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Short Description

Advanced Grading for Aviation...



Description


CI10209



Advanced Grading for Aviation: Using AutoCAD Civil3D and the Subassembly Composer Christopher Roberts, PE, LEED AP BD+C Manager of Design Technology | STEWART



Learning Objectives • Discover the Subassembly Composer workflow and workspace • Learn how to create a Subassembly in Subassembly Composer for use on grading a runway • Learn how to modify grading using AutoCAD Civil3D grading tools and feature lines to create a complete grading solutions • Discover 3 examples of using additional Subassemblies for aviation facility grading



Description Grading on an aviation site is tricky; there are often competing needs and regulations that dictate multiple requirements in the same space. What’s more is the inherent need for safety and measurability. Add to this the reality that most aviation facilities are landlocked and the grading required is not going to be solved by out-of-the-box solutions. This course will give examples of using the Subassembly Composer software to create custom grading subassemblies for use in AutoCAD Civil 3D software and the advanced grading that you can complete once in AutoCAD Civil 3D software. This workflow creates huge advantage to the end user, and speeds design changes and competing requirements on projects that are experiencing a rapid drop in investment (fee).



Your AU Expert Christopher Roberts, PE is maniacally focused on technology. He holds a Bachelor of Science in Civil and Environmental Engineering from UNC-Charlotte, and an MBA in Sustainable Business from Green Mountain College. Christopher is an Autodesk Certified Instructor, and has taught different technology to hundreds of engineers - his focus always on how to be better than where you started; focused currently on making technology a competitive differentiator for his firm. He currently works as the Manager of Design Technology for STEWART, a 160+ person regional civil, transportation, geomatics, and structural engineering firm headquartered in Raleigh, NC. In this role Christopher oversees the use of a multitude of software packages, including Civil3D, Storm and Sanitary Analysis, InfraWorks, GeoPAK, Revit, and RAM. He can be contacted at [email protected] or @crobertsnc on Twitter and LinkedIn.



Advanced Grading for Aviation: Using AutoCAD Civil 3D and the Subassembly Composer



Introducing: GMU, South Carolina’s Busiest General Aviation Airport in Greenville, SC Unique Constraints for Expansion GMU is located 3 miles from Downtown Greenville, SC and is land locked between Haywood Road, I-385, and Pleasantburg Road. Plan is to extend runway 1/19 by 500’ and look at some potential grading options. We will use FFA Advisory Circular 105-5300, Figure 3-23 as our guideline for design.



FIGURE 2: FAA REFERENCE



FIGURE 1: AIRFIELD SKETCH



We will look at the grading between the runway and taxiway (Component 1), as well as the grading from the runway back to the existing grade (Component 2). Following the requirements shown in Figure 2 above. Component 1 For Component 1 traditional grading means and methods are acceptable. Using Feature Lines and Grading groups is the initial concept for grading - and will work to ensure that grade follows as planned. The shortcoming here is in flexibility of design. Feature lines, while powerful are hard to change once created particularly as it relates to changing in relation to each other. A more advanced concept, with vastly more flexibility comes in using pre-loaded subassemblies to create a “divided highway” of sorts and manipulating grade using feature lines and profiles.



Corridor



Take 1: Feature Lines, as needed



Corridor



FIGURE 3a: GRADING COMPONENT 1



FIGURE 3b: GRADING COMPONENT 1
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Component 2 This portion of the grading exposes a limitation of pre-loaded subassemblies, and is nearly impossible with Feature Lines. Will possible with either, both are tremendously limited. What we really need is a subassembly that’s intelligent and can link these all together seamlessly. Corridor



Take 1: Series of generic and daylight links - Not intelligent - Very rigid - Will fail



FIGURE 4: GRADING COMPONENT 2 THIS SETS THE STAGE FOR OUR NEED TO USE THE AUTODESK SUBASSEMBLY COMPOSER



Discover the Subassembly Composer Workspace and Workflow What is the SC and Why Use It? As we need here, you can create your own intelligent and interactive subassemblies for specific needs. This allows for using the computers intelligence to solve complex grading scenarios with much less than work then would be required otherwise. The workflow is very much like writing code, however not requiring the large investment of time to learning a new language. General software development strategies should be used, though. Lastly the software has a shallow initial learning curve. FIGURE 5: EXAMPLE FLOWCHART The Basics of a Subassembly Name This is the name of the subassembly as it will appear in Civil3D - no spaces allowed Input Parameters Settings for the subassembly that can be set via Properties before inserting into model Target Parameters Override Parameters for vertical or horizontal targets (i.e. existing surface) Geometry Physical components of the subassembly Logic Tools to make decisions/comparisons within the subassembly (i.e. below or above point) Auxiliary Geometry Geometry in subassembly that doesn’t show in Civil3D but allows for building more complex geometry or checking a status without adding in Civil3D 3
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FLOWCHART



