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Executive Summary 
 
This report analyzes the loading resistance and the construction methods of a 

temporary event structure, the Tri-Dome, intended for use at Burning Man, an 
annual event held in the Nevada Desert. 

 
This report was created based on the knowledge gained from the completion of the 
Civil Engineering Technology Program at SAIT Polytechnic, by utilizing the 

experience of industry professionals, and first-hand knowledge of experienced 
members of the Alberta Regional Burning Man community. 

 
The Tri-Dome in this report is constructed from 1.5‖ Enerfoil polyisocyanurate rigid 

insulation panels held together with 6‖ bi-directional filament tape.  The materials 
for constructing the Tri-Dome are readily available, and the dome itself is easy to 
assemble.  

 
The Tri-Dome’s strength is tested and is found capable to resist the most critical 

loads (wind loads of up to 90mph) encountered at Burning Man. 
 
The construction methods and testing conducted in this report advances the 

construction methods used by the Alberta Regional Burning Man community. 
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Introduction 
 
This report analyzes the loading resistance and the construction of a Tri-Dome 

constructed from rigid insulation panels. 
 

Purpose 
 

This report is written for the Alberta Regional Burning Man community to advance 
the construction methods in use for creating temporary structures, as a graduation 

requirement for the Civil Engineering Technology program at SAIT Polytechnic 
(www.SAIT.ca). 
 

This report can also be used as a reference for individuals with a basic construction 
or engineering background seeking to construct or improve upon the design or 

material selection of the Tri-Dome. 
 

Background 
 

For one week every August in Nevada’s Black Rock Desert, a temporary city of over 
50,000 people is assembled on a dry, seasonal lakebed for an event called Burning 

Man.  ―Burning Man is an annual experiment in temporary community dedicated to 
radical self-expression and radical self-reliance‖ [1].  These principles encourage 
participants of the event to release their creativity in the form of artwork, 

engineering, music, and celebration. 
 

Burning Man is held hours from any town, and therefore anything an individual 
needs to survive must be brought in with them and later trucked out, leaving no 
trace.  The event takes place in the harshest of climates, so shelters must be 

designed to withstand hot days, cold nights, and high winds. 
 

When this report was written shelter designs used at Burning Man were a mix of 
some well thought out structures, tents, RVs and home-built design experiments.  
Several designs featured low waste building practices and strong geodesic 

structural geometry, as shown in Figures 1 and 2 below. 
 

http://www.sait.ca/
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Figure 1: Shelters Found at Burning Man 

Source: [2] 

 

 
Figure 2: Planned Structures Found at Burning Man 
Source: [3] 
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The Tri-Dome in this report is designed as a temporary structure suitable to provide 
shelter at Burning Man held in the Black Rock Desert in Nevada.  The dome is 

constructed from rigid foam insulation panels joined together with an adhesive tape 
calculated and tested to resist wind loads encountered at Burning Man.  The 

insulation panels selected in this report provide excellent thermal resistance making 
them well suited for the desert.  Recommendations on the assembly of the Tri-
Dome are made based on the challenges experienced during the dome’s first 

erection. 
 

Scope 
 

The following items are included within the scope of this report, as they were 
deemed most critical to the safety and performance of the Tri-Dome at Burning 

Man: 
 

 Determination of end user requirements at Burning Man  

 Calculation of wind loads on the Tri-Dome 
 Comparison and selection of materials for: 

o Flexural strength 
o Compressive strength 
o Suitability for application 

o Cost 
 Construction and testing of a scale model Tri-Dome 

 Construction of a full-size Tri-Dome 
 Determination of tie down requirements 

 Summary of costs 
 Recommendations 

 

This report excludes the following: 
 

 Testing tie down requirements 
 Testing UV ray resistance 
 Testing solar absorption 

 Testing all material properties 
 Testing the insulation value of the constructed model 

 Testing the model in a wind tunnel 
 Testing durability in exposure 
 Testing internal temperature performance  

 Analyzing geotechnical requirements for dome anchors 
 Determining anchorage design 

 Determining fire ratings 
 Determining if the Tri-Dome design and material selection complies with 

national and international building codes 
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Methods 
 

Industry Contacts 
 
Members of the team visited SPAR-Marathon Roofing and had a meeting with the 

store manager Rick Jaithoo to discuss design considerations required, and the 
benefits verses limitations of selecting polyisocyanurate IKOTherm panels for the 
design. 

 
Architect and Building Science Instructor Paul Ledaire met with the team to offer 

advice on material selection and general considerations for temperature control in a 
desert environment.   
 

Chris Petrell from the Burning Man Organization’s Department of Public Works 
provided data from the weather station and prevailing wind direction detail for the 

site location. 
 
Robin Wylie, an experienced Burning Man participant and local Hexayurt builder, 

provided material selection recommendations based on his personal experience at 
Burning Man.  

 
Mike Hermann, an experienced member of both the Alberta Regional Burning Man 
community and Protospace, provided space to build the full-size Tri-Dome and 

assisted with its assembly. 
 

Steve Paul, Educational Technologist for the School of Construction at SAIT 
Polytechnic, volunteered his time and guidance for the testing of materials. 
 

Roofmart Customer Service Representative, Ray Jeffrey, provided a discount on the 
purchase of the panels required for the full-size assembly. 

 

Applied Learning 
 
Testing the yield load of materials considered for the Tri-Dome assembly followed 
laboratory procedures set out within the Strength of Materials course. 

 
Structural Design provided the basis for calculating and assessing the wind loads 

encountered in the Nevada desert. 
 
The knowledge gained in Building Science provided the basis for selecting panels 

that would create a structure with temperatures within the human comfort zone. 
 

Skills gained within Construction Methods, Civil Drafting, and Estimating were also 
utilized for this report. 
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Advanced Learning 
 
The calculations of specified wind loads on a sphere were made using the ―User’s 
Guide-NBC 2005 Structural Commentaries (Part 4 of Division B)‖ under the 

guidance of Jacqueline Vera P.Eng. 
 

The principles developed for materials testing and theoretical load testing of 
structures were combined and adapted to provide the basis for developing the 
testing procedures used in this report. 

 
Further communication skills were acquired from a proposal to SAIT Polytechnic’s 

Innovative Student Project Fund (ISPF) review panel to obtain the required funding 
to build and test a full-size Tri-Dome. 
 

Preview 
 

This report outlines three types of zero waste dome designs and the reasons for 

selecting the Tri-Dome design.  The wind loads in the Black Rock Desert during 

Burning Man acting on the dome are calculated.  The resulting forces from the wind 

calculations were used to test the insulation panels and tape.  A material 

comparison and testing of critical attributes of the insulation panels and tape was 

conducted.  A 1:4 scale model of the Tri-Dome and a full-size roof panel was 

constructed and tested.  Assembly procedures for the construction of a full-size Tri-

Dome are provided, and recommendations are made to mitigate problems that 

were experienced in its assembly. 
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Dome Selection 
 

Performance Criteria 
 

To select a design that was suitable for the conditions found at Burning Man, 
experienced members of the Alberta Regional Burning Man community were 
consulted and the following criteria was developed. 

 
The dome must possess sufficient strength and high insulation properties.  The 

dome must also be easy to assemble and transport, and be onsite repairable.  Of 
lesser importance, the dome should be affordable, aesthetically pleasing and create 
zero-waste in its construction. 

 

Geodesic Dome 
 
A shape that is geodesic is one that uses straight lines and flat surfaces to create a 

shape that is sphere-like in appearance and performance.  Because of the flat 
surfaces and straight lines, the strength of the sphere shape can be realized with 

materials that are readily available. 
 

A geodesic dome, invented by Buckminster Fuller in the late 1940s, is an enclosed 
half-spherical structure made from carefully arranged triangles of varying sizes [4].  
These triangles work together to create a very strong structure [4] that evenly 

distributes and transfer loads to the ground surface.  An example of a Geodesic 
Dome is shown in Figure 3. 

 
According to an online article on Geodesic Domes, ―The dome is a structure with the 
highest ratio of enclosed area to external surface area, and in which all structural 

members are equal contributors to the whole‖ [4]. 
 

 
Figure 3: Example of a Geodesic Dome 
Source: [5] 
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Hexayurt 
 
The Hexayurt is a modern-day, easy to build, structure based on the same 

mathematical principles found in the geodesic dome combined with the visual 
appearance of a yurt, a circular shaped structure with a conical roof as shown below 
in Figure 4. 

 

 
Figure 4: A Hexayurt found at Burning Man 

Source: Adapted from: [6] 

 
What makes the Hexayurt different is that its geometry has been modified so that 

its entire structure is created from standard 4’x8’ panels.  ―The Hexayurts are made 
from only one kind of triangle: an 8'x8' isosceles triangle, rather than the 
strangely-shaped triangles which are standard for Fuller-style geodesic domes‖ [7]. 

These triangles are created by cutting and taping a 4’x8’ panel into its new shape, 
thus becoming a zero waste structure. 

 

Zero Waste Nearodesic Dome 
 
There are two distinct Zero Waste Nearodesic Dome designs created by Edmund 

Harriss [8]: the Tri-Dome and the Quad-Dome.  Both designs combine the zero 
waste properties of a Hexayurt with the half-spherical shape of a geodesic dome. 
 

When constructed using identical construction methods and materials, the Tri-Dome 
and Quad-Dome compare equally with most of the performance criteria previously 

identified. 
 
To assist in selecting between the two designs, both structures were constructed 

using 1x2in pieces of paper scotch taped together.  This provided a good indication 
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of how easy each design would be to construct, and allowed a comparison between 
the two structures based on the overall strength of the structure. 

 

Quad-Dome 
 
Although visually the more appealing of the two structures, it was easy to 

determine by pushing a finger on the top of the scaled model that the Quad-Dome 
showed weakness in the design of its roof that would easily fail under certain 
loading conditions.  Specifications for the Quad-Dome can be seen in Figure 5 

below. 
 

 
Figure 5: Quad-Dome Specification 
Source: Adapted from: [8] 

 

The shallow angles on the Quad-Dome created a weak point that would be 
incapable of withstanding the wind conditions found in the Black Rock Desert. 

 

Tri-Dome 
 

The Tri-Dome, shown below in Figure 6, showed much greater strength under the 
same loading condition and was therefore chosen as the stronger of the two 

Nearodesic dome designs. 
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Figure 6: Tri-Dome Specification 

Source: Adapted from: [8] 

 

Loads 
 
―Structural loads can be divided into three categories: permanent loads (such as 
dead load and earth pressure), variable loads (such as use and occupancy, snow 

and wind loads), and rare loads or situations (such as earthquake or fire)‖ [9: A-4]. 
 

The materials used for the Tri-Dome are insulation panels and tape. As the weight 
per panel is negligible, the permanent dead loads can be omitted. However the 
weather conditions at Burning Man must be considered in the loads calculation. 

Because Burning Man is held in a desert during mid-summer, snow can be ignored 
as a variable load. Rain precipitation at this time is negligible [10].  

 
Wind load is the most significant load for the Tri-Dome design when used at 
Burning Man; therefore only wind loads are discussed and calculated in this report. 

