths, driveway pavement quantities, and driveway earthwork quantities.  The Quick Guide 
compiles links to all relevant information, so that the designer can easily find what they are 
looking for.  


              Driveways appear in roadway plan sets in a variety of places. A typical section for each 
private drive, business entrance or field entrance will appear on the Typical Sections sheet (2B). 
A line item for driveways appears in the Grading Quantities table, which is placed on sheet 2B. 
Proposed driveways appear on the Present Layout sheets (4-10), ROW Details sheets (4A-10A) 
and Proposed Layouts (4B-10B). Driveway profiles appear on sheets 118 (Private Drive, 
Business Entrance and Field Entrance Profiles). 
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1. DRIVEWAY DESIGN 
 


Driveway Vertical Curves 
 
Vertical grade limits vary between rural and urban designs, both for private drives and 


field entrances and for business entrances. See Table 1-1 for maximum vertical grade limits. 
Vertical curve K values are 1 for a crest curve and 2 for a sag curve.  See, Sections 5.3.1 
through 5.3.3 of the Manual for Construction Driveway Entrances on State Highways, 2015  and 
Roadway Standard Drawing RP-R-1 for additional vertical curve information. 
 


Rural Roadways Vertical Grade Limits 
Private Drives & Field Entrances 15% maximum 


Business Entrances 8% Maximum 
  


Urban Roadway Design Vertical Grade Limits 
Private Drives and Field Entrances 10% Maximum 


Business Entrances  8% Maximum 
  


                                               Table 1-1  
                       Vertical Grade Limits for rural and urban roadways. 
 


Driveway Horizontal Curves 
 
For private drives, business entrance, and field entrance design on rural roadways, 


horizontal curve radius limits are 10 ft minimum and 20 ft maximum.  For private drives, 
business entrance and field entrance design on urban roadways, horizontal curve radius limits 
are 5 ft minimum and 15 ft maximum.  See Manual for Constructing Driveway Entrances on State 
Highways, 2015, Section 5.1.3  and Roadway Standard Drawing RP-R-1 for additional 
horizontal curve information. 


 


 


 



https://www.tn.gov/content/dam/tn/tdot/traffic-engineering/2016_Driveway_Rules_Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/traffic-engineering/2016_Driveway_Rules_Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/traffic-engineering/2016_Driveway_Rules_Manual.pdf
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Figure 1-1 
Rural Type Projects Typical Driveway Notation 
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Figure 1-2 
Urban Type Projects Typical Driveway Notation 
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Figure 1-3 
 Driveway Typical Section 


 
 
 
Driveway Cross Slope 


 
Positive drainage should be maintained throughout the length of the driveway. One 


driveway edge may be higher than the other or the center line may be higher than the edges, 
creating driveway cross slope. Where the driveway and sidewalk intersect, the driveway cross 
slope is the same as the sidewalk grade.   


 
Driveway Edge 
 
A driveway edge should be clearly defined and visible to all users. The designer should 


avoid sudden drop-offs along the edge of drive. Fixed objects such as utility poles, fire hydrants, 
and drainage inlets should be set back from the edge of the driveway and from the edge of the 
roadway. If there is a side drain and the side drain is within the clear zone, maintain mainline 
side slopes through the safety endwall. If a parallel side drain is not required, 2:1 slopes may be 
used beyond the driveway radius.  Designers should review the roadway and driveway slopes to 
ensure that a non-traversable slope within the clear zone is not created when the drop off is five 
foot or more.  
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2. DRIVEWAY SIDE DRAINS 


A side drain is a pipe located under a driveway, at the toe of slope in a fill section or in 
the ditch line in a cut section. The drainage pipe (side drain) shall be a minimum of eighteen 
inches (18”) in diameter.  The side drain cover should be 12 inches from the top of pipe to the 
bottom of the driveway base.  Endwalls are required if the drainage pipe falls within the clear 
zone.  The pipe slope should be 0.5% to 2% slope for proper flow.  See Roadway Standard 
Drawings SD-MSE-1, D-SEW-1A, D-SEW-12D, and RP-R-1 for additional information.  See the 
Driveway Manual for additional side drain calculation information.  See Figure 2-1, Typical 
Section with Side Drain.   


 
                                                    Figure 2-1 


                                            Typical Section with Side Drain 


 
Lp min = W + 2Sh (D)      
    Lp min = minimum pipe length 


W= width of the driveway 
Sh= Side slope horizontal units per unit (a 2:1 side slope means 2 
horizontal units per  vertical unit. Sh for a 2:1 side slope = 2) 
D = Total depth in feet 
 


D = Fs + Fh +Dp 
Fs = Surface depth in feet 
Fh= Fill height between roadway base and top of pipe (1’-0” minimum) 
Dp= Diameter of pipe in feet  


 
However, if no Endwalls are used, add 1 ft of pipe length beyond intersection of slope 


line and top of pipe for both sides of driveway which gives an additional 2’-0” of pipe.: 
 


Lp min = W + 2Sh (D) + 2’ (No endwalls) 



https://www.tn.gov/content/dam/tn/tdot/traffic-engineering/2016_Driveway_Rules_Manual.pdf
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Example Side Drain length (Lp min) calculation for an asphalt residental drive with an 18” side 
drain 


Lp min = W + 2Sh (D) 
W = 10 ft, residental  
Sh = 2 
D = Fs + Fh +Dp 


Fs = (Surface =1 ½”, Binder = 0” and Base = 4”) = 5.5” (0.46’) 


Fh = 12” (1’) 
Dp = 18” (1.5’) 


Lp min = 12’ + 2(2)(0.46’+1’+1.5’) = 23.84 ft round to 24 ft (With endwalls) 
 


If no Endwalls, add 1 ft pipe length beyond slope line on both sides = additional 2’-0”:   
Lp min = W + 2Sh (D) + 2’ 


Lp min = 24’+2’ = 26 ft (Without endwalls) 


 


Example Side Drain length (Lp min) Calculation for an asphalt business drive with an 18” side 
drain  


Lp min = W + 2Sh (D) 
W=24 ft, business 
Sh=12 


D = Fs + Fh +Dp 
Fs = (Surface =1 ¼”, Binder = 2” and Base = 4”) = 7.25” (0.604’) 


Fh = 12” (1’) 
Dp = 18” (1.5’) 


Lp min = 24’ + 2(12)(0.604’+1’+1.5’) = 98.50 ft rounded to 99ft (With endwalls) 


If no Endwalls, add 1 ft pipe length beyond slope line on both sides = additional 2’-0”:   


 Lp min = W + 2Sh (D) + 2 


 Lp min =99+2’ =101ft (Without endwalls) 


Minimum Pipe length (Lp min) in FT (for 12 ft wide residential and 24 ft wide two-way business 
driveway) 
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 2H:1V  Residential 12H:1V  Business 
Pipe 


Diameter 
15” 


(1.25 ft) 
18” 


(1.5 ft) 
24” 


(2 ft) 
36” 


(3 ft) 
18” 


(1.5 ft) 
24” 


(2 ft) 
36” 


(3 ft) 


Total depth 
(ft) = D 2.71 2.96 3.46 4.46 3.1 3.6 4.6 


Lp min 23 24 26 30 99 111 135 


                                                     Table 2-1 
                                               Side Drain Length Calculations 


 


3. DRIVEWAY PAVING AND GRADING QUANTITIES 


The following examples are provided to help Designers determine how to calculate 
paving and grading quantities for driveways.   


Paving Quantity Example 1 for a 12’ PG64-22 Asphalt Private Drive: 


 


Figure 3-1 
Asphalt Private Drive Example 
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1. Use the measure shape command to find the surface area.  For this example, the 
surface area (shaded area in Figure 3-1, Asphalt Private Drive Example) is equal to 
1600 ft2.   


 
2. From Figure 1-3, Driveway Typical Section, a private drive requires 1.50” of surface and 


4” of base.   
 


3. Calculate Surface Quantity: 
a. From RDG Section 4-411.00, Table 4-2 Computation of 411 Asphalt Surface 


Mixture Quantities, 411-01.10, Grading D Surface (PG 64-22), has a density of 
3816 LB/CY.   


b. Calculate the Volume (C.Y.): 
1600 𝑓𝑓𝑓𝑓2 𝑥𝑥 1.50”𝑥𝑥 1


12"
27 𝑓𝑓𝑓𝑓3


= 7.41 𝐶𝐶.𝑌𝑌.  
 


c. Convert to Tons: 7.41 C.Y. *
�3816lb


C.Y. �


2000 lb 
=14.14 Tons of 411-01.10 ACS Mix 


(PG64-22) Grading D 
 


4.  Calculate Base Quantity: 
a. From RDG Section 4-303.00, 303-01, Mineral Aggregate Base has a density of 


2.03 Ton/C.Y. 


b. Calculate the Volume (C.Y.): 
1600 𝑓𝑓𝑓𝑓2 𝑥𝑥 4" 𝑥𝑥 1


12”


27 𝑓𝑓𝑓𝑓2
= 19.75 𝐶𝐶.𝑌𝑌.  


c. Convert to Tons:  19.75 𝐶𝐶.𝑌𝑌.∗ 2.03 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐶𝐶.𝑌𝑌.


= 40.10 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 
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Paving Quantity Example 2 for a 24’ Concrete Business Entrance: 
 


 


Figure 3-2 
Concrete Business Drive Example 


1. Use the MicroStation measure shape command to find the surface area.  For this 
example, the surface area (shaded area in Figure 3-2, Concrete Business Drive 
Example) is equal to 1730 ft2. 


2. From Figure 1-3, Driveway Typical Section and Roadway Standard Drawing RP-D-15-
Details of Standard Concrete Driveways, the concrete thickness is 6”.  The Standard 
drawing states that concrete driveways are paid for by Item Number 701-02, Concrete 
Driveway, SF.  So, for this example, the quantity is 1730 ft2.  


 
3. Also, from Figure 1-3, Driveway Typical Section, the base thickness is 4”.  The base is 


paid by Item No. 303-01 Mineral   Aggregate, Type A Base, Grading D (TON).  
a. From RDG Section 4-303.00, 303-01, Mineral Aggregate Base has a density of 


2.03 Ton/C.Y. 


b. Calculate the Volume (C.Y.): 
1730 𝑓𝑓𝑓𝑓2 𝑥𝑥 4" 𝑥𝑥 1


12”


27 𝑓𝑓𝑓𝑓2
= 21.35 𝐶𝐶.𝑌𝑌.  


c. Convert to Tons:  21.35 𝐶𝐶.𝑌𝑌.∗ 2.03 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝐶𝐶.𝑌𝑌.


= 43.36 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 
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Earthwork Quantity Example: 
 
              Cross sections are not cut along driveways, but the GEOPAK DTM tools can be used 
to obtain ground sections at a couple select locations along the driveway.  Once a ground 
section has been established, the driveway template should be manually drawn to obtain a 
cross section area in order to estimate earthwork cut and fills. 
 
               Using the profile of the driveway in the first example, determine where to cut your 
sections, preferably outside the slope line of the main roadway.  In this example, the sections 
will be located at 0+75 and 1+50.  These stations were picked at various points along the 
driveway to get an average cross section area. (see Figure 3-4 Driveway Cross Sections). 
 
 


 


Figure 3-3 
Example Driveway  


 
Using the DTM Profile Tool illustrated in Exercise 3(c) of GEOPAK Road Manual draw 


ground profiles using the lines drawn in the previous step. Then using Figure 1-3, Driveway 
Typical Section as a guide, draw the driveway templates on each section. The finished grade 
elevations can be determined from the profile.  For a rough estimate approach, Designers can 
measure the cut or fill area and multiply by the driveway length.   



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf
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Figure 3-4 
Driveway Cross Sections  


Using the MicroStation draw shape and measure area tool determine areas for each section 
(see Figure 3-5, Driveway Section Areas): 


 


Figure 3-5  
Driveway Section Areas  


 
 







DRIVEWAY QUICK GUIDE 
English                                                                                                                                                               Revised:  
 


 


To calculate the earthwork volume for the drive: 
 
From the profile in Figure 3-3, Example Driveway, the roadway cut slope crosses the drive 
profile at station 0+31. 
 
V (in C.Y.) = L (outside roadway slope) x ((A1 + A2)/2)/27 
                    L = 195 - 31 = 164 ft. 
        = 164 x ((100.52+425.66)/2)/27 = 1598 C.Y. (cut volume) 
 


4. DRIVEWAY QUICK GUIDE 


Design Guidelines  
 
               Section 2-300.05    Current Guidelines  


            Chapter 2-1100.00     Future 


Standard Drawings  
 
           RP-D-15 
 
           RP-D-16 
 
           RP-R-1 
 
           D-SEW-1A 
 
           D-SEW-12D 
 


SD-MSE-1 
 
 
TDOT CADD Programs  
 


GEOPAK 
          
 
Additional Information 
 


Manual for Constructing Driveway Entrances on State Highways, 2015  


Chapter 3 Multimodal Design 


Earthwork Design Guide 


Private Drive Profiles 



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-S2.pdf

https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings/roadway-and-pavement-appurtenances/rp-d-15.html

https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings/roadway-and-pavement-appurtenances/rp-d-16.html

https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings/roadway-and-pavement-appurtenances/rp-r-1.html

https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings/pipe-culverts-and-endwalls/d-sew-1a.html

https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings/pipe-culverts-and-endwalls/d-sew-12d.html

https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings/pipe-culverts-and-endwalls/sd-mse-1.html

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf

https://www.tn.gov/content/dam/tn/tdot/traffic-engineering/2016_Driveway_Rules_Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C3.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/training/Earthwork%20Design%20Guide.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/Private%20Drive%20Profiles.pdf
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Introduction 


An accurate and easily interpreted earthwork report is helpful to correctly estimate the cost of a 
project, both in terms of money and in terms of time and work. To accurately assess the earthwork 
for a project, a designer needs to have cut cross-sections, calculated topsoil needs and 
determined the rock content of the soil, if possible.  


Part 1 of this document pulls together information from many sources and provides links for 
reference. The Designer should be able to find answers to most questions here.  


Part 2 will go over how a designer will determine the earthwork quantities for a project and how 
to fill out the Earthwork Grading Quantities Table.  


Part 3 provides a step-by step guide for calculating topsoil quantities.   
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Part 1 - Earthwork Quick Guide 
 


Design Guidelines 


Details on Earthwork design can be found in the Roadway Design Guidelines, Chapter 2-700. 


Specifications Manual 


Earthwork is discussed in Part 2 of the TDOT Specifications Manual 


Standard Drawings 


Not applicable.  


TDOT CADD Programs 


Details of how to use MicroStation to calculate and record earthwork values can be found in 
Chapter 15 of the GEOPAK Road Design class manual. Chapter 16 describes cross-sections, 
including how to incorporate the earthwork data.  


Details of how to use the Open Roads Designer to calculate an record earthwork values can be 
found in Chapter 8 of the ORD Roadway Design I Manual 


Roadway Design Plans 


This list below describes where earthwork values can be found in a standard roadway plan set. 


• Estimated Roadway Quantities Sheet: The totals of each earthwork type that was 
calculated will be shown here in cubic yards. 


• Tabulated Quantities Sheet: On this sheet, an estimated grading quantities block, such 
as the one in Figure 1, will be shown. This table can be found in the Estimated Roadway 
Quantities excel file that will be used for your project. The example below is a balanced 
example, this one and an unbalanced example is shown in more details in Roadway 
Design Guidelines, Chapter 2-706.00. 


• Cross Section Sheets: For every cross section, a cut, fill, and rock area value will be 
listed in square feet. 



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C2.pdf

https://www.tn.gov/content/dam/tn/tdot/construction/old_web_page/TDOT_2015_Spec_Book_FINAL_pdf.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/tdot-ord-workspace/road-i/2021-09-17_Roadway%20Design%20I%20(ORD)%20Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C2.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C2.pdf
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Figure 1. Estimated Grading Quantities block, balanced example.  


Grading Reports 


Grading reports are included in Construction Plan sets. These reports are used by construction 
contractors to estimate the amount of time, labor and equipment that will be needed. It is useful 
to separate the mainline estimates from those of side roads, driveways, ditches and culverts. An 
example of a grading report can be seen in Figure 2 below. 


To create a grading report, start with the Grading Report Template file. Edit the header to 
include the correct information for your project, then paste the Estimated Grading Quantities 
block in the place the template indicates (removing the instructions). For each major feature of 
your project (mainline, sideroad, etc), paste the results of the earthwork log file generated by 
GEOPAK, or any calculations done manually. For readability, separate each log file with a copy 
of the text box provided in the template, and edit the description.  
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Figure 2 Example of Grading Report. 


Other Helpful Material 


FHWA Earthwork Design  



https://highways.dot.gov/federal-lands/pddm/dpg/earthwork-design
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Part 2 – Earthwork Grading Quantities Block Guide 


2.01 Introduction 
First, the designer should receive a Soils and Geology Report from the Geotechnical 
Engineering Division after the project has been submitted for Initial Studies. If the project 
changes during the R.O.W. stage, a Soils and Geology Report Addendum will be issued which 
is what is shown below and what will be used in this guide. 
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2.02 Estimated Grading Quantities Block Set-Up 
First, obtain the Estimated Grading Quantities Block and Topsoil Quantities Table from the 
Estimated Roadway Quantities File located on the Roadway Design Documents webpage. An 
example of the Estimated Grading Quantities Block is shown below.  


 


2.02.01 Shrink and Swell 
The shrink and swell factors are an important thing to pull from the Soils and Geology Report. 
For this project, both the shrink and swell factors are 20%.    


