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Description 
Ever wish that Autodesk® AutoCAD® Civil 3D® software could create a dynamically linked 
subgrade surface while you build and modify your finish ground surface? What is a dynamic 
differential triangulated irregular network (TIN) surface? It is that magical TIN surface we have 
all wished there was an easier way to build. It can represent many different types of surfaces. It 
can be used to build a surface that represents the top of an aquifer or substrate from borehole 
data. It can be used to build a topsoil stripping surface for a business site design project. Best of 
all, it can be used to quickly build a multilevel subgrade and/or sub-base surface that is 
dynamically linked to your parking lot finish ground surface. It is so simple that you will leave this 
class by asking yourself, “Why have I not used this feature before now?” 
 
Speaker 
Creg Dieziger has over 30 years of experience in the civil engineering field and with Autodesk, 
Inc., products. He is a 7-time Inside the Factory (a.k.a. AutoCAD Civil 3D Gunslinger) attendee. 
He is a Sr. Civil Engineer Designer for Morrison-Maierle, which has over 200 users of Autodesk 
products. He also has been an adjunct professor at the Missoula College—University of 
Montana for 7 years. He has taught AutoCAD software, Survey software, and AutoCAD Civil 3D 
software. He is energetic and he loves speaking at Autodesk University. Basically, he loves 
teaching because he finds it a great way to give back but also to learn himself. 
 
 
 

 
 

Learning Objectives 
• Define a Dynamic Differential TIN Surface (DDTS) 
• Construct multiple Dynamic Differential TIN Surfaces (DDTS) 
• Prepare site grading volumes dynamically 
• Show how Dynamic Differential TIN Surface (DDTS) can save you time 
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Notes: 
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Prerequisites 
 
The creation of the DDTS surface uses many of the pre-existing Autodesk Civil 3D workflows 
(or processes) you use today; however, you are going to use them in a way they were not 
intended to be used. It is assumed that you already have a working understanding of these 
workflows. So, most of them will be glossed over or stated as just a workflow and not described 
any further. Here is a list of workflows that the three scenarios covered use, in this handout, but 
are not detailed in a step by step format. 
 

• The creation of a TIN Surface.  
• The creation of a TIN Volume Surface (Composite Volume Surface). 
• Pasting a Surface into another Surface. 
• Adding a Surface Boundary 
• Creating a Feature Line 
• Creating an Alignment 
• Creating a Profile 
• Creating a Dynamic Feature Line from a Layout Profile 
• Creating a Corridor 
• Creating a 3D Polyline 

 
The objective of this session is not to teach you how to perform these workflows. The objective 
is to show you how to use these workflows in a way to achieve a new and beneficial result.  
 
During this session, we will cover three (3) scenarios in which you can use this method. Each of 
these scenarios will use the same basic steps. However, each has a few differences to help with 
how to use the DDTS surface. At the end of this session, you will have a good understanding of 
how the DDTS surface works and how to create it. 
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Key Abbreviations 
 
• DDTS  -  Dynamic Differential TIN Surface 
• D   - Depth 
• DREF - Data Reference 
• EG  - Existing Ground Surface 
• EL  - Elevation 
• FG  - Finished Ground Surface 
• FSD - Finished Subgrade Depth Surface 
• MDS - Material Depth Surface 
• MS  - Material Surface 
• Pave - Pavement 
• PNEZD - P= point, N=northing, E=easting, Z=elevation, and D=description 
• SEC - Section 
• VS  - Volume Surface 
 
  
Key Terms 
• Depth       - The distance from the top or surface to the bottom of 

               something. 
• Dynamic       - A force that stimulates change or progress within a 

                                               system or process. 
• Elevation       - Height above a given level, especially sea level.  
• Semi-Dynamic      - Partly in some degree or particular, to a force that  

                                               stimulates change or progress within a  
                                               system or process. 

• TIN        - A surface made up triangles form in a Triangulated 
                                               Irregular Network. 

• Composite Volume Surface - A method that triangulates a new surface, based on  
                                               Points from both surfaces.  
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Understanding what a Dynamic Differential TIN Surface (DDTS) is. 
Concept of a Dynamic Differential TIN Surface (DDTS):  
 
The basic concept of a DDTS surface is derived from the toy we have all played with at some 
time in our life. That toy is the Pin Art Board.  
 