 
The specified external pressure or suction due to wind on part or all of a 

surface of a building shall be calculated using the formula 
 
P = IwqCeCgCp 

 
where 

 
p = specified external pressure acting statically and in a direction normal to 
the surface, either as a pressure directed towards the surface or as a suction 

directed away from the surface, 
Iw = importance factor for wind load, as provided in Table 4.1.7.1., 

q = reference velocity pressure, as provided in Sentence (4), 
Ce = exposure factor, as provided in Sentence (5), 

Cg = gust effect factor, as provided in Sentence (6), and 
Cp = external pressure coefficient, averaged over the area of the surface 
[11:4-16] 
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The National Building Code of Canada 2005 provides a formula for calculating wind 

pressure. As the Tri-Dome is a round structure the wind pressure (Figure 7) it 
experiences is not the same as the normal building structures. ―For rounded 

structures (in contrast to sharp-edged structures), the cross-wind pressures vary 
with the wind velocity and depend strongly on the Reynolds Number‖ [9:I-38].  

 
Figure 7: Wind Pressure on Round Structures 
Source: Adapted from: [9: I-38] 

 

Wind Load Calculation 
 
The principal forces acting on the Tri-Dome at Burning Man are wind forces.  It was 

determined that the loading conditions of the Tri-Dome would be similar to that of a 
half-sphere. 

 
To calculate the wind pressure on the Tri-Dome all the factors in the wind pressure 
formula must be specified for round structures.  

 
P = IwqCeCgCp [11:4-16] 

 
 Wind load factor = 1.4,the wind load factor should be 1.4 when the dead 

loads are neglected [11] 

 Importance factor of wind load Iw=0.8, for normal importance [11] 
 Exposure factor Ce= 0.9 [11] 

 Gust effect factor Cg= 2.0 [11:4-17] 
 External pressure coefficient Cp is shown in Table 1 below 

 
Table 1: External Pressure Coefficient Cp 

 
  

0° 15° 30° 45° 60° 75° 90° 105° 120° 135° 150° 165° 180° 

Cp +1.0 +0.9 +0.5 -0.1 -0.7 -1.1 -1.2 -1.0 -0.6 -0.2 +0.1 +0.3 +0.4 

Source: [9:I-38] 
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Calculate Reference Velocity Pressure: q 
 
The reference velocity pressure is defined as  
 

the reference velocity pressure, q, shall be the appropriate value determined 
in conformance with Subsection 1.1.3., based on a probability of being 

exceeded in any one year of 1 in 50 [11:4-17]. 
 
Since the reference velocity pressure, q, in Nevada, where Burning Man is located, 

is not available in the table provided by the National Building Code of Canada it 
must be calculated based on the basic wind speed, Vb, for Nevada. According to the 

website ―Wind Speed by Zip‖ [12], the basic wind speed for Nevada is 90mph. 
 

The wind speeds and corresponding velocity pressures used in the Code are 

regionally representative or reference values. The reference wind speeds are 
nominally one-hour averages of wind speeds representative of the 10m 

height in flat open terrain corresponding to Exposure A or open terrain in the 
terminology of the User's Guide - NBC 2005, Structural Commentaries (Part 
4 of Division B) [13:c-8]. 

 
True one-hour averaged wind speed records from over 100 stations for 

periods from 10 to 22 years formed the basis for most of the wind pressures 
provided in the Table. The wind velocity pressures, q, were calculated in 
Pascals using the following equation: 

 

q = 
 

 
 V2 

 

where   is an average air density for the windy months of the year and   is 

wind speed in metres per second. While air density depends on both air 
temperature and atmospheric pressure, the density of dry air at O°C and 

standard atmospheric pressure of 1.2929kg/m3 was used as an average 
value for the wind pressure calculations [13:c-8]. 

 

The reference (design) wind speed V is calculated based on the basic wind speed 
with the formula in Structural Analysis of Geodesic Domes written by Marek Kubik. 

[14, Appendix C] 
 

V = Vz = VzVbk1k2k3k4 =30 m/s [14] 

 
The value of reference wind speed V, wind velocity pressure q in any one year of 1 

in 50 (1/50) can be calculated in the formula above [14] also the q value is 
available in Table C-1 [13:c-9]. The value of wind velocity pressure is 0.54kPa  
 

q (1/50) = 
 
 
 @20°CV

2
= 0.54kPa [13:c-9]  

 
All the detailed calculations above are shown in Appendix A: Calculations. 
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Calculate Wind Pressures P to Different Angles 
 

The wind pressures P on the Tri-Dome panels at various angles,    , are shown 

below in Table 2. 

 
P = IwqCeCgCp [11] 
 
Table 2: Wind Pressures at Different Angles 

   0° 15° 30° 45° 60° 75° 90° 

P(KPa) 1.09 0.98 0.54 -0.11 -0.76 -1.20 -1.31 

P(psf) 22.74 20.46 11.37 -2.27 -15.92 -25.01 -27.28 

   105° 120° 135° 150° 165° 180°  

P(KPa) -1.09 -0.65 -0.22 0.11 0.33 0.44  

P(psf) -22.74 -13.64 -4.55 2.27 6.82 9.09  

Source: Primary, see Appendix A: Calculations 

 

Pressure Gradient 
 

The methods outlined in the NBC Commentary were adapted to the geometry of the 
Tri-Dome.  The radial pressure changes from 0° to 180° were applied to the cross 

section of the Tri-Dome (Figure 8).  Because the Tri-Dome is not completely 
spherical, the radial pressure changes, shown in Figure 8, were applied to the 
surface of the Tri-Dome.  Figure 9 illustrates how the pressures (RED) transition to 

suction (BLUE).  
 

 
Figure 8: Radial Pressure Changes 0° to 180° 
Source: Primary 
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Figure 9: Gradient of Pressure (RED) to Suction (BLUE) 
Source: Primary 

 

Resultant Forces on Panels 
 
AutoCAD was used to accurately map the location of the radial transitions.  The 

resultant forces acting on each element are specified in Appendix A. 
 

The radial transitions were applied to the individual elements of the Tri-Dome as 
shown in Figure 10.  Figure 10 illustrates the radial transitions on the roof 
elements, the rectangular elements and 3 triangle assemblies found on the base of 

the Tri-Dome.  The resultant forces acting on each area were calculated by taking 
the Area found in AutoCAD and multiplying by the average pressure. 

 

  
     

 
      

 

 
Figure 10: Radial Transitions on Tri-Dome Elements 

Source: Primary 
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Resultant Forces on Tape 
 
The tensile forces acting on a tape joint were calculated for the most critical joint on 
the Tri-Dome.  The rectangular element on the windward side of the dome collects 

half of the forces of the adjacent triangular elements and applies them to the 8’ 
tape joint between the rectangular element and the triangular roof element.  In 

addition to these forces the adjacent triangular element on the roof section applies 
uplift forces to the tape.  The details of the following calculation can be found in 
Appendix A.  A diagram of the forces and calculation is provided in Figure 11.  The 

resultant tensile force acting on the tape joint was calculated to be   
  

  
.  The 

specified bi-directional filament tape has a tensile resistance of    
  

  
 which provides 

a factor of safety of 8.46. 

 

  
         

    
      

        

    
 

 

          
 

        
 

 

 
Figure 11: Tensile Force Acting on a Tape Joint 

Source: Primary 

 

Material Selection 
 

To be selected as a panel material for the Tri-Dome the material had to meet 
criteria that were determined to be the most critical for the end user application.  
Materials that were unavailable in 4’x8’ sheets were not considered because the Tri-

Dome design requires 4’x8’ sheets.   
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Because of strict rules on waste at Burning Man, Type I and II polystyrene EPS 
(Expanded Polystyrene) panels were also not considered due to their tendency to 

shed polystyrene balls when damaged.  The criteria chosen are as follows: 
 

 Availability 

 Strength 

 Expense 

 Weather resistance 

 Preparation time 

Criteria 
 

Availability 
 

Due to the total dimensions of the panels required for the dome, approximately 
4’x8’x3’ stacked on top of each other, it was important that the panel material be 
available locally to avoid large shipping or transportation costs.  Should any 

damage occur it is necessary that panels be regularly stocked and available to the 
end-user for purchase in low-volumes.  There is not a wide selection of 4’x8’ rigid 

insulation panels available in the Calgary area.  The panels selected for comparison 
and that are available in Calgary are as follows in Table 3.  

 
Table 3: Insulation Panel Availability 

Material Available At 

Owens-Corning C-200 Foamular Home Depot 

IKO Enerfoil Roofmart 

IKO IKOTherm Marathon Roofing 
Source: Primary  

 
A suitable tape in the required dimensions was found to be difficult to obtain locally.  
Online suppliers were found to stock a variety of tapes with an acceptable shipping 

time. 
 

Strength 
 

Flexural strength is a critical component for this comparison.  Given the span of the 
panels, 8ft, it was later correctly confirmed by testing that the insulation would fail 
by flexure.  Factors that affect the flexural strength of the insulation panels are 

brittleness of the insulation, tensile resistance of the facer (if applicable), and 
deflections.  

 
In a typical construction application, supporting elastic roof coverings, structural 
components are required to not deflect more than their length divided by 180 

[15:1-146] (
  

   
      maximum per panel).  Because the Tri-Desic dome is a 

temporary shelter with a limited usable life span and no brittle finishes like drywall 
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it is not necessary for the insulation panel to meet requirements for deflections 
typically specified. 

 
The compressive strength and bearing capacity of the insulation panels was 

determined to be negligible in this application.  The rigid insulation panels were 
tested according to ASTM D1621 by the manufacturers and meet the values that 
were calculated (Appendix B). 

 
The Tri-Dome design uses tape to secure all joints.  The tape must have sufficient 

tensile strength to resist the forces acting upon the dome joints.  The tensile 
resistance of each tape is tested by the manufacturer and provided as a force the 
tape can resist per inch of tape perpendicular to the acting force (lb/in). 

 

Expense 
 
After consultations with the end-user, it was determined that an acceptable cost per 

use for the Tri-Dome is $100.  The length of tape consumed per use as waste 
(joints that are cut on takedown) is calculated to be approximately two 60yrd rolls 
of tape.  With an expected service life of 10 uses, the amortized panel cost must be 

less than or equal to $100 minus the cost of tape. 
 

Weather Resistance 
 

All materials used in the Tri-Dome are expected to be exposed to UV rays, rain, 
wind, and dust.  The foam insulation should at no point be exposed to UV rays as 
polystyrene and polyisocyanurate will degrade quickly [16]. The tape used for joints 

exposed to UV rays are expected to be replaced with each use.  Because the tape’s 
exposure is limited to the length of Burning Man (7 days), significant degradation 

due to UV rays is not expected and is not being considered [16].  All materials 
should be resistant to water, and be expected to resist abrasion due to wind [16]. 
 

Preparation Time 
 

The time required to prepare the materials prior to assembly is a factor that was 
used to compare the materials.  Preparation of a panel includes protection of edges 

ensuring UV and weather resistance, and if needed adding paint or foil facer. 
 

Panel Comparison 
 

The following panel materials meet the availability requirements and are compared 
in this report. 
 