 


2.02.02 Graded Solid Rock 
The report recommended that graded solid rock (GSR) and geotextile fabric are to be used in 
the fill sections along the project. These two items were given in the report and shown below. 
These quantities should be added to the Estimated Roadway Quantities sheet.  


 



https://www.tn.gov/tdot/roadway-design/design-standards/tdot-documents.html
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For this project, from the Soils and Geology Report, it would require 229 tons of GSR or 130 
C.Y. This quantity should be added to the ROCK EMB. cell in the Estimated Grading Quantities 
block. 
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2.03 Mainline Cut/Fill Calculations 
The next quantities to determine will be the project’s mainline cut and fill volumes. To calculate 
these, follow the steps in Chapter 8 of the ORD Road I Manual or in Exercise 15 of the 
GEOPAK Road Course Guide. The following is the result from running the earthwork in 
GEOPAK. The unadjusted volumes (C.Y.) can be added to the Estimated Grading Quantities 
block. This would be 230 C.Y. for MAINLINE EXC. and 250 C.Y. for MAINLINE EMB.  


 


 


  



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/tdot-ord-workspace/road-i/2021-09-17_Roadway%20Design%20I%20(ORD)%20Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf
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2.04 Additional Cut/Fill Project Amounts 
2.04.01 Side Roads 
The side road earthwork quantities can be calculated using a similar method as the mainline 
quantities in the manuals mentioned above. For this project, it was determined that the SIDE 
ROADS EXC. quantity is 309 C.Y. and the SIDE ROADS EMB quantity is 67 C.Y., as shown 
below. 


 


 


If a project has pavement, independent ditch, private drive, business, or field entrances 
earthwork, those quantities can also be calculated and then added to the Estimated Grading 
Quantities block. Steps on how to calculate each of these can be found in either the ORD Road 
I Manual or the GEOPAK Road Course Guide. For driveways, see the Driveway Quick 
Guide for guidance on driveway earthwork calculations. 


 


2.04.02 Temporary Construction Exits 
This project requires two temporary construction exits in the project limits. From the Drainage 
Manual Chapter 10, each exit requires earthwork to take place. Section 10.08.1.3 discusses 
the pay items that are required for temporary construction exits. Each exit requires a minimum 
of 7.15 C.Y. of excavation. Since this project has two and using the minimum required 
excavation, double 7.15 C.Y. to make 14.3 C.Y. This number can be rounded up to 15 C.Y. and 
added to the Estimated Grading Quantities Block under Temporary Construction Exits. Each 
project may require more excavation for the temporary construction exits. 



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/tdot-ord-workspace/road-i/2021-09-17_Roadway%20Design%20I%20(ORD)%20Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/tdot-ord-workspace/road-i/2021-09-17_Roadway%20Design%20I%20(ORD)%20Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/training/Driveway%20Quick%20Guide.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/training/Driveway%20Quick%20Guide.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/drainage_manual/DM-Chapter_10.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/drainage_manual/DM-Chapter_10.pdf
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2.04.03 Bridge Excavation 
This project includes a proposed bridge, which means that bridge excavation is required. The 
process on how to calculate how much bridge excavation is needed, follow Part 4 of the 
Structures Calculation Guide. The following shows the excavation volumes required for the 
proposed bridge. Add the 122 C.Y. to the OTHER (BRIDGE EXCAVATION, ETC.) tab on the 
Estimated Grading Quantities block.  


 


 


2.04.04 Topsoil 
Topsoil is another earthwork quantity that needs to be added to this estimated grading 
quantities block. Topsoil can either be furnished to the project or used from the existing soil on 



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/training/Structures%20Calculation%20Guide.pdf
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the project site. Geotech will assist with the determination of whether or not your on-site soil is 
approved. Additionally, the project needs to have adequate on-site storage area for the topsoil. 
The steps to calculate the required topsoil can be found in Part 3 – Computing Topsoil 
Quantities. For this project, it was determined that there will be 32 C.Y. of fill topsoil required to 
replace the stripped topsoil. This quantity can then be added to the Topsoil Quantities Table 
under the subcategory Existing Topsoil is Not Suitable for Reuse. Chapter 7 of the RDG 
contains all relevant item numbers and payment options used for Topsoil. 
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2.05 Item Numbers 
With all the quantities calculated above filled in, the final Estimated Grading Quantities block 
item numbers can be filled out. Below is the Estimated Grading Quantities block with the 
quantities that need to be added to the estimated Roadway Quantities Block highlighted.  


 


 


Below, is the Estimated Grading Quantities block with the earthwork quantities for this project 
filled out.  


 


NOTE: 156 C.Y. of graded solid rock is the same quantity as 229 tons of graded solid rock.  


For additional Item Numbers that may be needed for the completion of the Estimated Quantities 
block, see Chapter 7 Item Numbers.  



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C7.pdf
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Part 3 – Computing Topsoil Quantities 
The following is a step-by-step tutorial on using MicroStation to calculate topsoil quantities 


1. Drop Complex Elements 


Before running the cross sections, the first step is to go into your Survey DGN file and drop the 
status on the edge of pavement lines.  The program will not run for complex elements. 


 
 


2. Run Existing Ground Cross Sections on Project 


This example is SR 95 from Station 287+00 to Station 289+50 (6 sections): 
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3. Plot existing pavement on cross sections 


GEOPAK Project Manager>Proposed Cross Sections 


Create Run “EXPVMT” 


Shape Clusters: 


Select template “P_XEOP” 
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Define Variables:  


Change the Survey DGN name to the file for your project 


 
All other settings can stay the same as for other cross section runs 


Then run cross sections: 
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4. Plot Existing Topsoil Layer 


Open GEOPAK Project Manager. Go to Proposed Cross Sections. Create a new run “topsoil”, 
or copy the Proposed cross section run, and use the same settings with the exception of “Shape 
Clusters”. Delete the previous clusters, add new cluster using the template P_TOPS 
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In “Define Variables” edit the “XS DGN” file:  


 
Next - select “Run”  


 


The topsoil layer is plotted on the cross sections at a default depth of 3 inches. This is to allow 
for 100% Shrinkage.  See Roadway Design Guidelines Chapter 2-706.00 Topsoil Requirements 
for Earthwork Balances for more information regarding the shrinkage guidelines for topsoil. 
Notice it excludes the existing pavement but plots along the entire ground line of the cross 
sections.  


The available topsoil is the ground line (dashed) between the excavation limit lines, excluding 
the existing pavement area.  



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C2.pdf
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5. Run Proposed Cross Sections 


 


6. Run Earthwork 


Create run “Topsoil” 


Make settings as shown in GEOPAK Road Manual Exercise 15.  In Soil Types, add settings for 
Topsoil and Excavation Limit as shown- 


Topsoil Settings: 


 


Level Name - SURVEY-GROUND- Bottom of Topsoil Layer 



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf
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Excavation Limit: 


 


Level Name - DESIGN-EARTHWORK- Excavation Limit Lines 


Sheet Quantity 


Add column for Topsoil and change the ASCII File Name to Project_Topsoil.txt 


 
When all settings are made, then select File>Run 
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Output file SR95Earth_Topsoil.txt: 
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Continued: 
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Continued: 


 


Earth (Common Exc.) = 1226 C.Y. 


Emb.   = 3142 C.Y. 


Exc. Topsoil Volume = 326 C.Y. + 483 C.Y. = 809 C.Y. 
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7. Required Topsoil 


Since topsoil will be required on all slopes, calculate the surface area of the proposed fill and cut 
slopes and multiply by the thickness of the required topsoil (6”). 


In the GEOPAK Road Couse Guide, reference Exercise 17 (Cross Section Reports) to calculate 
the surface area (seeding and sodding).  In step 5 of Exercise 17, use the setting Even at 50 for 
the Subtotal option. For the ASCII File name, use TopsoilReqd.txt. 


* 6” is used for quantities calculations to allow for 100% shrinkage down to the required 3” (See 
Roadway Design Guidelines Chapter 2-707.00 Roadway Design Guidelines) 


 


  



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf
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Output file TopsoilReqd.txt: 


 


Multiply the proposed slope area by the required thickness: 


15681 S.F. x 6 in x 1ft/12 in = 7841 C.F. 


7841 C.F. x 1 C.Y./27 C.F. = 290.4 C.Y. (This is the required topsoil)    


 


Refer to Chapter 2-707.00 Topsoil Requirements for Earthwork Balances in Roadway Design 
Guidelines for the relationship of topsoil to total earthwork. 


 


 


 


Earthwork Balances: 


30% Shrinkage 


Road & Drainage Exc (Uncl.)  (Item 203-01) = Common Exc (calculated in Step 5) =  


(1226 C.Y.) x (1 - 0.30) = 859 C.Y. 


Borrow Exc (Uncl.) (Item 203-03) = Fill (calculated in Step 5) – Road & Drainage Exc = (3142* – 
858) x 1.30 = 2969 C.Y. 


 



https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C2.pdf
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8. Grading Quantity Block 


The figure below is the earthwork summary from the Earthwork Design Guide, Section 6 
which includes the topsoil excavation volumes. 


When the earthwork is ran in GEOPAK shapes are placed on the cross section 
corresponding to the excavation and embankment areas as shown in the figure below. 


 


 


Earth common Exc. = White (CO=0) 


Earth Fill = Gray (CO=1) + Purple (CO = 10) 


Topsoil Common Exc. = Tan (CO=2) 


Topsoil Subsoil Exc.  = Purple (CO=10) 
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In the figure below is the Estimated Grading Quantities Block and Topsoil Quantities 
Table with numbers filled in as calculated in the earthwork report. 


 


 


Unadjusted Volumes: 


Mainline Exc. = Earth Common Exc. = 1226 C.Y.  


Mainline Emb. = Earth Fill - Topsoil Subsoil Exc.  = 3142 C.Y. - 483 C.Y. = 2659 C.Y. 


Existing Topsoil (Exc.) = Topsoil Common Exc. + Topsoil Subsoil Exc.  = 483 C.Y. + 
326 C.Y. = 809 C.Y. 


 


Totals: 


Exc. (UNCL.) = 1226 C.Y.  


Emb. (UNCL.) = 2659 C.Y.  
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Exc. (Common) = 1226 C.Y. – Exc. (Rock) = 1226 C.Y. 


Exc. (Avail.) = 1226 C.Y. x (1-0.30) = 859 C.Y. 


If value of Rock is known, then the Exc. (Adj.) can be calculated as follows: 


Exc. (Adj.) = 859 + Exc. (Rock) x (1 + 0.30)                   


NOTE: If there are Side Roads and Private Drives, etc. add the corresponding exc. and emb. 
values in the appropriate spaces.  
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MEDIAN OPENING SPACING - EXAMPLE PROBLEMS 


 The following ten example problems detail the procedure to be used in determining the 
appropriate median opening spacing.  For additional information, please refer to the Roadway 
Design Guidelines, Chapter 2 - Section 500.02.    


 


 
Example No. 1  Urban Section 


 Total distance between Road A and Road B is 2,500 feet. Since this is with an urban section 
of roadway, the appropriate median opening spacing would be that which most closely approximates 
660 feet. It shall not, however, be less than 440 feet and nor more than 880 feet. 


 The first step in determining the proper spacing is to divide the total distance between the 
intersection openings (2,500 feet) by the desirable urban spacing (660 feet). This will tell us 
approximate number of spaces required. 


This calculates to 3 or 4 spacings (2 or 3 midblock median openings) between Road A and 
Road B. The number of midblock median openings is always one less than the number of spaces. 
Generally the whole number closest to the approximate number of spaces (4 for 3.75 above) will be 
the number of spaces which will yield the most appropriate median opening spacing (which is true in 
this particular example). However, this is not always the case (see Example No. 8). 


The next step is to determine which condition would result in a spacing nearest 660 feet, but 
within the range of 440 feet to 880 feet. To do this, first divide the total distance between the 
intersections (2,500 feet) by the possible number of spacings (3 and 4). At the same time, check to 


 
Figure 2-12 


Median Opening Spacing Examples Page 1 
 







see if the resulting distances are within the permissible range (440 feet - 880 feet) because if the 
resulting distance is not within this range, discard it as an alternative.  


 
Figure 2-14 


 
2500


3  = 833     440 < 833 < 880   OK 


  
2500


4  = 625     440 < 625 < 880   OK 
 
 Both possible spacing (833 feet and 625 feet) are within the permissible range. Therefore, it 
must still be determined which is closest to 660 feet.    


 
833 - 660 = 173 
660 - 625 =   35 


 
Since 35 is less than 173, the most appropriate median opening spacing between Road A and 


Road B would be 625 feet. This would result in 3 midblock median openings 625 feet apart. 
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Figure 2-15 


  
Example No. 2 Urban Section 
 
 Total distance between intersection openings is 1,100 feet. 
 


1100
660  = 1.7 


 
1100


1  = 1100     440 < 1100 > 880   Not Acceptable 


  
1100


2  = 550     440 < 550 < 880   OK 


 
The only acceptable spacing is 550 feet. Therefore, one midblock median opening shall be 


provided at a point 550 feet from each intersection. 


  
Example No. 3 Rural Section 
 
 Total distance between Road A and Road B is 2,500 feet. The desirable rural spacing is 1,320 
feet, with a range of between 880 feet and 1,760 feet. 


 
2500 
1320 = 1.9 


                                                                


 Therefore, there can be 1 or 2 spacings (0 or 1 midblock median openings). However, it must 
be determined which condition would result in a spacing nearest 1,320 feet, but also be within the 
permissible range. 
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2500 
1 = 2500     880 < 2500 > 1760   Not Acceptable 


  
2500


2  = 1250     880 < 1250 < 1760   OK 
 
 The only acceptable median opening spacing between Road A and Road B is 1,250 feet. 
Therefore, one midblock median opening shall be provided at a point 1,250 feet from each 
intersection. 


 


Example No. 4 Rural Section 
 
 Total distance between intersection openings is 1,100 feet. 
 


1100
1320  = 0.8 


 
1100


0 = ∞     ∞ < 1100   Not Acceptable 


  
1100


1  = 1100     880 < 1100 < 1760   OK 
  
The only acceptable spacing is 1,100 feet and, therefore, no midblock median opening shall be 
installed. 


 


Example No. 5 Urban Section 
 
 Total distance between intersection openings is 1,500 feet. 
 


1500
660  = 2.3 


 
1500


2  = 750     440 < 750 > 880   OK 


  
1500


3  = 500     440 < 500 > 880   OK 
 


660 - 500 = 160 
 


750 - 660 = 90 
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 Since 90 feet is less than 160 feet, the most appropriate median opening spacing would be 
750 feet. Therefore, 1 midblock median opening shall be installed. 


Example No. 6 Rural Section 
 
Total distance = 1,500 feet 
 


1500 
1320 = 1.1 


 
1500 


1 = 1500     880 < 1500 < 1760   OK 


  
1500


2  = 750     750 < 880   Not Acceptable 
 
 The only acceptable spacing is 1,500 feet. Therefore, no midblock opening shall be installed. 


 
Example No. 7 Urban Section 
 
Total distance = 5,880 feet 
 


5880
660  = 8.9 


 
5880 


8 = 735     440 < 735 < 880   OK 


  
5880 


9 = 653     440 < 653 < 880   OK 
 


735 - 660 = 75 
 


660 - 653 = 7 
 
 Since 7 is less than 75, the appropriate spacing is 653 feet resulting in 8 midblock median 
openings. 


 
Example No. 8 Rural Section 
 
Total distance = 5,880 feet 
 


5880
1320  = 4.5 


 
5880


4  = 1470     880 < 1470 < 1760   OK 
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5880 


5 = 1176     880 < 1176 < 1760   OK 
 


1470 - 1320 = 150 
 


1320 - 1176 = 144 
 
 Since 144 is less than 150, the most appropriate spacing is 1,176 feet resulting in 4 midblock 
median openings. 


 
 
Example No. 9 Urban Section 
 
Total distance = 5,940 feet 
 


5940
660  = 9.0 


 
 Therefore, the appropriate spacing would be 660 feet resulting in 8 midblock median 
openings. 


Example No. 10 Rural Section 
 
Total distance = 5,940 feet 
 


5940
1320  = 4.5 


 
5940


4  = 1485    880 < 1470 < 1760   OK 


    
5940


5  = 1188     880 < 1188 < 1760   OK 
 


1485 - 1320 = 165 
 


1320 - 1188 = 132 
 
 Since 132 is less than 165, the most appropriate median opening spacing is 1,188 feet 
resulting in 4 midblock median openings. 
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SECTION 1:  ENVIRONMENTAL PERMITTING DESIGN PROCESS 


Upon completion of the Initial Studies Request, the Environmental Division will complete 


and Environmental Boundary Report (EBR).  Once the designer receives the EBR, they need to 


identify and label the locations provided on the plans.  Then the Permitting Section will complete 


a permit assessment, the designer can then draft permit sketches, and make any necessary 


revisions documented within the assessment.   


The goal of the permit assessment process is to receive roadway plans and sketches that 


can be deemed permittable by the permitting agencies. Roadway plans and sketches are 


permittable when all assessment comments and markups have been addressed.   


While each set of plans can differ in their environmental permitting requirements, there 


are many items that are consistent across all projects.  The Designer should follow the appropriate 


checklist phase to ensure the plans contain information necessary for application of the 


environmental permits.  Before submitting the sketches and plans back to the permitting section, 


the designer should ensure the plans and permit sketches are consistent.    


