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EXECUTIVE SUMMARY 
This report provides results of a feasibiHty study for a Vancouver-area outdoor test facility. This full-scale 
test facility would be capable of assessing the performance of various building enclosure assemblies or 
materials in a wet climate. It could also function as a semi-public exhibit and demonstration. The facility 
would allow different wall panels to be installed and performance-tested while being exposed to normal 
weather conditions in the coastal climate of British Columbia. There are currently no test huts in existence 
in a climate similar to that of the Vancouver area. 

This feasibility study assessed the rationale and viability of such a test facility, by asking four questions: 
1. Will it deliver sound scientific results of use to the building community? 
2. Is anyone else already planning a similar project in a similar climate? 
3. Is it likely that fiinding could be obtained for its initial capital costs? 
4. Is there a likely paying user base to cover operating and maintenance costs? 

We identified existing facilities worldwide; developed appropriate criteria for a test hut; investigated 
research grant fiinding options; roughly determined experimental capabilities, physical characteristics of 
the facility and developed an architectural rendering, all for the purpose of costing only; calculated a 
rough cost estimate; sampled a pool of potential users on likelihood of their participation; identified 
possible sites/custodians; and subsequently analyzed our information to determine if the concept seems 
feasible. Our conclusion: the test hut concept appears viable enough to proceed into the next phase. 

Our concept for BETH is a two-storey structure, managed by a continuous custodian ideally affiliated 
with an academic institution, and available to the broad community for paid use. We estimate the facility 
can be planned and buih for $560,000, a fee that includes flindraising activities, project management, 
design and construction. Our investigation into public funding options indicates the facility's 
development might be flmded up to 80% by grants, with the remaining 20% to be raised within the local 
building industry and/or government agencies. The facility should be self-sustaining beyond a start-up 
period. We estimate total maximum operating cost (maximum test panels in operation) at $500,000 per 
year. A typical per-panel cost for a one-year experiment would likely be $8,800. 

In this study, we discovered two other efforts to develop a test hut in this climate. One is a proposal led 
by Washington State University and Oak Ridge National Laboratory for a facility near Seattle. The other 
is a test hut concept being aggressively pursued for near term construction in Vancouver by Building 
Science Corporation and Terra Engineering. At the time of this writing, the viability of both facilities is 
not yet clear, nor is it clear whether or not the potential exists for collaboration. While we recommend an 
interested eye be kept pointed towards these other two projects, we nonetheless have prepared this report 
with the assumption that BETH will proceed irrespective of any potentially competing efforts. 

This report is meant to serve as a project development manual for all subsequent phases. It contains the 
scientific foundation for the facility (the rationale, a literature review, review of precedents, and 
determination of criteria for a credible and long lasting facility), as well as suggested starting points for 
organization of the project development team, a development schedule, an operations plan, and a 
flindraising brochure (including an architectural drawing and cost estimate). The next step is 
identification of a lead institution or individual to head the flindraising effort and the formation of a 
design and development team. The agency that performed this feasibility study (Forintek Canada Corp.) 
does not intend to take on that role, but can assist in the transition of the concept to the development team 
and would anticipate functioning as a technical advisor to that team. 



ABSTRACT 
A study was performed to determine the feasibihty of an outdoor test facihty for building envelope 
materials and components in Vancouver. Test facilities are useful for real-time, real-weather performance 
assessment of construction materials and assemblies. There are several such facilities in use around the 
world but none in a climate comparable to that of coastal British Columbia. The feasibility study 
included a review of existing similar facilities, determination of criteria for a successful Vancouver 
facility, investigation into research grant opportunities for funding the facility's construction, 
development of a conceptual design for the facility and its experimental capabilities in order to determine 
a cost target for fiindraising, sampling of a pool of potential paying users of the facility, identification of 
possible sites and project custodians, and development of a project development plan. The study 
indicated that the concept for a Vancouver test facility is viable enough to warrant movement into the 
next phase of project development: handover to a project development team and initiation of fiindraising. 
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OBJECTIVE 
The objective of this study was to determine if an outdoor test facihty for building envelope materials and 
components is feasible in Vancouver. 

INTRODUCTION 
BETH will be a full-scale outdoor test facility capable of assessing the performance of building enclosure 
assemblies in a wet climate. It will also function as a semi-public exhibit. 