IKOTherm 
 

The IKOTherm panel (Figure 12) is manufactured by IKO and is distributed 
nationally as flat roof insulation suitable for modified bitumen, built-up or single-ply 
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roof systems [17]. It features a closed cell polyisocyanurate core with a fiberglass 
reinforced paper facer [17]. It is available in the Calgary area at Marathon Roofing. 

 

 
Figure 12: IKOtherm Insulation Panel 
Source: [17] 

 

Foamular 
 

Foamular (Figure 13) is an extruded polystyrene insulation board with no facer 
manufactured by Owens-Corning [18].  It is available in a wide range of thicknesses 

at Home Depot stores nationwide. 
 

 
Figure 13: Owens-Corning Foamular Insulation Panel 
Source: [19] 

 

Enerfoil 
 
Enerfoil (Figure 14) is manufactured by IKO and distributed nationally as building 

envelope insulation solution [20].  It has aluminum foil facers surrounding a 
polyisocyanurate core [20]. It is available in the Calgary area at Roofmart. 
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Figure 14: Enerfoil Insulation Panel 
Source: [20]  

 

Panel Cost Comparison 
 
A comparison of the cost of panels is shown in Table 4 below.  Further cost detail 

can be found in Appendix E. 
 
Table 4: Panel Cost Comparison 

Panel Material 
(Thickness) 

 
Cost per panel 

Cost per use  
(21 panels @ 10 uses) 

IKOTherm 1.5‖ $20.40 $42.84 

Foamular 1.5‖ $45.14 $94.79 

Enerfoil 1.5‖ $33.14 $69.59 
Source: Primary 

 

Panel Preparation Comparison 
 
Both the IKOTherm and Foamular products would require significant preparation 

time to make the panels suitable for exterior exposure.   
 
In addition to be being water absorbent, the IKOTherm’s glass fiber reinforced 

facers provides an unsuitable surface for tape to adhere to.  The Foamular material 
has no facer at all and will require paint or a facer to resist UV.  To solve these 

problems the faces would need to be painted or a suitable foil facer would need to 
be adhered.  To paint one side of the 21 panels in the Tri-Dome would require an 
area of 672 ft2 (4’x8’x21) or approximately 25’ by 25’.  The time required to apply 

the required coats of paint or adhere foil facers to the panels was deemed to be 
excessive, nor was a suitable work area readily available.  Therefore, both the 

Foamular and IKOTherm products were removed as potential materials for the Tri-
Dome.  
 

Panel Strength Comparison 
 

Detailed material properties of the IKOTherm, Foamular, and Enerfoil panels are 
available in Appendix B.  The results of critical factors in material testing done by 

the manufacturers are available in Table 5.  All three products have similar 
compressive strengths [17],[20],[21],[22],[23].  The flexural strength of the 
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Foamular product was tested at less than half the strength of the IKOTherm and 
Enerfoil panels [17],[20],[21],[22],[23]. 

 
Table 5: Panel Strength Comparison 

 Flexural Strength (kPa) Compressive Strength 

Foamular 300 [21] 140 (20)[21] 

IKOTherm 607/479 [22] 140 (20)[17] 

Enerfoil 618/805 [23] 124 (18)[20]  
Source:  

 

Enerfoil Selected 
 
The Enerfoil polyisocyanurate panel was selected for use and further testing as a 

material for the Tri-Dome.  Enerfoil panels are available nationwide at a reasonable 
cost and have similar or greater strength than the other panels that were 

compared.  Because Enerfoil panels have a foil facer they are weather resistant and 
require the least amount of preparation time. 
 

Tape Selection 
 
The adhesive tape used in the Tri-Dome must be suitable to resist the stresses 
acting on the tape.  The types of stresses that can act on tape follows in Figure 15.  

It is the combination of these resistive properties that ultimately provide the 
strength of the tape [24].  

 

 
Figure 15: Typical Stresses that Separate Tape Joints. (A) Shear, (B) Tension, (C) Peel, and 
(D) Tear.  
Source: Adapted from: [24] 
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Shear 
 
When the face of a panel is loaded the forces transfer across the panel to the 
edges. Shear forces develop between the tape and panel which is resisted by the 

tape’s adhesive as shown in Figure 16.  Factors that affect the shear resistance of 
the joint are the adhesive’s bond with the panel’s facer material and hold strength.  

The adhesive bond and hold strength are tested as a single property by the tape 
manufacturer and given as an adhesion value in ounces per inch of contact area to 
stainless steel.  It was determined that the aluminum facer used in the Enerfoil 

panel would produce similar results to that of stainless steel and this value was not 
adjusted when used in calculations. 

 

 
Figure 16: Shear Forces on Taped Joints 
Source: Primary 

 

Tension 
 

Tension forces build up in the tape as the tape transfers forces to the adjacent 
panel as shown in Figure 17.  This tension force (pulling) is resisted by the tape and 

given by the manufacturer as pounds per inch of tape. The elasticity of the tape is 
also tested by the manufacturer and is given as a percentage (%) of length 
elongation before the tape will fail. 

 

 
Figure 17: Tension Forces on Taped Joints 

Source: Primary 
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Peel 
 
Because the Tri-Dome panel edges are designed with limited to no bearing surface 
the tape must have sufficient peel resistance to resist the forces acting upon it 

(Figure 18).  This property is only provided by the manufacturer for tape with a 
paper backing as the adhesion of the tape to that backing, not to a benchmark 

material (stainless steel).  It was determined that this property was not critical to 
the construction of the Tri-Dome because peel failure did not occur during the 
testing of materials. 

 

 
Figure 18: Peel Forces on Taped Joints 
Source: Primary 

 

Tear 
 
If a tensile failure or a cut were to occur on a taped joint a tear would form.  A tear 
concentrates the uniform tensile forces acting along its length to the tip of the tear 

as a point load as shown in Figure 19 [24].  This tear would expand until sufficient 
tensile resistance was met.  If a tensile failure were to occur on the Tri-Dome the 

tensile forces acting on the tape would increase proportionally to the size of the 
tear.  Because the resulting force would be greater than the initial force that caused 
the failure, a rapid tear of the entire joint would occur.  It was determined that 

because a tear failure would only follow a tensile failure or cut, that tear resistance 
is not a critical factor for tape selection. 
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Figure 19: Tear on a Taped Joint 
Source: Primary 

 

Adhesion 
 
The adhesion performance of a tape is affected by several factors governed by the 
adhesive type used.  Performance can vary depending on the chemical composition 

used by the manufacturer.  The two types of adhesive used in the considered tapes 
are rubber based, and acrylic based solvent. 

 
Rubber adhesives require no time to cure and provide some moisture resistance 
[25]. Rubber adhesives are also sensitive to temperature [25].  As the adhesive 

heats up it becomes gummy and loses resistance to shear and peel.  An example of 
a rubber based adhesive tape is Duct Tape [25]. 

 
Acrylic based solvent adhesives require a cure time specified by the manufacturer 
usually in the 6-12 hour range [25].  Acrylic solvents perform well at high 

temperatures and are moisture resistant [25].  Extended exposure to moisture will 
not result in failure [25].  Examples of acrylic adhesive tapes are foil tapes, and 

Tuck Tape [25]. 
 

Foil Tape 
 
Foil tapes are typically used for sealing ductwork and general HVAC (Heating, 

Ventilation, and Air Conditioning) applications where high temperature resistance is 
required.  Manufactured from aluminum, they are highly weather and UV ray 

resistant.  In Calgary foil tapes are readily available only in 2.25‖ widths which 
limits their use in the Tri-Dome.  The foil tape used for testing and construction of 
the Tri-Dome was similar to the tape shown in Figure 20.  It was selected to protect 

the cut edges of the polyisocyanurate panels from weather and UV.  The foil tape is 
also used to repair the foil facer of damaged panels. 
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Figure 20: Foil Tape 2.25" Width 
Source: Adapted from: [26]  

 

Bi-Directional Filament Tape 
 
The tape used for testing and construction of the Tri-Dome was JVCC 762-BD [27] 
and is shown in Figure 21.  This bi-directional filament tape is a fiberglass 

reinforced polypropylene tape [27].  The fiberglass reinforcement provides tear 
resistance and tensile strength of 220lb/in in both longitudinal and transverse axis  

[27].   Even though the JVCC 762-BD uses a rubber based adhesive [27] which is 
susceptible to high temperatures and UV, this tape has been successfully used at 
Burning Man for many years [28].  Because this tape has proven performance at 

Burning Man and its material properties exceed the specification [Appendix B] it 
was selected to be used for all structural connections. 

 

 
Figure 21: Bi-Directional Filament Tape Used For the Tri-Dome 
Source: [29] 
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Material Testing 
 
The main structural panels were tested in the Concrete Lab (DE129) at the SAIT 

main campus on February 10, 2012. To prove the strength of Enerfoil Panels; 
centre point loading tests were performed. According to the test results and 

corresponding calculations the stress and flexural modulus of the Enerfoil panels 
were determined. 
 

Flexural Test 
 
The Enerfoil panel was selected for the construction of the Tri-Dome. A centre point 
load test was performed using the Universal Testing Machine assisted by Steve J. 

Paul, Educational Technologist in School of Construction at SAIT Polytechnic. This 
machine was used to measure the yielding load, bending stress, and bending of 

flexural modulus of testing materials.  The IKOTherm panels were also tested to 
compare the yielding load and flexure.  

 
Four identical centre point load tests were carried out using the Universal Testing 
Machine with all samples having the same dimensions. Tests included IKOTherm 

whole panel test, Enerfoil whole panel test, Enerfoil panel cut in half and the two 
parts taped together with 150mm (6in) Bi-Directional Filament Tape, and Enerfoil 

panel cut in half with the two parts taped together with 48mm wide foil tape.  
Figures 22-29 below show all four tests and the module of failure. 
 

 
Figure 22: Testing on IKOTherm Panel 
Figure 23: Model of Failure of IKOTherm Panel 

Source: Primary 
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Figure 24: Testing on Enerfoil Panel 

Figure 25: Model of Failure of Enerfoil Panel 
Source: Primary 

 

 
Figure 26: Testing on Enerfoil Panel with Bi-Directional Tape 

Figure 27: Large Deflections are Observed 
Source: Primary 
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Figure 28: Testing on Enerfoil Panel with Foil Tape 
Figure 29: Model of Failure of Enerfoil Panel with Foil Tape 
Source: Primary 

 
After each loading test, the graph of the yield force load (kN) and the position was 
printed and are shown in Appendix C.  Lab data from the four tests are shown in 

Table 6 below, except for the test on the Enerfoil panel with the Bi-Directional tape 
as the deflections on the test were so large that the module of failure was not 

reached. 
 
Table 6: Flexural Test Data 

 
Type of Panel 

Yield 
Force 

(N) 

 
Length 

(mm) 

 
Width 

(mm) 

 
Thickness 

(mm) 

Deflection at 
Yield Point 

(mm) 

IKOTherm 973.6 460 150 40 16.75 

Enerfoil 1080.6 460 150 38 55.30 

Enerfoil with 

foil tape 

766.4 460 150 38 19.80 

Source: Primary 

 

For the test of the Enerfoil panel cut in half with the two parts taped together with 
150mm (6in) Bi-Directional Filament Tape, a maximum point load of 1035.7N with 

a deflection of 55mm was measured before the test stopped. 
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Calculation of Bending Stress and Bending of Flexural Modulus 
 
With knowledge gained from the Strength of Materials class the bending stress and 
flexural modulus was calculated (see Appendix A) from the lab data (Appendix C) 

[30]. 
 

