The Analysis and Construction of a
Nearodesic Tri-Dome

Written by
Andrew Maxwell, Tracy Suskin, Ying Yang
CVT Students
Construction Management Option
School of Construction
SAIT Polytechnic

POLYTECHNIC



Title page background illustration:

Marc Merlins, [Online]. Available: http://marc.merlins.org/perso/bm/100_Playa.jpg

[Accessed Mar 28, 2012].

Title page foreground illustration:
Source: Primary


http://marc.merlins.org/perso/bm/100_Playa.jpg

The Analysis and Construction of a
NearodesicTri-Dome

Written for
The AlbertaRegionalBurning Man Community

Written by
Andrew Maxwell, Tracy Suskin, Ying Yang
CVT Studats
Construction Management Option
School of Construction
SAIT Polytechnic

Requestedby
Betty Hersberger, COMM Instructor
Jacqueline Vera, CIVL Advisor
SAIT Polytechnic

March 30, 2012



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 Engine ering 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 . SEmerfoil polyisocyanurate rigid
insulation panels held together with 6 obi-directional filament tape. The materials
for constructing the Tri  -Dome are readily available, and the dome itself is easy to
assemble.

TheTri-Dome6s strengt h i sundceapalledodesiatthel mostgritidalo
loads (wind loa ds 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 oneweek every August in Nevadaods Bl ack Roeovkr Desert
50,000 people is assembled on a dry, seasonal lakebed for an event called Burning

Man. fBurning Man is an annual experiment in temporary community dedicated to

radical self -expression and radical self  -reliance 6 [1]. These principles encourage

participant s of the event to release their creativity in the form of artwork,

engineering, music, and celebration.

Burning Manis held hours from any town , and therefore a nything an individual

needs to survive must be brought in with them and later trucked out, leav ing 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 structu res, tents, RVs and home  -Dbuilt design experiments.
Several designs feature  d low waste building practices and strong geodesic
structur al geometry, as shown in Figures 1 and 2 below.

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yand
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Figure 1: Shelters Found at Burning Man
Source: [2]

Figure 2: Planned Structures Found at Burning Man
Source: [3]

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yan@



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
erection.

Scope

The following items are included within th e scope of this report, as they were

deemed most critical to the safety and performance of the
Man:

Tri-Dome at Burning

Determin ation of end user requirements at Burning Man

1
I Calculat ion of wind loads on the Tri-Dome
9 Compar ison and selecti on of materials for:
0 Flexural strength
o Compressive strength
0 Suitability for  application
o Cost

Construction of a full -size Tri-Dome
Determin ation of tie down requirements
Summary of costs

Recommendations

=A =4 =4 -4 =9

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 exposur e

Testing internal temperature performance

Analyzing geotechnical requirements for dome anchors
Determining anchorage design

Determining fire ratings

= =4 =8 -8 -8 8899999

national and i nternational buildi ng codes

Constructi on and testing of a scale model Tri-Dome

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

The Analysis and Construction of a Nearodesiai-Dome
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Methods

Industry Contacts

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

store manager Rick Ja ithoo to discuss design considerations required , and the
benefits verses limitations of selecting polyisocyanurate |KOTherm 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 O rgani zationbés Department
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 recomme  ndations 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 C onstruction 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 panelsre  quired 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 calcula ting 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.

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yandg
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Advanced Learning

The c alculations of specified wind loads on a sphere were made usingthe fiUser 0s
Guide -NBC 2005 Structural Commentaries (Par t 4 of Di wnderthen B) 0
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 thisre port .

Further communication skills were acquired from a proposal to SAIT Polyt
Innovative Student Project Fund ( ISPF) review panel to obtain the required f  unding

to build and testa 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 w ere 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 ofthe Tri-Dome anda full -size roof panel was
constructed and tested. Assembly procedures for the construction ofa  full -size Tri-
Dome are provided , and recommendations are made to mitigate problems that

were experienced in its assembly

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yan®



Dome __Selection

Performance Criteria

To select a design that was suitable for the conditions f ound 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 an d flat surfaces to create a
shape thatis 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 transfe  rloadstot he ground surface . An example of a Geodesic

Dome is shown in Figure 3.