TOOL BOX



PROPERTIES



PREVIEW



SETTINGS



FIGURE 6: SUBASSEMBLY COMPOSER INTERFACE Components of the Interface Tool Box Provides access to all available tools, drag from here into Flowchart Flowchart Visual representation of subassembly components Properties Individual properties for subassembly components Settings Packet settings for the subassembly - includes input/output parameters, target parameters, help file location, and icon displayed in tool palette. Preview Initial Visualization of subassembly in use General Process of Creating a Subassembly within Subassembly Composer 1. Set Settings for Subassembly Packet (subassemblies are saved in .PKT file format and directly loaded into Civil3D). These include Name, icon, and help file location. 2. Setup Input Parameters. These are required inputs for Subassembly to work properly. They have default properties and will appear in AutoCAD Properties Panel before insertion into Assembly (see Figure 7). 3. Setup Target Parameters. These are available targets. 4. Drag-and-Drop geometry, logic, auxiliary geometry from Tool Box to Flowchart and connect arrows appropriately. FIGURE 7: Input Parameters 5. Set Properties of components to create desired configuration. 4
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Create a BASIC Subassembly for Runway Daylight Grading Requirements of First Subassembly 1. Will drop from edge of pavement a predefined amount (0.125’ initially) 2. If in Cut: Attempt to tie-in at defined slope (Slope1) before the Runway Safety Area (RSA) 3. If in Cut: If not able to tie-in before RSA is reached, create a grade break point and tie in as quickly as possible at pre-defined slope (Slope2) 4. If in Fill: Tie in directly at pre-defined slope (Slope3)



FIGURE 8b: SCENARIO 2



FIGURE 8c: SCENARIO 3



FIGURE 8a: SCENARIO 1 For the first subassembly, I will give you everything you need - ignoring workflow best practices for HOW I got to what you need. We’ll cover that later. Input Package Settings We will name this subassembly appropriately, no help file or image will be completed for this basic exercise - the goal is to show how to create a subassembly.



Input Parameters Required Create the following Input Parameters which will allow creation of the appropriate geometry for this subassembly.



Target Parameters Required We only need one Target Parameter for this example - a surface target that will allow for tie in to happen correctly.
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Flowchart Drag-and-drop the geometry, auxiliary geometry, and decisions into the flowchart to create the chart shown to the right. Don’t worry about values yet. Explanation of activities 1. Create P1, dropped EOPDrop from the Origin (which will correspond to EOP) 2. Create AP1 that will placed at RSA, sloping from P1. 3. The first Decision checks AP1’s relationship to the target surface. If AP1 > Surface this means the shoulder wasn’t able to tie in before RSA and therefore must include both Slope1 and Slope 2 4. P4, L1, and P9&L3 draw Scenario1 5. If AP1 is below the surface this either means that we are in a cut situation at this cross section, FIGURE 9: FLOWCHART or the tie in happens before the RSA (which is really the ideal). 6. The second decision determines which of the above scenarios are true (by checking where P1 lies in relation to the surface) 7. P10&L4 draw Scenario2 (above) 8. P11& L5 draw Scenario3 (above) For actual input parameters, and geometry information please see course additional materials which includes the .PKT file and example DWG of its use.



Time for Subassembly #2, adding additional tools for successful Subassembly Creation More (by no means all) Advanced Tools Sequence Allow for cleanup of Flowchart, and combining geometry for use in multiple locations throughout subassembly - also makes copying and pasting multiple items far more simple Switch A decision with more than 2 outcomes (if you need “if” and “or” and “or”, etc.) Advanced Geometry Curves, offsets, intersection points, and new in 2016 Looping Geometry (think: benches) Enumerations Used a lot with switches - ability to teach SC how to discern between custom strings Output Parameters Allows Subassembly to communicate something to another Subassembly or corridor Variables Defines values used only within Subassembly to perform calculations, etc.
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Requirements of Second Subassembly (simple tie with parabolic section) Note: This one won’t seem as difficult, but is programmatically more sophisticated 1. Will drop from edge of pavement a predefined amount (0.125’ initially) 2. Will have a defined shoulder width and slope that will slope positively from pavement 3. If in Cut: create a sag curve and tie into target surface at defined slope 4. If in Fill: create a crest curve and tie into target surface at defined slope Fill Cut FIGURE 10: SUBASSEMBLY 2 SCENARIOS Input Package Settings We will name this subassembly appropriately, no help file or image will be completed for this basic exercise - the goal is to show how to create a subassembly. Input Parameters Required Create the following Input Parameters which will allow creation of the appropriate geometry for this subassembly.



