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Analysis of a geodesic dome 
CADRE Pro has many unique tools for handling unusual structure types, especially geodesic and other 
spherical structures.  This paper illustrates many of the special tools that are useful for providing a 
complete analysis of a geodesic dome structure. 
In this exercise, you will construct a geodesic dome model, develop the external loading criteria (wind, 
snow, etc) and the final combined load cases and apply them to the model for solution 
The model is initially generated with a single beam element representing the struts and a single triangular 
plate element representing the surface of each primary facet, then the model is consistently subdivided so 
as to make a finely discretized model for which strut lateral bending can be represented and column 
buckling checks can be carried out along with the complete stress analysis of the structure. 
Objectives: 

• to demonstrate the sequence of tasks during model construction so that a finely discretized model 
with subdivided panels and beams can be developed ready to solve with the element parameters 
of reference length, orientation, and end fixity properly distributed to all the subdivided segments. 

• to illustrate some of the specialized loading functions specifically developed for selecting parts of 
the geodesic surfaces in order to build load cases for these type structures. 

• to illustrate the processes of saving, reloading, combining, and assembling composite load sets 
for geodesic FEA models.   

The geodesic dome 
The sample structure is a 30 foot diameter, 4-frequency, icosahedron geodesic dome made from a wood 
frame of standard 2x6 lumber.  The dome is intended as a greenhouse and is clad with polycarbonate 
panels which transfer external pressure loads to the wood frame structure but provide little structural 
support to the frame structure.  Once the load sets have been developed using the panels, the loads will 
be re-distributed entirely to the frame structure and the panels themselves will be structurally neutralized 
or removed.  

 
If one wished to consider the effect of some lateral stabilizing support on the 2x6 struts due to panel 
support, one could simply ensure full end fixity in that direction for the struts and perhaps arbitrarily 
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increase the lateral section inertia of the struts since the lateral bending component (in the plane of the 
surface) of stress would typically be insignificant when laterally supported. 
Irrespective of how the 2x6 struts are connected at the hubs, they will be set up as pinned beams and 
initially provided with free pins in both directions (normal to and in the plane of the dome surface).  They 
will be adjusted later to fixity values (from free to fully fixed) that are deemed appropriate for the strut/hub 
attachment configuration after the dome is fully constructed. 
This structure does not have any doorways, openings, or other modified structures in order to concentrate 
on the basic steps in the use of CADRE Pro to analyze this kind of structure.  It would not be any more 
difficult and not significantly different in procedure to include such items. 

Specified load criteria 
Wind 
Wind conditions for this exercise are defined as_ 

ASCE-7-10; Category II, Velocity = 115 mph.   
Gust factor = 0.85 
Assume all other wind multiplying factors (directional, exposure, height, etc) are1.0.   

Snow  
Snow conditions are considered to be_ 

 40 pounds per square foot for the flat roof snow load (Pf) after all exposure, thermal and 
importance factors are applied.   

No snow is applied for slopes over 70 degrees and otherwise a reduction in the flat roof snow load for 
slope according to the following factor for slopes over 30 degrees.   

Cs = 1.0 - (Slope-30)/40 ; 70 >Slope >=30 
per each degree of pitch over 30 degrees. 

Note: There are several such formulas for Cs depending on the building code in use; this formula one is 
adapted from ASCE 7-10 for certain unobstructed roofs. 
Assume also an unbalanced snow condition per ASCE 7-10 as it pertains to dome shape structures as 
follows_ 

Cs = 0.5 + (1.5/30)(Slope) ; 30 >Slope >=0 
Cs = 2.0 - (2/40)(Slope-30) ; 70 >Slope >=30 

Applied over the downwind 90° sector of the dome and tapered to zero snow outside of 135° the 
downwind sector.   
Seismic 
Seismic conditions aren't included for this exercise since they are covered extensively in other papers and 
exercises in CADRE Pro Help and there is nothing unique for seismic analysis in regard to geodesic 
domes. 

Constructing the FEA model 
One can construct most basic geodesic models with the built in geodesic modeler in CADRE Pro.  Some 
more elaborate geodesic structures with odd frequencies combined with unusual cut-planes and leveling 
requirements are more easily handled using the CADRE geo software available from CADRE Analytic. 
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Go to the CADRE Pro geodesic generator using Utilities/Geodesic.   
In the dialog, set the following: 

• Radius = 180 inches 
• Frequency = 4 
• Eccentricity 1 = 1.0 
• use dual eccentricity: Uncheck 
• Geometry: Dome 
• Output: = Both panels and wire frame (struts) 
• Polyhedron type = Icosahedron 
• Class: Class I 
• Level base: Check 
• Zenith: Z 
• Eccentric axis: Z 
• Breakdown method: #1 
• Set tags for like geometries: Check 

You can use the Check button as a matter of interest to see than your geodesic dome will have: 
• 20 ground supports 
• 160 faces 
• 250 struts 
• 91 surface nodes (including the 20 ground nodes) 
• Not indicated is the fact than one additional reference node is placed at the geodesic center 

making the total number of nodes on the model equal to 92. 
Press OK to generate the geodesic structure.   
By choosing the Z zenith you are looking down on the top of the dome when the XY plane viewpoint is set 
(i.e. the usual Reset button state). 
For this type of project, it is a good idea to set up a separate folder in which to save your files.  Call it a 
name like "Geoproject" and under the folder create some folders for the primary load cases as dead, 
wind, and snow. 
For now, save the geodesic dome model you generated to the Geoproject folder using the name 
Dome4V-180.fem.  

Add panel and strut definitions to the Library 
Use the Library tool  to go to the Element Library.  On the Element Library menu bar, choose 
Sections/Section database or use the  tool.  Browse to where you have your section properties 
archived. 
Select the USA standard wood archives, then at the top of the section property selection dialog, choose 
the 2x6 lumber section.  Press OK to import this item into the library, initially as a Standard beam type.  
The orientation nodes for all beams are automatically set at the dome center of curvature which is perfect 
for our case.  Since the larger inertia is Iz (the default from for the imported properties) the deep direction 
is normal to the dome surface.   
Change the beam type to Pinned beam.  Set the pinned properties, O-Ypin and A-Ypin, O-Zpin and A-
Zpin, all to 0.0.  The pin-properties are currently just placeholders which will properly distribute to the 
ends of the members later when we subdivide the struts into smaller segments leaving the ends pinned 
and the intermediate segments fully fixed.  The actual values for fixity at the hub ends (from free to fully 
fixed) can be easily set later. 
Press Add to create another item for the face polycarbonate panels and set the element type to Kirchoff 
plate and give it a name such as Panel.  Set the panel thickness to 0.375 inches.  Note: always set the 
thickness first before importing a material property. 
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Select the Panel item on the list.  Use the Materials item on the Library dialog menu bar.  Choose the set 
the material for the selected item only.   

Open the materials file MatSampIPS.txt (IPS implies inch pound second unit system) 
Choose the polycarbonate entry 

You now have a dead weight item (W/L= 0.190575) for the weight per inch of wood beam entry and (W/A 
= 0.0163875) term for the weight per square inch of polycarbonate panel based on the material density 
and the thickness you provided.   
Set up some custom viewing features for the library definitions.   For example, set different colors for the 
beams and plates so you will have positive feedback when you assign properties to the model.   
Furthermore, it may be useful to set the panels opacity to 50% and increase the beam drawing width to 2 
or 3 units.   
Press OK to leave the library.  

Assign element properties model 
Now go to the Element Editor mode with the  tool on the tool bar.  Set the beam/plate selector switch to 
beams .  Drag the selection frame over the entire model to select all the beam elements.  The Run box 
on the status bar should show that you selected 250 beam elements. 
Click on the Properties button on the Element Editor panel.  On the assignment panel, select the Wood 2 
x 6 property and Assign this property to the selected dome struts. 
Set the beam/plate selector switch to plates .  Drag the selection frame over the entire model again, 
this time to select all the plate elements.  The Run box on the status bar should show that you selected 
160 plate elements. 
Click on the Properties button on the Element Editor panel.  On the assignment panel, select the Panels 
item and Assign this property to the selected the dome panels. 
This is a good time to re-save the model to the Geoproject folder. 

Assign reference lengths 
In the Element Editor mode , set the beam/plate selector switch to beams .   
Drag the selection frame over the entire model to select all the beam elements again.  Right-click and 
choose Set length.  Choose to set the reference length for each beam element the same as its actual 
length.  This reference length will remain a property of smaller segments of the beams after you subdivide 
them and will be important for evaluating the model for buckling and instability. 