ENVIRONMENTAL NOTE REQUIREMENTS IN PLANS 


The permit assessment may contain notes that are specific to that project.  The Roadway 


designers should refer to RDG Chapter 9 for Environmental Note requirements.  The blue 


instructional text listed there will help guide as to whether notes are needed in the plans and the 


placement of those notes.   


The notes contain permit requirements and construction limitations.  Adding these notes 


to the plans provides assistance in identifying and following permit requirements for all known 


environmental constraints.   


IDENTIFYING KNOWN ENVIRONMENTAL CONSTRAINTS  


Any known environmental constraints identified in environmental technical documents 


should be indicated on the plans and brought to the Design Manager’s attention as soon as the 


constraints are recognized. Constraints may include, but are not limited to the following:  streams, 


wetlands, endangered or protected species, registered historical or archeological sites, etc.  The 


Environmental Boundary Report (EBR) should be completed and features surveyed, shown, and 


labeled on the roadway plans before the ROW field review meeting.  Ecology, permit assessment, 


and SWPPP review items encountered are to be addressed prior to the Right-of-Way plan 


submittal.   


SINKHOLE REQUIREMENTS 


A treatment plan may be required from the Geotechnical Engineering Section of the 


Division of Materials and Tests, which should depict the plans/details of the proposed sinkhole 


remediation/treatment measures and methodologies, as well as the EPSC measures to be 
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employed at the project site.  This treatment plan shall be included within the roadway plans set 


for submittal with the application for this permit. Additionally, a geotechnical report should also be 


provided for inclusion within the application for this permit. 


Since a permit sketch is generally not required for this permit, the entire sinkhole must be 


surveyed, shown, and labeled on the present layout sheet of the roadway plans set.  The 


proposed layout sheet should show the remaining portion of the sinkhole (if any) and applicable 


remediation/treatment measures. 


FLOOD STUDIES 


All roadway projects with USACE or TVA permits must conform to FEMA standards. If the 


roadway project is located within a flood study area where either base flood elevations or a 


designated floodway have been determined, the Designer shall contact the Hydraulic Design 


Section of the TDOT Structures Division for further guidance and design procedures on FEMA 


Study information. 


The appropriate coordination information for Flood Study streams (i.e. “No-Rise” 


certification and letter to corresponding officials, Conditional Letter of Map Revision (CLOMR), 


FEMA map name and number, FEMA Flood Insurance Study Name, etc.), should be supplied to 


the Environmental Division by the Hydraulic Design Section of the Structures Division for inclusion 


within the water quality permit application submittal package. 


FILL IN CORPS OR TVA RESERVOIRS  


Additional information is needed from the Designer when projects impact USACE or TVA 


reservoirs. This typically occurs when TDOT is acquiring right-of-way from the USACE or TVA.  


In these instances, the roadway designer shall contact the Headquarters Hydraulics Office for 


affected reservoir elevations. The quantities of cut and fill, in cubic yards, are required within the 


affected reservoir elevations. If the project causes a loss of flood or power storage for the 


reservoir, an offset plan may be required. This may require the purchase of additional right-of-


way or additional design work on the subject reservoir or route.  Processing time from the Corps 


and TVA might take as long as 15 months once application has been submitted, so this process 


should be started early. 


ADDITIONAL SUBMITTAL REQUIREMENTS 


Depending on the scope, magnitude, location, and existing environmental 


features/characteristics present on or adjacent to the roadway project site, the following items 


may also be required as part of a permittable plans submittal: 


• Structural Plans (for bridges, retaining walls, etc.). 


• Utility Plans depicting the type of crossing for all utility impacts (i.e. trenching, 


jack and bore, etc.) and impact design options. 


The Designer is encouraged to contact the permit assessment preparer to resolve any 


questions that may arise.  
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ENVIRONMENTAL PERMIT PACKAGE 


Roadway designers are responsible for preparing all requested information, permit 
sketches, and modifications to their plans that the Regional Environmental Technical Office or 
Environmental Division – Permits Office use to apply for permits.  This document assists in 
determining what is included in the packet and on the individual sketches.  Once the 
Environmental Permit Package is complete and uploaded to FileNet, send a notification by email 
to the HQ Environmental Division (TDOT.Env.Permits@tn.gov) and the appropriate  Regional 
Environmental Technical Office: 


• Region 1 - R1.EnvTechOffice@tn.gov 


• Region 2 - R2.EnvTechOffice@tn.gov 


• Region 3 - R3.EnvTechOffice@tn.gov 


• Region 4 - R4.EnvTechOffice@tn.gov 
 


REGULATORY AUTHORITY REVIEW  


Once the application for water quality permits (which includes the permittable roadway 
plans and permit sketches) for a given roadway project has been submitted to the various 
permitting agencies (i.e. Tennessee Department of Environment and Conservation, U.S. Army 
Corps of Engineers, and Tennessee Valley Authority) by the Environmental Division, an email will 
be sent to the project’s Design Manager notifying them of this application submittal.  It should be 
noted that if agency review results in a request for additional information (RAI) from the 
Environmental Division, revisions to the roadway plans and/or permit sketches may be required 
from the roadway designer to satisfy the RAI comments.  If revisions to the plans or sketches are 
required, this information will be coordinated by the Environmental Division to either the 
Environmental Technical Office or the Design Manager/designer by email.



mailto:TDOT.Env.Permits@tn.gov

mailto:R1.EnvTechOffice@tn.gov

mailto:R2.EnvTechOffice@tn.gov

mailto:R3.EnvTechOffice@tn.gov

mailto:R4.EnvTechOffice@tn.gov
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SECTION 2:  PERMIT SKETCHES  


PERMIT SKETCH GENERAL REQUIREMENTS 


The roadway designer shall prepare the set of permit sketches and applicable information 


to include (at a minimum) the vicinity map, location map, and impact-specific permit sketches.  


Additional detailed information related to the required permit sketch components for a given 


roadway project can be found below.  Generally, roadway plans will be reviewed and commented 


upon as part of the permit assessment process.  Once plans are permittable, permit sketches can 


be produced for needed impacts.  This allows for a more streamlined permitting process.   


Please note that the provided guidance regarding permit sketch requirements is intended 


to be taken as general guidance on how to prepare a permit sketch. The permit assessment 


preparer may provide additional guidance to the roadway designer during a permit assessment 


to ensure permit sketches meet current regulatory requirements.  


At a minimum, the set of permit sketches provided to the Environmental Division for permit 


assessment should include the following 


 All submittals should be in pdf, unless otherwise requested 


 All maps and drawings shall be formatted for 8½ x 11-inch page size  


 Submit the fewest number of drawings necessary to adequately show the proposed 
activity. The orientation may be either portrait or landscape (portrait preferred). 


 A 1-inch margin shall be left at the top edge and left side 


 A ½-inch bottom edge and right-side border shall also be utilized 


 The adjacent property owner’s names and tract numbers labeled (A separate listing of the 
property owner’s names, tract numbers and addresses of each impact may be required) 


 A sketch title, which includes the feature label (i.e STR-2), latitude and longitude of 
midpoint of impact, and type of impact.  


 North arrow 


 All drawings shall be to scale, and the scale shall be indicated graphically 


 Roadway alignments, stationing, and tick marks adjacent to proposed impact 


 When needed, match lines 


 Proposed right-of-way boundaries and all easements shown and labeled 


 Buffer Zones where applicable 


 Proposed cut and fill slope lines shown and labeled 


 Turn off unnecessary levels so to minimize non-applicable information and avoid clutter 


 An information block containing the following information: 
▪ The Tennessee Department of Transportation shall be identified as the applicant 
▪ The Preliminary Engineering (PE) number 
▪ Project Identification Number (PIN) 
▪ Route number and/or name 
▪ Project termini 
▪ Name of County 
▪ Sheet __ of __ 
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PERMIT SKETCH CADD CELLS 


The following cells shall be used for generation of permit sketches and can be found in 


the TDOT Roadway Design Division’s standard cell libraries (STDS.CEL): 


• PMLOCP Permit drawing location map form (portrait) 


• PMLOCL  Permit drawing location map form (landscape) 


• PMSK  Permit drawing sketch form (portrait) 


• PMSKGR  Permit drawing sketch form (landscape with profile grid) 


 
 These cells can be accessed through the TDOT Roadway Design Division MicroStation 


interface on the “Permits and Forms” dialog. This dialog can be brought up through the TDOT 


drop down menu on the MicroStation title bar. 


The latest versions of the standard cell libraries and programs to access them can be 


obtained on TDOT Roadway Design Division Standard Design CADD Files and Documents 


webpage.   


VICINITY MAP 


A vicinity map based on a color 7 ½-minute Quadrangle map, showing the stream 


crossings, will be required as part of the permit sketch submittal.  The vicinity map shall be on an 


8 ½ × 11-inch sheet. If the Quadrangle portion showing the project is larger than that which will fit 


on the 8½ x 11-inch sheet, it shall be divided into 8½ x 11-inch segments and labeled with match 


lines.  At a minimum, the vicinity map shall provide the following information: 


 Proposed roadway alignment shown  


 Scale shall be indicated graphically 


 Circle the stream crossings, and other impacts such as wetland fills and structure 
locations 


 Label the feature name and station of each impact 


 Label the location and stations of the project termini and the construction limits of the 
roadway project 


 Date prepared (and date of latest revision) 


 County indicated on inset state map 


 Contour interval 


 North arrow 


 An information block containing the following information: 
▪ The Tennessee Department of Transportation shall be identified as the applicant 
▪ The Preliminary Engineering (PE) number 
▪ Project Identification Number (PIN) 
▪ Route number and/or name 
▪ Project termini 
▪ Name of County 
▪ Sheet __ of __ 


 



https://www.tn.gov/content/tn/tdot/roadway-design/design-standards/design-cadd-files.html
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Please refer to Figure 0.1 and Figure 0.2 on the next page for an example of the 


Vicinity Map which is required for submittal within the permit sketches. 


 


Figure 0.1 - Example Vicinity Map 
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Figure 0.2 - Example Vicinity Map (continued) 
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LOCATION MAP 


A Location Map will be required for all permit sketch submittals.  Where multiple impacts 


occur within a single project, a single location map shall be utilized that indicates each specific 


impact that requires permit sketches. The following information will be required on the Location 


Map: 


 Proposed roadway alignment  


 Scale shall be indicated graphically 


 Circle the impact, and other impacts such as wetland fills and structure locations, and 
mitigation sites 


 Label the station of each impact including mitigation areas 


 Label the location and stations of the project termini and the construction limits of the 
roadway project 


 Date prepared (and date of latest revision) 


 County indicated on inset state map 


 North arrow 


 An information block containing the following information: 
▪ The Tennessee Department of Transportation shall be identified as the applicant 
▪ The Preliminary Engineering (PE) number 
▪ Project Identification Number (PIN) 
▪ Route number and/or name 
▪ Project termini 
▪ Name of County 
▪ Sheet __ of __ 
 
Please refer to Figure 0.3 and Figure 0.4 for an example of Location Maps. 
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Figure 0.3 - Example Location Map 
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Figure 0.4 - Example Location Map (continued) 
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ENVIRONMENTAL IMPACTS / PROPERTY OWNERS AND ADJOINERS TABLE 


When a given roadway project will require coverage under an Individual Section 404 


Permit from the U.S. Army Corps of Engineers, an Excel spreadsheet of Property Owners and 


Adjacent Owners (Adjoiners) is needed.   This is not needed in pdf format.  This will be requested 


during the permit assessment process.  If additional property information is required beyond what 


is in the survey file, the Designer should submit an additional survey request form.  


At a minimum, this shall provide the following information: 


 Station or range of stations of impact (i.e. STA. 65+20.00 or STA. 82+00 to 103+16) 


 Label identifier for impacted feature, from EBR (i.e. WTL-2) 


 Property ROW tract number  


 Indication whether the tract in question has an “Owner” or “Adjoiner” status 


 Property owner name and address 
 


Please refer to Figure 0.5 below for an example of the Property Owners and Adjoiners 


spreadsheet. 


 


 


Figure 0.5 - Property Owners and Adjoiners Table 
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IMPACT-SPECIFIC PERMIT SKETCHES 


As part of the permit sketch set, and in addition to the components described in the 


sections above, the roadway designer shall also include impact-specific sketches within the permit 


sketch submittal as requested in the permit assessment.  Impact-specific permit sketches are 


necessary in order to document and illustrate the nature of proposed impacts to streams, 


wetlands, and other similar environmental features.  The impact-specific permit sketches provide 


the permitting agencies with details of the proposed impacts to environmental features as a result 


of a given roadway project, which can then be brought to the attention of the general public via 


the public notice process.  The permit sketches shall be of a nature so as not to overwhelm the 


non-engineering public with technical information, yet specific enough to provide details of the 


environmental impacts.  Specific engineering details required for the contractor to construct the 


project at the locations of the proposed environmental feature impacts shall be included within 


the permit sketches provided to the Environmental Division.  Templates to be used when 


preparing permit sketches and location maps can be found on the Design CADD Files and 


Documents webpage.   


In general, the permit sketches are for the permitting agencies / public’s use and the plans 


are for the contractor.  As such, information should be duplicated in both locations.  The contractor 


will typically not receive a copy of the permit sketches, so it is important that any information 


included in the permit sketches be also included in the roadway plans.   


It is important to note that to the extent practicable, each impact-specific permit sketch 


should include only one single environmental feature.  For instance, multiple proposed wetland 


impacts should not be lumped together onto one single permit sketch.  Therefore, some notes 


and details will end up being repeated from one proposed impact to the next, throughout the entire 


set of permit sketches. 


Please refer to the following sections for detailed information pertaining to the 


requirements for impact-specific permit sketches, based upon the nature of the proposed impact 


and type of environmental feature being impacted. 


 


Impact Table Parameter Tabulation Guidance 


According to the sections below, the required impact-specific permit sketches will include 


impact tables.  These impact tables provide a quantified itemization of the existing feature 


conditions and proposed feature impacts.   


Please refer to the instructions provided below for guidance regarding how to tabulate the 


required parameters that must be included within the impact tables. 


 Stream Impact Table - Existing 


▪ First, determine the begin and end of the proposed impact. 



https://www.tdot.tn.gov/PublicDocuments/DesignDivision/assistant_engineer_design/design/v8maps/locationmaps.pdf

https://www.tn.gov/content/tn/tdot/roadway-design/design-standards/design-cadd-files.html

https://www.tn.gov/content/tn/tdot/roadway-design/design-standards/design-cadd-files.html
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▪ The begin and end impact locations shown on permit sketches should match the 
begin and end impact locations shown within the roadway plans set. 


▪ For structures, the impact boundaries will coincide with the end of all channel 
transitions, riprap, culvert, wingwalls, and/or utility impacts. 


▪ For stream relocations / channel changes, the begin and end impact locations will 
coincide with the confluence of the proposed stream with the existing stream 


▪ Measure the existing stream length along the centerline of the stream between the 
begin and end of the impact.  Enter this value into the impact table as the “Total 
Existing Length”. 


▪ Next, measure all structure lengths, and categorize them based on the type (i.e. 
culvert, RCP, catch basin, endwall, wingwall, energy dissipator, etc.). 


▪ The total of the structures measured in the previous step will be entered into the first 
line “Structure”.  Specify whether the structure will be removed or if it is to remain.  
Sum each type of pipe size, catch basin type (do not list each catch basin on the impact 
table), length for storm sewer systems, etc. 


▪ Subtract the total structure length from the total existing length.  This will be the “Open 
Stream” length included within the impact table.  Under the open stream, specify if 
there is existing rip-rap at the inlet / outlet or bank stabilization. 


 Stream Impact Table - Proposed 


▪ First, determine the begin and end of the proposed impact.  This should be the same 
begin and end of impact as in existing conditions. 


▪ Measure the proposed stream length along the centerline of the stream between the 
begin and end of the impact.  Enter this value into the impact table as the “Total 
Proposed Length”. 


▪ Next, measure all structure lengths, and categorize them based on the type (i.e. 
culvert, RCP, catch basin, endwall, wingwall, energy dissipator, etc.). 


▪ The total of the structures measured in the previous step will be entered into the first 
line “Structure”.  Specify whether the structure is “existing” (the structures that were to 
remain in the existing box) or whether the structure is “proposed” on each structure 
line.   


▪ Subtract the total structure length from the total propose length.  This will be the “Open 
Stream” length included within the impact table.  The “Open Stream” row should 
include the length of open stream on the inlet and outlet sides of the structure. All items 
such as riprap, bank stabilization, channel relocations/transitions, etc., should specify 
whether they are located on the inlet or outlet side of the structure.    


 Stream Impact Table – Stream Loss 


▪ Stream loss occurs when the “Total Proposed Length” of the stream is less than the 
“Total Existing Length”. 


▪ To find the stream loss for a given roadway project, simply subtract “Total Proposed 
Length” from the “Total Existing Length”. 


▪ If the “Total Proposed Length” is greater than or equal to the “Total Existing Length”, 
then “Stream Loss” would be “0”. 
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 Stream Impact Table –Impact Acreage to the Waters of the US 


▪ The “Impact Acreage to Waters of the US” will be the plan view area of permanent 
stream impact. 


▪ The impacted areas included in this calculation should be the locations where fill is 
placed below the ordinary high water mark (OHWM) such as, but not limited to, 
proposed culverts and stream relocations in which the existing channel is filled. 


