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Program Summary
This program allows you to create 2D FEA models.  There is no limit to the number of nodes or members that can be created, but larger models tend to slow down analysis time and clutter up the user interface, and eventually program memory limits will kick in (although I haven’t found that point yet).  Its intended use is primarily for small to moderate sized 2D models.  Please note that macros must be enabled for the program to run.  Excel 2007 or later will prompt you with an “Option…” button when you open the workbook.
Multiple load cases and load combinations are supported.  Loads can be linearly varying distributed loads, point loads, or joint loads.  Members can have end releases applied to model pinned connections.  A graphical user interface has been created (although it's not necessary to use it).  The program finds member forces, nodal displacements, structure reactions, and plots axial, moment, and shear diagrams for members.
I started working on this project in early 2011 as a hobby on my own free time.  I’m posting it as a work in progress.  I’ve debugged it (as far as I can tell) and would like input from other users as to how to improve it.  If you have any comments or suggestions for improvement, please let me know and I’ll try to incorporate them (depending on the level of difficulty).  If you notice any bugs I’ve missed please let me know by posting a comment on steelTOOLS and I’ll fix them for the next release.  I’m usually fairly quick at responding. 
I've left the spreadsheet and the VBA code unlocked so that it is fully customizable.  The VBA code is commented to help you work through it, and I’ve tried to organize modules and classes in a logical, easy to follow manner.  I ask that if you make any good improvements to the program, please share them with the rest of us.
This program is much more intuitive and easier to use than any other Excel FEA spreadsheet I’ve seen to date.  The results the program produces have been checked against many textbook problems and no problems have been found yet.  Much of the code has been reviewed multiple times as well.  That's not to say this program can be used without caution and sound engineering judgment.  The program is provided “as is” and the user assumes full responsibility for the correctness of any analysis this program produces.


Defining the Structure and Loads
There are 2 ways to define the structure’s geometry: through the graphic user interface or by directly filling out the modeling worksheets.  The graphic user interface has merely been provided to correctly fill out the worksheets for you to avoid input errors.
***Using the Graphic User Interface***
Note:  The first time you open the program on some computers, the text in the listbox may appear to be the wrong size.  This is apparently due to a bug in Microsoft’s listbox control relating to screen resolution.  If you notice this, simply scroll until the listbox is no longer in view and then scroll back.  This should fix it.  Then save the file and you shouldn’t have this problem with the display on that computer anymore.
On the “Input” worksheet there are four option buttons used to define the structure.  Below these buttons is a listbox that lists information relevant to the button that has been selected. 
Information relating to the selected button shows up in the listbox.  There are two ways to add or alter items in the listbox.  Clicking “Add/Edit” will bring up the appropriate dialogue box (Figure 2) that prompts you for the necessary information.  If an item in the listbox has been selected, the dialogue box is automatically populated with information for that item, and any changes you make to the item will be saved unless you cancel out of the dialogue box.  Alternatively, if you double click a row in the listbox, the dialogue box will automatically pop up, populated with the data for the selected row.
Tip:  If you are adding a distributed load along a member you can leave the start or end location in the dialogue box blank and the program will assume the start or end of the member for you to save you the hassle of calculating the member’s length yourself.
When you click “Remove”, any item selected in the listbox will be deleted from the model.
Items will show up in the sketch as you add them (Figure 1).  Pinned ends on members are shown as green dots near the pinned end.  A load will only show up on the sketch only when it has been selected.
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Figure 1 – Graphic User Interface
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Figure 2 – Dialogue Boxes for Editing the Model
***Using the Modeling Worksheets Directly***
Originally this program did not have a graphic user interface, and was set up to run without one.  One advantage of directly filling out the worksheets is that you can create your own new worksheet for a specific structure (e.g. a truss, or a bent) and link it to the modeling worksheets to automatically fill them out.  This can be very useful if you find yourself repeatedly modeling similar structures.