Assign orientations 
The geodesic generator automatically created a single node at the center of curvature of the dome and 
assigned it to all strut elements as a reference node.  That sets the Iz inertia value for each of the struts to 
represent the bending direction in and out of the surface of the dome.  So if we ensure that the Iz value 
for the 2x6 beam in the element library is the large value (which it is by default), then the deep direction of 
the beam will be normal to the surface of the dome.  To verify, you can select a strut, right-click and use 
Show orientation to see the local coordinate system of the selected strut.   
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Notice that the local Y axis points to the center of the dome and the Z axis is tangent to the surface.  If we 
want the deep direction of the beam stiffness to be normal to the surface then the Iz library property for 
the beams must be the large one resisting the bending moment (Mz) about the Z axis; and it is.   
Therefore orientation is confirmed and nothing else need be dome for strut orientation for this model.   
The panel orientations are also preset by the geodesic generator so that the inside/outside definitions of 
the panels are already correctly set up. 

Assign group names 
Now go to the Element Editor mode with the  tool on the tool bar.   
From the main menu bar choose Select/Elements/By group.  Notice that the struts and panels have pre-
assigned group names for the like type (length) of struts (6 different struts) and the like type (area and 
shape) of panels (5 different panels).  These were automatically assigned by the geodesic generator 
when we checked the item "Set tags for like geometries" and are adequate for our purposes.  So you 
need make no changes. 
Go to the Node Editor mode with the tool on the  tool on the toolbar.  From the main menu bar choose 
Select/Nodes/By group.  Some nodes were automatically assigned group names such as Pole, Center, 
Base, and the remainder are Unnamed.  Select the Pole and the Unnamed items on the list and press 
OK.  These are the hub locations on the dome and they are now selected.  Right-click and from the 
popup menu choose Assign group name.  Enter the name Hub and choose OK.   
Now you have 3 items defined for nodes; Hub, Center, Base so that you can select and work with these 
items easily.  The Center item is the one at the center of curvature which happens to lie in the center of 
the base for this type of dome. 
Later, special copies of the model will be created for use in developing the load conditions in which 
panels in regions of the dome will be given other group names to aid in loading and building load sets.   

Set reactions 
Assume that all 20 of the base nodes around the dome set on footings.  You can set these all at once as 
pinned reaction points on the model. 
Press the  view tool on the tool bar to look horizontally at the dome.  Press the view tool  to change 
to isometric view . 
You should have a profile view of the dome.  
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Hold down the Ctrl key and drag a thin long selection frame so as to enclose all the base nodes that are 
in contact with the ground.   

 
The Run box on the status bar will show 21 nodes because the orientation node at the center of the base 
is also selected, however, CADRE Pro will ignore non-structural nodes when applying restraints so don't 
worry about it. 

Note: The geodesic generator automatically provides group names for geodesics.  So you could 
have used Select/Nodes/by Group (or Ctrl-G) and choose the Base item to select the 20 ground 
base nodes. 

Use Edit/Bounds from the main menu bar or Set bounds from any of the popup menus.  Then, on the 
assignment panel, assign the X, Y, and Z degrees as fixed for all the selected nodes (leave the rotational 
degrees free).  The easy way to do this is to just use the Pin button. 
We are going to assume that the dome is supported only at these 20 primary ground points on footings. 
Re-save this model under Dome4V-180.fem.  
You should keep this version of the model pristine in case you need to come back and start from here. 

Subdividing the model 
In order that the loads can be distributed across the beams to represent beam bending, the beams and 
panels will need to be reasonably subdivided. 
The usual prerequisites for increasing a model by subdivision is to first_ 

• Assign element properties (including pin settings) 
• Assign element reference lengths 
• Assign group names 
• Assign element orientations 

All of these items were accomplished above and the assigned values will carry forward and distribute 
rationally during the subdivision process. 
You are ready to develop the final, fully discretized, model.  Save the current model under a new name 
Geodome-main.fem so you don't overwrite your base model completed above. 
When we subdivide the model it should be divided so that the equal divisions of the beams match exactly 
the equal divisions in the plate edges.  We can divide beams by any value we choose but plates have 
some limitations if we wish to keep a reasonable plate aspect ratio (which is good practice).   
We can divide plates so that they have 2 or 3 evenly spaced edges along the faces by using the 4 or 9 
symmetric triangle division methods respectively.  However we can divide repetitively so multiples and 
combinations of these provide a lot of options.  
A reasonable minimum division for a beam in order to adequately represent the strut bending moment is 
about 6 segments.   We will divide the beams by 6 and then we will have to divide the plates by 3 then 
again by 2 (9 symmetric triangles and then by 4 symmetric triangles respectively) to get the 6 divisions on 
the face edges to match the beam divisions.  The order makes no difference. 
The process is as follows: 
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• Element Editor mode; beams ; Select all beams; Right-click and use Divide. 
Choose to divide by 6. 

• Element Editor mode; plates ; Select all plates; Right-click and use Divide. 
Chose to divide by 3 (9 symmetric triangles). 

• Element Editor mode; plates ; Select all plates; Right-click and use Divide. 
Chose to divide by 2 (4 symmetric triangles). 

• Nodal Editor mode; Select all nodes; Right-click and use Attach Nodes. 
The last item is important!  The divisions processes initially divided the beams and panels so that they 
had their own edge nodes which overlay each other along the beam nodes so that the dome was not 
integrally joined.  After selecting all nodes and applying the Attach nodes command, the dome is finely 
discretized and all elements (both beams and plates) are integrally connected at every possible location. 

 
Open the element library and notice that all is the same except that there are three additional entries for 
2x6 beam struts_ 

• Wood 2x6 Afix (pinned beam with axis end fixed 
• Wood 2x6 Ofix (pinned beam with origin end fixed 
• Wood 2x6 std (standard beam which is always fully fixed) 

The original library definition is still there but is not assigned to anything.   
The Wood 2x6 Afix item is fixed on the axis end and its origin is pinned.  This one is already assigned to 
all beam segments whose origin end is at a hub node.  The Wood 2x6 Ofix item is already assigned to all 
beam segments whose axis end connects to a hub.  The Wood 2x6 std is a standard beam fixed at both 
ends and it is assigned to all other intermediate beam segments within the strut members. 
There are a full set of model checking features under Tools from the main menu bar.  As a minimum you 
should run Tools/Check model/Check for anomalies and ensure that no anomalies are found that 
cannot be explained.  Also, run Tools/Bandwidth manager to configure the model for a more efficient 
solution. 
Re-save the model as Geodome-main.fem. 

Design load cases 
By far the preponderance of the detail work required in analyzing a dome model is in the development of 
the load case sets to be applied.  Once the load cases have been developed, the final analysis for 
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internal loads and stress is quickly accomplished in a few minutes since the cases can be solved all at 
once and since there are several features for sorting out the maximum and minimum values for named 
component types across all solved cases.   
The loads here will be based on an interpretation of the American Association of Civil Engineers 
document ASCE 7-10 "Minimum Design Loads for Buildings and Other Structures", with some simplifying 
assumptions.  The main purpose of this document is to concentrate on the use of CADRE Pro rather than 
the precise interpretation of the specification. 

Build the dead weight load set 
The dead weight set will be based on the structural weight of the panels and struts and also some fixed 
weight at the hub locations that is intended to account for the hub attachment hardware and any other 
extraneous weight not otherwise included.   
Discrete dead weight set for the joints 
The joints, including the Hub and Base nodes are all assumed to have 1.5 pounds each of attachment 
hardware (e.g. hubs, bolts, hardware, sealant, and anything else). 
Go to the Nodal Editor mode .  From the main menu bar choose Select/Nodes/By group.  Choose the 
Hub and Base items and then OK.  The Run box in the lower status bar should show that you have 
selected 91 nodes.  
If you are in the node editor mode, click on the Load button on the Node Editor panel, otherwise just use 
Edit/Loads from the main menu or right-click and use Set loads from the popup menu.   
On the load assignment dialog, enter -1.50 pounds for the Fz load (our model is constructed with +Z as 
up and -Z down).  Select the Replace existing to ensure that this will be the only load on the model. 
Press Assign to assign this condition to the selected nodes.  This will apply a 1.5 pound force in the 
negative Z direction at every selected structural node.  Use Model/Gross properties and check that the 
total load on the model is Fz = -136.5 pounds (i.e. 91 x 1.5). 
Press the load vector tool  and confirm that the weight points downward at all nodes. 
At this point the only loads actually applied to the model are the discrete weight loads at the hubs.   
With nothing selected, right-click and use Set loads from the pop-up menu to bring up the Global loading 
dialog.  Notice that the current applied load is shown as FZ = -136.5 and includes just the joint weight that 
you applied.   
Save the current component load set (discrete dead weight) that you applied to the hub nodes.  It is a 
good idea to save each component load set separately so that when there is a change you can revise a 
set and then recombine them. 
Open the File tab of the global load management dialog. 
Use the Save button and save the hub discrete load set to a load file named joints.lsb and save it in the 
subfolder you named Dead. 
Distributed dead weight for the defined elements 
Even though the assigned elements have structural weight parameters for W/L and W/A they are not 
transformed to loads on the model and applied to the model unless you choose to apply them with the 
global load management dialog.   That function will use those parameters to distribute the structural 
weight loads over the nodes of the model's defined elements using those parameters. 
So, while you are still in the global loading dialog you will build the dead load set for defined elements 
(struts and panels) and save it.   Then you will combine it with the joints load set to complete the final 
dead weight set. 
On the loading dialog open the Dead weight tab. 
You could just check the Merge with existing and add the structural weight to the existing joint weight 
right away, but it’s better to build it separately and save it then combine them afterward.  That way you 
have all the component pieces from which to recreate it if there is a design change. 
So select Z direction, Negative, Replace existing. 
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Then click on the Apply dead weight button. 
The existing load set is removed and the defined structural element weight (struts and panels) is applied 
and rationally distributed to all the nodes of the model.  This includes the weight of the wood struts and 
weight of the polycarbonate panels but not the joints.   
The FZ load should show -5837 pounds. 
Go back to the File tab of the global loading dialog.  Press Save, choose a name such as Structure for 
this load set file.  Press Save and save the file structure.lsb to the subfolder Dead. 
Build the full dead weight set 
Open the file tab of the global loading dialog if not already open.  Since the model is already loaded with 
the structure load set, you can use the Merge button to add the weight of the joints to the model.  Choose 
the joints file.  At the query for a factor, enter a factor of 1.0 since you are just building up the dead weight 
at this point. 
On the File tab of the dialog, the Get button always removes and replaces ALL the existing loads while 
the Merge button always merges into to the existing load set. 
Both the Get and Merge button functions allow the incoming load set to be multiplied by a user 
designated factor during the loading process which, in this case, is just 1.0 as we build with components 
for the same load. 
Press OK and the model is now loaded with all dead weight (hubs, wood frame, and polycarbonate 
panels).  The total dead weight should be about -5973 pounds acting in the negative Z direction. 
Use the Save button on the File tab to save this full set under the name dead.lsb.  You will factor and use 
this set later when you build a combined snow, wind and dead weight load conditions. 
Choose OK on the global load management dialog to keep all the loads you have currently on the model 
(full dead weight set).   
Turn on the load arrows and verify that the loads all point downward in the direction of gravity. 
As a check, you should run a solution with the model loaded with its dead weight.  This is useful for 
finding out if there are any construction errors up to this point before making additional copies of the 
model.   
Another suggested check is to add up the component weights and unit loading and compare the total load 
on the model.  