There are several tools available to building scientists to aid understanding and prediction of building 
performance. Computer simulation is fastest and easiest, although the farthest removed from reality. It is 
difficult to develop mathematical models and databases to capture all of the variables and properties 
inherent in any complex real-life activity. Thus, the building industry does not yet have available to it a 
computer program capable of simulating whole building performance. However, we do have many 
software packages that are reasonably good at analyzing particular sub-areas of building performance, 
such as energy use, or moisture accumulation due to air leakage. Computer models are very well-suited 
for performing large parametric sets of simulations, to help identify the most critical performance 
variables, to narrow the field of candidates for lab or field testing, and so forth. Models make it possible 
to analyze virtually any number of specimens without necessarily increasing project time or cost as 
specimens are added to the analysis set. 

Laboratory testing is a step closer to real hfe. True construction assemblies are tested, although some of 
the performance variables are still simulated - usually the indoor and outdoor environmental conditions. 
Some construction details may be modified due to the requirements of the testing facility. Time frames 
can also be modified through control of the environmental variables as in, for example, accelerated aging 
tests. Because a lab test is a physical test rather than a computer simulation, space and cost constraints 
will necessarily limit the number of test specimens. Lab testing is usefiil to fiirther narrow the specimen 
options for fiill field testing, to verify computer simulation results, and to provide data on assemblies or 
materials that cannot yet be accurately modeled in computer software. 

Real life exposure, where very few variables (if any) are simulated, could be considered the gold standard 
for performance evaluation. This is where performance of real construction assemblies in real time and 
real weather can be determined. There are two categories of real life exposure methods: field tests using 
special purpose test buildings (for example, a test hut such as BETH) and tests performed using 
instrumentation in real buildings (building monitoring). While real life exposure testing delivers the most 
credible results for the general public, there are nonetheless several limitations on the accuracy of this 
data, just as with any of the previously mentioned analysis methods. For example, results may not be 
applicable across a general class of buildings due to anomalies in the weather for that particular test year, 
a variation in exposure conditions for the test building versus other buildings, or any other factor that is 
included in the set of weather differences year to year, the differences fi-om one building to the next, and 
so forth. There are pros and cons between monitoring an occupied building and using a specialized test 
facihty. The occupied building could be considered to offer one more level of accuracy in that indoor 
conditions are the resuh of real human behaviour rather than being created by algorithms that operate the 
environmental equipment in a test facility (although this is just the behaviour of one occupant who may or 
may not be representative of a population). In addition, the real building truly uses real construction 
assemblies, where the test facility is more likely to use assemblies in the form of panels that are inserted 
in the frame of the test building. The panels and their attachment to the frame introduce a variation from 
real wall construction. However, a test facility offers the ability to test any kind of construction, with as 
many variations tested simultaneously as there are panel openings. A real building can only be tested for 
the performance of its existing walls, built to the current codes, standards and conventions at the time of 



construction. Control walls designed to fail or radical new wall systems need to be tested in a test facility. 
A test facility also offers good opportunities for demonstration and exhibit, which are likely not available 
in an occupied facility. 

Field testing has significant time, cost and space constraints. Tests need to run for several months if not a 
year or more, and require staff to monitor and maintain the facility. Test panels and their instrumentation 
are expensive. Siting is important for proper exposure, and obviously requires a land commitment with 
adequate clearance from other buildings or landscape features to avoid wind and rain obstructions. 

Rationale 
An outdoor test facility is the best way to learn and then communicate the right and wrong ways of 
making durable building envelope systems. By testing systems outdoors, in real weather and real time, 
one can generate data of satisfactory credibility for the building industry while simultaneously serving a 
need for demonstration. The building industry has virtually no substantiated data on how walls really 
work in our west coast climate, particularly as they have become more complicated, multi-layer 
assemblies of new materials, trying to meet a variety of modem code and performance requirements. 
Therefore, the building industry and its regulators must operate from a weak information base consisting 
of anecdotal evidence and opinions of experts. In order to minimize risks, these decision-makers often 
opt for conservative, costly and yet untested approaches. In addition, a great deal of myth about best-
practice design approaches and cause-and-effect conclusions with respect to failures is rampant 
throughout both the building industry and the general public. 