Target Parameters Required We only need one Target Parameter for this example - a surface target that will allow for tie in to happen correctly.
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FIGURE 12: SUBASSEMBLY 2 SEQUENCE



FIGURE 11: SUBASSEMBLY 2 FLOWCHART Explanation of Key Components Note: Based on previous example, and access to PKT file only important components explained here 1. Define values necessary to calculate curves P1 is 0.125’ below Origin (which is runway EOP) GradeIn is the absolute value of Shoulder Slope GradeOut is the absolute value of Shoulder Slope Length is equal to ParabolaL input parameter AP3 defines the PVI (is coincidentally the end of the actual shoulder width) GradeOut= (is a variable assignment, all previous are variable definitions) defines that sets GradeOut correctly depending on relationship between AP3 and Target Surface 2. Decision sets whether to create a crest or sag curve 3. L1 and L4 are defined as Parabola: General as opposed to Arcs, and utilize the geometric equivalence of h=AL/8, where h is the “mid-ordinate distance” for SC’s use. For example: L1 Start Point = P2, End Point = P3, and MOD = (GradeOut-GradeIn)*Length/8 **Be careful here: L1 is drawn from P2 to P3, L4 is drawn from P5 to P2 - SC can only draw convex curves, so the curve has to be drawn “backwards” in order to attach correctly. For actual input parameters, VBA input, and geometry information please see course additional materials which includes the .PKT file and example DWG of its use. 8
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This is Getting Complicated, a Process is Needed to Create Most Effectively!



Step 1: Napkin Sketch Step 2: Create a Flowchart



Step 3: Build Step 4: Import and Test



Step 5: Stress Test and Refine



Step 6: DOCUMENT 9
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There’s Still So Much to Learn!!



Now, let’s make a REAL subassembly All of the examples to this point have concentrated on how to use Subassembly Composer to create subassemblies. There’s still a bit of housekeeping to create a good subassembly that will actually “work”, and satisfy the needs of a real project. The most important thing not discussed thus far is Codes. Codes are used by Civil3D to create Feature Lines and QTOs. These are what help the user to understand what is meant by P2, and how the finish surface is created. To go back to our first subassembly the following geometry should have the Code “Top” (with the quotes) in order to ensure that the finish surface actually included those points: P1, P4, P9, L1, P10, L4, P11, L5. Note Codes are really finicky. Be Careful - consider creating your own. Also, consider creating a standard for your organization to ensure QTOs and Corridor Surfaces work properly. Experimentation is the key to success here.



FIGURE 12: ENTERING CODES



Think beyond today’s requirement Many times a simple step back can make your subassembly work in more situations then the one encountered at the point of initial creation. Always (at least mentally) take your subassembly one “step” higher. Try to solve a problem one level higher - you’re already creating a subassembly a little more planning goes a long way. For Example Subassembly 2: What happens if tie in happens during the curve? Currently, this a failure point What happens if radius of curve is greater than shoulder width? Let’s look at taking Subassembly 1 to the next level: there’s more than an RSA! OFA, here we are.



Let’s (Finally) Solve the Problem of Component 2! Requirements of our Final Subassembly



1. Needs to react to RSA and OFA 2. Ability to manipulate any single grade (could make this a pull down of options that sets everything - just know that any subsequent change of regulation requires update) 3. Choose different grade depending on cut/fill situation 4. Needs to tie in anywhere after 5’ shoulder
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Flowchart Attempt here to understand different conditions that may appear when using to ensure final solution takes them all into consideration BEFORE even opening Subassembly Composer. Not shown here: what is needed as inputs/ targets.



Subassembly Creation Turns out subassembly is not that difficult after all! See additional Class Materials for PKT file to recreate.
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Loose Ends Additional Resources Don’t simply want to repeat what’s already available Previous Courses to review: 1: CV4869-L: SC for C3D 2015 http://au.autodesk.com/au-online/classes-on-demand/class-catalog/2014/autocad-civil-3d/cv4869-l 2: CI2953: QTOs and SC with C3D 2013 http://au.autodesk.com/au-online/classes-on-demand/class-catalog/2012/autocad-civil-3d/autodesk-civil-3d-2013-an-introduction-to-autodesk-quantity-takeoff-using-subassembly-composer#chapter=0 3: CI3001: Reverse Engineering with SC for C3D (2012) http://au.autodesk.com/au-online/classes-on-demand/class-catalog/2012/autocad-civil-3d/reverse-engineering-with-subassembly-composer-for-autocad-civil-3d Online Tools: Wiley Bonus Chapter http://media.wiley.com/product_ancillary/47/11190597/DOWNLOAD/bonus1.pdf C3D Forums Many other blogs – most don’t dig very deep though Example PKT files from Autodesk Updated each year to include new functionality Use these to understand specific functionality http://help.autodesk.com/view/CIV3D/2016/ENU/?guid=GUID-C569F4E7-D548-410E-B7D6942A927FFD0B Included in Class Additional Materials for 2015 and 2016 Subassembly Composer Current AU Classes (2015 Las Vegas): CI11634 - Building Reusable Subassemblies CI10120 - Close Only Counts in Horseshoes and Hand Gernades: Bull’s Eye with Subassembly Composer CI9962L - Compose like Beethoven: Subassembly Composer, Simple to Complex
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