Table 1Weight validation 

Item Unit Count Unit weight Weight 
Hub 91 1.5 136.5 
Strut 13451.56 0.190575 2563.531047 
Panel 199727.8 0.0163875 3273.039323 
Total     5973.07037 

 
You can determine that the total weight should be 5973 which compares with the total load shown by the 
Model/Gross properties item or on the face of the global loading dialog. 
You can also solve the model with this load alone and use Results/Reactions and see that the sum of 
reactions in the vertical direction (Z) is the same as the vertical applied load (weight) shown in Gross 
properties. 
This type of checking along with visual inspection of load vectors and the behavior of the model under 
exaggerated displacements are essential for building confidence in your model even while it is still under 
development. 
After you have solved the model and carefully checked it out, just use the File/Results/Unload menu 
item to remove the results and return to an unsolved model.   
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Develop the snow loads 
Since the model will be revised with some useful group names for snow, save a copy of this version with 
a new name in the snow folder since you will need to rename parts of the dome surface in the next step 
but will want to keep the current group names of the main analysis model unchanged.  
Use Geodome-snow.fem and save it to the Snow subfolder.  This copy of the model is to be used only for 
developing the snow load conditions. 
Snow requirements typically begin with a ground snow load specification, Pg, which is modified by factors 
such as exposure and importance to produce a flat roof snow load, Pf.  We are starting with the flat roof 
snow load assuming all the appropriate factors have been applied.  The flat roof snow load is further 
modified by slope with some pressure distributions that depend on potential heating and obstructions. 
The requirements include both a balanced distribution over the dome and an unbalanced condition that 
may be deeper at some regions but covers only a defined downwind sector of the dome.   
Balance snow condition 
The balanced snow condition will impose different pressures over annular portions of the dome surface 
depending on the local slope.  It will be convenient to have group names of these regions of like slope (or 
nearly like slope) over the dome so that they can be selected for loading operations. 
Change the beam/plate selector to the plates  mode.  Also, use the  tool to turn OFF the node 
selection circles for this next operation. 
Go to the Element Editor mode with the  tool on the tool bar.  Set the view with the   tool so you are 
looking down on the model as it was originally constructed.   
One way to select the regions of near like slope is organize a table in segments of slope from 0 to 90 
degrees relative to the XY plane.  Some trial and error testing may be needed to find a good set of 
intervals for the model.  Here we used 15 degree segments which seems a reasonable range for this 
particular geodesic type. 
For the first row of the table, use Select/Elements/By slope.  In the table, choose the XY plane (parallel 
to ground) and set the logic operator to And, then enter the values for the slope ranges according to the 
table (>=0; <=15 for the first one).  Press OK and the plates will be selected in that range. Note the 
Average Slope listed on the status panel at the bottom of the screen and enter that value in the table for 
the Slope.  While still selected, right-click and in the popup menu use Apply group name and give this 
region the name “R0”.  For clarity, the subdivisions of the primary facets are hidden in the picture below. 
If you need to review the average slope of any set of plate elements or any selected regions you can re-
select the plate elements and use the measure tool  to display the average of all selected plate 
elements with respect to all three global planes, or you use can use Measure item from any of the pop-up 
menus.  This works whenever plate elements, and only plate elements, are selected. 
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Figure 1Balanced snow regions 

Repeat this operation for each segment of slope (R0 through R5) listed in the table. The average slope of 
the last ring around the base is over 70 degrees so will not be loaded but name it “R5” anyway. 

Region >= <= Ave. Slope 
R0 0 15 8.964 
R1 15 30 21.451 
R2 30 45 36.878 
R3 45 60 52.288 
R4 60 75 67.573 
R5 75 90 82.407 

The balanced snow condition depends on a factor that varies with slope.  It is a simple matter to build the 
table above in a spread sheet and continue with columns to find the slope factor and subsequent 
pressures for each region.   
As per the initial project statement we are assuming the specification gives Cs based on the formula_ 

Cs = 1-(Slope-30)/40 ; 70 >Slope >=30 
per each degree of pitch over 30 degrees. 

The table below shows the additional columns with the tabular calculations in which the final snow load is 
the flat roof snow load (40 psf) multiplied by Cs.  The final column provides the snow pressure in pound 
per square inch (psi) which is the consistent unit for our project.   
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We are using the symbol Sb for the 'balanced' snow condition. 
Table 2Balanced snow pressure 

Region >= <= Slope Cs Sb (psi) 
R0 0 15 8.964 1.0000 0.2778 
R1 15 30 21.451 1.0000 0.2778 
R2 30 45 36.878 0.8281 0.2300 
R3 45 60 52.288 0.4428 0.1230 
R4 60 75 67.573 0.0607 0.0169 
R5 75 90 82.407 0.0000 0.0000 

Unbalanced snow condition 
For a dome type structure the unbalanced snow condition is typically applied to the downwind quarter (90 
degree wedge) of the dome and its full value and tapered to zero out to a 135 degree wedge (22.5 
degrees on each side of the 90 degree wedge.  The remainder of the dome is free of snow.   

 
Figure 2Unbalanced snow diagram 

We must decide at this point a direction for the wind.  The direction is somewhat arbitrary for a symmetric 
geodesic dome but it is useful to align it with one of the main great circle lines from the crown.  The Y 
direction seems a good choice to provide reasonable symmetry; left to right.  Symmetry can be useful in 
checking the reasonableness of the final resultant loads.  Wind will be assumed to blow in the positive Y 
direction. 
With some simplifications a typical factor for radial distribution of pressure with slope varies from 1/2 of 
the flat roof value at the crown to double its value at 30 degrees slope and then tapers to zero at 70 
degrees.  Stated mathematically, that is_ 

Csu = 0.5 + (1.5/30°)(Slope) ;Slope <30°  
Csu = 2.0 - 2/(30°-70°)(Slope - 30°); Slope >= 30° 
Csu = 0; Slope > 70° 

These formulas are presented in ASCE 7-10 as plots and diagrams that depend on smoothness and 
thermal conditions and vary chiefly in the placement of the peak pressure (the 30° value in the above 
equation).  Exposure also plays a part in the formulas but, for simplification, we have assume the 
exposure factor to 1.0. 
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The factor, Csu, is applied directly to the flat roof snow load over the 90 degree portion of the wedge.  

 
To roughly approximate a linear taper off to zero at the 135 degree extent, one-half the value is applied to 
the side taper regions of the wedge (lighter gray in the picture above). 

Table 3Unbalanced snow pressures 

Region >= <= Slope Csu Su(psi) Su/2 
0 0 15 8.964 0.9482 0.2634 0.1317 
1 15 30 21.451 1.5726 0.4368 0.2184 
2 30 45 36.878 1.6561 0.4600 0.2300 
3 45 60 52.288 0.8856 0.2460 0.1230 
4 60 75 67.573 0.1214 0.0337 0.0169 
5 75 90 82.407 0.0000 0.0000 0.0000 

Regions for balanced and unbalanced snow 
The snow loading model at this point is set up with regions for use with a balanced snow condition.  The 
same snow loading model can be used to develop both balance and unbalanced snow loads. 