There are four modeling worksheets that need to be filled out properly if you don’t want to use the user interface.  When you first open the program they are hidden from view, so if you want to access them you’ll need to “Unhide” them.  They are labeled as follows: “Nodes”, “Members”, “Nodal Loads”, and “Member Loads”.  Any errors filling out these worksheets will lead to runtime errors when the structure is analyzed.  The best way to learn how to correctly fill out the worksheets is to create a structure using the graphic user interface and observe how it fills out the worksheets for you.
The program reads these worksheets sequentially (row by row) and stops reading when it finds a blank row, so anything inserted into a row following a blank row will be ignored.
Do not bother clearing out any old results in any of the “Results” worksheets.  This is done for you automatically when the structure is analyzed.  It should be noted that the sketch showing the structure’s geometry will not correctly update if direct worksheet modeling method is used.  It only updates when the dialogue boxes are used.  If you want it to update, a simple workaround is to add a fictitious node to the structure using the user interface and then remove it.  This will cause the sketching routine to run.
Defining Load Cases and Combinations
Load cases and load combinations are defined on the “Load Combos” worksheet.  Referring to Figure 3, load cases are defined in the yellow row.  Load combinations are defined in the green column in Figure 3.  Appropriate load factors are then entered into the table.
Although the table shows room for only 8 cases and 26 combinations, there is no limit and the table can be expanded.  The titles for the load cases and combinations can be changed to reflect whatever you want, and the drop down menus in the dialogue boxes will be automatically updated to reflect your changes.  Please note that the program reads load cases and load combinations sequentially, and stops when a blank cell is found.  Anything following a blank cell will be ignored.  This limitation does not apply to the actual load factors themselves.
Note: There is a slight glitch here.  For example, if a load has already been defined as DL and subsequently the name of its load case is changed from DL to something like DL2, you will need to manually update the load in the listbox to read DL2 yourself.  To avoid errors, always try to define the load cases (by filling out the row shown in yellow below) before defining loads.
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Figure 3 – Load Case and Combination Definition

Analysis Method Options
In order to solve the model the program must invert the stiffness matrix.  There are two options available to the user for accomplishing this task.  You can either use the “Gauss-Jordan” solver or Excel’s built-in “MInverse” function.
The “MInverse” option places the stiffness matrix into Excel’s “MInverse” worksheet function to invert it.  Past versions of Excel have limited the size of the matrix that can be inverted.  It’s unclear from Microsoft’s documentation whether these size limitations still apply in Excel 2010.  The “Gauss-Jordan” solver has no limit on the size of the matrix to be inverted.  It is uses VBA code to invert the matrix.  While this piece of code has been reviewed and checked thoroughly, the “MInverse” option has been provided to allow the user to perform a secondary check for further validation of the results.
Analyzing the Structure
Once you're ready go to the "Input" worksheet and click "Analyze". 
The program does not check for global instabilities (e.g. a missing support).  The user must do this.
Prior to analysis the program will check for local (nodal) instabilities.  If a degree of freedom at a node is not tied down to either a member or a support, analysis will stop and the program will report the unstable node and unstable degree of freedom.
This is a common area for user modeling errors in just about any FEA program.  For example, trusses are typically modeled with pin ended members, however a truss modeled entirely out of pin ended members is not stable.  The rotational degree of freedom at a node must be tied to one of the members framing into the node (or to a rotational support at the node).  This can be done by releasing the ends of all but one member framing into the node.  The connection will still behave as a pin since none of the other members framing into the node can accept moment at the connection.
Viewing Results
Once the analysis has been run you can view results in several ways.
The “Diagrams” worksheet allows you to view shear, moment, and axial load diagrams for individual members.  Simply select the member you’re interested in and the load combination you want to view and hit the “Plot” button.
The “Member Results” worksheet tabulates the local and global end forces for each member under each load combination, as well as the maximum and minimum design forces in the member.  A filter has been applied to the worksheet to make searching the results easier.
The “Node Results” worksheet shows nodal deflections and rotations, as well as reactions for each load combination.  Again, a filter has been applied.
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