 Stream Impact Table –Fill Volume below Ordinary High Water 


▪ The “Fill Volumes Below OHWM” will be calculated using the “Impact Acreage to 
Waters of the US” and multiplying by the depth of fill below the OHWM. This value 
should be reported in units of cubic yards. 


 


Stream Encapsulation or Structure Extension 


The following information is required on permit sketches for stream encapsulations with a 


new proposed structure, or for proposed extensions of existing structures: 


 Begin and end impact labeling, including stations of the stream impact along with the 
stream name or number (i.e. STR-3) 


 Plan view of the stream encapsulation showing the existing conditions concurrent with the 
proposed conditions, to include: 
▪ Existing and proposed structure size and length 
▪ Direction of flow 
▪ Drainage easements 
▪ Buffer limits, where applicable 
▪ Stream number or name 
▪ Riprap location shown graphically along with the riprap class and linear feet of riprap 


placement in the channel identified 


 A stream impact table providing existing and proposed stream and structure lengths, 
structure sizes, and end treatments 


 Profile view of encapsulation or extension (i.e. culvert cross-section) showing existing and 
proposed conditions (to scale): 
▪ Existing and proposed structure size and length 
▪ Direction of flow 
▪ End treatments (i.e. endwalls, dissipaters, etc…) and inverts 
▪ Riprap location shown graphically along with the riprap class and linear feet of riprap 


placement in the channel 
▪ Hydraulic data table from roadway drawings, including riprap and notes, embedment, 


labeling, and notes 
▪ Notes specific to placement of any material into channel 
▪ Special Notes, including embedment of riprap note, embedment of structure note and 


any other notes as directed by the Environmental Division 
▪ Typical channel cross-section 
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Stream Channel Changes 


Permit sketches are needed in the following situations for stream relocations/transitions: 


• Onsite stream relocation where credits are obtained;  


• Onsite stream relocation where credits will not be obtained (including transitions 


of any length);  


• and permittee responsible mitigation that will be used to offset impacts on the 


project. 


The following information should be shown on these types of sketches: 


 Begin and end impact labeling, including stations of the stream impact along with the 
stream name or number (i.e. STR-3) 


 Plan view of the stream relocation / channel change showing the existing conditions 
concurrent with the proposed conditions, to include: 
▪ Location of and labeling the existing stream, relocated stream, channel changes, 


alterations or longitudinal encroachments 
▪ Required buffer limits 
▪ Proposed trees, species, spacing, etc. for replacement of channel 


 Direction of flow 


 Drainage easements 


 Buffer limits, where applicable 


 Stream number or name 


 Riprap location shown graphically along with the riprap class and linear feet of riprap 
placement in the channel identified 


 Typical cross-section of existing and proposed channel (to scale). The proposed channel 
dimensions shall match the existing channel dimensions as closely as possible. If channel 
widening is needed for high flow, contact the Technical Studies Office for an appropriate 
channel design. This shall also be shown on the proposed layout sheet in the plans. 


 Any additional channel cross-sections necessary to show proposed channel geometry and 
proposed bank stabilization measures 


 All requested information from the Stream Encapsulation or Structure Extension section, 
if structures are included 


 A Stream Impact Table on a separate sheet as the plan view 


 Length of riprap and/or relevant features with the channel change. Riprap shall only be 
used in streams where absolutely necessary and when used the evidence to support its 
use shall be given (to prevent erosion, velocity, etc.) 


 Notes specific to the mitigation or vegetative plantings (trees, etc.) and to the sequence of 
construction when necessary 


 Special Notes, including embedment of riprap note and any other notes as directed by the 
Environmental Division 


 Estimated quantities table for specific plantings, including only using native vegetation 


 Existing and proposed channel profile (to scale). 


 Any necessary planting details specific to the proposed mitigation 


 Any other relevant features (to scale) 
 


Please refer to Figure 0.6 through Figure 0.10 on the following pages for examples of the 


permit sketches with stream relocations / channel change impacts.  
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Figure 0.6 - Example Permit Sketches: Stream Relocation with Structures 
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Figure 0.7.  Example Permit Sketches: Stream Relocation with Structures (continued) 
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Figure 0.8 - Example Permit Sketches: Stream Relocation with Structures (continued) 
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Figure 0.9 - Example Permit Sketches: Stream Relocation with Structures (continued) 
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Figure 0.10 - Example Permit Sketches: Stream Relocation with Structures (continued) 
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Wetland Impacts 


The following information is required on permit sketches for impacts to wetlands: 


 Beginning and ending stations of the wetland impact along with the wetland name or 
number (i.e. WTL-2) 


 Plan view of impact area showing the existing conditions concurrent with the proposed 
conditions, to include: 
▪ Existing and proposed conditions (to scale) 
▪ Wetland Number identified (i.e. WTL-2, etc.) 
▪ Crosshatch the permanent wetland impacts and hatch the temporary wetland impacts 
▪ Construction haul/access roads where applicable 
▪ Note indicating if a portion of the wetland is outside of TDOT Right-of-Way, easements, 


and/or not to be disturbed during construction 


 Boundaries of the existing wetland shall be indicated even if the wetland extends past the 
Right-of-Way or easement lines. 


 Notes regarding mitigation (tree, species, etc.) of wetland impact  


 Wetland Impact Table (which can be included on the same sheet as the indicating: 
▪ Legend of hatching for the permanent and temporary wetland impacts 
▪ Area of the permanent and temporary wetland impacts in acres 
▪ Volume of the permanent and temporary wetland impacts in cubic yards (assume 1-


foot depth) 


 Notes specific to mitigation or vegetative plantings (trees, etc.), if required. 


 Estimated quantities table for specific plantings, if required. 


 Any necessary planting details specific to mitigation, if required. 
 
Please refer to  
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Figure 0.11 and Figure 0.12 for examples of permit sketches with wetland impacts. 
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Figure 0.11 - Example Permit Sketches: Wetland Impacts 
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Figure 0.12 - Example Permit Sketches: Wetland Impacts (continued) 
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SECTION 3: EPSC PLANS GUIDANCE 


Generally, EPSC Plans sheets shall be included in the plans submitted for Right-of-Way 


Appraisals and Acquisition. EPSC Plan sheets shall also be included in right-of-way field review 


and constructability field review plans. EPSC Plan sheets shall immediately follow the Culvert 


Cross Sections. The EPSC Plan should be complete to the extent possible; however, quantity 


tabulations will not be required until printed for constructability field review.  Refer to The Drainage 


Manual Chapter 10 for additional information on EPSC plans. 


Projects which involve less than five (5) acres of land disturbance require at least two (2) 


EPSC stages:  


  1. Clearing and Grubbing Stage  


  2. Final Construction Stage 


 


Projects which involve five (5) or more acres of land disturbance require at least three (3) 


EPSC stages: 


  1. Clearing and Grubbing Stage  


  2. Intermediate Stage (example: a widening project where traffic remains on  


  existing roadway and portion of road is being constructed)  


  3. Final Construction Stage  


 


In all cases, the plans will have at least the same number of EPSC stages as it has Traffic 


Control phases.  The Design Manager should contact either the applicable Regional ETO or the 


Headquarters Permits Section when EPSC Plans are revised to determine if revised plan sheets 


or other information is needed. 


EPSC PLAN REQUIREMENTS 


At a minimum, the EPSC Plans for a given roadway project shall include the staging as 


described above, based on the project’s disturbed acreage.  Additionally, prior to submittal of the 


Stormwater Permit application to TDEC, the EPSC Plans shall be deemed permittable, thus 


incorporating all comments and markups provided during the permit assessment process. 


Regarding EPSC Notes, the Designer should add any additional Special EPSC Notes 


which provide project-specific information on requirements for the proposed EPSC measures, as 


well as specific steps the contractor is to take in the execution of the EPSC Plan; these notes 


shall be added to the first sheet of the EPSC Plans Set.  Any additional Special EPSC Notes 


provided by the Environmental Division shall be shown on the first sheet of the EPSC Plans as well. 


Addition of Contours to Plans 


Contours shall be included in plans for all projects submitted for Right-of-Way Appraisal 


and Acquisition except for resurfacing projects, projects where a survey is not required, and small 


projects or projects of limited scope where a surface is not developed. Contours should include 


existing (pre-construction), intermediate, and proposed contours.  Contour sheets should include 


all listed items in the ROW checklist. 
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Since site conditions and topography are unique to each project, Designers should 
seek input from the respective Regional ETO to determine contour intervals. 








 


 


Side Drain Length Calculation 


 


Roadway Design Division 
Website www.tn.gov/tdot/roadway-design/training.html 


Email TDOT.RoadwayDesignDivisionTraining@tn.gov 



http://www.tn.gov/tdot/roadway-design/training.html

mailto:TDOT.RoadwayDesignTraining@tn.gov?subject=Typical%20Sections%20tutorial





 
 


The purpose of this tutorial is to outline the method for calculating the 
length of side drains to be displayed on roadway plans. 







                                                                                                               Side Drain Length Calculation 
 
 
The length of a side drain is dependent upon: 


• The width of private drive, field  or business entrance 
• The height of drive above the side drain 
• The diameter of side drain 


 


TYPICAL SECTION OF DRIVEWAYS 
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                                                                                                               Side Drain Length Calculation 
 
 
EXAMPLE 


Side drain in cut section 


Private Drive Width = 20 ft. 


 


 


 


 


 


 


The side drain will be located in the ditch line which can be located using the 
downstream trace tool if a proposed .tin surface has been created. 
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                                                                                                               Side Drain Length Calculation 
 
 


 


 


 


Using the Height/Slope tool, the elevation at the side drain location in the ditch 
line can be found. 


Page | 3 
 







                                                                                                               Side Drain Length Calculation 
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                                                                                                               Side Drain Length Calculation 
 
 
Draw existing and proposed profile of the drive using the standard documentation 
as a guide 


https://www.tn.gov/content/dam/tn/tdot/roadway-
design/documents/cadd_files/documents/Private%20Drive%20Profiles.pdf 


 


Assuming a 18”diameter side drain, the height is 2.83-1.5 = 1.33’ 


Length: 


Using 2:1 side slopes for drive: 


(2x1.33) x2 =5.32 (for side slopes) 
                   + 20  (width of drive)     = 25.32, or 26’ 
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https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/Private%20Drive%20Profiles.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/Private%20Drive%20Profiles.pdf





                                                                                                               Side Drain Length Calculation 
 
 
  


 


 


View of Side Drain on plans 
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Spiral Calculation Guide 
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A spiral curve can be used to provide a gradual transition between tangent sections and circular 
curves. While a circular curve has a radius that is constant, a spiral curve has a radius that varies 
along its length. The radius decreases from infinity at the tangent to the radius of the circular curve 
it is intended to meet. This allows vehicles to transition into and out of a curve more easily while 
staying within the travel lane. The superelevation tables in the RD11-LR and RD11-SE series 
define when spiral curves shall be placed on projects. Spirals are recommended for curves 50 
MPH or greater and superelevation of three percent or greater. This guide covers the steps of 
finding the placement of a spiral transition for a high-speed horizontal curve. 


The figure below illustrates the standard components of a spiral curve connecting tangents with 
a central circular curve. The back and forward tangent sections intersect one another at the PI. 
The alignment changes from the back tangent to the entrance spiral at the TS point. The entrance 
spiral meets the circular curve at the SC point. The circular curve meets the exit spiral at the CS 
point. The alignment changes from the exit spiral to the forward tangent at the ST point. The 
entrance and exit spiral at each end of the circular curve are geometrically identical. 
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Below is a list of term and abbrievations of a spiral curve and the definition of each.  


PI Point of intersection of main tangents 


TS Point of change from tangent to spiral curve 


SC Point of change from spiral curve to circular curve 


CS Point of change from circular curve to spiral curve 


ST Point of change from spiral curve to tangent 


LC Long chord 


LT Long tangent 


ST Short tangent 


PC Point of curvature for the adjoining circular curve 


PT Point of tangency for the adjoining circular curve 


TS Tangent distance from TS to PI or ST to PI 


RC Radius of the adjoining circular curve 


DC Degree of curve of the adjoining circular curve, based on a 100-foot arc 


𝓵𝓵𝒔𝒔 Total length of spiral curve from TS to SC or CS to ST 


L Length of adjoining circular curve 


ϴS (Theta) Spiral angle of arc ℓ𝑠𝑠 


Δ (Delta) Total central angle of the circular curve from TS to ST 


ΔC Central angle of circular curve of length L extending from SC to CS 


𝝆𝝆 (rho) Offset from the initial tangent 


k Abscissa of the distance between the shifted PC and TS 


YC Tangent offset at the SC 


XC Tangent distance at the SC 
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Below is a table of formulas to calculate each component of a spiral curve. Each will be used in 
an example calculation later in this guide. It is important to remember that there is NO unit 
conversion needed after the calculations. The unit conversion is considered within each 
calculation. 


Eqn. 
# Component Formula Units 


1 Degree of Curvature 𝐷𝐷𝐶𝐶 =
5729.57795


𝑅𝑅𝐶𝐶
 RC in feet 


DC in decimal degrees 


2 Spiral Angle θs =  
ℓ𝑠𝑠𝐷𝐷𝑐𝑐
200


 
θS and DC in decimal 
degrees 
ℓS in feet 


3 
Central Angle of the 
circular curve from the SC 
to the CS 


∆𝐶𝐶=  ∆ − 2θ𝑆𝑆 
∆c, ∆ and θs measured in 
decimal degrees 


4 
Length of the circular 
Curve from the SC to the 
CS 


𝐿𝐿 = 100 �
∆𝐶𝐶
𝐷𝐷𝐶𝐶
� 


∆c and DC in decimal 
degrees 
L in feet 


5 Tangent Offset from the 
TS to the SC 𝑌𝑌𝐶𝐶 =  


ℓ𝑠𝑠
2


6𝑅𝑅𝐶𝐶
 


θS in decimal degrees 
ℓS and YC in feet 


6 Tangent Distance from the 
TS to the SC 𝑋𝑋𝐶𝐶 =  ℓ𝑠𝑠 −  


𝑌𝑌𝐶𝐶
2ℓ𝑠𝑠


 θS in decimal degrees 
ℓS, YC and XC in feet 


7 Offset from Initial Tangent 𝜌𝜌 =  𝑌𝑌𝐶𝐶 −  𝑅𝑅𝐶𝐶[1− cos (θs)] YC, RC and 𝜌𝜌 in feet 
θS in decimal degrees 


8 
Tangent Distance from TS 
to Pre-Spiral PC (Shifted 
PC) 


𝑘𝑘 = 𝑋𝑋𝐶𝐶 −  𝑅𝑅𝐶𝐶sin (θs) XC and k in feet 
θS in decimal degrees 


9 Tangent Distance from PI 
to TS or ST 𝑇𝑇𝑆𝑆 = (𝑅𝑅𝐶𝐶 + 𝑝𝑝) tan �


∆
2
� + 𝑘𝑘 


TS, RC, p and k in feet 
Δ in decimal degrees 


10 TS Station TS = PI – TS TS and PI in station 
Ts in ft 


11 SC Station SC = TS + ℓ𝑠𝑠 
Ts and ℓS in feet 
SC and TS in station 


12 CS Station CS = SC + L CS and SC in stations 
L in feet 


13 ST Station ST = CS + ℓ𝑠𝑠 
ℓS in feet 
ST and CS in stations 
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In this portion of the guide, an example will be worked through. It is important to know that this 
process has a very specific order of steps that must be followed. For this example, the provided 
information is shown in the table below. 


Entry Bearing S 35.3 E 
Exit Bearing S 20.1 W 


Max Superelevation rate 4.0 % 
Circular Curve Radius 4000 ft 


Spiral Length 275 ft 
PI Station 100+00 


 


The spiral length given for this example is 275 ft. Standard Drawing RD11-SE-1 can be used to 
calculate the spiral length with different parameters. The spiral length is the same as the 
superelevation transition length that can be calculated on this standard drawing.   


The first calculation is to determine the central angle, ∆. The central angle of each curve should 
be as small as the physical conditions permit, so that the highway will be as directional as 
practical. One way to think about the central angle is that it is the angle that the vehicles turns 
throughout the horizontal curve. For this example, the vehicle is traveling from a bearing of S35.3E 
to a bearing of S20.1W, so the central angle would be as follows: 


∆ = 35.3° + 20.1° = 55.4° 


The central angle calculation is not always as simple as adding up the angles as it depends on 
the direction of the entry and exit bearings of a curve. More information and examples can be 
found in Appendix A.  


The next calculation is the Degree of Curvature, DC. 