 
Figure 3Unbalance snow sector 
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It is a matter of selecting the regions in the wedge and providing them with appropriate group names as 
shown in the sketch below.  Again, for clarity, the subdivisions of the primary facets are hidden in the 
picture. 
As a general procedure, we want to select the wider sector (Sector 22.5 to 157.5) of one of the named 
circular regions, for example R2, name it R2-2.  Then select the inner sector of R2-2 (Sector 45 to 135) 
and rename it to R2-1 and the rest of that region unchanged (and the rest of the model unchanged.  We 
would do this for the regions R0 thru R4 which have snow load.  R5 is unchanged all the way around 
since it is unloaded for both balanced and unbalanced conditions per the table above.   
Before you perform this procedure you must isolate each annular region by selecting it and making it the 
only part visible.  
Using the Element Editor mode, the process, starting with R0, is as follows: 

1) Press down the Hide/show tool  (to ensure the full model is fully visible) 
2) Select/Elements/By group (or use the Ctrl_G key) and choose group R0 and press OK 
4) Right-click and choose Show selected only 
5) Release the hide/show tool  so that only group R0 is visible 
6) Use Select/Elements/By sector  
7) On the dialog, set the Z axis, check to include Elements with all nodes in the sector, set the 
range from 22.5 to 157.5 and press OK. 
8) Right-click and choose Apply group name 
9) Change the name from R0 to R0-2 and press OK 
10) Use Select/Elements/By sector again 
11) Set the range from 45 to 135, all else same as before, and press OK 
12) Right-click and choose Apply group name 
13) Change the group name of these from R0-2 to R0-1 and press OK 

Repeat from step 1 for the second tier R1, then R2, then R3, then R4. 
You could perform the sector selections without checking the option to include Elements with all nodes in 
the sector and it would slightly over select the wedge which would increase the amount of load by a small 
fraction but may slightly reduce the unbalance.  On the other hand, checking that option as we have done 
slightly under selects the wedge, lessens the load slightly but increases the unbalance a small amount.  
The better approach is debatable and either method makes little difference as long as the model is 
sufficiently subdivided and as long as one is consistent for all sector selections in the wedge. 
Build the unit load sets for the snow conditions 
The most convenient method of building up the load conditions is to first create unit load sets for each of 
the defined regions.  Then, one simply uses the load assembler to assemble the load sets using the local 
region pressure as the multiplying factor.  In fact both the balanced and unbalanced conditions can be 
created simultaneously.  You have currently 16 group names; R0, R0-1, R0-2, R1, R1-1, R1-2, R2, R2-1, 
R2-2, R3, R3-1, R3-2, R4, R4-1, R4-2, R5.   
Exit out of any editing mode. 
Do not select any nodes.   
Use Select/Elements/By Group or use Ctrl-G and choose R0.  
Then, right-click on the screen and choose Set loads from the popup menu.  The global loading dialog is 
presented and set up for assigning loads to nodes of the selected elements. 
In the global loading dialog there is a field for entering the intensity.  Enter 1.0 for the intensity (unit 
intensity) that is to be applied to the selected panels (R0).   
You don't need to check the Use compensation check box for this type of model but, if you do, then be 
consistent for all loading conditions. 
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Select the Projected tab.  Snow loads are always applied on the roof as determined from the roofs 
projected area on the ground.  Set the Z negative direction to project the load in the direction of the 
ground plane.  Also since you want a pure snow load on this part only to save as a component, choose 
Replace existing. 
Notice that the name R0 is showing on the dialog as a clue to the group element set you selected.  Any 
time that all the elements you selected have the same group name, that name will be shown on the 
dialog. 
Use the Apply projected load button on the projected tab panel.  That applies the load to the R0 region 
of the model.  The load is calculated for each plate element in the region based on its area as projected 
on the XY plane (Z direction) and then divided and distributed equally to the 3 nodes of the plate and 
pointed toward Z negative direction.  
The total load on this region (with unit intensity) should be approximately -3509.3 pounds and is just the 
load due to unit pressure acting on R0.  Change to the File tab and use the Save button and save this 
component set to the Snow subfolder with the name R0.lsb. Use OK to exit the dialog.   
Repeat this for each of the 15 remaining regions, using a 1.0 psi intensity for all. 

• Select the region using Select/Elements/By Group or Ctrl-G. 
• Right-click and pick Set Load from the popup men 
• Enter the the1.0 pressure intensity 
• Projected tab and Set Z negative! 
• Apply projected load button 
• File tab and Save as the load set  
• Use OK to exit the dialog 

You can check the Fz (down load) after each unit load case against the table below.  It is a good practice 
to make such a table in a spread sheet since the sum of unit loads applied over all the regions should be 
equal to the base area of the dome.  By geometry, the base area is 100121.49 square inches.   

Table 4Snow region unit load validation 

Region Unit Load 
R0 -3509.30 

R0-1 -917.82 
R0-2 -431.91 
R1 -11296.70 

R1-1 -3894.94 
R1-2 -2337.18 
R2 -17553.98 

R2-1 -6320.44 
R2-2 -3477.50 
R3 -16112.09 

R3-1 -6185.28 
R3-2 -3258.30 
R4 -11144.62 

R4-1 -4355.18 
R4-2 -2315.75 
R5 -7010.52 

Total -100121.51 
Area 100121.49 
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Note: You can select the center base node and two adjacent primary boundary nodes, hold down the Ctrl 
key and use the   tool to read the area (5006.0752) of one of the 20 triangles composing the base.  So 
the total area is 100121.49 square inches. 
Assemble the snow load conditions 
After creating and saving each of the snow region unit load sets, use the Assemble button and open up 
the Snow folder where you saved these unit load sets.  The 16 unit load sets should be listed, not 
necessarily in the same order shown below.  
These are all unit load sets so we must multiply each by the appropriate factor (pressure in psi) from the 
tables created above.  There are two conditions to create, balanced and unbalanced.   
First use the Add case button to add a column for the second case. 
Next, Select the top header of Case 1, Enter Sb (for balanced snow) in the text box above to the right of 
the Rename case button and press the Rename case button. 
In the same manner, change the name of Case 2 column to Su (for unbalanced snow) 
Then row by row add the pressures corresponding to the tables above for each region.  For balance 
snow, all of the region, irrespective of dash number has the same value. 
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For the unbalance snow, the regions with no dash number (outside the wedge) are given a zero factor.  
Those with a dash 1 receive the Su pressure from the table above, and finally those with a -2 receive the 
values from the Su/2 column (one-half value). 
Check the data carefully and then press the Save cases button to save the cases according to the names 
at the top of the columns, Sb and Su. 
Finally, before exiting, right-click on the data grid and choose Save configuration.  Save the 
configuration under a name you will recognize.  That way, you can always come back and recreate the 
grid with exactly the same names and factors as long as all the appropriate unit load sets are intact. 
Exit with OK. 
When you exit, the load case in column 1 will be loaded on the model by default, unless you pre-select 
some other column. 
With the balanced case, Sb, loaded the total snow load is shown to be 

Fx = 0, Fy = 0, Fz =  -15954.7 pounds 
You can use the Get button on the global loading dialog and load the Su case and note its value to be 

Fx = 0, Fy = 0, Fz = -8325.9 pounds.   
You can leave that set, load another, or just use the Remove button to remove all loads.   
The two primary snow load sets, Sb and Su, have now been created for use later in building combined 
load cases.  
Press OK to leave the loading dialog.   
Re-save this snow loading model file in the snow folder in case you need to make changes to the snow 
condition at some later date.    
Now would be a good time to create a new directory for the primary load cases.  Call it Loads.   
You can move (or copy) the load sets Sb, Su, and the Dead load set to that directory where you will 
eventually place all the primary load sets.   

Develop the external wind loads 
A similar process can be used for the wind load condition.  The wind direction is more or less optional on 
a dome but may be influenced by locations of doors or other items.  For this project, the wind direction 
was previously chosen to establish the location for unbalance snow since it is assumed to be a result of 
wind action on the dome.  So the wind direction is the positive Y direction. 
With this same model, rename it and remove the group names as follows_ 

Use the Save as item under File to save it to the folder Geoproject/wind under the new name 
Geodome-wind.fem.   
Go to the Element Editor mode with the  tool on the tool bar.  Set the Plates   mode. 
Select all the elements in the model (e.g. use Select/Elements/All).  
Right-click and choose Apply group name.  In the entry field, put nothing.  Just click on OK and 
all group names provided for the snow loading case are removed from this copy of the model. 