According to an online article on Geodesic Domes, fiThe 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 0 4].

Figure 3: Example of a Geodesic Dome
Source: [5]

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yan@



Hexayurt

The H exayurtis a modern  -day, easy to build, structure based on the same

mathematical principles found in the geodesic dome combin ed with the visual
appearance of ayurt , 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 isthat its geometry has been modified so that

its entire structure is created from standard 4&806panels. fiThe Hexayurt s are made
from only one kind of triangle: an 8'x8' isosceles triangle, rather than the

strangely -shaped triangles which are standard for Fulle r-style geodesic domes 0 7].
These triangles are created by cutting and taping a 4 6 x el 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  design s, both structures were  constructed
using 1x2in  pieces of paper scotch taped together. This provided a good indicatio n

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yan@



of how easy each design would be to  construct, and allowed a comparison between
the two structure s 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 afingeronthe top ofthe scaled model thatthe Quad-Dome

showed weakness in the design of its roof that would easily fail u nder certain
loading conditions . Specifications for the Quad -Dome can be seenin Figure 5
below.

- A
- & Vfﬁi\

80"

34,}

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

The shallow angles onthe  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.

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yang
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Figure 6: Tri -Dome Specification
Source : Adapted from: [8]

Loads

iStruct ur al beldivided isto tlree wategories: 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 ) 09: [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 condition s at Burning Man must be considered in the loads calculation.

Because Burning Man is held ina desertduri ng 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; t herefore only wind load s 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=1,9C.CyCy
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.,

g = reference velocity pressure, as provided in Sentence (4),

Ce = exposure fact or, 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 win d

pressure. As the Tri-Dome is a round structure the wind pressure (Figure 7) it
experiences is not the same as the nor mal buil din
structures (in contrast to sharp -edged structures), the cross -wind pressures vary

withthewindvel ocity and depend strongly o081-88lle Reynol ds

Figure 7:Wind Pressure on Round Structures
Source: Adapted from: [9: 1-38]

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 =1 ,0CcCyCp [11:4-16]

1 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 | w=0.8, for normal importan ce [11]
Exposure factor C e=0.9[ 11]

Gust effect factor C g=2.0[ 11:4 -17]

External pressure coefficient C p is shown in Table 1 below

= =4 =4 =

Table 1: External Pressure Coefficient Cp
) 0° 15° 30° 45° | 60° | 75° | 90° 105° 120° 135° 150° 165° 180°

Cp +10 |+09 |+05 |-01 |-07 |-11 |-1.2 |-1.0 -0.6 -0.2 +0.1 +0.3 +0.4
Source: [9:1-38]

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, YandO



Calculate Reference Velocity Pressure |
The reference velocity pressure is defined as
the reference velocity pressure, g, shall be the appropriate value determined

in conformance with Subsection 1.1.3., based on a probability of being
exceed ed in any one year of 1 in 50 [11: 4-17].

Since the reference v elocity pressure, g, 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, Vy, for Nevada. According to the

website fAWi nd Spl2]etde bésic widdisgeed 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 10 m
height in flat open terrain corresponding to Exposure A or open terrain in the
terminology of the User's Guide - NBC 2005, Structural Comm  entaries (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, g, were calculated in
Pascals using the following equation:

q= -zV°

where z is an average air density for the windy months of the year and O 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 atm ospheric pressure of 1.2929  kg/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=V,=V vak1k2k3k4 =30 m/s [ 14]
The value of reference wind speed V, wind velocity pressure g in any one year of 1

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

q (1/50) = gz @20°c V2= 0.54 kPa[13:c -9]