𝐷𝐷𝐶𝐶 = 5729.57795
𝑅𝑅𝐶𝐶


= 5729.57795
4000


= 1.432°       Eqn. 1 


Spiral Angle, θs, of the spiral length, ℓ𝑠𝑠  


θs =  ℓ𝑠𝑠𝐷𝐷𝑐𝑐
200


=  275 𝑥𝑥 1.432
200


= 1.970°        Eqn. 2 


Central angle of the circular curve from SC to CS: 


∆𝐶𝐶=  ∆ − 2θ𝑆𝑆 = 55.4 − (2 𝑥𝑥 1.970) = 51.461°      Eqn. 3 


Length of the circular curve from SC to CS: 


𝐿𝐿 = 100 �∆𝐶𝐶
𝐷𝐷𝐶𝐶
� =  100 �51.461


1.432
� = 3593.645 𝑓𝑓𝑓𝑓      Eqn. 4 


Tangent Offset from TS to SC: 
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𝑌𝑌𝐶𝐶 =  ℓ𝑠𝑠
2


6𝑅𝑅𝐶𝐶
=  2752


6 𝑥𝑥 4000
= 3.151 𝑓𝑓𝑓𝑓       Eqn. 5 


Tangent Distance from TS to SC: 


𝑋𝑋𝐶𝐶 =  ℓ𝑠𝑠 −  𝑌𝑌𝐶𝐶
2ℓ𝑠𝑠


= 275 − 3.151
2 𝑥𝑥 275


= 274.982 𝑓𝑓𝑓𝑓      Eqn. 6 


Offset from Initial Angle: 


𝜌𝜌 =  𝑌𝑌𝐶𝐶 −  𝑅𝑅𝐶𝐶[1− cos(θs)] = 3.151− 4000 [1− cos(1.970)] =  0.788 ft  Eqn. 7 


Tangent Distance from TS to Pre-Spiral PC: 


𝑘𝑘 = 𝑋𝑋𝐶𝐶 − 𝑅𝑅𝐶𝐶 sin(𝜃𝜃𝑠𝑠) = 274.982− 4000 [sin(1.970)] = 137.509 𝑓𝑓𝑓𝑓   Eqn. 8 


Tangent Distance from PI to TS or ST 


𝑇𝑇𝑆𝑆 = (𝑅𝑅𝐶𝐶 + 𝜌𝜌) tan �∆
2
� + 𝑘𝑘 = (4000 + 0.788) tan �55.4


2
�  + 137.509 = 2237.970 𝑓𝑓𝑓𝑓  Eqn. 9 


TS Station 


𝑇𝑇𝑇𝑇 = 𝑃𝑃𝑃𝑃 −  𝑇𝑇𝑆𝑆 = 10000− 2237.970 = 7762.03, 𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝟕𝟕𝟕𝟕+𝟔𝟔𝟔𝟔.𝟎𝟎𝟎𝟎                    Eqn. 10 


SC Station: 


𝑆𝑆𝑆𝑆 = 𝑇𝑇𝑇𝑇 + ℓ𝑠𝑠 = 7762.03 + 275 = 8037.03, 𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝟖𝟖𝟖𝟖+𝟑𝟑𝟑𝟑.𝟎𝟎𝟎𝟎             Eqn. 11 


CS Station: 


𝐶𝐶𝐶𝐶 = 𝑆𝑆𝑆𝑆 + 𝐿𝐿 = 8037.03 + 3593.645 = 11129.68, 𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝟏𝟏𝟏𝟏𝟏𝟏+𝟐𝟐𝟐𝟐.𝟔𝟔𝟔𝟔            Eqn. 12 


ST Station:  


𝑆𝑆𝑆𝑆 = 𝐶𝐶𝐶𝐶 + ℓ𝑠𝑠 = 11629.68 + 275 = 11904.68, 𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝟏𝟏𝟏𝟏𝟏𝟏+𝟎𝟎𝟎𝟎.𝟔𝟔𝟔𝟔              Eqn. 13 
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Appendix A 


The calculation of the central angle depends on the entry and exit bears of the horizontal curve. 
A good way to think about the central angle is that it is the angle in which the headlights of the 
vehicle make when traveling from the entry bearing to the exit bearing. Below are a couple 
examples of how the calculations differ based on different bearings.  


1. From S35.3E to S20.1W 


∆ = 36.3 + 20.1 = 55.4 
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2. From N22.6E to S76.1E 


∆ = (90 − 22.6) + (90 − 76.1) = 81.3 


 


3. From S43.5E to S70.0E 


∆ = 70.0 − 43.5 = 26.5 
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Part 1 – Bridge Ends 
Additional roadway quantities are needed for bridge end transitions.  Structure Standard 
Drawings STD-10-2 and STD-10-3 have roadway quantities that are excluded from the 
structures quantities that need to be calculated separately. Below are those quantities in both 
standard drawings.  


STD-10-2 


 


Assumed Dimensions (These dimensions will vary based on each project): 
• Roadway Width = 32’ (Two 12’ lanes with 4’ shoulders) 
• Pavement thickness = 1.5’ 


Standard Dimensions: 
• Approach Slab = 24’ (From STD-1-5) 
• Thickness (From STD-10-2) (NOT including the backfill embankment) 


o 4 layers at 0.75’ each =   3’ 
o Fine Graded Stone =    1.75’ 
o Slab Thickness (From STD-1-5) =  1’ 
o Total Thickness =    5.75’  


Calculated Dimensions: 
• Triangle Area: 


o Total Thickness – Pavement Thickness = Triangle Height 
o 5.75’ – 1.5’ = 4.25’ 


• Since the triangle is 1:1, the width = height = 4.25’ 
o Length = √4.252 + 4.252 = 6′ 
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303-10.01 Mineral Aggregate (Size 57): 


24’ section:  32’ x 24’ x 4.75’ = 3648 CF =  135.1 CY 


15’ section:  32’ x 15’ x 5.75’ = 2760 CF =  102.2 CY 


Subtract the 1:1 sloped triangle area: 


-  32′𝑥𝑥 4.25′𝑥𝑥 4.25′


2
 = 289 CF = 10.7 CY 


Subtract for Sleeper Slab (cross section area = 4 SF) (From Standard Drawing STD-1-5) 


 -  32 FT x 4 SF = 128 CF = 4.7 CY 


                                                                         Total = 221.9 CY  


                                                                    x 2 ends =    443.8 CY 


                                                        x 1.34 TONS/CY =  595 TONS (Based on 32’ width) 


 


604-03.04 Pavement at Bridge Ends: 


Pavement Width x Approach Slab (Pavement at Bridge End) 


32’ x 24’ = 768 SF = 85.3 SY    


                              x 2 = 171 SY (Based on 32’ width) 


 


740-07.04 Geogrid Reinforcement Type 2: 


Pavement Width x (Sum of Geogrid Reinforcement Layers) 


32’ x (35.5’ + 36.25’ + 37.00’ + 37.75’) = 4688 SF = 520.9 SY 


    x2 = 1042 SY (Based on 32’ width) 


 


740-10.04 Geotextile (Type IV) (Stabilization): 


Pavement Width x (Sum of Geotextile (Type IV)) 


32’ x (6’ + 34.75’) = 1304 SF = 144.9 SY 


    x2 = 290 SY (Based on 32’ width) 


 







5 
 


These quantities will vary depending on the actual dimensions of the roadway. 


On Estimated Quantities sheet include this footnote for the quantities calculated for these item 
numbers: 


INCLUDES X FOR BRIDGE ENDS. 


 


STD-10-3 


 


For a slope of 2:1 and height of 15 feet, the length along the slope is 33.5 feet. See below for 
more details. 
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Height = 15 ft 


 Length = 15 ft x 2 = 30 ft (For 2:1 slope) 


 Length along slope = �(152  + 302) = 33.5 ft 


 


709-05.06 Machined Rip-Rap (Class A-1):  


First 5 FT Grouted section: (See the last Special Note on STD-10-3 for more detail) 


Length x (Average Area) 


5′ 𝑥𝑥 [�4.5′ 𝑥𝑥 1′�+�3′ x 1')] + [(4.5' x 2') +( 3' 𝑥𝑥 2'�]
2


 = 56.25 CF =   2.1 CY 


33.5 FT section:  


(Middle volume) + (Tapered volume) 


+ (4.5’ x 2’ x 33.5’) + (3’ x 2’ x 33.5’) = 502.5 CF =   18.6 CY 


Last 5 FT Max section:  


(Middle volume) + (Tapered volume) 


+ (4.5’ x 2’ x 5’) + (3’ x 2’ x 5’) = 75 CF =    2.8 CY  


        Total =  23.5 CY 


              x 1.75 TONS/CY = 42 TONS 


740-10.04 Geotextile (Type IV) (Stabilization): 


Width: 


Middle Width + 2 Sides x (Diagonal length + Height) 


 4.5’ + 2 x (2’ + 2’) =  12.5 FT 


Length:  


First 5’ Grouted Section + Main section + 5’ max section 


5’ + 33.5’ + 5’ =  43.5 FT 


Total Area:  


Total Width x Total Length 


12.5’ x 43.5’ = 543.8 SF=  61 SY 
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These quantities will vary depending on the actual dimensions of the roadway. 


On Estimated Quantities sheet include this footnote: 


INCLUDES X FOR BRIDGE ENDS 
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Part 2 – Box Bridge Quantities Calculation (Fill) 
Given: 


Structure 144 LF of 6’ x 3’ (cell width x cell height) Reinforced Concrete Box Culvert Skew 70° 


Maximum Fill Height = 24’ 


Measure at the center of box culvert from top of slab to final grade 


Slope = 2:1 


Per Typical Sections in plans 


 


MAX. 


FILL HEIGHT 
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Solution: 


Calculate box bridge quantities. 


Refer to Standard Drawing STD-17-51 


 


Use table for 1 @ 6 x 3 Box Bridge 


Since Maximum Fill Height (FT) = 24 FT, which is between 20 FT and 30 FT in the table, use values for the larger fill height of 
30 FT 


 


Therefore, 


Concrete = 0.73 CY/LF  


Reinforcing Steel = 143 LB/LF 


 


The box bridge is 144 FT long  


Concrete = 0.73 CY/LF x 144 FT = 105.12 CY 


Reinforcing Steel = 143 LB/LF x 144 FT = 20592 LB 
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Calculate the wing wall quantities. 


Since the skew = 70°, round to the nearest skew value (90°, 75°, 60°, 45°). Use values for skew = 75°. 


Refer to Standard Drawing STD-17-12, the quantities given in the tables in Standard Drawing STD-17-12 are for ALL FOUR 
WINGWALLS 
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Refer to Standard Drawings STD-17-51 and STD-17-8, use H = 5 FT 


 H = CELL HEIGHT + +ST + CURB = 3 FT + 11 IN (1 FT/ 12 IN) + 1 FT = 4.92 FT, USE 5 FT 


 If box bridge has a guardrail, use STD-17-7 instead of STD-17-8. 


 


Use Table from STD-17-51 


    


 Use Typical Section from STD-17-51      Use Section “A-A” from STD-17-8  
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Therefore, 


Concrete = 5.5 CY 


Reinforcing Steel = 790 LB 


The quantitates given in tables in Standard Drawings STD-17-12 are for ALL FOUR WINGWALLS. 


 


Therefore, 


TOTAL CONCRETE = 105.12 CY + 5.5 CY = 110.62 CY 


TOTAL REINFORCING STEEL = 20592 LB + 790 LB = 21382 LB 


 


NOTE: When necessary, calculate the edge beam and cut-off wall quantities and add total quantities above. See Standard Drawing 
STD-17-8 and STD-17-6 for more details.   
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Part 3 – Box Bridge Quantities Calculation (No Fill) 
Given: 


Structure 3 @ 18’x12’x26’ (cell width x cell height x bridge length) Reinforced Concrete Box Bridge Skew 90° 


Maximum Fill Height (FT) = No Fill 


Since the top of the top slab will be a riding surface, Maximum Fill Height = 0 


Slope = 2:1 


Per Typical Sections in plans 
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Solution: 


Calculate box bridge quantities. 


Refer to Standard Drawing STD-17-107 


 


Use table for 3 @ 18 x 12 Box Bridge  


Use Maximum Fill Height (FT) = No Fill 


Therefore, 


Concrete = 5.15 CY/LF  


Reinforcing Steel = 1477 LB/LF 


The box bridge is 26 FT long  


Concrete = 5.15 CY/LF * 26 FT = 133.9 CY 


Reinforcing Steel = 1477 LB/LF * 26 FT = 38402 LB 
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Calculate the wing wall quantities. 


Refer to Standard Drawing STD-17-11, the quantities given in the tables in Standard Drawing STD-17-11 are for ALL FOUR 


WINGWALLS. 
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Refer to Standard Drawings STD-17-107, use H = 13 FT. 


 H = CELL HEIGHT + ST = 12 FT + 11.5 IN x (1 FT / 12 IN) = 12.96 FT, USE 13 FT 


 
Use Table from STD-17-107 


 
Use Typical Section from STD-17-107 
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Therefore, 


Concrete = 39.4 CY 


Reinforcing Steel = 5610 LB 


The quantities given in tables in Standard Drawing STD-17-11 are for ALL FOUR WINGWALLS. 


 


Therefore, 


TOTAL CONCRETE = 133.9 CY + 39.4 CY = 173.3 CY 


TOTAL REINFORCING STEEL = 38402 LB + 5610 LB = 44012  
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Part 4 – Bridge Earthwork 
Bridge excavation may be required for a project that includes a proposed bridge. This part will 
go into details of the calculations on how much earthwork will be required for the bridge 
excavation.   


The designer will receive a hydraulic layout from the hydraulics division. This layout will detail 
any necessary bridge excavation that will be required for a project. If the project includes 
excavation, the layout will show a shaded area where the excavation will be needed. The 
excavation elevations will also be shown on the layout. For this project, the excavation at the 
beginning of the bridge will be to the elevation of 1100.11 and the excavation at the end of the 
bridge will be to the elevation of 1102.39. These elevations and excavation areas will vary 
based on project.  


 


NOTE: In some cases, the hydraulic layout will not have the “excavate to this elevation” labeled. 
The Low-Girder Elevation can be used as a substitute. When using the low girder elevation, an 
additional 2-feet should be subtracted to allow for room for constructability. This new elevation 
can be treated as the excavation elevation moving forward in this example. An example of a 
hydraulic layout with the Low-Girder Elevation is shown below. 
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The process of calculating the earthwork includes creating new cross sections of the proposed 
bridge. The first step is to create a new DGN file for the new pattern lines. In this file, draw 
pattern lines at 5-foot increments along the proposed bridge stations. In this project, the 
proposed bridge is from Station 103+28 to Station 104+36. 


 
Next, create a new cross section DGN using the XS seed file. In this file, plot the 5-foot 
incremental cross sections along the proposed bridge. Its critical to understand this is not the 
same cross section file that is used to determine the project’s overall earthwork quantity. The 
quantity that is calculated in this part have no influence with the project’s earthwork quantity.  


Looking back at the final hydraulic layout drawing, the beginning bridge excavation elevation is 
1100.11. On the cross sections, the elevation of the bottom of the bridge deck need to be 
moved to the excavation elevation. Starting on Station 103+30, hand manipulate the existing 
bridge deck and move the line from its original elevation down to the elevation of 1100.11. This 
process is illustrated in the cross-section figures below. 


  
     Before           After 
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Continue this process on each cross section until the existing ground line is below the 
excavation elevation. The final cross sections should look like the ones in the figures below. 
These cross sections are only for the beginning of the bridge excavation. The process is the 
same for the end of the bridge, except for in this example, the excavation elevation is 1102.39. 
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Once you have the bottom of the bridge deck at the excavation elevation for both ends of the 
bridge, the earthwork can then be ran to determine how much excavation is needed. This 
process is similar to how the project’s overall earthwork is determined with a few minor 
changes. The earthwork run for the project’s overall earthwork can be copied and renamed and 
then used for the bridge earthwork. The first revision would be to change the XS DGN File to the 
one that is currently being used and that was created earlier in this section.  


 


Next, the proposed finish grade soil type needs to be revised. Navigate down to Soil Types and 
select the Proposed Finish Grade. For simplicity, the level name can be selected and then 
matched to the level of the bridge deck, this level should be DESIGN – TYPICAL – Finish Grade 
and Subgrade. The Existing Ground soil type remains the same. 
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Next, if there was skipped area on the overall project’s earthwork file, those need to be revised 
as well. The skip area and ignore area can be revised to the cross sections that required zero 
earthwork because the existing ground elevation was below the excavation elevations. For this 
example, it was from Station 103+45 to Sta. 104+10.   


Lastly, in the Sheet Quantity section, the ASCII File name can be revised to be more specific to 
what is being calculated. The name can be revised to ProjectBridgeEarthwork.txt. The Log File 
name will need to be revised as well with a similar name.  
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The earthwork can then be ran to calculate the amount of excavation that will be needed for the 
bridge excavation. The earthwork output is shown below.  


 
It can be seen in the figure above that the excavation required is 129 CY. For some projects, a 
fill quantity may be calculated in this step. If this is the case, the fill quantity can be ignored. For 
this exercise, only the excavation quantity will be used. This quantity can then be added to the 
Estimated Grading Quantities Tabulated Block as shown in the figure below. 
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Part 5 – Backfill for Box Bridges and Culverts 
When a Box Bridge or Culvert is required it may be necessary to excavate the existing channel 
in order to place the proposed structure. In that case backfill will be needed to fill the excavated 
area around the proposed structure.  See Backfill Placement detail of Standard Structure 
Drawing STD-17-17 below. This part will illustrate the method for calculating culvert excavation, 
backfill and foundation fill. 


 


Example:  Proposed 18’ x 7’ Box Bridge located at Sta. 864+95.42. The length of the proposed 
structure is 112’ at skew of 87° 14’ 48” Lt.  
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Plan view of Proposed Box Bridge 


 


Profile view of Proposed Box Bridge 
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Culvert section of Proposed Box Bridge 


In the Roadway Design Guidelines Section 4-204.05, Figure 4-14 illustrates the limits of culvert 
excavation for both a box and a slab type bridge. To calculate the excavation and backfill, first it 
will be necessary to cut cross sections of the existing channel or ground line perpendicular to 
the center line of the proposed box bridge or culvert. 