This copy will be used to develop the external wind pressure on the exterior of the dome surface. 
There are several factors to be considered in determining the wind load pressure requirements.  
American Society of Civil Engineers specification (ASCE-7-10) provides formulas for the variation of the 
normal pressure coefficient over a dome.   
ASCE 7-10 has a specification for dome surface coefficients which can be used as a guide even though a 
geodesic dome is not really a smooth dome as presumed by ASCE 7-10.  The specification can be used 
to establish the pressure coefficients (Cp) at the windward base point, at the left and right base points, at 
the leeward base point, and at the dome peak.  For a dome with a diameter to height ratio of one-half set 
directly at ground level the pressure coefficients could be estimated as shown in the following sketch. 
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The windward side at the base will have a normal pressure coefficient of +0.8 (applied inward), and the 
leeward side will have a pressure coefficient of 0.0 at the base, and the upward and sideward part we will 
call “central” and it will have a -1.2 coefficient applied outward.  Linear interpolation is used between the 
defined points.   
ASCE7-10 actually requires two cases, one where the windward pressure varies linearly over the dome 
from windward at the base 0.8 to 0.0 at the base on the downwind side as shown above, and another 
where the windward value is kept constant up to a 25 degrees then varied linearly thereafter to the same 
values above.  This second case provides additional lateral force at the expense of some uplift.  You 
could apply each of these load conditions over the angular sectors precisely as required using Select/By 
sector feature (selecting sectors about the X axis) over the dome and build two external cases if you 
wished. 
However, keeping in mind that a geodesic isn't really a smooth spherical dome and that pressures levels 
would more likely change at primary facet edges rather than arbitrary angles, a simpler perhaps more 
rational approach (the authors opinion!) would be to develop a single wind case using fixed intervals of 
slope over the dome.  A 20 degree slope interval seems reasonable for this configuration of dome.   
However, to provide more lateral force to compensate for the second prescribed case, the slopes at the 
most windward, crown, and extreme leeward regions is forced to provide the maximum pressure 
coefficients over those full positions. 
External wind pressure regions 
One can divide the surface in the wind direction into block segments in order to vary the pressure over 
the dome.  Use 9 regions at 20 degree intervals for this example: 

 
The angular segments can be selected using Select/Elements/By Slope and given appropriate names.  
Also, after each selection you can get an average slope which is used for interpolation. 
Go to the element editor mode .  Use Select/Elements/By Slope and, using the XZ plane (i.e. the 
plane normal to the wind direction Y), and develop the following table.  After each region is selected apply 
a group name (right-click and choose Apply group name) to the region as shown in the first column and 
make a note of the average slope shown in the lower status panel. 
As for the snow load regions, if you need to review the average slope of any set of plate elements or any 
selected regions you can re-select the plate elements and use the measure tool  to display the average 
of all selected plate elements with respect to all three global planes, or you use can use Measure item 
from any of the pop-up menus.   
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Table 5Wind region average slopes 

Region >= <= Ave Slope 
L1 0 20 11.548 
L2 20 40 29.828 
L3 40 60 50.224 
L4 60 80 69.549 
C 80 100 89.546 

W4 100 120 109.305 
W3 120 140 128.345 
W2 140 160 149.168 
W1 160 180 169.361 

Pressures are found from the wind velocity pressure multiplied by the pressure coefficients.  A  gust factor 
G (usually 0.85 for rigid structures) is also multiplied by the pressure coefficients.  
The velocity pressure is found from ASCE 7-10 as follows: 

Q = 0.00256*V2 = 33.85 psf where V = 115 mph 
Let Cpw = 0.8; Cpl = 0.0; Cps = -1.2 
Cp = Cpw - (180-Slope)/90*(Cpw-Cps) for Slope >=90 (windward side) 
Cp = (Cps - Cpl)*(Slope/90) ; Slope < 90 (leeward side) 
Wind pressure (psi) = GCpQ/144 (with all other factors taken as 1.0) 

Table 6 Wind loading regions 

Region >= <= Ave Slope Cp Wind(psi) 
L1 0 20 0* 0 0.0000 
L2 20 40 29.828 -0.39771 -0.0795 
L3 40 60 50.224 -0.66965 -0.1338 
L4 60 80 69.549 -0.92732 -0.1853 
C 80 100 90* -1.2 -0.2398 

W4 100 120 109.305 -0.771 -0.1541 
W3 120 140 128.345 -0.34789 -0.0695 
W2 140 160 149.168 0.114844 0.0230 
W1 160 180 180* 0.8 0.1599 

*For conservatism, these slopes have been forced to the extreme slope values of windward, 
upward, and leeward to ensure the maximum pressure (0.8, -1.2, and 0) over these regions. 
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Just as was accomplished for the snow load conditions, select each region one-by-one and create unit 
load sets using an intensity of 1.0.   

 
Figure 4 Wind loading regions 

In this case, you will use the Normal tab since wind loads are normal to the surface and also you should 
set them to point inward since that is the positive convention for wind loads in most building codes.   
Select/Elements/By Group and choose L1 then right-click and use Set loads.  Select the Normal tab on 
the loading dialog since wind pressure is always normal to the local surface.    
Set Negative since the building code specifications are, by custom, negative for outward pressure and 
positive for inward (opposite to our current global system!).  Choose Replace existing.  Choose Plates 
only.    
Enter 1.0 in the Intensity field.  Press the Apply normal load button. 
Switch to the File tab on the loading dialog and save the region load component L1 to the Wind folder.  
Use OK to leave the loading dialog.   
You can turn on the load vector tool and verify that the load vectors point inward normal to the surface.  
Repeat the process for L2, L3, L4, C, W4, W3, W2 and W1. 
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You can check you loads after each step against the following table (created by using Model/Resultant 
loads, copying and pasting to a spread sheet, and adding the final row of totals). 

Table 7 Wind region unit loading validation 

Region Fx Fy Fz 
L1 0 -4654 -705 
L2 0 -14889 -5121 
L3 0 -18381 -14487 
L4 0 -10163 -18297 
C 0 -293 -21664 

W4 0 10262 -18872 
W3 0 16411 -13985 
W2 0 17484 -6442 
W1 0 4222 -549 

Total 0 0 -100122 
Building a table of unit loading by region as you go along is a good check on your work.  The total Fz 
value should be equal to the base area as it was for the snow load unit loads.  The other directions should 
be zero within round-off error.  You can also build this table all at once after-the-fact using 
Model/Resultant loads and select just the unit load sets from the directory. 
After the last unit load set is saved, use the Assemble button, navigate to the wind folder where the 
component wind region sets are saved and combine all the components with a factor of 1.0 to create the 
final external wind load set. 
Save this load set under the Geoproject/wind folder with the name WindExt.lsb. 
Press OK to leave the load Assembler dialog.   
Check the total external wind load on the dome. 

Fx = 0 
Fy = 3951.8560 
Fz = 14575.1644 

Due to symmetry the total lateral load (X) should be zero within round off error.  The lateral force in the 
direction of the wind is 3952 pounds and the uplift on the dome is 14575 pounds 
Press OK to leave the global loading dialog.   
Press the load vector tool  down and examine the model to be sure that the loads point in the outward 
direction on the upward, sideward, and leeward surfaces and inward on the most positive windward 
surface and confirm that everything appears correct. 
Save this model as the external wind loading model in case you need to revise the wind load set at a later 
date. 
Develop the internal pressure component 
The loading for internal pressure is rather simple so a quick method will be used using the same model. 
Do not select any nodes but select ALL the panels by setting the beam/plate tool to plates  and 
dragging the selection frame over the whole dome. 
Use Edit/Loads from the main menu bar or Set loads from any popup menu. 
Select the Normal tab and set Negative.   
You want a pure internal load without any other loads to save as a component, choose Replace existing.   
Choose Plates only.  
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The plate surface pressure is found as before using the internal pressure coefficient (the internal pressure 
coefficients have a built in gust factor).  For a closed structure, the internal pressure is given as 

GCpi = ±0.18 
Internal pressure = QGCpi = (0.00256*V2/144)(-0.18) = -0.04231 

Put this value in the load intensity field. 
Press the Apply normal load button. 
Total internal load is shown to be 2050 pounds (upward) and roughly balanced in all lateral directions. 

Fx = 0.0000 
Fy = 0.0000 
Fz = 4236.1410 

ASCE-7 requires both outward and inward combinations of internal pressure.  The above case is the 
outward pressure. 
Save this load set under the Geoproject/wind folder with the name WindInt.lsb. 
Press OK to leave the global loading dialog.  Press the load vector tool  down and examine the model 
to be sure that the loads point outward and normal to the surface and that all appears correct. 
Develop the full wind load sets 
Now that you have checked and verified the internal load set, go back to the global loading model to 
combine the wind components. 
Do not select any nodes or elements.  Use Edit/Loads from the main menu bar or Set loads from any 
popup menu. 
Use the Get button and load the WindExt load case (factor of 1.0).  Then use the Merge button and load 
the WindInt load case (factor of 1.0).  Use the Save button to save this case as Wind1. 
Use the Get button and load the WindExt load case (factor of 1.0).  Then use the Merge button and load 
the WindInt load case (factor of -1.0).  Use the Save button to save this case as Wind2. 
You can easily make a table of resultant loads for the analysis report including any load files in a directory 
using Model/Resultant loads.  Here we selected the these wind sets in the order shown.  