Although there are several good test huts currently being operating in various locations around the world, 
none of these are in a climate that is a good match for that of Vancouver and the rest of the coastal Pacific 
Northwest region. 

There is some controversy among those interested in building performance on the subject of whether a 
test hut in Vancouver is critically important. Many individuals who consider themselves knowledgeable 
and experienced in the area of building envelope performance might argue that the problem at hand is not 
lack of knowledge, it is lack of knowledge transfer to the remaining practitioners in the building industry. 
We do not believe this constitutes an argument against the test hut. Certainly there is no question that 
education or skill are not universally perfect across the entire building industry, with many practitioners 
failing to make use of existing sound knowledge and techniques. However, there is a great deal of 
controversy, even among the experts, in several areas of wall design. For example, specific questions 
involving the necessity of vapour barriers in this climate, the choice of building paper versus housewrap, 
the ideal placement of insulation, the ideal thermal resistance of insulation, and the necessity and details 
for a rain screen, to name just a few, are issues of debate. In addition, several practitioners have proposed 
somewhat radical new approaches such as forced ventilation of the wall cavity with heated air or 
substantial reductions in thermal resistance of walls. Debates can be put to rest with test hut experiments. 
Not only will a test hut provide conclusive data, it does so in a very visible and tangible way. This 
provides credibility for an audience that needs to "see it to believe it" and thus provides a good 
mechanism for knowledge transfer. 



Phases 
It is anticipated that development and start-up of a test hut facility would take place in five phases. 

1. Feasibility Study 
An initial research team will perform a study to determine if the concept of a test hut in Vancouver is 
viable enough to proceed into flindraising and detailed project development. Tasks include a review 
of test hut literature and existing facilities; development of a rough project plan and determination of 
the general scope of experimental capabilities; development of a conceptual (i.e., for cost purposes 
only) architectural design (and a rendering for flindraising use)and cost estimates; development of 
material for a flindraising brochure; and validation of rationale. This study to be documented in a 
report. This is now completed with the publication of this document 

2. Fundraising and Transition 
A project custodian will be identified, with the assistance of the initial research team and its flinders. 
The feasibility study results will be transferred to a custodial institution, who will undertake the 
following tasks, possibly with outside flinding: establish an individual in the position of Project 
Coordinator; produce a fundraising brochure or similar material for the purpose of establishing 
funding commitments or developing grant applications; pursue the various financing options; identify 
a site; determine operational flinding sources (pay-for-service, research grants, etc); determine the 
nature of facility ownership; establish a formal steering committee; and identify key technical and 
design consuhants. 

3. Project Development 
The custodial institution will commence detailed planning at its discretion, probably depending on its 
level of confidence that financial partnerships are secure. The Project Coordinator will subsequently 
establish two linked teams: a science team to develop the experimental capabilities, protocols and 
equipment specifications for the facility, and a design team to create construction documents. While 
these teams are engaged in the design and approval sequence, the Project Coordinator will 

. additionally be managing the resolution of issues in maintenance, security, experiment management, 
staffing, public access, media communications, and long-term forecasting for facility usage. It is 
anticipated that the head of the science team will become the facility manager, and thus will work 
with the Project Coordinator through this phase in developing a detailed plan for facility operation 
and maintenance. 

4. Construction and Commissioning 
Construction of the facility is expected to follow standard schedules and procedures. After completion 
of construction and installation of laboratory equipment, a carefiil commissioning phase is critical to 
ensure the facility will operate as intended. 

5. Operation 
The facility manager will assume control once the commissioning phase is complete, thereby rdarking 
the completion of the duties of the Project Coordinator. The operation and maintenance plan will be 
put into action. 



STAFF 
This project was led by Jennifer O'Connor of Forintek Canada Corp., with review by Paul Morris. 
Research tasks and project coordination were sub-contracted to Michael Wilson of Enerficiency 
Consulting. John Straube of the University of Waterloo was engaged as a technical consultant for the 
review of existing test huts and guidance on design concepts for BETH. Brian Palmquist of Pro Pacific 
Architecture Ltd. acted as architectural consultant and provided the design, the drawings, the cost 
information, and estimates on the schedule for design and construction. 

