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Executive Summary

Progressive Building Solutions, Inc. (PBS) performed a short duration field test of a stretch Hexayurt design on a remote dry lake bed in Nevada.  The unit was based on a design available on the internet and was fabricated from off the shelf building materials purchased at Home Depot and Office Depot for under $300.  The design worked as represented, was easily transported, deployed rapidly and easily using only two people, and held up to the harsh environmental conditions encountered at the test site with only minor modifications.  PBS recommends further evaluation of this design for longer term sheltering of transient populations following a natural or man made disaster.

Background and Purpose

Vinay Gupta of the Hexayurt Project invited PBS to join the Expedient Infrastructures for Transient Populations (EITP) conference at the Headquarters of the American Red Cross in Washington DC on August 22, 2007.  As the name suggests, the conference was part of a program to evaluate and implement strategies for providing shelter and associated infrastructure needs for transient populations of 100,000 to 1,000,000 persons following a natural or man made disaster.  The recommendations made at the conference included performing short and long term duration tests of the different designs considered potentially suitable to address the shelter needs of transient populations.  This report addresses only the short term viability of the Hexayurt shelter design following a simulated disaster.

In late August 2007, PBS conducted a limited field test of a stretch Hexayurt built from materials purchased at Home Depot and Office Depot in Reno Nevada.  The purpose of the limited test was to evaluate the ease of obtaining the materials, ease of fabrication of the design, test the habitability of the structure in a harsh desert environment including a fairly large diurnal temperature differential, and performance of the structure with significant airborne dust and fine particulate, and minor amounts of precipitation.  The simulated natural disaster was provided by natural conditions, and courtesy of the 50,000 or so participants at the Burning Man Festival located temporarily each year at the end of August on the dry lake bed of the Black Rock Desert in northwestern Nevada.

Primary Test Materials

Insulation Panels

PBS fabricated a stretch Hexayurt made of seven 1-inch thick 4 foot by 8 foot Thermasheath-3 insulation panels manufactured by RMAX (www.rmaxinc.com) of Dallas, Texas.  Almost identically formulated insulation panels are manufactured by Dow Chemical under the brand Thermax.  The product is typically used for insulation of walls, floors and ceilings.  The panels are made from a polyisocyanurate foam (polyfoam) core backed by aluminum foil on both top and bottom surfaces.  The polyfoam is exposed at each edge of the sheet.  The insulative R Value listed by the manufacturer for the 1-inch thick panel is R6.9.  A quick review of the material data safety sheet for Thermasheath-3 available on line indicates no known acute or chronic health hazards and that the product is not considered a carcinogen.  Dusts generated from the product are considered a nuisance dust and may aggravate pre-existing upper respiratory and lung diseases.  It should be noted the polyfoam is combustible and should not be exposed to sources of flame and  ignition or  strong oxidizers.   Combustion by-products may include carbon monoxide, carbon dioxide, and hydrogen cyanide.

Tape

Nashua Extreme Weather Type 330 Foil Backed Tape-This tape is approximately 2.83 inches wide and 3.6 mils thick, and comes in a 50 yard roll.  The tape is rated for use  in temperatures between -35F and 260F and demonstrates excellent adhesion properties to the aluminum backing of the panels (see attached product specs).  This tape is made by Covalence Adhesives  of Franklin, Maine (www.covalenceadhesives.com).  We used approximately 75 yards to seal all the edges and to join panels.  A quick review of the MSDS (attached) indicates this product has a low order of toxicity, is not considered a carcinogen, and is not classified as hazardous.  Although it is noted that prolonged exposure to vapor of the adhesive may cause irritation of the nose, throat, and respiratory tract.  Central nervous system depression, dizziness, drowsiness, headache, and mental confusion may also result from prolonged inhalation exposure.  Repeated exposure to high concentrations may have adverse effects on the central nervous system and cause liver, kidney, and lung damage.  It should also be noted that this product is combustible, may release hazardous vapors during a fire, and should be kept away from heat and sources of ignition.  Hazardous decomposition products are listed as oxides of carbon-asphyxiants (CO, CO2).