Table 8Resultant wind loads 

Load set Fx Fy Fz 
WindExt 0 3952 14575 
WindInt 0 0 4236 
Wind1 0 3952 18811 
Wind2 0 3952 10339 

You can investigate each of the cases Wind1 and Wind2 by loading them, one at a time and checking the 
direction of the load vectors.   
Press the load vector tool  down and examine the model to be sure that the loads vectors point as you 
would expect, typically outward over the dome and positive in the Y direction (wind direction). 
You can move the Wind1 and Wind2 load sets to the Loads directory since they are the primary sets that 
will be used in developing combined loads. 

Develop combined loads sets for analysis 
You should have 5 load sets in the Loads directory; Dead, Wind1, Wind2, Sb and Su. 
You can reload your analysis model Geodome-main.fem, although it doesn't matter which one you use to 
build up the combination cases. 
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You can use Model/Resultant loads to develop a table of resultant forces at the CG for the primary load 
sets.  

Load set Fx Fy Fz 
Dead 0 0 -5973 

Sb 0 0 -15955 
Su 0 0 -8326 

Wind1 0 3952 18811 
Wind2 0 3952 10339 

The building codes allow two methods of analysis, each with its own factored combinations and also its 
own set of allowable strengths for the construction material. 
Allowable Strength Design (also called Load Resistance Factor Design LRFD) 
Allowable Stress Design (ASD). 
The essential difference is that the LRFD approach provides the preponderance of the safety margin 
using factors to increase the applied loads.  The ASD approach provides its main safety margin by 
applying reduction factors to the allowable stress for the materials.  The choice often comes whether you 
have available the ASD allowable strength specifications or the LRFD allowable strength specifications 
for the materials you are employing in your design. 
Use the ASD method for this exercise.   
Assume no separate live load requirement on this dome or roof live load that would exceed the snow 
load. 
Below are some of the cases that may be required by ASCE 7-10 for the ASD method. 

1. D 
2. D + Sb 
3. D + Su 
4. D + 0.6Wind2 
5. 0.6D + 0.6Wind1 
6. D + 0.45Wind2 + 0.75Sb 
7. D + 0.45Wind1 + 0.75Su 

If we had developed seismic conditions there would be more cases and if we had created both the wind 
external wind conditions rather than one there would be many more combinations with wind.  Literally, if 
one is not able to judge and select likely governing cases, then there can be hundreds of cases to 
resolve.  However, it isn't really so difficult to do them all if you wish since there are tools for sorting out 
the critical loads from the results of many cases as we shall see later in this paper. 
In the selection of representative cases above we have used Wind1 (most uplift) and Wind2 (least uplift) 
to create the most critical up or down loads and tried to eliminate combinations that would be obviously 
less likely to govern the design. 
You can create all of these cases at the same time using the CADRE Pro load assembler. 
With nothing selected, right-click and use Set loads. 
Open the File tab. 
Use the Assembler button 
Use the Folder button and navigate to the Loads folder 
Use the Add case button to add 6 more columns for Case 2 thru 7. 
Use the Remove row button to remove any row other than Dead, Sb, Su, Wind1, and Wind2. 
Place the appropriate factors in the grid for each case according to the required list of combinations. 
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The dialog should look as below when you are ready to save the cases and exit. 

 
Use Save cases to save all the load cases from Case 1 to Case 7 under the names at the column head.  
Press OK to leave the assembler dialog.   
Case 1 (or the last selected column) will be loaded onto the model. 
Press OK to leave the global loading dialog. 
From the main menu bar, use Model/Resultant loads.   
Use the Folder button to navigate to the folder where the relevant load cases were saved.   
Check off the ones you want to include in your table (and set the order of presentation if desired), then 
press OK. 
Checking all of them, the following table is presented.   

Table 9 Resultant loads, all cases 

Load set Fx Fy Fz 
Dead 0 0 -5973 

Sb 0 0 -15955 
Su 0 0 -8326 

Wind1 0 3952 18811 
Wind2 0 3952 10339 
Case 1 0 0 -5973 
Case 2 0 0 -21928 
Case 3 0 0 -14299 
Case 4 0 2371 230 
Case 5 0 2371 7703 
Case 6 0 1778 -13287 
Case 7 0 1778 2492 

This kind of table is useful to include in an analysis report and handy for checking and validating external 
forces and comparing them with the resultant reactions. 
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Allowing for non-structural panels 
In many cases, one would prefer to ignore the structural effects of the panels; perhaps because they are 
installed in such a way as to not support the structure (floating glazing, etc), or perhaps they are 
employed just for the purpose of loading the model.  Also, if they have a very low elastic modulus (e.g. 
fabric) they may deform so drastically as to interfere with solvability especially when opting to use the 
Advanced analysis method to check for beam buckling.   
CADRE Pro has a special feature under Utilities/Special loading tools that will shift all the nodal loads 
from the mid panel points (i.e. points not supported by beams) and redistribute that load rationally to the 
surrounding struts.    

 
Figure 5Shifting loads to the frame 

So, after creating all the final load cases on the panels, one can re-load the cases (one at a time) and 
transform them to a beams-only load case (with exactly the same overall load) using Utilities/Special 
loading tools/Move panel loads to frames. and save the shifted cases for use in a frame only model. 
Create a new directory for the revised load sets called FrameLoadCases.  Next, load Case1 through 
Case 7 one at a time and convert them to a frame-only set and save it in the new directory 
After completion, you can generate another resultant loads table (Model/Resultant loads) for the revised 
load cases to confirm that the total load has not changed, even though there are no longer any mid panel 
nodes with loads.   

Table 10 Resultant loads - after shifting 

Load set Fx Fy Fz 
Case 1 0 0 -5973 
Case 2 0 0 -21928 
Case 3 0 0 -14299 
Case 4 0 2371 230 
Case 5 0 2371 7703 
Case 6 0 1778 -13287 
Case 7 0 1778 2492 

The panels can now be removed if desired or rendered structurally insignificant by setting the elastic 
modulus to a low number such as 1.0.  In any case, they would be unloaded and will not generate an 
extreme displacement issue even when checking for compression buckling or performing a p-delta type of 
analysis.   
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Dome analysis 
To represent the case with the non-structural panels, reload the Geodome-main.fem model  and save it to 
a new file Geodome-main-frame.fem.  Leave the Geodome-main.fem model unchanged as you will return 
to it later. 
Go to the Element Editor mode .  Set the plate/beam selector to plates  and drag a frame over the 
full model to select all panel elements.  Then right-click and use Delete to remove all the panel elements. 
Go to the Node Editor mode .  Drag a frame over the full model to select all the nodes.  Then right-click 
and use Delete to remove all the extraneous panel nodes that no longer support panels. 
Go to Tools/Bandwidth manager and run the manager to make the model most efficient.  You can use 
the Search button to obtain the best efficiency.  The model is much simpler now and will solve rapidly. 

Go to the element library . 
For maximum conservatism for now, assume the fixity at the ends of all struts in both directions is very 
low or zero.  It is best not to use absolute zero but some very low number to represent zero if you 
consider it to be fully pinned.  Currently we set the pinned properties at zero so_ 
Select the items for__  

Wood 2x6 Afix  
Wood 2x6 Ofix 

and change the zero values for fixity from 0 to 1E-8.  Leave the 1.0 pinned properties as they are. 
This is still essentially zero at the hub for all practical purposes but prevents the hub node itself from 
being detected as an unrestrained isolated free body in rotation when we perform a stability analysis. 
You could delete the Panels entry, or leave it.  It is no longer assigned to this model. 
Press OK to leave the library. 
As a final check of model integrity, load a case onto the model and solve it to compare with reactions.  
You can use Results/Reactions to display a complete table of all reactions and resultant reactions to 
compare with your resultant loads.   
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For example, Case 2 is shown below.  The total in the Z direction is 21927.8 and is the same as the gross 
resultant load at shown previously for Case 2. 