 
Plan view of Proposed Box Bridge w/ Pattern Lines 


In the figure above, a line has been drawn corresponding to the centerline of the structure. To 
facilitate the cutting of existing cross sections the red line has been stored as an alignment in 
Geopak. Pattern lines have been drawn at each end of the culvert and at 20’ intervals in 
between. From the cross section on the previous page, it can be seen that the right edge of the 
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existing roadway is approximately 12.5’ left of the proposed roadway centerline. Two additional 
pattern lines have been drawn on either side of the roadway edge. These pattern lines define 
where the existing cross section lines will be cut. 


Once the cross sections have been cut, from the TDOT menu draw the proposed culvert cell on 
each cross section (T.D.O.T. > Drainage (Profiles/Culv.Sections) > Draw Box Culvert or Br). 


Fill in the data as applicable (numbers shown are for this example culvert): 


Refer to Standard Drawings found at this link for dimensions of Box culverts and Bridges: 


LRFD Box Culverts 


 


Place the cell at the flow elevation corresponding to the section. The section shown below is the 
right (inlet) end where the flow elevation is 625.80. 


 


  



https://www.tn.gov/content/tn/tdot/structures-/standard-structures-drawings/lrfd-box-culverts.html
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This section is the left (outlet) end of the culvert. The flow elevation is 625.60: 


 


Do the same for all sections in between. 


Referencing Figure 4-14 of the Roadway Design Guidelines from Section 4-204.05, the culvert 
excavation area can be drawn: 


 


Section showing Culvert Excavation 


When the culvert excavation area is known then the backfill area can be drawn as shown: 


 


Section showing Backfill 
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With the culvert excavation and backfill areas determined; the volumes can be calculated. An 
Excel file is a good way to do this: 


 


In this example the backfill volume is 765 C.Y., therefore the quantity for Item No. 303-01.01 
Granular Backfill (Roadway) is: 


765 c.y. x 1.75 tons/c.y. = 1339 tons 


In this example the quantity for Item No. 204-08 Foundation Fill Material is 50 C.Y. 
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Part 6 – Bridge Apron Calculation 
A bridge apron will most likely be required on projects that include a proposed bridge. A bridge apron is a form of scour protection 
consisting of timber, concrete, riprap, paving, or other construction materials placed adjacent to abutments and piers to prevent 
undermining. For most TDOT projects, the bridge apron will be constructed with rip-rap. This part of the guide will go into detail of the 
calculation of how much rip-rap will be needed for the bridge apron around the bridge abutments. 


An approximate location of the bridge apron will be shown on the bridge drawing. Once the bridge drawing or the hydraulic layout 
has been received from Structures Division, the bridge apron can then be analyzed. An example bridge drawing a designer will 
receive is shown below.  


 
Preliminary Bridge Drawing 
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The first step is to locate the position of the rip-rap for the bridge apron. The dimensions and elevations constraints of the rip-rap are 
highlighted in the figures below. The red highlighted area is Class A-1 rip-rap and the yellow highlighted area is Class A-3 rip-rap. 
More information on the specific details of each rip-rap class can be found in the 2021 TDOT Standard Specifications Book, Section 
709.03. 


 


Elevation View 



https://www.tn.gov/content/dam/tn/tdot/construction/2021-standard-specifications/January_1_2021_Standard_Specifications.pdf

https://www.tn.gov/content/dam/tn/tdot/construction/2021-standard-specifications/January_1_2021_Standard_Specifications.pdf
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Plan View 
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Once the location of rip-rap is determined, the designer can begin to draw the rip-rap shapes into the project’s Proposed DGN. Using 
the offsets and elevations, the approximate locations of each riprap class can be plotted, see the blue highlight in the Plan View and 
the purple view in the Elevation View. The final plotted shape can be seen in the figure below. Labels can be added to easily identify 
the two different types of rip-rap.  


 


Plan View in Proposed DGN 
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After the rip-rap is plotted in the Proposed DGN, the area of each class of rip-rap can be calculated. Use the Measure Area tool 
below to calculate the surface area of each class of rip-rap.  


    


The table below summarizes the total surface area of riprap for both class A-1 and A-3.  


Rip-rap Surface Area 


 Class A-1 Rip-rap (Square Feet) Class A-3 Rip-rap (Square Feet) 
Beginning Bridge 933 12631 


End Bridge 1981 11822 
Totals 2914 24453 
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After the surface area is calculated, the depth of the rip-rap needs to be determined. As highlighted in green in the Elevation View 
figure above, the depth of the Class A-1 rip-rap is 1.5 ft and the depth of the Class A-3 rip-rap is 0.67 ft. Once the depth is 
determined, the volume of rip-rap can be calculated in cubic yards and then converted to tons. A summary of this process is shown in 
the table below. The conversion from cubic yards to tons can be found in the Roadway Design Guidelines Section 4-709.05 or in the 
equation below. 


Computed Quantity (C.Y.) x 1.75 Tons/C.Y. = Total (Tons) 


Rip-rap Volumes & Tons 


 Total Surface Area (SF) Depth (FT) Volume (CY) Total (TONS) 
Class A-1 Rip-rap 2914 1.50 162 283 
Class A-3 Rip-rap 24453 0.67 604 1057 


 


The total quantity for each type of riprap can be shown in the plans as follows: 


709-05.05 MACHINED RIP-RAP (CLASS A-3)  1057 TONS 


709-05.06 MACHINED RIP-RAP (CLASS A-1)  283 TONS 
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Part 1: Superelevation Quick Guide  
 


Roadway Design Guidelines 


Details on Superelevation design can be found in Roadway Design Guidelines, Chapter 2-
101.01 


Standard Roadway Drawings 


• RD01-SE-2 
• RD01-SE-3 
• RD11-SE-1 
• RD11-SE-2 
• RD11-SE-2A 
• RD11-SE-3 
• RD11-SE-3A 


TDOT Roadway Design Training Classes  


• GEOPAK Road Course Guide 
o Exercise 13: How to use MicroStation and GEOPAK to set up superelevation 


controlled shapes 
o Exercise 14: How to apply the superelevation shapes to the cross sections 
o Exercise 22: How to apply the superelevation shapes to the creation of the final TIN 


process. 
• Roadway Design Manual 


o Chapter 8: How to create the superelevation shapes and applying it to cross sections 


TDOT Roadway Design Reference Documents  


• Roadway Design R.O.W. Checklist 
• Roadway Design Construction Checklist 


Roadway Design Plans 


In a standard roadway plan set, superelevation is included on the following sheets:   


• Typical Sections Sheet: If a project has superelevation, a typical section and the station 
ranges of superelevation must be shown on this sheet. 


• Proposed Profile: A superelevation diagram must be added to the Proposed Profile sheet. 
• Cross Sections: The superelevation should be seen on the cross sections where 


superelevation is present.   


Other Helpful Material 


• Green Book (2011)  



https://www.tn.gov/tdot/roadway-design/design-standards/design-guidelines.html

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C2.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/DG-C2.pdf

https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings.html

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/cadd_files/documents/TDOTGEOPAKRoadCourseGuide.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/training/Roadway%20Design%20Manual.pdf

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/Roadway%20R.O.W.%20Design%20Checklist.docx

https://www.tn.gov/content/dam/tn/tdot/roadway-design/documents/design_guidelines/Roadway%20Design%20Construction%20Checklist.docx
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Part 2: Superelevation Calculation Guide 


Superelevation is defined as the rate of cross slope on a curved section of roadway in which the 
outer edge is banked higher than the inner edge. The Standard Roadway Drawings provide 
information for Urban Superelevation Details (RD01-SE-2) and Rural Superelevation Details 
(RD01-SE-3). Within the drawings, there are illustrations for a 2 lane and 4 or 6 lane road 
transition in superelevation. The following documentation will explain the log file created by 
running Superelevation in Geopak Road. It will also explain how to check information in the log 
file by performing calculations to find the stations where the lanes on each side of the centerline 
are at normal crown (-0.02) and where one of the lanes has transitioned from normal crown (-
0.02) to straight surface or reverse crown (+0.02). Calculations will also be shown for the lane 
where maximum transition occurs from normal crown to a positive cross slope to identify the 
station where zero percent slope occurs.  


 
Normal Crown 


 
Reverse crown 


The curve information that will be used for this example is for a rural 2 lane road based on the “E 
MAX = 0.08 Desirable” table on Standard Roadway Drawing RD01-SE-3  with v = 30 mph., degree 
of curve 13o- 00’, maximum superelevation of 0.068, and transition length of 160.00’. When a 
horizontal alignment is added in Geopak Road, information for the curve can be found in Geopak 
Road by opening Coordinate Geometry>Navigator>Chain. Also, when the proposed horizontal 
alignment is displayed in the alignment file, the curve data will be part of the display. The curve 
data matches what is found in the Standard Roadway Drawing for Superelevation.  The horizontal 
alignment and curve data are shown in Figure 1- Horizontal Alignment Curve D1. The SE, design 
speed, and transition length are all filled in by the user from the data in the standard drawing.  


Finished Grade 


Finished Grade 


Centerline 


Centerline 



https://www.tn.gov/content/tn/tdot/roadway-design/standard-drawings-library/standard-roadway-drawings.html
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FIGURE 1 – HORIZONTAL ALIGNMENT CURVE D1 


Notice the P.I. of the curve is to the right of the radius and the way the curve is laid out in Figure 
1- Horizontal Alignment Curve D1. The transition from normal crown to full superelevation will 
begin on the right lane of the centerline first because that side goes from negative to positive 
cross slope while the other side remains negative.  


The superelevation log file from Geopak Road contains information for the left and right lanes of 
the road as shown below. Because the transition begins on the right lane of the road, the right 
lane is listed first in the log file. 


Left Right 


ROADNAME   8.0000 ROADNAME   -8.0000 


filler line station / slope filler line station / slope 


100+00.000000   -2.0000 100+00.000000   -2.0000 


106+00.315956   -2.0000 105+27.588683   -2.0000 


106+87.588683   -6.8000 /* Curve D1 */ 106+87.588683    6.8000 /* Curve D1 */ 


107+74.861410   -2.0000 108+47.588683   -2.0000 


112+03.385413   -2.0000 112+03.390000   -2.0000 


The first entry line lists the road name and maximum superelevation rate from the “E MAX = 0.08 
Desirable” table. The beginning and ending stations on the proposed horizontal alignment will 
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always be listed for both the left and right lanes of the road. For this alignment, the beginning and 
ending stations are 100+00.00 and 112+03.39. The output shows that full super occurs at station. 
106+87.588683. The curve is only in full super for this station. This is because this station is at 
the midpoint of the curve** and begins to transition back down to normal crown.  If the curve 
remained in full superelevation for more than a station, there would be an additional entry. For 
example, if the curve was in full superelevation for 100’, there would be an additional entry of 
107+87.588683   6.8000 /* Curve D1 */, and the remaining stations would adjust accordingly. 


Compare the output for the last station with normal crown listed on the right lane of the road 
(105+27.588683) prior to the full superelevation station with the last station with normal crown 
listed on the left lane of the of the road (106+00.315956). The station on the right precedes the 
station on the left because it has a longer transition. The same occurs after the full superelevation 
station where the station on the right (108+47.588683) follows the station of the left 
(107+74.861410) due to the longer transition length needed. 


 


** In Figure 1, the length of the curve is shown to be 141.37.  


    141.37/2 = 70.69. 


    10616.90 (P.C.Sta.) +70.69 = 10687.59 = Station 106+87.59 


This station (106+87.59) is the point on the curve with full superelevation. 


 


The log file carries the numbers out 6 decimal places, but for the figures and calculations, only 2 
decimal places will be used. When performing the calculations, there might be a slight difference 
in the 3rd decimal place due to rounding. Also, within the calculations, the plus sign in stations will 
be removed for clarity but will be shown in each result.  


Verification and calculations for superelevation station: 


For this example, the length of transition (160’ from RD01-SE-3) is longer than the length of curve 
(141.37’ from Geopak). Generally, one-half the transition length is before the PC and the other 
one-half is after the PC where maximum superelevation begins. Maximum superelevation 
continues to one-half the transition length before the PT and ends one-half the transition length 
after the PT. When the   
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Verification and calculations for stations will be shown for the right lane first: 


Right 


ROADNAME   -8.0000 


filler line station / slope 


100+00.000000   -2.0000 


105+27.588683   -2.0000 


106+87.588683    6.8000 /* Curve D1 */ 


108+47.588683   -2.0000 


112+03.390000   -2.0000 


 


NORMAL CROWN BEFORE FULL SUPERELEVATION (RIGHT LANE) 


To verify the last station where the right lane is at normal crown before it starts transitioning to full 
superelevation, subtract the transition length from the full superelevation station. 


• Station of full Superelevation - Transition Length 


10687.5887 - 160 = 105+27.5887 


 


TRANSITION RATE 


The transition rate for a curve is found for the lane of the road with the most change in cross 
slope, the right lane in this example.  To find the transition rate, the maximum change in cross 
slope is divided by the known transition length for the curve. 


• Transition Rate = Maximum Change in Cross Slope            
                 Known Transition Length of Curve       


                 = (0.068 – (-0.02) = 0.088 = 0.00055 
                  160’            160’ 


This Transition Rate will be used in other calculations.  
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ZERO PERCENT BEFORE FULL SUPERELEVATION (RIGHT LANE) 


Since the right lane of the road goes from a negative slope (normal crown slope of -0.02) to a 
positive slope at full super (+0.068), there is a station where the cross slope for the right lane is 
at zero percent (0.00). This is an area of concern because of drainage issues and should be 
analyzed by the designer to ensure no ponding occurs. 


To find the station where zero percent cross slope occurs for the right lane of the road before 
reaching full superelevation, reverse the formula used to calculate the transition rate. Using the 
known transition rate and the change in cross slope, find the length needed to transition from 
normal crown cross slope to zero percent cross slope. Add the length to the last station where 
normal crown occurred.  


• Length = Change in Cross Slope            
                    Transition Rate  


  =       0.00 - (-0.02) = 0.020 = 36.36’   
         0.00055    0.00055 


Zero percent cross slope is reached at 10527.5887 + 36.36’ = 105+63.95 


Another way to perform the calculation would have been to find the length of transition from zero 
percent cross slope to full superelevation cross slope and subtract from the superelevation station 
   


• Length = Change in Cross Slope            
                  Transition Rate  
 
                                                = (0.068 - 0.00) = 0.068 = 123.64’   
                      0.00055           0.00055 
 
Zero percent cross slope is reached at 10687.5887 – 123.64’ = 105+63.95 


 


REVERSE CROWN BEFORE FULL SUPERELEVATION (RIGHT LANE) 


To find the station where reverse crown (+0.02) occurs for the right lane of the road before 
reaching full superelevation, use the same calculations as previously described. Find the length 
needed to transition from normal crown cross slope to reverse crown and add the length to the 
last station where normal crown occurred.  


• Length = Change in Cross Slope            
                 Transition Rate  


=      0.02 - (-0.02) = 0.040 = 72.72’   
           0.00055      0.00055 
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OR 


Double the number found in calculation #4 since it was calculated for a 0.02 change in 
cross slope, and this is a 0.04 change. (36.36’ X 2) = 72.72’   


Reverse crown cross slope is reached at 10527.5887 + 72.72’ = 106+00.32 


This station matches the station shown in the log file for the left lane of the road at the last station 
where normal crown occurs. 


Once the right lane transitions from -0.20 to +0.20, both lanes will rotate at the same rate until full 
superelevation of 0.068 is reached (+0.068 for the right and -0.068 for the left).   


 


FULL SUPERELEVATION 


To verify the station where full superelevation is reached divide the curve length in half and add 
the result to the to the P.C. station.  


P.C. Station + Curve Length /2 =  


  10616.90 + (141.37/2) = 106+87.59        


Since the curve is only at full superelevation for one station, the station can be also be checked 
by using the P.T. station. To verify the station superelevation is reached, divide the curve length 
in half and subtract the result from to the P.T. station.  


  P.T. Station – Curve Length/2 = 


   10758.27 - (141.37/2) = 106+87.59 


 


REVERSE CROWN AFTER FULL SUPERELEVATION (RIGHT LANE) 


To find the station where reverse crown (+0.02) occurs for the right lane of the road after full 
superelevation, use the same concept as previously described except use the station listed after 
the full superelevation where the cross slope has transitioned back to normal crown and subtract 
the calculated length (72.72’) for a 0.04 change in cross slope.  


Reverse crown cross slope is reached at 10847.5887 - 72.72’ = 107+74.86 


This station matches the number shown in the log file for the left lane of the road for the last 
station where the left lane is at normal crown.  
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ZERO PERCENT AFTER FULL SUPERELEVATION (RIGHT LANE) 


To find the station where zero percent cross slope occurs for the right lane of the road after 
reaching full superelevation, use the same concept as previously described except use the station 
after the superelevation where the cross slope has transitioned back to normal crown. Subtract 
the calculated length (36.36) for a 0.02 change in cross slope 


Zero percent cross slope is reached at 10847.5887 – 36.36’ = 108+11.23 


Check: Full superelevation station plus length found for change from 0.00 to 0.068.  


    10687.5887 + 123.64’ = 108+11.23 


 


NORMAL CROWN AFTER SUPERELEVATION (RIGHT LANE) 


To verify where the right lane transitions back to normal crown after full superelevation is reached, 
add the transition length to the full superelevation station. 


• Full Super + Transition Length 


10687.5887 + 160 = 108+47.5887 
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The next few steps will verify stations that are generated for the left lane of the road. The left lane 
of the road transitions from -0.02 to -0.068 so there is not a station for zero percent cross slope 
or reverse crown.   