 
 
Think of the Pin Art Board as the base surface and the surface after you apply the DDTS 
surface concept to it is the Pin Art Board with your hand pressed into it. This creates a surface 
following the contours, depths and shape of your hand, which is essentially what a DDTS 
surface is doing.  
 

Learning Objective - Define a Dynamic Differential TIN Surface (DDTS): 
 
A surface created from the actual depth (not elevation) of a material layer, then compared to the 
TIN surface (finish / existing ground surface) from which the depth is measured.  The purpose of 
the DDTS surface is to generate a surface that you are unable to conventionally survey. The 
DDTS surface may also be a surface that is representative of the subgrade of a finish ground 
TIN surface. The DDTS surface has a dynamic link to the TIN surface and the material depth 
surface, so it will change if either the TIN Surface or material depth surface changes.  
 

DDTS = FG SURFACE – MDS SURFACE 
 
The images on the next few pages will show a visual representation of the surfaces as they 
relate to the DDTS surface formula.  
 
Note: The formula is defined in the graphics on the following pages. If you still do not understand how the 
formula works, do not worry the formula will be covered in the 3 scenarios which will help you come to 
understand how the DDTS surface formula is defined and works. 
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FG Surface: 
 
In this image, you see a representation of the finished ground surface (FG). For the purposes of 
this handout it will be called the “FG” surface. 
 
Tip: You can also use the Existing ground surface. 
 

 
 

FG 
 

DDTS = FG – MDS SURFACE 
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MDS Surface: 
 
In this image you see a representation of the material depth surface (MDS). For the purposes of 
this handout it will be called the “MDS_PaveSec” surface. This surface is used to represent the 
materials actual depth. 
 
Note: The MDS surface is showing that the elevation of the surface is 5 feet in this example. That is 
because with the gravels and the asphalt stacked on each other the total depth of the pavement section is 
5 feet.  

 
MDS_PAVESEC 

 
DDTS  =  FG – MDS_PAVESEC 
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FG – MDS Surface Process: 
 
In the next two images you see the MDS_PaveSec surface is being projected up to the FG 
surface with the use of a TIN Volume (Composite) Surface. This is done using the pin art board 
concept. By pushing the FG Surface and the MDS_PaveSec together in the same way you 
would push your hand and the pin art board together.  
 

 
 
 

STEP 1 
 

FG – MDS_PAVESEC 
 

DDTS  =  FG – MDS_PAVESEC 
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Note: During the projection notice how the depth surface maintains it depth relationship, which in this 
example is 5 feet, but it can vary if needed.  
 
 
 

 
STEP 2 

 
FG – MDS_PAVESEC 

 
DDTS  =  FG – MDS_PAVESEC 
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DDTS Surface: 
 

In this image you see the completed DDTS surface (Subgrade or Adjusted Surface). In this 
example the DDTS Surface is exactly 5 feet lower than the FG surface. 
 

Tip: The question of why not just lower the finish ground surface has been asked. Yes in this example 
that would work, but it would be a static solution. By creating the DDTS surface you are creating a 
dynamic link between the Finish Ground Surface and the Depth Surface. So, if either the Finish Ground 
Surface or the Depth Surface changes the DDTS surface will dynamically update, saving you time and 
money. 

 

DDTS 
 

DDTS  =  FG – MDS_PAVESEC 
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DDTS Scenario No. 1: 
Building the best possible surface from limited bore log data. 
 
In this scenario, you will be shown how to build a surface from bore log depth data. What you 
are looking for is to have a surface that will show you the best possible representative surface 
from limited data. This is a typical challenge when dealing with bore log data. The following step 
will show you how to do this. 
 

Learning Objective construct multiple Dynamic Differential TIN Surfaces (DDTS) 
 

Step 1: Data Gathering 
 

Gather your data and determine what representative surfaces are needed for the 
material levels in your current project. This data is normally pulled from well logs or bore 
log data. These logs usually give the type of material and the depth from surface to the 
top of that material. Normally there is a geographic location also. These three (3) items 
from the logs are what you need for this scenario. Take this data and generate a point 
file for input of this data. This point file may be generated from a survey or hand 
generated text file. This point file is your typical ASCII text file in an PNEZD format. You 
need to make sure the elevation is set to the depth from the surface and not an 
elevation.  When you have more than one material level, build a point file for each 
material type or once the points are imported, create point groups for each material type. 
For multiple materials at a specified location, you’ll end up with multiple points, each with 
a single elevation (set at depth) for that material. Assigning a description that matches 
the material will help in the creation of point groups for material easier. This can be seen 
in this example ASCII text file. This example shows four (4) points of different material 
and their depths for bore hole 1(BH-1). The materials are topsoil (TS), sand, gravels 
(GRVLS), and cobble (COB). The elevation is set to the total depth from the existing 
ground surface at the bore hole. The elevation (Z) for point 1 is 0.3333, which means the 
total depth of the topsoil is 0.3333. The elevation (Z) for point 2 is 0.7499, which means 
the total depth of the sand is 0.4166, which is 0.7499-0.3333 (depth of topsoil) and so 
on. 
 