Table 11 Reactions for Case 2 

REACTIONS   Case 2               
Node Group X Y Z Xrot Yrot Zrot Res-F Res-M 

52 Base -167.8 -95.7 1127.3 0.0 0.0 0.0 1143.7 0.0 
53 Base -110.5 -152.1 1031.1 0.0 0.0 0.0 1048.1 0.0 
54 Base -39.2 -189.1 1127.3 0.0 0.0 0.0 1143.7 0.0 
59 Base -142.8 130.0 1127.3 0.0 0.0 0.0 1143.7 0.0 
60 Base -178.8 58.1 1031.1 0.0 0.0 0.0 1048.1 0.0 
61 Base -192.0 -21.2 1127.3 0.0 0.0 0.0 1143.7 0.0 
66 Base 79.5 176.0 1127.3 0.0 0.0 0.0 1143.7 0.0 
67 Base 0.0 188.0 1031.1 0.0 0.0 0.0 1048.1 0.0 
68 Base -79.5 176.0 1127.3 0.0 0.0 0.0 1143.7 0.0 
73 Base 192.0 -21.2 1127.3 0.0 0.0 0.0 1143.7 0.0 
74 Base 178.8 58.1 1031.1 0.0 0.0 0.0 1048.1 0.0 
75 Base 142.8 130.0 1127.3 0.0 0.0 0.0 1143.7 0.0 
80 Base 39.2 -189.1 1127.3 0.0 0.0 0.0 1143.7 0.0 
81 Base 110.5 -152.1 1031.1 0.0 0.0 0.0 1048.1 0.0 
82 Base 167.8 -95.7 1127.3 0.0 0.0 0.0 1143.7 0.0 
87 Base -173.6 -56.4 1099.9 0.0 0.0 0.0 1114.9 0.0 
88 Base -107.3 147.7 1099.9 0.0 0.0 0.0 1114.9 0.0 
89 Base 107.3 147.7 1099.9 0.0 0.0 0.0 1114.9 0.0 
90 Base 173.6 -56.4 1099.9 0.0 0.0 0.0 1114.9 0.0 
91 Base 0.0 -182.5 1099.9 0.0 0.0 0.0 1114.9 0.0 
    X Y Z Xrot Yrot Zrot Res-F Res-M 

Max   192.0 188.0 1127.3 0.0 0.0 0.0 1143.7 0.0 
Min   -192.0 -189.1 1031.1 0.0 0.0 0.0 1048.1 0.0 

Total   0.0 0.0 21927.8 0.0 0.0 0.0     
Save the model in this form.   
This will be the main analysis model for solving the frame structure using the shifted frame load cases we 
developed in the last section. 

Dome frame stability analysis 
Before further analysis, you should check for stability. 
Load each case in the FrameLoadCases folder onto the model, one at a time, and run Solve/Advanced 
using about 5 to 10 intervals in order establish that the structure has no p-delta type instability, nor does 
any strut tend to buckle.  If all run through to 100% load without flagging an instability then you are ready 
for basic structural analysis. 
If  a stability issue arises with the extremely conservative end fixities we have employed, then you may 
need to examine the strut to hub attachments and attempt to account for them more realistically.  You 
wouldn't want to continue with static analysis in the next part until you were sure the frame structure was 
stable in its current configuration.  
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Dome frame stress analysis 
You can solve all seven of the design load cases with a single command, saving each of the results to a 
specified directory.   
Go to Solve/Multiple standard. 
Select the folder named FrameLoadCases (these are the ones with loads shifted off of the panels) and 
check each of the cases (or use Check all); Case 1 to Case 7. 
Press OK.   
The current directory where the result files will be displayed is shown.  Either navigate to a directory you 
already set up for results, or use the Make new directory button to create a new directory (for example 
Results) to hold the results you are about to generate.   
It may take a few seconds to generate all the result files.  When finished you will get a message "7 data 
sets derived and saved". 
Structural evaluation 
Once the result data sets are saved you can generate many different tables of maximum/minimum data 
using those results stored in the same directory. 
For example, Go to File/Results/Review/Max-min. 
There are 17 separate parameters that can be displayed in tables of maximums and minimums by group 
name or by library property assignment, choose Maximum of either end and select the Von Mises 
stress from the list. 
Choose to select by Group name.  There are 5 different beam types in the model differing only by length, 
each have a group name automatically assigned by the geodesic generator; B1 through B5. 
When the case selection dialog appears, use the Folder button to navigate to the saved results and use 
Check all to select all save results cases. 
Choose OK 
The maximum values (most positive) and minimum values (most negative) will be listed in a table.  The 
table window provides buttons for selecting and copying the table to the clipboard. 
The best way to put these output tables into an engineering report is to first select the table (Select all) as 
presented in CADRE Pro, use the Copy button, then paste the table into a single selected cell in a spread 
sheet like Excel.   
The tables are tab delimited and should distribute across columns and rows accordingly.  You can 
embellish the table as desired in the spread sheet.  Then simply copy and paste the table from there to 
your report document. 
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For example, choose Von Mises stress as the output parameter. 

MAXIMUM/MINIMUM  VON MISES STRESS - Maximum of either end (psi) 
                
Group Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 

                
B1 70.0 284.8 347.2 136.0 174.7 230.5 151.2 
  9.2 52.2 1.7 1.9 2.3 7.1 1.8 

B2 108.4 499.3 514.0 188.8 210.3 323.9 211.1 
  3.2 6.6 4.4 3.1 10.0 3.9 0.8 

B3 101.5 375.5 512.8 201.4 256.4 325.5 212.4 
  10.9 65.9 5.4 7.7 4.6 11.9 3.2 

B4 114.8 564.5 854.8 226.5 252.1 388.6 244.6 
  2.2 47.7 10.7 3.7 11.0 7.0 1.5 

B5 74.5 695.1 1227.8 179.5 241.5 492.8 190.2 
  1.7 1.7 1.7 1.7 1.1 1.7 1.6 

B6 139.3 674.7 1070.3 243.4 290.2 518.3 244.6 
  2.9 64.8 16.0 4.8 13.1 6.6 5.3 

 
Repeat using Normal stress and the stress normal to the cross section is displayed. 

MAXIMUM/MINIMUM  NORMAL STRESS, SN1 OR SN2 (psi) 
                

Group Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 
                

B1 70.0 246.0 347.2 136.0 174.7 230.5 151.2 
  -51.6 -284.7 -251.6 -102.2 -104.3 -165.9 -97.7 

B2 108.4 348.4 385.2 188.8 210.2 259.0 211.1 
  -67.1 -499.3 -513.9 -134.2 -144.4 -323.9 -120.2 

B3 101.5 359.0 512.8 201.4 256.4 325.5 212.3 
  -80.0 -375.4 -486.2 -165.9 -175.8 -229.1 -161.6 

B4 114.8 504.4 852.7 226.5 252.0 388.6 244.6 
  -77.0 -564.5 -854.8 -171.3 -165.6 -386.6 -153.5 

B5 70.2 635.8 1017.4 179.5 241.5 477.7 190.1 
  -74.5 -695.1 -1227.8 -174.1 -193.8 -492.8 -174.9 

B6 139.3 674.7 1070.2 228.6 290.1 518.3 244.6 
  -96.4 -549.1 -1050.4 -243.4 -174.7 -418.6 -169.2 
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The Normal shear stress in the plane of the cross section of a strut is shown below. 

MAXIMUM/MINIMUM  NORMAL SHEAR, SS - Maximum of either end (psi) 
                

Group Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 
                

B1 1.1 11.6 9.7 4.1 6.2 5.5 4.5 
  0.1 0.2 0.1 0.0 0.1 0.2 0.1 

B2 1.2 12.9 13.8 4.7 7.0 7.2 5.0 
  0.1 0.2 0.1 0.1 0.1 0.1 0.1 

B3 1.3 13.0 19.7 5.8 8.4 7.5 6.2 
  0.2 0.2 0.2 0.1 0.2 0.2 0.2 

B4 1.3 13.6 20.3 5.6 8.1 8.2 6.0 
  0.2 0.2 0.2 0.2 0.1 0.2 0.2 

B5 1.4 13.0 21.9 6.1 8.8 8.7 6.5 
  0.2 0.2 0.2 0.2 0.1 0.2 0.2 

B6 1.5 10.3 19.3 7.1 8.0 7.4 5.9 
  0.2 0.2 0.2 0.1 0.5 0.3 0.5 

 
The maximum and minimum forces (pounds in our case) can also be displayed.  These are useful for 
designing the hub and its connection hardware. 

MAXIMUM/MINIMUM  AXIAL FORCE - Maximum of either end (pound) 
                

Group Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 
                

B1 78.1 829.5 964.8 485.4 646.5 779.7 442.0 
  -155.6 -1154.3 -1391.3 -167.5 -62.3 -906.1 -59.6 

B2 192.2 1089.9 1265.2 424.5 570.3 956.6 393.2 
  -148.0 -804.7 -879.9 -163.5 -118.6 -606.6 -23.3 

B3 89.4 1045.0 1144.8 506.1 686.9 913.0 462.3 
  -146.1 -1288.5 -1369.1 -403.0 -199.6 -1009.5 -230.1 

B4 194.4 1133.7 1288.1 463.8 643.1 982.2 435.0 
  -157.2 -1065.9 -1292.1 -367.5 -300.9 -801.0 -193.9 

B5 0.0 0.0 566.7 448.4 657.1 48.1 407.5 
  -175.6 -713.4 -1240.7 -245.4 -28.6 -628.3 -118.0 

B6 200.6 1188.6 1190.8 504.9 697.7 965.5 450.9 
  -152.4 -985.8 -1455.7 -418.8 -352.7 -757.1 -154.2 
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The Y direction shear force is the force normal to the surface of the dome at the end of the struts. 