Left 


ROADNAME   8.0000 


filler line station / slope 


100+00.000000   -2.0000 


106+00.315956   -2.0000 


106+87.588683   -6.8000 /* Curve D1 */ 


107+74.861410   -2.0000 


112+03.385413   -2.0000 


 


NORMAL CROWN BEFORE FULL SUPERELEVATION (LEFT LANE) 


The full transition length of 160’ is not needed on the left lane. The transition rate that was 
calculated for the right lane will be used to find the transition length needed to normal crown to 
superelevation. To verify the last station for normal crown prior to superelevation for the left lane, 
find the length needed for the change in cross slope from normal crown to full superelevation and 
divide by the known transition rate for the right lane. Subtract this length from the full 
superelevation station.  


• Length = Change in Cross Slope            
                Transition Rate  


     = -0.068 – (-0.02) =    0.048     = 87.27  
   .00055            .00055 


    Full Super minus Length 


10687.5887 - 87.27 = 106+00.32 


This station matches the station calculated for reverse crown for the right lane.  
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NORMAL CROWN AFTER FULL SUPERELEVATION (LEFT LANE) 


To find the station where the left lane transitions back to normal crown, add the length calculated 
for the left lane to the full superelevation station. 


• Full Super + Length 


10687.5887 + 87.27 = 107+74.86 


This station matches the station calculated for reverse crown for the right lane.  


Below is a figure for the entire curve with all the stations and cross slopes.   


 
FIGURE 2 – STATIONS AND CROSS SLOPES 
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For clarity, the Figure 2, Stations and Cross Slopes has been split into two separate figures 
representing the stations before and after full superelevation.  


 
FIGURE 3 – STATIONS AND CROSS 


SLOPES BEFORE FULL 
SUPERELEVATION 


 
 FIGURE 4 – STATIONS AND CROSS 


SLOPES AFTER FULL SUPERELEVATION 


  







Part 3: Superelevation Calculation (RD11 Series) 


Horizontal curves will no longer be identified by degree, they will be identified by radius only. 
Standard Drawings RD11-LR-1 (Urban) and RD11-LR-2 (Rural) contain tables for different design 
speeds, and number of lanes, showing the superelevation rate (ed) associated with curve radius. 
One important thing to note that is different from the earlier standards is that for a specific ed, the 
radius shown is the minimum radius that can be used.  Also, for a given radius, only use the 
corresponding ed. 


 


For example, given a radius of 730 ft., the corresponding super rate is 3%.  If the ed is to remain 
at 3%, any radius greater than 730 can be used.  If the radius is to remain at 730, no other ed than 
3% can be used. 


The numbers that appear under the number of lanes are runoff lengths (LR). Runoff Length (LR) 
is the distance that is required to transition from zero (flat) superelevation to full superelevation. 
The total transition length (L) is the length at which the transition from Normal Crown (NC) to full 
super (ed) takes place.  


The formula for the total transition length is found on Standard Drawing RD11-SE-1. 
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Standard Drawing RD11-SE-2 shows the relationship of L to the begin and end points of the 
horizontal curve. 


 


 


For a simple curve half of the transition length is before and half after the P.C.  or P.T. 


For a spiral curve L is the same as the length of the spiral. 
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Standard Drawing RD11-SE-2A shows the lengths at which key points occur within the 
transition length. 


 


NOTE: Standard Drawings RD11-SE-3 and 3A contain the same information as RD11-SE-2 and 
2A, except for divided highways. 
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Example 1 


• 2 lane rural design 
• Design Speed 50 MPH 
• Curve Radius 2280 ft. 


According to Standard Drawing RD11-LR-2 (Minimum Runoff Lengths for Rural Highways), the 
superelevation rate (ed) for this curve is 4.6% (.046 ft./ft.).  2280 ft. is the minimum radius that can 
be used with this rate. This also means that for a particular ed rate a higher radius can be used. 


 


For instance, according to the table, a radius of 4400 ft. can be used with a superelevation rate 
of 4.6%.  


In the table, the runoff lengths are given. For a rate of 4.6% and R = 2280, the runoff length (LR) 
is 110 feet for 2 lanes.  
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In Standard Drawing RD11-SE-1, the total transition length (L) is equal to LR + LT, where LT is the 
Tangent Runout Length. 


 


According to the equation on RD11-SE-1, LT equals to 47.83 (2/4.6 x 110), and the total transition 
length (L) would be 110 + 47.83 = 157.83, rounded to 158 ft. 


Going back to RD11-LR-2, note #2 at the bottom of the sheet says that spirals are recommended 
for design speeds of 50 MPH or greater and superelevation of 3% or greater. So, in our example 
L is also equal to spiral length. 


 


  







19 
 


Plan view of proposed alignment 


Station 100+00 Alignment Begins 


Station 102+40.31 T.S. of the curve 


Station 103+98.31 S.C. of the curve 


Station 109+71.61 C.S. of the curve 


Station 111+29.61 S.T. of the curve 


Station 115+65.68 Alignment Ends 
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Normal Crown 


The alignment starts out at normal crown at station 100+00. 


 


 


Full Superelevation 


The transition to superelevation will begin at the T.S. point, station 102+40.31.  


The transition ends at the S.C. point, station 103+98.31. This in the station at which full 
superelevation begins. 


 


 


Remove Adverse Crown 


In the transition area a couple of key points to know are the Reverse Crown station and the 
Remove Adverse Crown station.  


Going from Normal Crown to Full Super the point Remove Adverse Crown point will occur first. 


 


Finished Grade 


Finished Grade 


Finished Grade 


Centerline 


Centerline 


Centerline 
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Reverse Crown 


Since the roadway curves to the left, the pavement transitions from a negative cross slope to a 
positive cross slope only on the right side, therefore zero cross slope would only be on the right 
side.  According to RD11-SE-2A, this point occurs at the distance LT from the T.S. station, or  


10240.31 + 47.83 = 10288.14, or station 102+88.14 


 


Also, from RD11-SE-2A, Reverse Crown occurs at T.S. + (LT x 2), or  


10240.31 + (47.83 x 2) =10335.97, or station 103+35.97 


At the other end of the curve the alignment transitions from full super back to normal crown.  The 
transition begins at the C.S. point (station 109+71.61) and ends at the S.T. point (station 
111+29.61). The Reverse Crown and Zero Cross Slope stations would be calculated in the same 
manner as for the first transition and would occur in reverse order. 


 


  


Finished Grade 


Centerline 
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Now let’s pick some random stations and calculate the superelevation: 


103+00 


This station occurs in the spiral portion of the alignment which is in the transition.   


The rate of change in superelevation is found by dividing the difference between normal crown 
and full super by the transition length. 


For this example, [.046 – (-.020)] = .066 = .0004177    
   158           158 


L= 10300 – 10240.31 = 59.69 


59.69 x .0004177 =.025, or 2.5% 


This number is added to the cross slope at the beginning transition station, 102+40.31, which is 
normal crown (-2%) 


2.5% + (-2%) = + 0.5% 


Since this number is less than + 2%, and has not yet reached reverse crown, the other side will 
be - 2% 


 


107+00 


Station 107+00 is in the full super area, between the S.C and C.S.  + 4.6% in this example. 


110+00 


This station is in the transition from full super to normal crown (109+71.61 - 111+29.61), so 
subtract the beginning station of the transition  


11000 – 10971.61 = 28.39. The rate of change is the same as for the transition at the beginning 
end of the curve (.0004177). 


28.39 x .0004177 = .0119, or 1.19% 


Finished Grade 


Centerline 
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This number is subtracted from the full super rate at 109+77.61, 4.6 -1.19 = 3.41% 


 


For curves where a spiral is not required, the calculation methods are the same.  The calculated 
transition lengths are spaced so that the P.C. and P.T. points are at the halfway point of L. 


 


 


 


 


 


 


  


Finished Grade 


Centerline 
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Example 2 


• 4 lane rural design 
• Design Speed 30 MPH 
• Curve Radius 261 ft. 


 


Find L 


Use Standard Drawing RD11-LR-1, Minimum Runoff Lengths for Urban Highways, Emax = 0.04.  


From the Table, ed =3%.  This is the minimum superelevation rate for this radius. 


 


According to the table on RD11-LR-1, LR is 82 feet. 


According to the Superelevation Transition equation on RD11-SE-1, LT is 54.67 


L = LR + LT = 82 + 54.67 = 136.67, rounded to 137 feet 


 


A spiral curve is not required for this design speed so half of L is on either side of the P.C. or  


P.T. as shown on the previous page. 


 


If the P.C. is at station 103+17.44: 


Transition begins at 10317.44 – (137/2) = 10248.94, station 102+48.94 


Remove Adverse Crown is 10248.94 + LT = 10248.94 + 54.67 = 10303.61, station 103+03.61 


Reverse Crown is 10248.94+ 2 x LT = 10248.94 + 109.34 = 10358.28, station 103+58.28  
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Part 4: Superelevation Calculation (RD01 Series) 


Example: 


• 2- lane rural design 
• Design speed 50 MPH 
• 2° 30’ curve (R = 2,292’) 


 
Plan view of proposed alignment 


 


The alignments begin and end stations are 100+00 and 115+65.79. 


The P.C of the curve is at station 103+17.44. 


The P.T. of the curve is at station 110+52.59. 


 


 







26 
 


 


The 0.08 max superelevation table from Standard Drawing RD01-SE-3 shows the required rate 
to be .046 ft/ft with a transition length of 160 ft. for the two-lane design. 


 


On this example roadway, the alignment starts out at normal crown at station 100+00. 


 
                                                              Normal Crown 


  


Finished Grade 


Centerline 
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Begin Transition (End Normal Crown) 


The station at which the roadway begins transition from normal crown to full super is half the 
transition length in advance of the P.C. station, 103+17.44.           


 In this example that would be: 


10317.44 – 80 = 10237.44 (station 102+37.44)  


End Transition (Begin Full Super) 


The station at which full super begins is 10237.44 + 160 = 10397.44 (station 103+97.44) 


 


Zero cross slope:  


 


Since the roadway curves to the left, the pavement transitions from a negative cross slope to a 
positive cross slope only on the right side, therefore zero cross slope would only be on the right 
side. 


The rate of change in superelevation is found by dividing the difference between normal crown 
and full super by the transition length.  


For this example, [.046 – (-.020)]/160 = .066/160 = .0004125 


To go from normal crown to zero, the difference is [0.000 – (-.020)] = .020, then  


.020/.0004125 = 48.48 feet, zero slope station is 10237.44 + 48.48 = 10285.92 (102+85.92) 


Finished Grade 


Finished Grade 


Centerline 


Centerline 
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Reverse crown: 


 


.020 - (-.020) = .040 


.040/.0004125 = 96.96 


10237.44 + 96.96 = 10334.40 (station 103+34.40) 


At the other end of the curve (P.T.) the alignment transitions from full super back to normal crown.  
The transition begins at station 109+72.99 (11052.99 – 80) and ends at station 111+32.99 
(10972.99 + 160). The Reverse Crown and Zero Cross Slope stations would be calculated in the 
same manner as for the first transition.  


 


Finished Grade 


Centerline 
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Now let’s pick some random stations and calculate the superelevation: 


103+00 


This station is in the transition area (102+37.44 – 103+97.44) 


10300 - 10237.44 = 62.56 


62.56 x .0004125 =.026 


This number is added to the cross slope at the beginning transition station, 102+37.44, which is 
normal crown (-.020) 


.026 + (-.020) = +.006 


Since this number is less than +.020, and has not yet reached reverse crown, the other side will 
be -.020 


 


107+00 


Station 107+00 is in the full super area, between stations 103+97.44 and 109+72.99, 0.046 ft/ft 
in this example. 


110+00 


This station is in the transition from full super to normal crown (109+72.99 - 111+32.99), so 
subtract the beginning station of the transition  


11000 – 10972.59 = 27.41. The rate of change is the same as for the transition at the P.C. end of 
the curve (.0004125). 


27.41 x .0004125 = .011 


This number is subtracted from the full super rate at 109+72.99, .046 -.011 = .035 


Finished Grade 


Centerline 







30 
 


 
  


Finished Grade 


Centerline 
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Part 5: Superelevation Profile Diagram 


The purpose of this section is to provide the designer information to draw the superelevation 
diagram. This diagram is important to show so that it is easily seen where superelevation changes 
take place. 


Superelevation Diagram Placement 


The best place to draw the superelevation diagram is in the alignment file. If you have displayed 
the proposed vertical alignment and a profile grid (See GEOPAK v8i Road Course Guide), the 
diagram should go in the lower portion of this area. 
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Determining Critical Superelevation Stations 


From the Superelevation Calculations tutorial (.inp file created when “Generate Superelevation 
Transitions” operation is performed in GEOPAK), the stations where superelevations change are 
as follows: 


Left Right 


ROADNAME   8.0000 ROADNAME   -8.0000 


filler line station / slope filler line station / slope 


100+00.000000   -2.0000 100+00.000000   -2.0000 


106+00.315956   -2.0000 105+27.588683   -2.0000 


106+87.588683   -6.8000 /* Curve D1 */ 106+87.588683    6.8000 /* Curve D1 */ 


107+74.861410   -2.0000 108+47.588683   -2.0000 


112+03.385413   -2.0000 112+03.390000   -2.0000 
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Drawing the Profile Diagram 


Using the 510-elevation line on the grid, draw a line representing the finished grade which has a 
slope of 0% or 0 ft/ft. 


Use the following symbology settings: 


LV:  DESIGN-CENTERLINE-Proposed Text 


CO: 6 


LC: 0 


WT:10 


Make sure the line limits are the same as the proposed vertical grade. For this example, sta. 
100+00 and sta. 112+03.39.  


 


Use “Extend Line” and snap to each end of the profile. 
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Change line symbology settings WT to 4 and CO to 0, draw vertical lines to represent the 
superelevation change stations listed on page 2 for both the right and left. 
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Make text settings as follows and label each vertical line as shown below: 
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Draw the Left Profile Diagram 


To distinguish between the left and right diagrams, they should be drawn in different colors.  For 
the left diagram, use the following settings: 


LV: DESIGN-CENTERLINE-Proposed Text 


CO:  7 


WT: 10 


From sta. 100+00 to 106+00.32, the cross slope is a constant -2.00%, or     -.020 ft/ft.  To draw 
the diagram proportionally, set one vertical grid, 50 ft, equal to a maximum superelevation of 0.10 
ft/ft. Therefore, 


0.020 ft/ft x (50 ft) = 10 ft      
                  0.100 ft/ft 


The line representing -.020 ft/ft superelevation for the left side can be drawn by copying parallel 
the red line drawn earlier using the settings: 


 


Make sure line ends at the sta. 106+00.32 line by using the “Lengthen or Shorten element to 
element” command: 
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Label line as shown below using “Place text Under Element” option: 


 


The next segment transitions from -.020 ft/ft at sta. 106+00.32 to -.068 ft/ft at sta.106+87.59, then 
back to -.020 ft/ft at sta. 107+74.86.  Using the same conversion on page 6, -0.068 ft/ft converts 
to 34 ft. below the red line.  Label superelevation at sta. 106+87.59 as shown below using text 
settings as shown on page 5. 







39 
 


 


The last segment, from sta. 107+74.86 to sta. 112+03.39, has a constant slope of -0.020 ft/ft. 
Draw this segment and label similar to the first segment. 
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 The diagram for the left side should look as shown: 


 


 


Draw the Right Profile Diagram 


Use the following symbology settings: 


LV: DESIGN-CENTERLINE-Proposed Curve Text 


CO:  8 


WT: 10 


Before drawing the right-side diagram, turn off the level “DESIGN – PROFILE – Proposed Text”, 
which was used for the left side diagram. 


From sta. 100+00 to 105+27.59, the cross slope is a constant -0.020 ft/ft. 


Similar to the left side diagram, copy parallel the line representing finished grade 10 ft below itself. 
Modify the new line to end at sta. 105+27.59. 
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The next segment transitions from -.020 ft/ft at sta. 105+27.59 to +.068 ft/ft at sta.106+87.59, then 
back to -.020 ft/f at sta. 108+47.59.  Using the same conversion on page 6, +0.068 ft/ft converts 
to 34 ft. above the red line.  Label superelevation at sta. 106+87.59 as shown below using text 
settings as shown on page 5. 
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The last segment, from sta. 108+47.59 to sta. 112+03.39, has a constant slope of -0.020 ft/ft. 
Draw this segment and label similar to the first segment 


 


Turn the level “DESIGN-PROFILE-Proposed Text” back on and the finished product should look 
like this: 
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Task: Exporting 2d Microstation files to Google Earth 


Purpose: Exporting Microstation design files to Google Earth can benefit a design team in many different 
ways. Not only does Google Earth provide an aerial background, but it is easily accessible on 
smartphones, tablets, and non-CAD user laptops. Google Earth can be used as a reference, but should 
not be used as a design tool.  


1. If Google Earth is not downloaded on your computer, download the latest version of Google 
Earth from the following website: https://www.google.com/earth/explore/products/ 


2. Open Microstation V8i and create a new Seed3d.dgn file named GoogleEarthExport.dgn 
a. Due to the necessity to move, scale, and rotate files, it is important that all work is 


performed through the reference toolbox in this DGN file. 
3. Attach all DGN references that you wish to be exported to Google Earth in Coincident World.  
4. Make sure to turn On/OFF any levels that you wish to be exported to Google Earth. There is an 


opportunity to turn levels on and off in google earth.  
5. Test the positioning of your design by exporting the DGN’s to Google Earth. Go to 


File>Export>Google Earth 


 


6. Save the .KMZ to the project folder as LocationTest.kmz. Once you hit save, Google Earth 
automatically opens, and focuses on your location. Note: The majority of TDOT projects will not 
fall directly into place the first time exporting. Some projects will require un-factoring the datum 
adjustment administered by the surveyor, and other projects will require a best-fit adjustment by 
moving, rotating, and scaling the referenced DGN’s.  