METHODS 
We examined existing facilities worldwide; identified appropriate criteria for a test hut; investigated 
research grant fiinding options; roughly determined a proposed scope of experimental capabilities and 
physical characteristics of the facility; developed an architectural rendering; performed rough costing; 
sampled a pool of potential users on likelihood of their participation; identified possible sites/custodians; 
developed a project development plan and organizational structure, and analyzed our information to 
determine if the concept seems feasible. 

RESULTS 
Literature and Existing Facilities Review 
Existing Facilities 
Test houses or test huts, regardless of their precise purpose, are used as research tools to investigate some 
aspect of building performance at full-scale in a real environment. Numerous test huts have been built 
around the world, some of which are no longer in existence. Many of these past and present huts were 
intended to quantify wind loads or energy consumption. Few have been built specifically to study the 
performance of building enclosure components. To the best of our knowledge, there are no test huts 
currently in existence in a climate comparable to that of Vancouver. Very little published literature is 
available on test huts as a research tool in general. This information is contained, more or less, within 
publications that provide results fi-om specific test hut experiments. 

The most common use for test huts is for assessing wind loads, and the most elaborate test buildings have 
been constructed for this purpose. In Norway, the Norwegian Building Research Institute atTrondheim 
built a rotatable test house (Uvstekk, 1988, reports on one study in this house, examining ventilation 
behind board cladding). In Britain, the steel building association fiinded the Silsoe Building, that allows 
for the measurement of pressures over and across the metal cladding of this standard manufactured 
industrial building (Hoxey and Richards, 1995). A rectangular test house was buih at Texas A & M 
(Levhan and Mehta, 1992) to study small building pressures and has been highly instrumented with 
pressure sensors (we believe this has over 300 sensors, making it second only to University of Waterloo's 
Beghut). In the 1960s, a 12-storey steel framed building (actually an empty frame) was erected in Hong 
Kong to measure typhoon pressures and building response. Finally, France's Centre Scientifique et 
Technique du Batiment (CTSB, a national research institute) has a test house intended, as best we can tell, 
to test the pressure and rain response of ventilated panel claddings (Flori, 1992). These test houses are 
usually quite expensive to build and are operated rather intensely (e.g., the Texas A & M facility cost 
several million dollars and receives large annual operating grants from the govemment). 

We attempted to identify and describe important outdoor test facilities worldwide, as reported below. The 
development of any new test hut would clearly best begin by identifying appropriate models currently in 
existence. This list may not be complete, however we are confident it includes the most significant and 



relevant facilities with respect to our own concept of a hut. Facilities we recommend as the best models 
for a new hut in Vancouver are marked with a . These should be further reviewed during the early 
stages of BETH's development. 

y Beghut, University of Waterloo 
This facility is the closest in scope to the proposed Vancouver test hut, and the one about which the most 
information is available. Constructed as part of a Canada Mortgage and Housing Corporation (CMHC) 
wall drying study under the direction of Professor Eric Burnett and graduate student Amanda Reynolds, 
the intent of this house has always been to test enclosure elements such as walls, windows, doors and 
roofs. It is the only enclosure test hut known to be square and precisely oriented with respect to the sun 
(most other houses are almost arbitrarily located). 

The building is approximately 10.5m x 10.5m in plan and 3.0m high on the interior. It has 27 panels 
available with over 600 data acquisition points. The structure is of wood post-and-beam construction with 
a trussed roof Walls are oriented in the four cardinal directions and are fiilly exposed to winds from most 
directions. A small roof overhang is sized to avoid shading from the sun under all conditions and, along 
with the drip-edge in lieu of eavestroughs, provides very little direct protection from rainfall. 

The roof is peaked to the centre with a slope i f l-in-3. A pipe mast rising from the central peak of the 
roof supports a weather station at 10m above grade. This station can measure wind speed and direction, 
temperature, relative humidity, solar radiation and rainfall. 

An air-to-air heat pump heating and air conditioning unit and supplementary humidification units control 
the interior climate to 21°C and 50% relative humidity all year. Floor-mounted diffusers and fans ensure 
even distribution of the conditioned air. 

The facility was built in 1990 at a cost of approximately $50,000 (construction cost only). Ongoing 
operational costs are $100,000 - $120,000 per year, aUhough some staff costs are not covered in this 
figure. The facility is largely self-funded by outside sources paying on a per experiment basis. 