Bending Stress σs=
   

    
 

Bending of Flexural Modulus Es= 
   

     
 

p—Yield Force 
l—Length 
w—Width 

t—Thickness 

y—Deflection at Yield Point [30] 

 

Table 7 below shows the results of the Bending Stress σs and Bending of Flexural 

Modulus in each flexural test. (The Enerfoil panel with Bi-Directional Filament Tape 
on centre test is not shown.) 

 
Table 7: Bending Stress and Flexural Modulus 

 

Type of Panel 

 

Bending Stress  
(MPa) 

Bending of  

Flexural Modulus 
(MPa) 

IKOTherm 2.80 147.34 

Enerfoil 3.44 57.77 

Enerfoil with foil tape 2.44 114.44 
Source: Primary, see Appendix A: Calculations 

 
For the test of Enerfoil panel cut in half and the two parts taped together with 
150mm (6 in) Bi-Directional Filament Tape, the maximum load before the test 

stopped the Bending Stress was 3.30MPa and bending of flexural modulus was 
55.67MPa.  
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Material Test Results 
 
Based on the observations made during the test as well as the data collected and 

their corresponding calculations, the following conclusions can be made about the 
properties of the test materials under various conditions:  
 

 IKOTherm Panel 
o Brittle failure 

o Minor deflections until failure 
 Enerfoil Panel 

o Brittle failure 

o Major deflections 
o Greater flexural strength than IKOTherm 

 Enerfoil Panel cut in half with 6‖ Bi-Directional Filament Tape taped on centre 
o No failure 
o The test stopped before the panel failed, because the test sample 

touched to the bottom of the machine 
o Huge deflections 

o The bi-directional filament tape withstood greater tensile stress 
 Enerfoil Panel cut in half with 17/8‖ Foil Tape taped on centre 

o Brittle failure 

o Less deflection than Enerfoil panel only 
o The bottom joint failed under sheared tape 

 

Panel Flexural Resistance 
 
To ensure the Enerfoil panels are sufficient to resist wind loads acting on them the 

flexural resistance of the section must be calculated (detailed calculations are in 
Appendix A) and compared to the flexural load acting on the panel.  Figure 30 

illustrates the material testing setup.  The shear force (Vr) (Figure 31) and bending 
moment (Mr) was calculated using the following equations.  The bending moment 
of the section tested was calculated to be 0.1227kNm.  
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Figure 30: Panel Material Testing Diagram 
Source: Primary 

 

 
Figure 31: Shear Force Diagram 
Source: Primary 

 

   
 

 
 

      
       

 
           

 

Maximum Pressure Forces Acting Between 0° and 15° 
 

The critical section where the panel must span 8’ while subject to 1.09kPa 
(Appendix A) of pressure was analyzed.  Based on the moment of resistance, 

calculated above, the following equation was then used to calculate the uniform 
distributed load a section with an 8’ length is capable of resisting.  Figure 32 
illustrates the area under consideration.  Using the following equation the factored 

distributed load able to be resisted was calculated to be 0      
  

 
. 

 

    
   

 
      

    

       
         

  

 
   

 



The Analysis and Construction of a Nearodesic Tri-Dome Maxwell, Suskin, Yang 30 

 
Figure 32: Rectangle Element Material Resistance 
Source: Primary 

 

The calculations below convert the pressure acting on the panel into a uniform 
distributed load equal in width to the section under consideration.  A factored 

distributed load was calculated to be       
  

 
 yielding a factor of safety of 1.01. 

 
              

 

                       
  

 
 

     
       

      
      

 

Maximum Suction Forces Acting Between 75° and 90° 
 

Using the same methods the flexural resistance and acting forces can be calculated.  
Figure 33 illustrates the area under consideration.  This area is subject to the 
largest loads on the Tri-Dome. 
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Figure 33: Triangle Roof Element Resistance 

Source: Primary 

 
The following equations were used to calculate a factor of safety of 11.2 for this 

area.  The length was measured in AutoCAD and the details of the calculations may 
be found in Appendix A. 
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Scale Model Testing 
 
A 1:4 scale model was constructed by using the same materials (Enerfoil panel and 

Bi-Directional Filament Tape) as the full-size model. To prove the strength is 
sufficient enough to safely use at Burning Man; four types of tests were done in the 

lab. 
 

Load Test 
 

A load test was performed to determine the strength of the scale model. In order to 
prove the strength of the Tri-Dome, a distributed load test on the roof of a 1:4 
scale model was performed. 

 
To ensure the load was evenly distributed one sandbag was placed on each of the 

six panels on the roof. The weight of each sandbag was 25kg (55lb). Since the roof 
of the Tri-Dome was not flat sandbags on opposing sides of the roof were held 

together using duct tape (Figure 34). This allowed the sandbags to rest securely on 
the roof. 
 

 
Figure 34: Deflection Measurement on Load Testing on Scale Model 
Source: Primary 

 
The deflection of the Tri-Dome was measured against time as an indicator of the 
model’s ability to resist changes in shape due to application of a 150kg (330lb) 

distributed load. Deflections were measured from the tip of the roof to a fixed point 
before loading. An initial distance of 74.0cm (29.1in) was recorded. After five 
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minutes of loading a distance of 75.5cm (29.7in) was recorded. The deflection 
distance was recorded at five minute intervals for twenty minutes. The 150kg 

(330lb) load was removed from the roof and the Tri-Dome was allowed to rest 
unloaded for twenty minutes. A final deflection distance of 0.8cm (0.3in) was 

recorded.  Load test data is shown below in Table 8. 
 
Table 8: Load Test Data 

Elapsed 
Time 

Distance 
(cm) 

Deflection 
(cm) 

Load 
Status 

0 74.0 0 No load 

5 minutes 75.5 1.5 Load 

10 minutes 75.5 1.5 Load 

15 minutes 75.5 1.5 Load 

20 minutes 75.6 1.6 Load 

40 minutes 74.8 0.8 No load 
Source: Primary 

 

Impact Test 
 

An impact test is different from the distributed load test in that it focuses on point 
loads.  To simulate an impact with measurable results a pendulum was used.  The 

pendulum used was a rope supporting a sandbag from a beam directly above the 
Tri-Dome. The sandbag at rest was at a point where it touched one rectangular 
panel of the Tri-Dome. The distance between the top rope supporting and the 

ground was 1.55m (5.1ft). The height between the top rope supporting and the 
bottom of the sandbag was measured for each test (Figure 35). 

 

.  
Figure 35: Distance Measuring for the Impact Test on the Scale Model 
Source: Primary 
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The sandbag (25kg/55lb) was at rest 0.2m (7.8in) from the ground and then was 
lifted (as a pendulum) to a point 0.9144m (3.0ft) from the ground and released to 

swing into the square panel. After calculations (Appendix A) the resulting force on 
the square panel was determined to be 459.5595N (103.31lbf). A cracking sound 

was heard when the sandbag hit the panel, but no visible damage was found on the 
surface of the panel. The impact test was repeated three more times with similar 
impact forces (Table 9). The square panel did not break until the fourth impact test 

was performed with an impact force of 304.7655N (68.51lbf) (Figure 36, Table 9). 
 

 
Figure 36: The Broken Square Panel on Impact Test 
Source: Primary 

 
Table 9: Impact Test Data 

 
 
Test 

Distance 
between top 
support and 
ground (m) 

Distance 
between top 
support and 
bottom of 
sandbag (m) 

Height of 
sandbag 
(m) 

Angle between 
the vertical 
and rope in 
Radians 
(degrees) 

Impact 
Force (N) 

Condition 

1 1.55 1.35 0.9144 1.081(61.94) 459.5595 Good 

2 1.55 1.34 0.9900 1.140(65.32) 533.1447 Good 

3 1.55 1.35 0.9800 1.135(65.03) 526.5049 Good 

4 1.55 1.50 0.6096 0.893(51.17) 304.7655 Broken 
Source: Primary 

 

Repair Test 
 
The same pendulum test was performed after the rectangular panel had failed. The 

repair test was used to determine the durability of the sample after repair. For a 
Tri-Dome to be used in Burning Man it must be proven that it can be repaired to 
resist significant forces and wear.  
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After four impact loads in the Impact Test the tested square panel was broken 
(Figure 37) and was re-taped (Figure 38) using bi-directional filament tape. The re-

taped square panel was subjected to three additional impact loads for the Repair 
Test. The test results show that the re-taped square panel was comparable in 

strength to the original panel and no significant damage was observed after the 
three impact loads of the Repair Test (Table 10). 
 

 
Figure 37: The Broken Panel 

Figure 38: The Re-taped Panel 
Source: Primary 

 
Table 10: Repair Test Data 

 
 
Test 

Distance 
between 
top support 
and ground 

(m) 

Distance between 
top support and 
bottom of 
sandbag (m) 

Height 
of 
sandbag 
(m) 

Angle between 
the vertical and 
rope in Radians 
(degrees) 

Impact 
Force (N) 

Condition 

1 1.55 1.39 0.6096 0.828(47.44) 266.9468 Good 

2 1.55 1.39 0.7620 0.968(55.46) 356.3773 Good 

3 1.55 1.35 0.9144 1.096(62.80) 476.9829 Good 
Source: Primary 

 

The conclusion of the repair test is that the re-taped rectangular panel was as 
strong as the original panel. 
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Panel Missing Test 
 
After the bottom square panel of the 1:4 scale model was re-taped, the repaired 

Tri-dome could still resist the strong impact loads (e.g. 476.98N/107.23lbf) with no 
visible damage. Considering the extreme weather conditions at Burning Man the 
Panel Missing Test was carried out. 

 
The Proctor Standard Hammer (24.5N weight [31:86]) was manually used to apply 

significant force on the re-taped bottom square panel until failure. The subsequent 
deflections absorbed by the dome and the panel could easily be seen. As the force 
applied on the panel gradually increased the re-taped square panel finally broke off 

from the Tri-Dome after eleven impacts over twenty-nine seconds (Figure 39). 
 

 
Figure 39: The Missing Panel from the Tri-Dome 
Source: Primary 

 

With the bottom square panel missing, the sandbags were again settled on the top 
of the Tri-Dome to perform the Missing Penal Test. The sandbags were fixed in the 
same method as in the Load Test with duct tape. The initial distance between the 

tip of the roof to the top of the fixed point was 74.5cm (29.33in).This distance 
increased to 76.2cm/30in (1.7cm/0.67in deflection) after four sandbags—100kg 

(220lb) was loaded on the roof. When the fifth sandbag was loaded (total load: 
125kg (275lb)) the Tri-Dome collapsed catastrophically (Figure 40). 
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Figure 40: Missing Panel Test 
Source: Primary 

 

The Tri-Dome failed because the bottom of the dome was not secured which 

allowed the corners of the failed panel to deflect outward. This deflection impaired 

the geometry and the structure collapsed. The major failure that caused the 

collapse was the failure of the foil paper on the panel rather than the panel itself. 

The pictures below (Figure 41-43) show the failures of the dome. 