 
 
An existing ground TIN surface (EG) of the overall site is needed as part of this scenario. 
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Step 2: Build a Material Depth TIN Surface 
 

This TIN surface is built from the point data you just gathered in Step 1. Build a separate 
surface for each material type. Name this surface “DEPTH _ (material type)”. Use point 
groups based on the material types set in the description to speed up the surface 
building process. 

 

Step 3: Build a Material Depth TIN Volume Surface 
 

Build the material depth TIN volume surface by setting the base surface as your material 
depth TIN surface created in Step 2, and setting the comparison surface to the existing 
ground surface. Name this surface “VS_ (material type)”. 
 
By comparing these two surfaces in a volume surface, it will give you actual elevations 
for the gathered data points. It also does an interpolation between the data points, which 
is what gives you the more representative top of material surface in the end.  

 

 
 

Definition: A Composite surface is created by combining TIN edges from top & bottom surface. Where 
TIN lines are added to create a Composite Surface as shown here. 
 

COMPOSITE SURFACE 
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Note: By using the old method of just the data by itself at its actual elevation to create this surface; you 
get a direct interpolation between data points.  With this new method, you get an interpolation between 
data points that is influenced by the existing ground surface. This is done through the process Civil 3D 
uses in the calculation of a Composite surface (TIN volume surface). 
 

Step 4: Build a Bottom/Top of Material TIN Surface 
 

To build this surface, create an empty TIN surface. Then paste the material depth TIN 
Volume surface created in Step 3 into this empty TIN surface. Name this surface 
“Bottom_ (material type)”.   
 
You now have a surface for cutting profiles, sections and to use for volume comparisons. 
 

Tip: You cannot use a volume surface in other volume comparisons.  This is the reason for Step 4. 
 
Tip: A great way to display these levels of materials is by using Profiles and Profile View Hatch. 
 

 
 
 
 
 
 

BORING LOG 

Note: All the material surface 
profiles are below the EG surface 
profile. this shows the influence of 
the EG surface. 

Note: Material depths from EG differ 
in proportion to measured bore log 
data. this shows the influence of the 
material depth surface. 

BORING LOG 

BORING LOG 

EXISTING 
GROUND 
PROFILE 
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MATERIAL SURFACES SHOWN IN PROFILE VIEW FOR THE DDTS SURFACE WORKFLOW 

 
 

 

 

CREATING SURFACES USING FROM ACTUAL ELEVATIONS IN PROFILE VIEW FOR THE WORKFLOW PRIOR TO THE 
DDTS  SURFACE WORKFLOW 

 

Scenario No. 1 Conclusion:  
 
The final surface in this scenario is what I term semi-dynamic. This is because if you 
have more boring log data to add you can add it to the surface created in Step 2 named 
“DEPTH - (material type)”. Then it is just a matter of rebuilding the surfaces (if the 
Automatic Rebuild, is not set “on” for each of the surfaces). If the Existing Ground 
Surface changes it is just a matter of rebuilding the surfaces.  
 

 
 
 
  

Note: How some of the material surface profiles are above 
the EG surface profile. this is due to the straight-line 
interpolation between bore log data points, with no influence 
from the EG surface. 

BORING LOG 
EXISTING 
GROUND 
PROFILE 

BORING LOG 

BORING LOG 
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Notes: 
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DDTS Scenario No. 2: 
Building a site sub-excavation surface. 
This scenario you will be shown how to build a DDTS Surface for a parking lot to generate 
earthworks and material quantities. The basic concept of the DDTS Surface is to have a sub- 
excavation surface that changes relative to the finished ground. The following step will show you 
how to do this: 

Learning Objective – Prepare site grading volumes dynamically 
 

Learning Objective – Show how Dynamic Differential TIN Surface (DDTS) can 
save you time 
 
Step 1: Define Site Section Depths 
 

The first thing you need to do is define the different sections and their areas. Group 
these areas by material type, section depth, and use. Some of the different groups you 
might consider are pavement, sidewalk, building foundations, and many others. Define 
each of these areas with a closed polyline. Some of the areas may need more than one 
enclosed area to define it.  