MAXIMUM/MINIMUM  SHEAR FORCE, Y - Maximum of either end 
                

Group Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 
                

B1 8.8 95.6 69.3 33.4 51.2 45.6 36.1 
  -8.8 -95.6 -80.1 -33.4 -51.2 -45.6 -36.1 

B2 9.9 104.1 111.0 38.3 58.0 56.5 41.4 
  -9.9 -104.1 -111.0 -38.3 -58.0 -56.5 -41.4 

B3 10.2 107.0 162.4 47.4 68.9 62.0 50.9 
  -10.2 -107.0 -162.4 -47.4 -68.9 -62.0 -50.9 

B4 10.2 109.2 162.8 44.8 66.4 64.2 48.2 
  -10.2 -109.2 -162.4 -44.8 -66.4 -64.2 -48.2 

B5 10.2 95.5 160.9 49.7 72.4 61.0 53.4 
  -10.2 -95.5 -160.9 -49.7 -72.4 -61.0 -53.4 

B6 10.1 82.0 153.5 58.3 65.6 58.3 48.2 
  -10.1 -82.0 -153.5 -58.3 -65.6 -58.3 -48.2 

 
The Z direction shear force is the lateral shear force in the plane of the surface at the end of the strut. 

MAXIMUM/MINIMUM  SHEAR FORCE, Z - Maximum of either end 
                
Group Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 

                
B1 7.5 17.7 27.8 7.5 4.5 15.1 7.5 
  -7.5 -17.7 -27.8 -7.5 -4.5 -15.1 -7.5 

B2 9.7 22.4 38.7 10.5 7.1 18.3 10.6 
  -9.7 -22.4 -38.7 -10.5 -7.1 -18.3 -10.6 

B3 9.4 23.6 37.8 9.4 5.6 20.0 9.4 
  -9.4 -23.6 -37.8 -9.4 -5.6 -20.0 -9.4 

B4 10.4 42.5 77.5 10.7 6.7 33.7 10.7 
  -10.4 -42.5 -77.5 -10.7 -6.7 -33.7 -10.7 

B5 8.2 48.3 81.4 10.9 6.5 38.1 9.4 
  -8.2 -48.3 -81.4 -10.9 -6.5 -38.1 -9.4 

B6 11.8 51.0 90.0 12.0 7.5 40.3 12.1 
  -11.8 -51.0 -90.0 -12.0 -7.5 -40.3 -12.1 

Reactions 
Another item often desired in a structural analysis report is a collection of tables of reactions for each 
design load case.  These can be generated by as shown above in Table 11 above.  You can load each 
case one at a time and produce these tables. 
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Panel analysis 
If the panels had been truly structural and fully fixed to the struts (and to each other) with clamped edges 
then we could have used the analysis model Geodome-main.fem which has the panels installed and the 
loads still applied to mid-panel nodes for all our analysis needs. 
Often, that is not the case as in the greenhouse type dome we have described here.  So we have 
analyzed the frame structure separately, using the panels just as a means to develop the load sets.  Now, 
the panels themselves must be assessed for structural integrity.  This would normally include both an 
evaluation of stress and displacement under load. 
A conservative but efficient way to assess the panels is to find the largest panel type and create a 
separate model of the panel only using a worst-case loading.  It is possible to select all the plate elements 
inside one of the panels on the Geodome-main.fem model then use File/Save selected and save it to a 
separate file.   
The largest panel in this type of dome is the panel given the group name P5.  If you had your original 
generated model in the undivided state, you could quickly explore and determine the largest panel type.  
In any case, the group names should still be intact on the fully divided main model Geodome-main.fem 
and the panels should still be installed on that model. 
Load that model and use Select/Elements/By group to select all the P5 type panels.  If you rotate the 
dome slightly you will see that there are 5 of them around the base and another 5 of them higher up on 
the dome.   
 

 
 
You want to isolate just one of them; for example the one in the center of the picture above would be a 
good candidate.  You will have to keep in mind the rectangular region in which that panel resides, then 
unselect and then reselect that region with the frame selector and use Show selected only.  Then use 
Select/Elements/By group and choose the P5 group again.   
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This time you should have only one of the P5 panels selected since the rest of the dome is hidden. 

 
Use File/Save selected and give it a name such as P5.fem.  This is a new FEA model consisting of only 
the selected elements and all other amenities associated with those elements.  
Close the main model and load the new P5.fem FEA model.   
The P5 model will be at some skewed angle with respect to the global system which may make it difficult 
to restrain and load properly.   

 
Figure 6 Panel model 

There are tools to help you transform the plane of the panel into the XY plane of the global coordinate 
system. 
Select the three vertex nodes of the panel.  For example, 27, 30, 29 in that order.  
Use View/Viewpoints/3 point plane. That rotates the model to a flat-wise viewing position on the screen, 
but it is only a view point, the global system didn't change relative to the model. 
Use Utilities/Constructs/Re-orient and choose to reorient the model global system to the screen view 
position.  It doesn't matter if you orient the loads too, or just geometry because all existing loads will be 
removed in the next steps.  The model is now parallel with respect to the screen and with respect to the 
XY plane of the global coordinate system.  However, it is located at a considerable depth away from the 
XY plane.  Although not essential, you can move it to the XY plane at Z=0. 
As a final configuration, go to the Nodal Editor mode, select all the nodes, right-click and use Set Z and 
change the Z coordinate to zero. 
Select all the nodes again, right-click and use Set loads and choose Unassign to remove all the existing 
loads from the model. 
You now have an FEA model of the largest panel.   
You now need to set up a reasonable restraint system and apply conservative or worst-case panel loads. 
Panel load  
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Load this panel with its own dead weight and then superimpose a worst case pressure on it using the 
same process as for the main model.  Examination of the pressure loading tables indicates that at least 
one panel would have a 0.46 psi pressure (unbalanced snow condition) so that would be a conservative 
value to apply, especially if we consider that it is applied skewed to normal in the real model and normal 
to the panel here. 
With nothing selected, use Set loads.  Open the dead weight tab, set the Z negative direction, Replace 
existing, and use the Apply dead weight button.    

Fx = 0.0000 
Fy = 0.0000 
Fz = -24.2723 

Exit the dialog. 
Select all the panel elements, and use Set loads.  Open the projected load tab, set the Z negative 
direction, set Merge with existing, and enter 0.46 psi in the intensity field.  Then use the Apply 
projected load button.   

Fx = 0.0000 
Fy = 0.0000 
Fz = -705.5995 

Exit the dialog. 
Panel restraint 
The panel should be restrained so as not to bind it significantly different from its actual mounting on the 
real structure.  To make it fully floating you would restrain all nodes in the Z direction (assuming the struts 
are sufficiently rigid so that their displacement can be ignored).  One of the base vertices should be fully 
pinned (fixed in XYZ) and the other fixed in YZ.  That would be the minimum needed to prevent free body 
movement but otherwise allow the vertices and edges to slide freely in the XY plane. 
Select all the nodes on the perimeter (including apices), right-click and use Set bounds.  Fix Z only 
Select the node the left lower corner node (30 in our picture above), right-click and use Set bounds and 
Fix also X and Y as well as Z (or use the Pin button). 
Select the node on the right lower corner node (29 in our picture above), right-click and use Set bounds 
and Fix also Y as well as Z, leaving X free. 
Panel results 
The model is now ready to solve.  After solution you can use Results/Rank and color to examine various 
stress parameters over the panel. 
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The maximum panel von Mises stress for this case is 1260 psi.   
Displacement at the center is about 1.8 inches. 
One would expect all other panels to be less stressed and less displaced by comparison. 

Solving the main model with attached panels 
It is worth comparing the results generated so far with those we would obtain if we simply solved the first 
model with polycarbonate panels intact using the un-shifted load sets. 
Load Geodome-main.fem and load it with Case 3 (unbalanced snow) since that is the load condition 
roughly represented by the component panel model above. 

Solve the model and go to Result/Rank and color and rank on plate stress  and von Mises. 
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The maximum stress in the panels is_ 
450 psi vs. 1260 psi for the component model 

This difference is because the panels automatically have clamped edges by virtue of their fixed 
connection to adjacent panels across the struts.  That is a consequence of the plate finite element 
definition and cannot be easily worked around.  The real structure of a strut and panel type dome is not 
likely to have clamped edge fixity so the component model would be a much better estimate of the real 
stress.   

Rank and color again, but this time rank on Beam stress  with Von Mises stress. 
The maximum stress in any beam is_ 

353 psi as compared to 1228 psi for the frame model 
The 1228 psi is taken from the frame-only model results (see the previous table of von Mises beam stress 
above under the Case 3 column.  This difference is the result of the panels which support the beams both 
vertically and laterally all along the beam due to the panel's in-plane stiffness.    
If one actually builds a integral structural panels with rigid structural interconnection then using the full 
model with panels makes perfect sense, but with cases where they are simple non-structural glazing 
panels (or even fabric) then separating the solutions into frame-only models and component panel 
models would be the recommended approach. 
The main idea is to use engineering judgment to set up the model and components in ways that most 
closely represent the actual structural configuration. 
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