All the detailed calculations above are shownin Appendix A: Calculations

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yand 1l



Calculate Wind Pressures P to Different Angles

The wind pressures P on the Tri-Dome panels at various angles, | J, are shown
below in Table 2
P=1,9C.CyC,[11]
Table 2: Wind Pressures at Different Angles
) 0° 15° 30° 45° 60° 75° 90°
P(KPa) 1.09 098 054 -0.11 -0.76 -1.20 -1.31
P(psf) 22.74 20.46 11.37 -2.27 -15.92 -25.01 -27.2 8
) 105° 120° 135° 150° 165° 180°
P(KPa) -1.09 -0.65 -0.22 011 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 radia | pr essure changes, shown in Figure 8, were applied to the
surface of the Tri-Dome . Figure 9 illustrates how the pressures (RED) t ransition 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 specifi ed 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 bas e 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.

0 0

O 01 Qw

/N

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 triangul ar el e
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 act  ing on the tape joint was calculated tobe ¢ @-. The
specified bi -directional filament tape has a tensile resistance of ¢ ¢ -A which provides
a factor of safety of 8.46.

0 0

O —— £ 10 ———
weE+ i Qe

0

© 00l 0 0t GO

Uplift
l l i i Lateral Force
- ~ 49°

- L Tape Tensile Force
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 46x806 W®iheets w

Dome design requires 46x806 sheets.
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Because of strict rul  es on waste at Burning Man, Type | and Il 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

1 Availability

1 Strength

1 Expense

i Weather resistance

1 Preparation time
Criteria
Availability
Due to the total dimensions of the panels required for the dome, approximately
4 6 x 8 GtacRedl 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 purchaseinlow -v ol umes. There is not a wide sel e
insulation panels available in the Calgary area. Th e 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 s a critical component for this comparison. Given the span of the
panels, 8 ft, 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] (— 1® anaximum 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 (Appendi x 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 (Ib/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
exposedto UVrays are expectedtobe r epl aced with each use.
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 a s flat roof insulation suitable for modified bitumen, built -up or single -ply

The Analysis and Construction of a Nearodesiai-Dome Maxwell, Suskin, Yand6

Beca



roof systems [ 17]. It features a closed cell polyisocyanurate core with a fiberglass
reinforced paper facer [17]. Itis available in the Calgary area at Marathon Roofing.

Figure 12 :1KOtherm Insulation Panel
Source: [17]

Foamular

Foamular (Figure 13) is an extruded polystyrene insulation board with no face r
manufactured by Owens -Corning [18]. Itis available in a wide range of thicknesses
at Home Depot stores nationwide.

[CORNING |3
FOAMULAR =
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Rigid syl ergttiare
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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 pane Isisshownin Table 4 below . Further cost detalil
can be found in Appendix E

Table 4: Panel Cost Comparison

Panel Material Cost per use
(Thickness) Cost per panel (21 panels @ 10 uses)

| KOTher m |$20.40 $42.84

Foamular 1. 50 $45.14 $94.79

Enerfoil $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 6 s gl ass fiber reinfori
facers provide s 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

areaof 672ft >( 46x86x21) or appr ox iTmatime lequire@ 5o apply 256 .

the required coat s of paint or adhere foil facers to the panels was deemed to be

excessive , nor was a suitable work area  readily available. Therefore, b oth 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

Enerfoil panels

[17],[20],[21],[22],[23]

Table 5: Panel Strength Comparison

the strength of the IKOTherm and

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

material for the

Tape Selection

The adhesive tape used in the

use and further testing as a
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 weathe r resistant and
require the least amount of preparation time.

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

Figure 15: Typical
(D) Tear.

S
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(A)

(©)

(D)

Stresses that Separate Tape Joints. (A) Shear, (B) Tension, (C) Peel, and

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

tapebds adhesi ve as l6s Raotarsithat affectkhie shaar resistance of

thejoint are the adhesiveds bond with the panel 0s
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 st eel. 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.

= > [T

e _

Figure 16 :Shear F orces on Taped Join ts
Source: Primary

Tension

Tension forces build up in the tape as the tape transfers forces to the adjacent

panel a s 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 e lasticity 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 F orces on Taped Joints
Source: Primary
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