 

Tip: Use layers to help you keep each area grouped and easy to isolate from the other areas. This will 
also serve as a great reference for each of the “section area” material types. 
 
  

Heavy Duty 
Pavement 
group area 

Light Duty 
Pavement 
group area 

Sidewalk group 
area is defined 
by a corridor 
datum surface 
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Step 2: Build Polylines, 3D Polylines, Feature Lines, and/or Dynamic Profile 
Feature Lines 
 

For this step of the workflow, you need to isolate the polylines created in Step 1. You will 
now need to convert these polylines to your favorite linear 3D objects in Civil 3D. You 
can use a 3D polyline, feature line and/or dynamic profile feature line. After you have 
created the 3D objects, assign each of them with their actual section depth.  A few 
examples when developing a subgrade DDTS are: 
 

• The project light duty pavement section is 3” of asphalt, 6” of base gravel, and 6” 
of subbase gravel. This gives the project light duty pavement section a total 
depth of 15” so set the 3D object elevation at 15” (or 1.25’). 
 

• The project heavy duty pavement section is 6” of asphalt, 18” of base gravel and 
24” of subbase gravel. This gives the project heavy duty pavement section a total 
depth of 48” so set the 3D object elevation at 48” (or 4.0’). 

 

Tip: With using a Composite Surface there is no need to worry about grade breaks. All you need is the 
extent of each area. 
 
Tip: Where area edges adjoin each other offset the shallowest area edge in about 0.01’. This will prevent 
any conflicts when using them as break lines.  
 
Tip: If a portion of two areas overlap, trim the shallowest area, leaving the deepest area. Remember, this 
will create an edge overlap of the areas so be sure to offset the common line in toward the shallowest 
area also. 
 

Step 3: Build Finish Subgrade Depth TIN Surface 
 

In this step, there are a couple of options that can be used. I will describe both methods 
and you can decide for yourself which you would prefer to use. As both methods have 

Polylines, 3D 
Polylines or 
Feature Lines 

Example of the 3D Polylines 
or Feature Lines elevations 
set to the depth of the 
material section  
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positives and negatives, the use of one method over the other will depend on the 
scenario. 

Option 1:  
 

• Build a Finish Subgrade Depth (FSD) TIN surface for each material group area.  
• Add the 3D objects for that material group area created in Step 2 as break lines.  
• Edit the surface either by creating an enclosed polyline surface boundary around the 

entire area or by deleting the TIN lines that do not fall within that group’s area.  
• Name the surface “FSD _ (area type or name)”.  
• Do this for each of the material group areas.  
• When all the section area surfaces are created, create a FSD TIN surface. This is done 

by creating an empty TIN surface. Call this surface “FSD”, and paste each of the section 
area FSD surfaces into this one, starting from the inside areas and working out.  

• Be sure to, either create a polyline to use as a surface boundary for each group or delete 
all TIN lines that do not fall within the material group areas. 

 

Note: Option 1 allows you to have a flexible surface but is more complicated because it is made up of 
many smaller surfaces. 
 

 

 

 
  

Elevation on the 
FSD-Heavy Duty 
material depth 
surface is the 
depth of the 
material section 

FSD-Heavy Duty 
material depth 
surface 

FSD-light Duty material 
depth surface (note there 
are multiple surfaces) 
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Option 2:  
 

• Build a Finish Subgrade Depth (FSD) TIN surface for the entire site.  
• Add all of the section area 3D objects you created in Step 2 as break lines.  
• Edit the surface either by creating an enclosed polyline around the entire group of areas 

or by deleting the TIN lines that do not fall within a section area.  
• Name the surface “FSD”. 

 

Note: Option 2 allows you to have one simple surface with not much flexibility for material type or depth 
revisions. 
 

 

 

 

 

 

 
  

FSD surface with 
the material 
depth all in one 
surface 

Elevation on the 
FSD surface is the 
depth of the 
material section 
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Step 4: Build Finish Subgrade Volume TIN Surface 
 

Build the Finish Subgrade Volume TIN Surface by setting the base surface as your FSD 
TIN surface created in Step 3, and the comparison surface as the finished ground 
surface. Name this surface “VS_FSD”. 
 