 

 

Figure 41, Figure 42, and Figure 43: The Failure of the Panel 
Source: Primary 
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Model Test Results 
 
To prove the Tri-Dome design was strong enough to be used under the extreme 

weather conditions at Burning Man, four types of strength tests were carried out on 
the 1:4 scale model. The test results of Load Test, Impact Test, Repair Test, and 
Panel Missing Test are shown below. 

 
 Load Test: Under the 150kg (330lb) distributed load on the top the maximum 

deflection was 1.6cm (0.63in). After removing the load the final deflection 
was 0.8cm.  No damage or failure was induced on the 1:4 scale model by 
this test. 

 Impact Test: Under the 533.15N (200lb) maximum impact load on the 
bottom square panel the 1:4 scale model was in good condition with no 

significant cracks on the testing panel. The bottom square panel was broken 
under 304.77N (68.52lb) impact load after several tests. Mode of failures 
was due to the foil facer not the tape. 

 Repair Test: Under the 476.98N (107.23lb) maximum impact load on the 
bottom re-taped square panel the 1:4 scale model remained in good 

condition with no significant damage on the testing panel.  
 Panel Missing Test: Under the 100kg (220lb) distributed load on the top the 

deflection was 1.7cm. Under the 125kg (275lb) distributed load on the top 

the 1:4 scale model collapsed. 
 

Model Test Observations 
 

During the scale model testing, the following observations and recommendations 
were made: 

 
 The geometry of the structure allowed for relatively even force distribution. 

 All joints on the roof should be taped both inside and out as it was later 
revealed that the roof panel which had the most deflection had not been 
properly taped on the inner side.  

 The structure can hold its shape with the roof taped only on the inside 
without any loads acting on the structure. However, this is not recommended 

as the load resistance is drastically reduced. 
 Taping the outside bottom edges of the dome to a tarp could assist in 

maintaining the structures’ geometry by preventing the panel edges from 

deflecting outward. 
 The structure was stronger after repairs were made. According to the 

material test, it was determined that the bi-directional filament tape adds 
strength to the panel. 

 The failure of a whole panel may not lead the entire structure to collapse, 

which will allow time to make repairs. 
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Full-Size Panel Testing 
 
The top triangle panel for the roof of the Tri-Dome was constructed in full-size. The 

4’x8’ Enerfoil Panel was cut in half and tape together by Bi-Directional Filament 
Tape. (Figure 44)  

 
Figure 44: Top Triangle Panel Construction 

Source: Primary 

 
The full-size panel was settled on a level surface and the initial distance from the 
panel to the floor was recorded as 28.5 in (72.4cm). Then a 130kg load was evenly 

distributed on the top of the panel (Figure 45). The distance from the panel to the 
floor was recorded again as 26.5 in (67.3cm) (Figure 46). There was 2in (5.1cm) 

deflection. No damage or cracks were observed on the panel. 
 

 
Figure 45: Distributed Load on the top of Full-Size Panel 
Source: Primary 
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Figure 46: Distance from the Panel to the Floor 
Source: Primary 

 
Another 20kg (150kg loads total) was added.  The distance from the panel to the 

floor was recorded as 26in (66cm). The deflection changed to 2.5in (6.4cm). After 
5min of testing the distance from the panel to the floor was still 26in (66cm). There 

was no change for deflection. The 150kg load was removed from the top and the 
distance from the full-size panel to the floor was back to 28in (71.1cm). All the data 

is shown in Table 11 below. 
 
Table 11: Full-Size Panel Test Data 

Test Load on top (Kg) Distance between 
panel to the floor 
(in) 

Deflection (in) 

1 0 28.5 0 

2 130 26.5 2.0 

3 150 26.0 2.5 

4 150 (5min after 3rd test) 26.0 2.5 

5 0 28.0 0.5 

Source: Primary 

 
The full-size top triangle panel test proved that the full-size panel of the Tri-Dome 

is flexural and strong enough to resist the load condition at Burning Man. 
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Full-Size Construction 
 
Construction of the full-size Tri-Dome in this report was made possible because of 

funding provided by the SAIT Polytechnic Innovative Student Project Fund (ISPF). 
 

Panel Preparation 
 

On-site setup time can be significantly reduced by pre-fabricating the elements of 
the Tri-Dome.  The Tri-Dome is made from two elements, triangles (Figure 47 and 

48), and rectangles (Figure 52 and 53). 
 

Triangular Element 
 
To fabricate the triangular elements IKO Enerfoil panels were cut in half to form 

right-angle triangles.  The edges were taped with 2.25‖ foil tape to provide 
protection to the polyisocyanurate from moisture and UV rays (Figure 49).  The 

right-angle triangle pieces were taped together as shown in Figure 50.  The panels 
are taped a second time to form a hinge joint to facilitate transport (Figure 51). 
 

Note: When preparing the triangular elements it is important to alternate the 
cutting angles in order to maintain the same outward face on the Tri-Dome. 

 
 

 
Figure 47: Cut and Tape a Triangular Element 
Source: Primary 
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Figure 48: Triangular Element of the Tri-Dome 

Source: Primary 

 

 
Figure 49: Foil Tape Protected Polyisocyanurate from UV rays and Weather 
Source: Primary 
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Figure 50: Tape Joint on a Triangular Element 
Source: Primary 

 

 
Figure 51: Hinge Joint on a Triangular Element 
Source: Primary 

 

Rectangular Element 
 

Fabrication of the rectangular elements required the same edge protection 
procedure as the triangular elements mentioned earlier only on intact 4’x8’ panels 
of IKO Enerfoil.  The full panels were then joined on their long edge as shown in 

Figures 52 and 53 in the same hinge joint as the triangular elements. 
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Figure 52: Tape a Rectangular Element 
Source: Primary 

 

 
Figure 53: Rectangular Element (with door). 
Source: Primary 
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Setup Procedure 
 
The six triangular elements that make up the roof assembly were laid out, outer 

face down, and taped together.  The assembly was flipped so that the outer face 
was up (Figure 54).  The roof assembly was then raised and the final inner tape 
joint was taped from the inside (Figure 55). 

 

 
Figure 54: Flipping the Roof Assembly 
Source: Primary 

 

 
Figure 55: Fully Assembled Roof 

Source: Primary 
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The bottom section of the Tri-Dome was separated into three sections for assembly.  
Each section was made up of one rectangular, and three triangular elements 

(Figure 56).  Only inside joints are taped prior to full assembly.  Each section is 
capable of standing freely while the other two are being assembled.   

 

 
Figure 56: Assembly of One of Three Bottom Sections 

Source: Primary 

 
When all three bottom sections were assembled, they were joined together (Figures 

57 and 58).  Because of the unique geometry of the Tri-Dome when all bottom 
sections are taped together the base will aid in the final configuration, requiring 
very few adjustments. 

 

 
Figure 57: Assembly of the Bottom Section 
Source: Primary 
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Figure 58: Top View of Assembled Base. 
Source: Primary 

 
After adjustments to ensure the base sat according to specification, a door was cut 
for access (Figure 59).  The roof was lifted over the base and into position.  Once in 

position the 6 joints that attach the roof to the base were taped inside and out. 
 

 
Figure 59: Assembled Tri-Dome 
Source: Primary 
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Recommendations for Assembly 
 
Based on experience gained in the construction of the Tri-Dome the following 
recommendations are made for assembly. 

 
 The Tri-Dome requires a large staging area when assembling individual 

elements.  It is recommended that a space at least twice the base area of the 
Tri-Dome be available. 

 The procedure outlined for assembly in this report requires an ingress 

method to lift the roof into position.  It is recommended that a door be cut 
into a rectangular element before the base is assembled. 

 The alignment of the base sections can be difficult if the angles in the Tri-
Dome specification are not correctly observed.  It is recommended that the 
position and top height of the rectangular elements be accurately laid out 

prior to assembling the base (Figure 60).  
 The panels and elements made from the panels used in the Tri-Dome are 

very light and will catch in the wind.  It is recommended that all elements be 
assembled completely before starting the assembly of the roof and base. 

 The roof is lifted overhead onto the base and may be difficult to control in the 

wind.  It is recommended that a lanyard be taped to the roof to assist in a 
controlled lift. 

 

 
Figure 60: Distance to Tri-Dome Corners 

Source: Primary 

 

Recommendations for Disassembly 
 
Based on experience gained in the disassembly of the Tri-Dome the following 
recommendations are made. 
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 Care should be taken to ensure that the foil tape used to protect the 
polyisocyanurate is not damaged when cutting tape joints. 

 Alternating between cutting outside and inside joints in an accordion fashion 
can facilitate later assembly.  If using this method, ensure that the tape gap 

in the outer joints is filled with paper or masking tape to reduce the chance 
of the tape adhering to itself.  

 

Tie Downs 
 

The resultant lateral force acting on the dome was calculated by the following 
equation given by the User’s Guide-NBC 2005 Structural Commentaries [9] and 

may be found in Appendix A. 

             
   

 
 

          
 

This calculated lateral force in conjunction with the total uplift force is used to 
calculate the required resistive strength required for a tie down.  Each tie down is 
designed to resist the full uplift and lateral forces resulting in a comfortable factor 

of safety should any one tie down be damaged, vandalized, or otherwise 
compromised as shown in Figure 61. 

 

 
Figure 61: Uplift, Lateral, and Tie Down Forces 
Source: Primary 

 
The specified resistive force required for each tie down was calculated, shown in 

Figure 62, using the greater of the following equations and found to be 3080lbs 
(Appendix A).  A value for Theta of 48.5° was found to be optimum.  This angle is 

the same as the angle the rectangular element allowing anchors to be placed 
directly adjacent to the Tri-Dome, which will reduce the chance of accidental 
damage and alleviate tripping hazards. 
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Figure 62: Tie Down Force Diagram 
Source: Primary 

 

  
         

    
 or   

        

    
 

 
Eye loops must be used to create connection points in the rope ring for the tie 
downs to connect to.  A suitable knot for this purpose is the Alpine Butterfly knot 

[32] (Figure 63).  It is important to note that knotting rope significantly reduces its 
tensile strength.  The Alpine Butterfly retains 61% to 72% of its strength under 

tensile load [32].  Because of this reduction the specified tensile force must be 
increased.  The following equation was used to determine a tensile resistance of 
5050lb required for rope when using the minimum tested resistance of the Alpine 

Butterfly knot. 
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Figure 63: Alpine Butterfly Knot 
Source: [33]  

 
The rope ring, marked in red on Figure 64, transfers the loads acting on the Tri-

Dome to the tie downs.  Because the dome is transferring loads to the rope the 
area of contact between the rope and the insulation panel is under compressive 

stress on the leeward side of the Tri-Dome.  No matter how the Tri-Dome is rotated 
three 8’ lengths of rope in the ring will be transferring loads from the Tri-Dome.  
The following formula was used based on a rope diameter of ¾‖ to calculate a 

compressive stress of 14.26PSI acting on the insulation.  The Enerfoil panels have a 
compressive strength of 18PSI (Appendix B) resulting in a factor of safety of 1.26. 
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Figure 64: Tie Down Ring 
Source: Primary 

 

In the event of a failure of a single tie down it is important that the adjacent tie 
downs be able to resist the loads acting on them.  The following diagram (Figure 

65) shows a failed tie down on the windward side and the forces acting on the 
adjacent tie downs.  Should the windward tie down fail the force on the adjacent tie 
downs was calculated and are sufficient to resist the forces acting on them. 
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Figure 65: Failed Tie Down 

Source: Primary 

 
Additional tie downs at the 10’ level are recommended to improve overall stability 

of the Tri-Dome.  A plan of the recommended tie down locations and a detail of the 
ring joint are shown in Figure 66.  Tie downs anchor points are located away from 
entrances that may be constructed in the rectangular elements and are sufficiently 

close to the Tri-Dome to avoid trip damage.  A detail of an anchor able to resist the 
specified load is not provided by this report because of the wide range of soil 

conditions that may be encountered.  All anchor designs should be tested before 
implementation.  
 