7. If your design falls directly into place, then skip to “Google Earth Capabilities” 


  



https://www.google.com/earth/explore/products/





 
8. If the design does not line up with Google Earth: 


a. Close out of Google Earth, and return to the GoogleEarthExport.dgn Microstation file. 
Determine the Datum Adjustment Factor that has been provided by the surveyor by 
looking in the bottom right corner of one of the Present Layout sheet files as shown 
below: 


 


b. To remove the datum adjustment from the dgn files, you must scale all references by 
the following factor:  1


𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
 


c. In the example project, the references would be scaled at a factor of 1.0
1.00007


= 0.99993 
At the origin point of 0,0 in the seed file that you created:  


 
 







d. Once the references have been scaled by an “un-adjustment” factor at the origin point 
of 0.00, 0.00. You have removed the datum adjustment.  


e. Export the un-adjusted files to Google Earth: File>Export>Google Earth and save the 
KMZ file as LocationTest.kmz  - Yes to overwrite, and Google Earth will open the 
updated design.  


f. If your design falls into place correctly, skip to “Google Earth Capabilities” 
9. If the DGN’s are not lining up after removing the datum adjustment: 


a. If the DGN files are still a small or large distance away from where they should be, it is 
likely that the original survey that the design was based around was not Geo-referenced 
in the beginning. It is not unusual for some design files to export to Google Earth, and 
show up in another state, or possibly the ocean.  


b. Now we will Import Google Earth to Microstation to determine where our references 
should be aligned in order to export successfully. 


c. In Google Earth, center the view on a known point of the project (Beginning intersection 
or known point in survey is preferred).  


d. In Microstation, open the Google Earth toolbar : Tools>Geographic>Open Toolbox 
e. Click the Capture Google Earth Image  command button, then left click inside the open 


window to accept the capture: 


  
f. Once you left click, Microstation has captured a 3d Google Image. If a white mesh of 


triangles do not show up, click the  FIT VIEW button to find the imported mesh. 
g. The image below represents the imported Google Image into Microstation with two 


different view modes selected. (CTRL+B) 


 


Default Display is 
Wireframe 







 


h. Repeat the Google Capture step E a couple of times to provide multiple points of 
reference to move, rotate and scale the attached DGN references.  


i. Once you have your referenced DGN files lined up where you want them, you can delete 
or turn off the captured Google Images, and export the DGN files to Google Earth.  


 


Google Earth Capabilities: 


• Sharing: Once you create a KMZ file that represents the correct location of your design, it can be 
shared via email and interactively viewed without any special Bentley software.  


• Mobile Capabilities: A design KMZ file can be opened on any smart phone or tablet that has 
Google Earth installed. With the Location services turned on, mobile devices can be used in the 
field to check a survey, or walk a new alignment, yielding decent accuracy. As shown below, 2D 
linework shows up better than 3D models on mobile devices.  


Wireframe 
Smooth 







 


• Public Involvement / Advertisement: 
o A simpler design model .KMZ can be displayed on a City/State webpage for stakeholders 


to visit, download, and view at their leisure to soak in the impacts of the proposed 
project.  


 


 







o In some cases, Google Earth can show the designer/owner what type of impacts the 
proposed improvements will have on the environment from the street view function. It 
should be noted that google earth will shift your drawing in street view by the offset of 
the camera to the centerline. 


o The example below shows a proposed extension of the existing roadway where the 
vehicles are currently parked. The design model was created by running the Bentley 
Corridor Modeler, and exporting a DGN with the displayed model surface, with a 
smooth display setting.  
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 The purpose of Preset Filters is to be a simplification for Designers 
in creating roadway new Title Sheets. This tutorial is intended to 
assist users on learning to apply these filters to new Title Sheets 
throughout the various phases of a TDOT roadway project.  


 
 This tutorial is based on Davidson County State Route 252 project and this is an example only. 
Actual projects may be different.  
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 The Preset Filters are predefined sets that filter through new Title Sheet levels by different level 
properties such as the name, number, description, used, number of elements, etc.  


 The new Title Sheet is both a seed and a cell file. It is an all in one sheet for the life of the project. 
There is no need to have different Title Sheets for different phases of the project.  This new Title 
Sheet will standardize where everything is located on the sheet and how they look. This new Title 
Sheet has new levels set just for it. The new levels are from 400 to 460 (see table 2 & screen 2). The 
sheet has specific levels for Preliminary, Right-Of-Way, and Construction phases as well as TDOT 
designed and Consultant designed projects (see table 2 & screen 2). For different phases of the 
project you turn off the levels you do not need, or turn on the levels you do need.  This is where 
Preset Filters become a handy tool instead of having to turn levels on/off individually based on 
various phases of the project; Preset Filters (see table 1 & screen 1) will simplify almost all of these 
procedures by applying applicable levels for each phase of the project in accordance with the 
Roadway Design Guidelines.  However, Preset Filters cannot completely eliminate designers from 
having to turn levels on/off individually due to different requirements for each project. The example 
levels are Utility Chapter 86 R.O.W., TMP Required Prelim, Design Exception, Exclusion, No 
Exclusions, Traffic Data Blocks, Project of Limited Scope and Road to Be Closed. For projects that 
need more than one Traffic Data Block, there are three blocks on different levels embedded in the 
sheet. Other blocks embedded are; Design Exception, Road to Be Closed, Exclusion, No Exclusion, 
Utility Chapter 86 ROW and TMP Required Prelim. Each block has its own level. Any embedded level 
blocks that do not pertain to the project can be turned off individually by the designer.  


 There are eleven Title Sheet Preset Filters that filter through 49 new Title Sheet level properties 
and each filter is set to only those levels applicable to each type of title sheet.  The Title Sheet Preset 
Filters and 49 Sheet Level properties are listed on table 1 & 2 including screen shots from 
MicroStation (see screen 1 & 2) as shown and described below.  


Title Sheet Preset Filters (Table 1) 


  Filter Name 
1. Sheets – TDOT Preliminary Title Sheet 
2. Sheets – TDOT ROW Title Sheet 
3. Sheets – TDOT Construction Title Sheet 
4. Sheets – TDOT Construction #2 Title Sheet 
5. Sheets – CONSULTANT Preliminary Title Sheet 
6. Sheets – CONSULTANT ROW Title Sheet 
7. Sheets – CONSULTANT Construction Title Sheet 
8. Sheets – CONSULTANT Construction #2 Title Sheet 
9. Sheets – ROW Utilities Only Title Sheet 
10. Sheets – Resurfacing Title Sheet 
11. Sheets – Resurfacing and Safety Title Sheet 
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A screen shot of eleven preset title sheet filters highlighted in blue. (Screen 1) 


 


 


 


 


Sheet Level Properties (Table 2) 


Level Sections   Level Name Level No. 
Title Sheet Proper 1. TDOT IDENTIFICATION BLOCK (in the lower left corner) 400 


2. CONSULTANT IDENTIFICATION BLOCK (in the lower left corner) 401 
3. TEXT 402 
4. LINE WORK 403 


The State Map            5. STATE AND COUNTIES BORDER 405 
6. COUNTY NAMES 406 


Type of Sheet 
& Index 


7. PRELIMINARY PHASE 410 
8. RIGHT-OF-WAY PHASE 411 
9. CONSTRUCTION PHASE 412 
10. RESURFACING 413 
11. RESURFACE AND SAFETY 414 


Project Length  
(under county map) 


12. ROW 420 
13. CONSTRUCTION #1 421 
14. CONSTRUCTION #2 422 
15. RESURFACING (RIDING SURFACE) 423 
16. RESURFACING (NON RIDING SURFACE) 424 
17. RESURFACING ONLY 425 
18. ROW UTILITIES ONLY 426 
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Begin & End Project   
 


19. PRELIMINARY 430 
20. ROW 431 
21. CONSTRUCTION 432 
22. CONSTRUCTION #2 433♣ 
23. ROW UTILITIES ONLY 434 
24. RESURFACING 435 
25. RESURFACING SAFETY 436 


Revision 26. ROW 440 
27. CONSTRUCTION 441 


Blocks 28. ROW TO BE ACQUIRED BY LOCAL GOVERNMENT 442 
29. PROJECT OF LIMITED SCOPE 449 
30. TRAFFIC DATA BLOCK #1 (SURVEY DATA) 450 
31. TRAFFIC DATA BLOCK #2 451 
32. TRAFFIC DATA BLOCK #3 452 
33. DESIGN EXCEPTION  453 
34. ROAD TO BE CLOSED 454 
35. NO EXCLUSIONS  455 
36. EXCLUSIONS  456 
37. TRAFFIC DATA BLOCK #4 (RESURFACE AND SAFETY) 457 
38. TMP REQUIRED PRELIM 458 
39. UTILITY CHAPTER 86 ROW 459 


Location Map                40. COUNTY MAP 460 
41. PRELIMINARY 461▲ 
42. ROW 462▲ 
43. CONSTRUCTION #1 463▲ 
44. CONSTRUCTION #2 464▲♣ 


Sheet Border              45. Plot Shape 280 
46. Linework 61 
47. Corner Text 62 
48. SCRATCH – User 1 30♥ 
49. CENTERLINE – Proposed Text (north arrow) 32 


 
 


Footnotes 
 
 ♣ To be used when a project is split into two projects with different limits and PIN’s. 
 ▲To be use for adding sheet blocks and sheet numbers on a County Map or any other text  
                    that may be needed. 
 ♥ Informational texts only, shall be turned off prior to print/plot and conversion to PDF in Iplot 
      Organizer.  
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A screen shot of 49 title sheet level properties. (Screen 2). 
 


 
 
 Before creating new Title Sheet file, the projects folder shall first be created. 
 


  The following steps will guide the user in creating the projects folder. This tutorial is an example only  
  and actual projects may be different.  


 
1. Create Projects Folder 
 
a. Open MicroStation, ensure Look in: is directed to C drive. 


 
 ►Click on Create New Folder. 
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►Rename New folder to Projects and double click it to open.  
 


 
  


a. Create subfolder in Projects folder directory. 
 


 ► Click Create New Folder. 
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 ► Rename New folder to Davidson and double click it to open. 
 


 
 


b. Create another subfolder in Davidson folder directory.     
 


 ►Click Create New Folder.  
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►Rename New folder to SR252 and double click it to open. 
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 ►Title Sheet DGN will be saved in the SR252 folder. 
 


      There are two options for creating a new Title Sheet with Preset Filters and the procedures for each  
 are as follow: 
 


 Option 1 
 


1. Create Title Sheet DGN 
 


a. In existing Davidson County SR252 project directory. 
 
 ►Click on MicroStation New file.   
 


 
 
 
 


b. In MicroStation New file window.  
 


 ►Enter File name, set Save as type to Microstation DGN Files (*.dgn) and Click Browse for Seed.   
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 ►As you browse through DGN Seed file directory choose Title Sheet and click Open.  
  


 
 
 ►After selecting Title Sheet Seed DGN, the file can be saved by clicking Save. 
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 ►After clicking Save, file directory opens up allowing Title Sheet DGN file to be opened by 
                  


        clicking Open.    
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 ►Title Sheet DGN.   
   
 


 
 
       Level properties information for all phases of title sheet.  
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2. Select Title Sheet Preset Filters 
 
a. TDOT Preliminary Title Sheet. 


 
►In existing title sheet .dgn file, go to “Settings”, “Levels” and “Display”. 


 


►In Level Display - View, Select Filters.   
 
►Then click on “Sheet – TDOT Preliminary Title Sheet” to turn on filter.  
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 NOTICE: Informational texts and lines shall be turned off prior to printing/plotting and conversion to                     
                        PDF in Iplot Organizer.  
 
       Informational texts and lines are assigned to level name “DESIGN – SCRATCH – User 1”.  


3. Turn Off Levels  
 
a. To Turn Off  “DESIGN – SCRATCH – User 1” Level. 


 
 ►In existing title sheet .dgn file, go to “Setting”, “Levels” and “Display”. 
 


►In Level Display - View, Select Levels.  
 
►Then click on “DESIGN – SCRATCH – User 1” to turn off level. 
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           For Index of Sheets placement, refer to step 3 in OPTION 2 on page 26.  


 


           If a project requires UTILITY CHAPTER 86 ROW and/or TMP REQUIRED PRELIM, designer can turn         
on/off either or both levels by following procedures in step 3 on page 15, but with levels DESIGN – TITLE 
SHEET – TITLE SHEET BLOCKS – UTILITY CHAPTER 86 ROW and/or DESIGN – TITLE SHEET – TITLE 
SHEET BLOCKS – TMP REQUIRED PRELIM. 


 


            If a project requires EXCLUSION, designer can turn off NO EXCLUSIONS and turn on EXCLUSION 
by following procedures in step 3 on page 15, but with either levels DESIGN – TITLE SHEET – TITLE 
SHEET BLOCKS – NO EXCLUSIONS or DESIGN – TITLE SHEET – TITLE SHEET BLOCKS – 
EXCLUSIONS. 


  


          If a project requires more than one Traffic Data Block, designer can turn that on by following the 
same procedures as described in step 3 on page 15, but with levels DESIGN – TITLE SHEET – TITLE 
SHEET BLOCKS – TRAFFIC DATA BLOCK #2, DESIGN – TITLE SHEET – TITLE SHEET BLOCKS – 
TRAFFIC DATA BLOCK #3 or DESIGN – TITLE SHEET – TITLE SHEET BLOCKS – TRAFFIC DATA 
BLOCK # 4 (RESURFACE AND SAFETY). 


4. Change Title Sheet Scale 
 
Default Title Sheet scale is 50:1  
 
a. First determine sheet scale. 


 
 ►In existing title sheet .dgn file, type “as=?” in Key – in window. 


 
 
   ►Then hit Enter key, in the bottom of the screen shows default scale.


 
 


b. Change Title Sheet Scale 
 


              ►Common title sheet scale is 5280’ or 1 mile. 
 


         ►In existing title sheet .dgn file, select “Place Fence”.  
 
 ►Place fence over the whole Title Sheet including informational texts.   
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                 ►Select “Scale” and key – in 5280 for X & Y Scale and then Data Point to accept.  
  


  ►Also select Fit View  to bring Title Sheet into view. 
 


 
 
 
  ►To confirm the Title Sheet scale has changed, type “as=?” in Key-in window and hit Enter.  
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  ►On bottom of screen shows scale has changed     
 
 
  


5. Save Settings       
  


a. Before existing out of MicroStation, be sure to save settings.  
 


 ►In existing Title Sheet DGN file, go to Files and select Save Settings.  
 


 
 
 
 
 
 
 
 
OPTION 2 
 
 
1. Create Title Sheet DGN 


 
a. In existing Davidson County SR252 project directory.   


 
  ►Start Microstation and select New file. 
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b. In Microstation New file window.   
 


 ►Enter File name, select MicroStation DGN Files (*.dgn) in Save as type and click Browse to     
        select Seed type.   


 
 


 
 
   
 ►As you browse through seed files directory choose seed2d for Seed and click Save.  
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 ►In existing MicroStation New file directory, enter file name and click Save.   
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 ► Immediately after clicking Save, File Open directory window opens up.  


  
  
 ► Double click File name to open.  
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            ►Title Sheet DGN file opens.  
 


 


 
 
 
 


2. Place sheet cell 
 


a. In existing Title Sheet file directory.   
 


 ►Go to T.D.O.T and select Sheet Cells. 
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b.  Select Title Sheet from Sheet Cells Tab.  
 
 
 


 
 
 


c. Set XY Scale to 5280 on Place Active Scale Tab.  
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d.  Data Point to accept and Fit View to bring Title Sheet DGN to view. 
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 Title Sheet DGN.   
 
 
 


 
 
 
NOTICE: There is no embedded Index of Sheets.  


      To turn off inapplicable levels, refer to step 3 in Option 1 on page 15. 


 
3.  Index of Sheets Placement (This method applies to both OPTIONS 1 & 2). 


 
a.  Open up Microsoft word file PRELIMINARY INDEX through this directory  


 
C:\Users\Public\Office Standards\TDOT 2nd Sheets.     
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b. Copy Index of Sheets. 
 


 ►Open PRELIMINARY INDEX file and select it as blue highlight shown below.            
  
 
 ► Then right mouse click and select copy.  
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  c. Paste Index of Sheets onto Title Sheets DGN. 


  
►In existing Title Sheets DGN file, go to Edit and choose Paste Special.   
  
►Under Paste Special dialog, Choose Embedded Microsoft Word Document and then   
     
    click Paste.   
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         ►Make sure Embedded Method is set to Corners, and then snaps at one corner      to another.  
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 ►Embedded PRELIMINARY INDEX.   
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 ►Title Sheet DGN with embedded PRELIMINARY INDEX.   
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 Title Sheet DGN with the Preliminary Title Sheet level filter turned on.  
 
  ►To turn on Title Sheet preset filters, refer to step 2 in OPTION 1 on page 14. 
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 Title Sheet DGN with informational texts and lines level turned off.   
 
 ►To turn off level, refer to step 3 in OPTION 1 on page 15. 
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