By comparing these two surfaces in a volume surface it will give you actual elevations 
for the section areas. It also does an interpolation between the TIN lines, which is what 
gives you the grade breaks without also drawing them in the subgrade.  
 

 

 
 

Note: You cannot use a volume surface in the creation of profiles, sections or other volume comparisons.  
This is the reason for Step 5. 
 

VS_FSD surface now 
shows the elevations 
relative to the finished 
grade surface. 



 
 

 
Page 21 

Step 5: Build Finish Subgrade TIN Surface 
 

To build this surface, create an empty TIN surface. Then paste the VS_FSD TIN Volume 
surface created in Step 4 into this empty TIN surface. Name this surface “SUB_FG”.   
 
You now have a surface for cutting profiles, sections and use for volume comparisons. 

 

 

 

 
Note: The final surface in this scenario is what I term semi-dynamic. This is because if a section area 
changes in either its extents or depth, all you need to do is adjust the Polyline, 3D Polyline or Feature 
Line objects created in Step 2. Then it is just a matter of rebuilding the surfaces (if the Automatic Rebuild, 
is not set “On” for each of the surfaces). This is also true if the finished ground changes.  
 
Notes: 
 
 
 
 
 
 
 
 
 
 
 
 

SUB_FG 
surface 
contours EG 

surface 
profile 

FG surface 
profile 

SUB_FG 
surface 
profile 

Note: The depth between the FG 
surface profile and SUB_FG 
surface profile match the material 
section depth 
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DDTS Scenario No. 3:  
Building a site stripping surface. 
 
In this scenario, you will be shown how to build an existing ground surface with the topsoil 
removed to generate quantities. The following steps will show you how this is done. 
 

Step 1: Data Gathering 
 

Gather your data and determine what the topsoil depths are throughout the project. Take 
this data and generate a point file for input of this data. This point file may be generated 
from a survey text file or hand input generated. This point file is a typical ASCII text file 
PNEZD format. The only thing you need to make sure of is that the elevation is set to the 
depth from the surface and not an elevation.   
 
Other data that is needed is an existing ground TIN surface (EG). 
 

Step 2: Build a Topsoil Depth TIN Surface 
 

This TIN surface is built from the point data you just gathered in Step 1. Name this 
surface “DEPTH_TOPSOIL”. 
 

Step 3: Build a Topsoil Depth TIN Volume Surface 
 

Build the Finish Subgrade Volume TIN surface by setting the base surface as your 
DEPTH_TOPSOIL TIN surface created in Step 2 and the comparison surface to the 
existing ground surface. Name this surface “VS_TOPSOIL”. 
 
By comparing these two surfaces in a volume surface, it will give you actual elevations 
for the gathered data points. It also does an interpolation between the data points, which 
is what gives you the more representative surface in the end.  

 

Note: You cannot use a volume surface in a volume comparisons.  This is the reason for Step 4. 

 
Step 4: Build Topsoil Stripping TIN Surface 
 

To build this surface, create an empty TIN surface. Then paste the VS_TOPSOIL TIN 
volume surface created in Step 3 into this empty TIN surface. Name this surface 
“EG_TOPSOIL_STRIPPING”. 

 
 
 
 
Note:  A good use for this surface is daylighting either a grading object or corridors.  
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Note: You may consider using the feature of setting a surface as a surface boundary for this surface. 
 
Note: The final surface in this scenario is what I term semi-dynamic. This is because if you have more 
data to add you can add it to the surface created in Step 2 named “DEPTH_TOPSOIL”. Then it is just a 
matter of rebuilding the surfaces (if the Automatic Rebuild, is not set “On” for each of the surfaces). This is 
also true if the existing ground changes. 

 

 

 

Uses for these surfaces 
From these scenarios you have generated surfaces that can be used for a variety of things. The 
biggest use is to generate volume reports. You can also use them in section and profile views. 
Display these sections and profiles in the view with hatching to give you a great display of 
imported material, cut material and fill material.  

Volume surface of the 
SUB_FG surface (from 
Scenario No. 2) being 
compared to the 
EG_TOPSOIL_STRIPPING 
surface 

Area 
of fill 

Area 
of cut 



 
 

 
Page 24 

Notes: 
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