Each tie down is required to be able to resist at least 3080lbs in tension.  While 
many materials may be used for this application this report recommends the use of 

2‖ wide DOT certified ratchet straps with a working load limit of at least 3080lbs. 
For the ring material shown in the following detail it is recommended that 3/4‖ 
double braid polyester rope with a tensile resistance of at least 5050lbs (Appendix 

A) be used.  Double braid polyester rope is high strength and low stretch [34] 
making it well suited to this application.   
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Figure 66: Tie Down Plan, Section, and Elevation Views. 
Source: Primary 

 

It is important to note that the tie down plan recommendations made within this 
report have not been tested and therefore should be tested prior to 

implementation. 
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Conclusion 
The Tri-Dome design was selected because it has strong geometry, and has a large 
useable space. 

 
The principle forces acting on the Tri-Dome are wind loads.  The wind load pressure 

gradient was calculated based on a perfect sphere as outlined in the User’s Guide – 
NBC 2005 Structural Commentaries (Part 4 of Division B)[9].  The resultant forces 
acting on the gradient and the forces acting on the most critical tape joint was 

calculated.  The tape at this joint has a factor of safety of 8.46. 
 

IKO Enerfoil (1.5‖) polyisocyanurate insulation panels were selected for use in the 
Tri-Dome.  The Enerfoil panels were selected because they have the least 

preparation time, an acceptable cost, are available nationwide, have a weather 
resistant foil facer, and equal flexural and compressive strength compared to the 
Foamular and IKOTherm panels. 

 
Bi-filament tape was selected for use because it has a high strength and is a proven 

tape for use at Burning Man.  Foil tape was recommended for protecting the edges 
of the polyisocyanurate panels from UV light, and weather conditions. 
 

Samples of Enerfoil panels were tested in the Universal Testing Machine for flexural 
strength.  This test was repeated with a bi-filament taped joint.  This data was used 

with the calculated wind pressures to determine a factor of safety of 1.01 given a 
worst case scenario. 
 

A scale model of the Tri-Dome was constructed and was tested with a distributed 
load.  The model was also subjected to an impact test until failure.  The failure was 

repaired, retested, and resisted further impact testing until the model was manually 
failed.  The Tri-Dome model was retested with the failed panel missing under 
distributed load.  The damaged model resisted 100kg of 150kg previously tested 

before failure concluding that the Tri-Dome can survive the loss of a critical element 
long enough to make repairs.  A full-size Enerfoil triangular element was load 

tested.  The element was subjected to 150kg of distributed load and suffered no 
permanent deflections. 
 

A full-size Tri-Dome was constructed.  Recommendations on assembly and 
disassembly were made.  Calculations for suitable tie downs and a tie down plan 

were made.  Tie downs with a working tensile resistance of 3080lb attached to a 
rope ring with a tensile resistance of at least 5050lb are required.  Two-inch DOT 
certified ratchet straps for the tie downs and ¾‖ double braid polyester rope with 

Alpine Butterfly knots are suitable for the use in the tie down plan found in 
Appendix D. 

 
The construction methods and testing conducted in this report advances the 
construction methods used by the Alberta Regional Burning Man community by 

providing detailed analysis of material testing, wind calculations, and a plan to 
safely tie down a Tri-Dome.  This report can also be referred to when constructing a 

Tri-Dome or improving on the Tri-Dome design and material selection.  



The Analysis and Construction of a Nearodesic Tri-Dome Maxwell, Suskin, Yang 56 

References 
 
[1] Black Rock City LLC, ―What is Burning Man?,‖ n.d. [Online]. Available: 

http://www.burningman.com/whatisburningman/about_burningman/faq_wha
t_is.html [Accessed Mar. 9, 2012]. 

 
[2] Guy Deckard, ―Orphan Camping,‖ Aug 31, 2011. [Online]. Available: 

http://wideanglewandering.blogspot.ca/2012/01/burning-man-orphan-

camping.html [Accessed Mar. 27,2012]. 
 

 [3] Andy Cripe, no title, n.d. [Online]. Available: 
http://andycripe.files.wordpress.com/2010/09/bm_blog_06.jpg?w=595 

[Accessed Mar. 27, 2012]. 
 
[4] Rodrigo A. Siqueira, ―Geodesic Domes,‖ n.d. [Online], Available: 

http://www.insite.com.br/rodrigo/bucky/geodome.html [Accessed Feb. 28, 
2012]. 

 
[5] Brad A. Grantham, no title, n.d. [Online]. Available: 

http://www.plunk.org/~grantham/public/geodesic_domes/dome.5_8.3v.png 

[Accessed Mar. 27, 2012].  
 

[6] howtolivewiki.com, no title, n.d. [Online]. Available: 
http://files.howtolivewiki.com/600px-Hexayurt_sa.jpg [Accessed Mar. 27, 
2012]. 

 
[7] Cool Tools, ―Hexayurt,‖ Mar. 17, 2011. [Online], Available: 

http://boingboing.net/2011/03/17/hexayurt.html [Accessed Feb 28, 2012]. 
 
[8] Edmund Harriss, ―Zero Waste Nearodesic Domes,‖ Aug. 30, 2011. [Online]. 

Available: http://www.tilings.org.uk/Hexayurt_Family.pdf [Accessed Jan. 16, 
2012]. 

 
[9] Institute for Research in Construction, User’s Guide-NBC 2005 Structural 

Commentaries (Part 4 of Division B). National Research Council of Canada, 

Ottawa, 2006.  
 

[10] Weatherbase, ―Travel and vacation weather information for your holiday 
journey to Gerlach, Nevada, United States of America, including forecasts 
and current conditions.,‖ Mar 28, 2012. [Online]. Available: 

http://www.weatherbase.com/weather/weather.php3?s=090362&refer=&city
name=Gerlach-Nevada-United-States-of-America [Accessed Mar 28, 2012]. 

 
[11] Institute for Research in Construction, National Building Code of Canada 

2005 Volume 1. Twelfth Edition. National Research Council of Canada, 

Ottawa, 2005, p. 4-16-17. 
 

http://www.burningman.com/whatisburningman/about_burningman/faq_what_is.html
http://www.burningman.com/whatisburningman/about_burningman/faq_what_is.html
http://wideanglewandering.blogspot.ca/2012/01/burning-man-orphan-camping.html
http://wideanglewandering.blogspot.ca/2012/01/burning-man-orphan-camping.html
http://andycripe.files.wordpress.com/2010/09/bm_blog_06.jpg?w=595
http://www.insite.com.br/rodrigo/bucky/geodome.html
http://www.plunk.org/~grantham/public/geodesic_domes/dome.5_8.3v.png
http://files.howtolivewiki.com/600px-Hexayurt_sa.jpg
http://boingboing.net/2011/03/17/hexayurt.html
http://www.tilings.org.uk/Hexayurt_Family.pdf
http://www.weatherbase.com/weather/weather.php3?s=090362&refer=&cityname=Gerlach-Nevada-United-States-of-America
http://www.weatherbase.com/weather/weather.php3?s=090362&refer=&cityname=Gerlach-Nevada-United-States-of-America


The Analysis and Construction of a Nearodesic Tri-Dome Maxwell, Suskin, Yang 57 

[12] windspeedbyzip.com, ―Wind Speed Results for Gerlach, NV 89412,‖ Mar. 

27, 2012 [Online], Available: 
http://www.windspeedbyzip.com/recent/29843031.html [Accessed Mar. 27, 
2012]. 

 
[13] Institute for Research in Construction, National Building Code of Canada 

2005 Volume 2. Twelfth Edition. National Research Council of Canada, 
Ottawa, 2005, p. c-8. 

 

[14] Marek Kubik, ―Structural Analysis of Geodesic Domes,‖ Apr. 29, 2009. [Full 
Text]. Available: http://www.ewb-

uk.org/system/files/Marek+Kubik+report.pdf [Accessed Mar 27, 2012]. 
 

[15] Canadian Institute of Steel Construction. Handbook of Steel Construction. 
10th ed., Canadian Institute of Steel Construction. 2010, [1-146]. 

 

[16] Paul M Ledaire. B.Arch., Architect, SAIT Polytechnic. Interview. Calgary, AB. 
Jan. 26, 2012. 

 
[17] IKO, ―IKOTherm polyisocyanurate,‖ n.d. [Online]. Available: 

http://www.iko.com/shared/commercial/brochures/BrochIKOTherm.pdf 

[Accessed: 27 Mar. 2012]. 
 

[18] Owens-Corning, ―Foamular c-200 Extruded Polystyrene Rigid Insulation,‖ n.d. 
[Online]. Available: 
http://insulation.owenscorning.ca/homeowners/insulation-products/celfort-

200.aspx [Accessed Mar. 27, 2012]. 
 

[19] Home Depot, n.d. [Online]. Available: 
http://www.homedepot.ca/wcsstore/HomeDepotCanada/images/catalog/270
129_4.jpg [Accessed Mar 27, 2012]. 

 
[20] IKO, ‖IKO Enerfoil Polyisocyanurate Insulation Sheathing,‖ n.d. [Online]. 

Available: 
http://www.iko.com/shared/commercial/brochures/BrochEnerfoil.pdf 
[Accessed Mar 27, 2012]. 

 
[21] Owens-Corning, ―FOAMULAR® C-200 Extruded Polystyrene Rigid Insulation,‖ 

July 2009. [Online]. Available: 
http://insulation.owenscorning.ca/assets/0/188/ec10aa77-7e0c-4905-96b5-
02790e992bcf.pdf [Accessed Mar 27, 2012]. 

 
[22] IKO, ―IKOTHERM,‖ April, 2010. [Online]. Available: 

http://www.iko.com/shared/commercial/techdata/4180xxxcIKOTherm-
EngFr.pdf [Accessed Mar 27, 2012]. 