Fabrication and Transportation

The Hexayurt for this test was fabricated using seven insulation panels, 70 yards of  3-inch wide foil tape to seal the exposed ends of the thermal panels, 40 yards bi-directional fiber tape to make tape hinges to connect the panels, six 5 foot tall plastic garden plant support poles to anchor the yurt at the base through ground contact, and three ¼-inch thick 4 foot by 8 foot oriented strand board (OSB) sheets used to protect the panels during shipping and to provide a base for the Hexayurt on site.

All panels were pre-cut and the exposed edges taped with the foil backed tape in order to reduce  exposure to the friable polyfoam core dust.  After all the panels were cut and the edges taped, the panels were laid out and joined using the bi-directional filament tape so that the structure folded down to a 4 foot by 8 foot stack of pre-cut, taped, and hinged panels that would unfold into a one piece structure at the test site with minimal effort and personnel.

The stacked insulation panels were sandwiched between the OSB and cinched with ratcheting tie downs to protect the folded Hexayurt structure during transport 120 miles to the test site.  The entire package weighed less than 80 pounds (most of the weight coming from the three OSB sheets), measured 4 feet wide by 8 feet long by 1 foot thick, and easily fit in the back of a standard pick up truck.

Field Test Conditions

The Black Rock Desert is a vast expanse of seasonally dry alkaline lake bed located in northwestern Nevada adjacent to the town of Gerlach.  Temperatures at the test site ranged from 50F to 100F.  Winds ranged from calm to 25 mph gusting to 35 mph.  High winds were accompanied by very fine airborne alkaline dust that penetrated any opening.  Light precipitation occurred once during the 36 hour test.  

Field Test Results

The Hexayurt structure performed extremely well under the test conditions.  The materials for fabricating the structure were easily obtained.  The cost of all materials was under $300.  The design allowed for pre-assembly so that the panels were already connected while allowing for flat packing the structure for transportation to the test site in a 4 foot wide by 8 foot long by 1 foot high package, protected on both sides by OSB that 

served as the base platform on-site.

The structure was unfolded and erected in the dark without lighting in approximately 15 minutes by two persons.  The Hexayurt structure was anchored to the OSB base platform and to the earth by using conventional gardening stakes, tie lines, and tent stakes at each vertical panel intersection (six total).  This added only minor structural strength, but anchored the Hexayurt to the ground.  This proved to be a well considered precaution during the high winds.

During the hottest part of the day, the interior of the Hexayurt remained significantly cooler than outside, and the interior space remained dark even during the middle of the day.  This allowed for periods of rest and respite from the hot sun and strong light during the day.

Both the foil backed tape and the bi-directional packaging tape held up very well under the environmental conditions with only very minor localized failure.  Conventional duct tape attached to the structure for comparison failed almost uniformly where applied, especially where placed under tension along panel seams.

The strong winds and associated fine alkaline dust had no noticeable impact on the Hexayurt structure.  No shifting or movement of the structure was noticeable inside or outside during the wind storm.  Only very minor amounts of the fine dust penetrated the structure's envelope around the door flap.

The Hexayurt structure was disassembled, folded into the flat pack described earlier, and loaded onto a truck in less than 30 minutes.  No trace of it's existence on-site was visible after disassembly and removal.

Summary

The unit is based on a design available on the internet (www.hexayurt.com) and was fabricated from off-the-shelf building materials purchased at Home Depot and Office Depot for under $300.  The design worked as represented, was easily transported, deployed rapidly and easily using only two people, and held up to the harsh environmental conditions encountered at the test site with only minor modifications.

Conclusions

This design appears to meet the minimum requirements for short term shelter for transient populations.  It is uncertain how the Hexayurt system will perform over longer periods of time, in high humidity, or with extended precipitation.

The OSB base platform provided a significant benefit over the minor additional cost by protecting the structure during shipment and providing a base and anchoring mechanism for the Hexayurt on-site.

The panel and tape materials are combustible and may release significant toxics/asphyxiants during combustion.

Although not specifically included in the test goals, we used a wind-up LED camp light (cost less than $20) that proved very effective.  30 seconds of winding produced up to 90 minutes of white light with sufficient brightness for reading.

Recommendations

PBS recommends including a base platform to raise the shelter above ground in wet conditions.  A screw type system using car tie jacks could be included in order to  level the base platform in uneven terrain.

PBS recommends substituting a less combustible material for the panels and tape.

PBS is grateful for the opportunity to participate in this important evaluation.  Please contact us with any questions regarding this matter.
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