 

http://www.windspeedbyzip.com/recent/29843031.html
http://www.ewb-uk.org/system/files/Marek+Kubik+report.pdf
http://www.ewb-uk.org/system/files/Marek+Kubik+report.pdf
http://www.iko.com/shared/commercial/brochures/BrochIKOTherm.pdf
http://insulation.owenscorning.ca/homeowners/insulation-products/celfort-200.aspx
http://insulation.owenscorning.ca/homeowners/insulation-products/celfort-200.aspx
http://www.homedepot.ca/wcsstore/HomeDepotCanada/images/catalog/270129_4.jpg
http://www.homedepot.ca/wcsstore/HomeDepotCanada/images/catalog/270129_4.jpg
http://www.iko.com/shared/commercial/brochures/BrochEnerfoil.pdf
http://insulation.owenscorning.ca/assets/0/188/ec10aa77-7e0c-4905-96b5-02790e992bcf.pdf
http://insulation.owenscorning.ca/assets/0/188/ec10aa77-7e0c-4905-96b5-02790e992bcf.pdf
http://www.iko.com/shared/commercial/techdata/4180xxxcIKOTherm-EngFr.pdf
http://www.iko.com/shared/commercial/techdata/4180xxxcIKOTherm-EngFr.pdf


The Analysis and Construction of a Nearodesic Tri-Dome Maxwell, Suskin, Yang 58 

[23] IKO, ―IKO ENERFOIL SHEATHING ,― March, 2009. [Online]. Available: 
http://www.iko.com/shared/commercial/techdata/41803xxcEnerfoil-

EngFr.pdf [Accessed Mar 27, 2012]. 
 

[24] Dr. Steven L. Schaeffer, Ms. Jill Slusarski, Ms. Valeria VanTiem, & Dr. M.L. 
Johnson, ―Tensile Strength Comparison of Athletic Tapes: Assessed Using 
ASTM D3759M-96, Standard Test Method for Tensile Strength and Elongation 

of Pressure-Sensitive Tapes ,― Journal of Industrial Technology, vol 16, no. 1, 
Nov 1999 to Jan 2000. [Full Text]. Available: 

http://atmae.org/jit/Articles/scha1101.pdf [Accessed Mar 27, 2012]. 
 
[25] Chemsultants International, ―Pressure Sensitive Adhesive Information,‖ n.d. 

[Online]. Available: http://www.chemsultants.com/technical-
resources/pressure-sensitive-adhesive-info.aspx [Accessed Mar 27, 2012]. 

 
[26] DIY Trade, n.d. [Online]. Available: 

http://img.diytrade.com/cdimg/632190/6704447/0/1219376556/Aluminum_

Foil_Tape.jpg [Accessed Mar 27, 2012]. 
 

[27] FindTape.com, ―JVCC 762-BD Bi-Directional Filament Strapping Tape at 
FindTape.com,‖ n.d. [Online]. Available: 

http://www.findtape.com/shop/product.aspx?id=328&cid=80&idx=2&tid=1&i
nfo=Strapping%2bTape%2b(Bidirectional%2bFilament%252c%2bAppliance-
Grade%252c%2bEtc.)&setscreen=1&width=1600&height=799 [Accessed Mar 

28, 2012]. 
 

[28] Chris Watkins, Julie Danger,‖ Hexayurt playa‖, Nov.26, 2011. [Online]. 
Available: http://www.appropedia.org/Hexayurt_playa [Accessed Jan.18, 
2012] 

 
[29] HexayurtTape.com, n.d. [Online]. Available: http://hexayurttape.com/wp-

content/uploads/2011/06/FIL860_6_IN_BIFILAMENT.jpg [Accessed Mar 27, 
2012]. 

 

[30] Engineers Edge, ―Strength of Materials – Mechanics of Materials,‖ n.d. 
[Online]. Available: 

http://www.engineersedge.com/strength_of_materials.htm [Accessed Mar 
27, 2012]. 

 

[31] Cheng Liu, Jack Evett, Soils and Foundation. Seventh Ed.. Prentice Hall, 
2007, pp. 86. 

 
[32] Health & Safety Executive, ―Industrial rope access - Investigation 

into items of personal protective equipment,‖ 2001. [Online]. Available: 

http://www.hse.gov.uk/research/crr_pdf/2001/crr01364.pdf [Accessed Mar 
27, 2012]. 

 

http://www.iko.com/shared/commercial/techdata/41803xxcEnerfoil-EngFr.pdf
http://www.iko.com/shared/commercial/techdata/41803xxcEnerfoil-EngFr.pdf
http://atmae.org/jit/Articles/scha1101.pdf
http://www.chemsultants.com/technical-resources/pressure-sensitive-adhesive-info.aspx
http://www.chemsultants.com/technical-resources/pressure-sensitive-adhesive-info.aspx
http://img.diytrade.com/cdimg/632190/6704447/0/1219376556/Aluminum_Foil_Tape.jpg
http://img.diytrade.com/cdimg/632190/6704447/0/1219376556/Aluminum_Foil_Tape.jpg
http://www.findtape.com/shop/product.aspx?id=328&cid=80&idx=2&tid=1&info=Strapping%2bTape%2b(Bidirectional%2bFilament%252c%2bAppliance-Grade%252c%2bEtc.)&setscreen=1&width=1600&height=799
http://www.findtape.com/shop/product.aspx?id=328&cid=80&idx=2&tid=1&info=Strapping%2bTape%2b(Bidirectional%2bFilament%252c%2bAppliance-Grade%252c%2bEtc.)&setscreen=1&width=1600&height=799
http://www.findtape.com/shop/product.aspx?id=328&cid=80&idx=2&tid=1&info=Strapping%2bTape%2b(Bidirectional%2bFilament%252c%2bAppliance-Grade%252c%2bEtc.)&setscreen=1&width=1600&height=799
http://www.appropedia.org/Hexayurt_playa
http://hexayurttape.com/wp-content/uploads/2011/06/FIL860_6_IN_BIFILAMENT.jpg
http://hexayurttape.com/wp-content/uploads/2011/06/FIL860_6_IN_BIFILAMENT.jpg
http://www.engineersedge.com/strength_of_materials.htm
http://www.hse.gov.uk/research/crr_pdf/2001/crr01364.pdf


The Analysis and Construction of a Nearodesic Tri-Dome Maxwell, Suskin, Yang 59 

[33] realsnowfake, Mar 24, 2012. [Online]. Available: 
http://realsnowfake.files.wordpress.com/2010/03/20050820033511alpine_b

utterfly_knot_diagram1.png [Accessed Mar 27, 2012]. 
 

[34] WebRiggingSuppy, ―Double Braid Polyester Rope,‖ n.d. [Online]. Available: 
http://www.webriggingsupply.com/pages/catalog/rope/double-braid-
polyester-rope.html [Accessed Mar 27, 2012]. 

 
[35] Robert L. Mott, Applied Fluid Mechanics. Sixth Edition. Colummbus: Pearson 

Prentice Hall, 2006, pp. 597. 
 
[36] Gujarat State Disaster Management Authority, ―IS: 875(Part3): Wind Loads 

on Buildings and Structures -Proposed Draft & Commentary,‖ n.d. [Online]. 
Available: http://www.iitk.ac.in/nicee/IITK-GSDMA/W02.pdf [Accessed Mar 

27, 2012]. 
 

http://realsnowfake.files.wordpress.com/2010/03/20050820033511alpine_butterfly_knot_diagram1.png
http://realsnowfake.files.wordpress.com/2010/03/20050820033511alpine_butterfly_knot_diagram1.png
http://www.webriggingsupply.com/pages/catalog/rope/double-braid-polyester-rope.html
http://www.webriggingsupply.com/pages/catalog/rope/double-braid-polyester-rope.html
http://www.iitk.ac.in/nicee/IITK-GSDMA/W02.pdf


  A1 

Appendix A: Calculations 
 

Wind Load Calculation 
 

Reference (design) Wind Speed V 
 

Basic Wind Speed Vb 

 
―Basic wind speed is based on peak gust speed averaged over a short time interval 

of about 3 seconds and corresponds to 10m height above the mean ground level in 
an open terrain (Category 2)[14]‖. According to [12], basic wind speed for Nevada 

is: 
 

Vb= 90mph = 144.84Km/hr = 40.23 m/s 

Vb  40 m/s 
 

Reference Wind Speed V 
 

Vz = Vbk1 k2 k3 k4 [14: Appendix C],[36] 
Vz = design wind speed at any height z in m/s, 
k1 = probability factor (risk coefficient) (see 5.3.1), 

k2 = terrain roughness and height factor (see 5.3.2), 
k3 = topography factor (see 5.3.3) 

k4 = importance factor for the cyclonic region (see 5.3.4) 
 

NOTE: The wind speed may be taken as constant up to a height of 10 m. However, 

pressures for buildings less than 10m high may be reduced by 20% for stability and 

design of the framing. [14][36]. 
 

k1 = 0.75, from Table 12 below.  When basic wind speed is 39m/s, k1 value for 
temporary sheds is 0.76. When basic wind speed is 44m/s, k1 is 0.73. Therefore, 
when basic wind speed is 40m/s, k1 value is 0.75. 
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Table 12: Risk Coefficients for Different Classes of Structures in Different Wind Speed Zones 

 
Source: [36:23] 

 
K2 = 1.0, from Table 13 below. The height of Tri-Dome used at Burning Man is less 

than 10m, and assuming it belongs to Terrain Category 2, ―Category 2 – Open 
terrain with well-scattered obstructions having height generally between 1.5 and 10 
m [36:25].  

 
Table 13: K2 Factors to Obtain Design Wind Speed Variation with Height in Different 
Terrains 

 
Source: [36: 24] 
 
k3 = 1.0, assuming at Burning Man Community, there are no hills, cliffs or 

escarpments that channel the wind are nearby. [36:30-5.3.3] 
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k4 = 1.0, the Tri-Dome used at Burning Man is a temperate structure, non-
industrial nor structure of post–cyclone importance. [36:30 5.3.4] 

 
So, the value of reference wind speed V is  

 
V = Vz = Vbk1k2 k3 k4 

   = 40 m/s x 0.75 x 1.0 x 1.0 x 1.0 

   = 30 m/s 
 

Reference Velocity Pressure q  
 

q = 
 

 
 V2 [13:c-8] 

  is dry air density, where at 0°C    is 1.2929kg/m3 [13:c-8]. Since the Burning 

Man Community is in Nevada’s Black Rock Desert, the dry air density   is used as 

20°C.  @20°C= 1.204kg/m3 [35]. 

 

So the value of reference velocity pressure q is  
 

q = 
 

 
 V2 

   = 
 

 
 x 1.204kg/m3x (30 m/s) 2 

   = 0.54 KPa 
 

Wind Pressure P 
 

Since the Tri-Dome is in round shape, the wind pressure (Figure 67) on it is 
different with the normal buildings.  

 

 
Figure 67: Wind Pressure on Round Structures 
Source: [9:I-38] 
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The formula for wind pressure at different angles on the rounded structure is 
 

P = Iw q Ce Cg Cp [11:4-16] 
q = 0.54 KPa, is calculated above. 

Ce= 0.9, exposure factor [11:4-17], where  
 

Ce = (
 

  
 0.2 = (

     

  
 ) 0.2 =0.786 <0.9 

 
Cg= 2.0, gust factor [11:4-17] 

Cp, external pressure coefficient, from Table 14, is different at different angles. 
 
Table 14: External Pressure Coefficient Cp 

 
  

0° 15° 30° 45° 60° 75° 90° 105° 120° 135° 150° 165° 180° 

Cp +1.0 +0.9 +0.5 -0.1 -0.7 -1.1 -1.2 -1.0 -0.6 -0.2 +0.1 +0.3 +0.4 

Source: [9: I-38] 

 

Iw =0.8, from Table 15 below, for low importance category, since the Tri-Dome is a 
temporary structure. 
 
Table 15: Importance Factor for Wind Load, Iw 

 
Source: [11:4-17] 

 
So the wind pressures at different angles are 

 

P@       = 1.4 x Iw q Ce Cg Cp 

     = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x 1.0 
     = 1.09 KPa 
     = 22.74 psf 

 

P@        = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x 0.9 
      = 0.98 KPa 

      = 20.46 psf 
 

P@        = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x 0.5 
      = 0.57 KPa 

      = 11.37 psf 
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P@        = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x (-0.1) 
      = -0.11 KPa 

      = -2.27 psf 
 

P@        = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x (-0.7) 
      = -0.76 KPa 

      = -15.92 psf 
 

P@        = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x (-1.1) 

      = -1.20 KPa 
      = -25.01 psf 
 

P@        = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x (-1.2) 

      = -1.31 KPa 
      = -27.28 psf 

 

P@         = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x (-1.0) 
      = -1.09 KPa 
      = -22.74 psf 

 

P@         = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x (-0.6) 
      = -0.65 KPa 

      = -13.64 psf 
 

P@         = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x (-0.2) 
      = -0.22 KPa 

      = -4.55 psf 
 

P@         = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x 0.1 
      = 0.11 KPa 

      = 2.27 psf 
 

P@         = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x 0.3 

      = 0.33 KPa 
      = 6.82 psf 
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P@         = 1.4 x Iw q Ce Cg Cp 

      = 1.4 x 0.8 x 0.54 KPa x 0.9 x 2.0 x 0.4 
      = 0.44 KPa 

      = 9.09 psf 
 

Net Lateral Force Calculation 
 

             
   

 
 [9:I-38] 

Where, 

Cf = 0.2,          
q = 0.54 calculated above 

Cg =  2.0[11] 
Ce = 0.9[11] 
d = 7.62m 
 

                   
 (       

 
                   

 

Individual Tri-Dome Elements Calculation 
 

The areas in Figure 68 and 69 were found using AutoCAD and multiplied by the 

average pressure acting on the area in Excel using the following formula.  
 

                 
(      

 
 

 

 
Figure 68: Radial Pressure Changes on Tri-Dome Roof Elements 
Source: Primary 
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Figure 69: Pressure Changes on Tri-Dome Base Elements 
Source: Primary 

 
Example of 90° to 75° on a roof element of the windward side: 
 

Force90°-75°= Area90°-75° x 
(           

 
 

 

                 
(                   

 
 

 
Table 16: Roof Element on Windward Side 

 

Area (m2) 

Force 

Total (kN) 

Total Force  

(lbs) 

90°-75° 0.307 -0.367 -82.534 

75°-60° 0.766 -0.667 -149.881 

60°-45° 1.229 -0.535 -120.323 

45°-30° 0.671 -0.037 -8.208 
Source: Primary 

 
Table 17: Roof Element on Leeward Side 

 
Area (m2) 

Force 
Total (kN) 

Total Force  
(lbs) 

90°-105° 0.307 -0.384 -86.286 

105°-120° 0.766 -0.750 -168.616 

120°-135° 1.229 -0.535 -120.323 

135°-150° 0.671 0.146 32.832 
Source: Primary 
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Table 18: Rectangular Element on Pressure Side 

 Area 
(m2) 

Force Total 
(kN) 

Total Force  
(lbs) 

30°-45° 1.340 0.292 65.587 

15°-30° 2.002 1.526 342.965 

0°-15° 2.604 2.693 605.402 
Source: Primary 

 
Table 19: Rectangular Element on Suction Side 

 Area 

(m2) 

Force Total 

(kN) 

Total Force  

(lbs) 

135°-150° 1.340 -0.073 -16.397 

150°-165° 2.002 0.436 97.990 

165°-180° 2.604 0.992 223.043 
Source: Primary 

 
Table 20: Base Inverted Triangular Element on Pressure Side 

 Area 
(m2) 

Force Total 
(kN) 

Total Force  
(lbs) 

30°-45° 1.218 -0.066 -14.901 

15°-30° 1.194 0.260 58.453 

0°-15° 0.561 0.214 48.054 
Source: Primary 

 
Table 21: Base Inverted Triangular Element on Suction Side 

 Area 

(m2) 

Force Total 

(kN) 

Total Force  

(lbs) 

135°-150° 1.218 0.265 59.603 

150°-165° 1.194 0.910 204.585 

165°-180° 0.561 0.580 130.431 
Source: Primary 

 
Table 22: Base Triangular Element on Pressure Side 

 Area 
(m2) 

Force Total 
(kN) 

Total Force  
(lbs) 

30°-45° 0.094 0.020 4.601 

15°-30° 0.816 0.621 139.713 

0°-15° 2.063 2.134 479.730 
Source: Primary 

 
Table 23: Base Triangular Element on Suction Side 

 Area 
(m2) 

Force Total 
(kN) 

Total Force  
(lbs) 

135°-150° 0.094 -0.005 -1.150 

150°-165° 0.816 0.178 39.918 

165°-180° 2.063 0.786 176.742 
Source: Primary 
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Tape Stress per Inch 
 

             
∑          ∑             

(      
 

 

      
  

  
 

(                              (                            

     
 

 

Total Uplift Force 
                    
                   
         (    (   

         (            (                   

 

Tie Down Tensile Resistance 
 

Tie down forces are shown in Figure 70. 
 

 
Figure 70: Tie Down Force Diagram 
Source: Primary 

 

  
         

    
      

        

    
 

 

  
       

        
         

 

  
       

        
         

 
                            

 



  A10 

Rope Tensile Resistance 

      
         

              
 

 

      
       

    
         

 

Rope Compressive Stress 

  
     

               
 

 

  
       

        (        
           

 

Failed Tie Down 
              (                      

 

              
      

        
         

 

Forces on Tape 
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Panel Flexural Resistance at 8’ 
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(         
        

  

 
   

 

Maximum Pressure Forces Between 0° and 15° 
 

                  

 

                       
  

 
  

     
       

      
      

 

Maximum Suction Forces Between 75° and 90° 
                

 

                       
  

 
  

 

   
           

(        
         

 

     
    

       
      

 

Material Properties Calculation 
 

Bending Stress σs 
 

Calculations to support information found in Table 6 & 7 follows: 
 

Bending Stress σs=
   

    
 [30] 

 

p—Yield Force, different values for different materials.  
l—Length  

w—Width, w = 150mm  

t—Thickness 

 
EKOTherm Panel 

σs=
   

     = 
                  

            (      
 = 2.80 MPa 
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Enerfoil Panel 

σs=
   

     = 
                   

            (      
 = 3.44 MPa 

 
Enerfoil panel cut in half and the two parts taped together with 150mm Bi-

Directional Filament Tape 

σs=
   

     = 
                   

            (      
 = 3.30 MPa 

 

Enerfoil panel cut in half and the two parts taped together with 48mm Duct Tape 

σs=
   

     = 
                  

            (      
 = 2.44 MPa 

 

Bending of Flexural Modulus Es 

 

Bending of Flexural Modulus Es= 
   

     
 [the same as the green one in Materials 

Testing]  

 
y—Deflection at Yield Point [30] 

 
EKOTherm Panel 

Es= 
   

     
 = 

         (       

            (               
 = 147.34 MPa 

 

Enerfoil Panel 

Es= 
   

     
 = 

          (       

            (                
 = 57.77 MPa 

 
Enerfoil panel cut in half and the two parts taped together with 150mm Bi-

Directional Filament Tape 

Es= 
   

     
 = 

          (       

            (                
 = 55.67 MPa 

 

Enerfoil panel cut in half and the two parts taped together with 48mm Duct Tape 

Es= 
   

     
 = 

         (       

            (                
 = 114.44 MPa 
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Scale Model Impact Load Calculation 
 

As shown in Figure 71 below:  F = mgtanφ; tanφ =      (
   

 
  

 

 
Figure 71: Force Diagram 
Source: Primary 

 

F—Impact force on the testing panel, N 
m—Mass of the sandbag, 25kg 
φ—Angle between the vertical to the rope, radians  

H—Distance between top supporting and ground, 1.55 m 
h—Height of sandbag, m, from Tables 9 & 10  

d—Distance between top supporting and bottom of sandbag, m, from Table 9 & 10  
 
Calculations to support the impact force F on the panel at different tests found in 

Table 9 and 10 follows: 
 

Impact Test 
 

Test 1: h=0.9144m, d=1.35m 

  tanφ =      (
   

 
  =      (

           

    
  = 1.081 

  F = mgtanφ =25kg  x 9.81 m/s2  x 1.081= 459.5595N  

 
Test 2: h=0.9900m, d=1.34m 

  tanφ =      (
   

 
  =      (

           

    
  = 1.140 

  F = mgtanφ =25kg  x 9.81 m/s2  x 1.140= 533.1447N 

 
Test 3: h=0.9800m, d=1.35m 

  tanφ =      (
   

 
  =      (

           

    
  = 1.135 

  F = mgtanφ =25kg  x 9.81 m/s2  x 1.140= 526.5049N 
 

  

 

 

 



  A14 

Test 4: h=0.6096m, d=1.50m 

  tanφ =      (
   

 
  =      (

           

    
  = 0.893 

  F = mgtanφ =25kg  x 9.81 m/s2  x 1.140= 304.7655N 
 

Repair Test 
 

Test 1: h=0.6096m, d=1.39m 

  tanφ =      (
   

 
  =      (

           

    
  = 0.828 

   F = mgtanφ =25kg  x 9.81 m/s2  x 0.828= 266.9468N  

 
Test 2: h=0.7620m, d=1.39m 

  tanφ =      (
   

 
  =      (

           

    
  = 0.968 

   F = mgtanφ =25kg  x 9.81 m/s2  x 0.968= 356.3773N  
 

Test 3: h=0.9144m, d=1.35m 

  tanφ =      (
   

 
  =      (

           

    
  = 1.096 

  F = mgtanφ =25kg  x 9.81 m/s2  x 1.096= 476.9829N  
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Appendix B: Material Specifications 

Foil Tape 
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Bi-Directional Filament Tape 
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Enerfoil Panel 

 
 



  B6 
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IKOTherm Panel 

 



  B8 
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Foamular Panel 

 
 



  C1 

Appendix C: Flexural Test Data 

Enerfoil Panel 
 

  



  C2 

Enerfoil Panel with Foil Tape 
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Enerfoil Panel with Bi-directional Filament Tape 
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IKOTherm Panel 
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Appendix D: Tri-Dome Specifications 

 
Figure 72: Tri-Dome Specifications 
Source: Primary 
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Appendix E: Summary of Costs: Full-Size Tri-Dome 
 
Table 24: Cost Summary 

 Quantity Price Subtotal Broker/GST Total 

JVCC 762-BD Bi-Directional 

Filament Strapping Tape  
6 in. x 60 yds 

5 34.12 170.60 43.61 214.21 

Enerfoil 4ft x8ft x1.5in 21 33.14 695.94 34.80 730.74 

Foil Tape 2.25 in x 50 yds 6 11.99 71.94 3.60 75.54 

     1020.48 
Source: Primary 

 