See Appendix 1 for a full description of the Beghut. 

CMHC Testhouses for Drying 
Moisture problems were noted in many houses in the Maritimes, and even more so in Newfoundland, in 
the early 1980s. This prompted CMHC to conduct a number of studies, including the effect of green 
lumber on wall performance. Drying performance was of the most interest. Test huts were built in the 
Atlantic cities of Halifax, Fredericton, and St John's. Each of these huts was about 7.8m by 10m with 
slots for eight 1.2m by 2.4m wall panels facing north and south. These are no longer operational or even 
exist as far as we know since they were never intended to be permanent or flexible. A fliU report, 
including construction details, can be ordered from Canadian Housing Information Centre (McCuaig, 
1987). 

Similar test houses were constructed with CMHC funding at the University of Alberta and the University 
of Waterloo. UW secured outside fimding to prepare a permanent and more flexible test house that is 
described under the Beghut title. The UW original test house (the hut now has some minor 
improvements) is described in several reports from CMHC (Burnett and Reynolds, 1991; Straube and 
Burnett, 1995) 

University of Alberta 
Tom Forrest, a professor at the U of A, built several identical test houses for the of study of solar energy, 
but later converted them to study attic ventilation and, we believe, drying out of wet blown cellulose 



insulation. He also directed the CMHC wall drying study for the Prairie region. Iain Walker, now at 
Lawrence Berkeley National Laboratory, was UW's contact during the construction of the Beghut. The 
wall drying study can be ordered from CMHC (Forest and Walker, 1990). 

Fraunhofer Institut Bauphysik, Holzkirchen, Germany 
This is a collection of complete houses and houses with test walls. The houses have been built to study 
various heating and solar energy applications. Several significant building enclosure studies have been 
conducted. This is the oldest facility we have identified, built in the late 1940s, and it has been operated 
for field testing with full-time staff of more than 20 for over three decades. We're not sure how big it was 
in the 1950s, but about 30-40 people work there now, supported by many more in the main lab facility. 
One house is used for testing sloped roofs with tiles, another for testing metal roofing. Parts of the test 
buildings have low slope roofs and various technologies, including "green" (vegetated) roofs, are tested. 
Their primary test bed is a long low building facing east and west (the worst exposure and the most 
protected, respectively). Solid masonry and EIFS (exterior insulation finish system) walls of sizes from 
0.6m X 0.6m to 1.5m x 2.7m are installed. The smaller wall segments are removed with a forklift and 
weighed on a scale for total moisture content as often as necessary. An excellent fiill-scale weather 
station is on site. They have been measuring driving rain continuously for 40 years. DrHartwig Kiinzel 
is the contact for more information. Many papers and doctoral theses have been published based on the 
work at this test facility, but none are listed here, as they are all in German and few describe the test 
houses themselves very well. 

Katholische University, Leuven, Belgium 
The most recent complete building enclosure test house that we know of is KUL's test house, erected in 
1996 under the direction of Professor Hugo Hens and graduate student Arnold Janssens. This house is an 
excellent model. It is two-sided, but also has one end of the building as a sloped roof and the other with a 
low-slope roof separated by a service core which supports the weather station, allows material exposure 
measurements, and provides access to the low-slope roof The interior of the low-slope section is 
conditioned like an office whereas the pitched roof section is conditioned like a house, although the heat 
pump system allows complete control of both. A few driving rain gauges are provided, and the wall 
panels are 1.8m x 2.7m in size. A total of 40 panels are possible, with ten facing each direction in the 
"office" and "residential" sections. The cost of the facility was approximately US$500,000. Hugo Hens is 
the contact for more information. See Appendix 2 for drawings. 

•y Building Research Laboratory, Champaign, Illinois 
Mr. Bill Rose, a Research Architect at the University of Illinois at Champaign-Urbana, has worked with 
some building product manufacturers (primarily Certainteed) exploring enclosure performance. His 
rectangular one-sided laboratory (which faces south) contains eight bays of 2.4m x 2.4m, allowing 16 
1.2m X 2.4m panels. The roof is pitched with an overhang. He has conducted testing of walls with 
insulated sheathing and most recently assessed the influence of wall systems without vapour retarders. 
The interior conditions were maintained at 20 to 24 °C over the year and 40-55%RH in the winter. 
Instrumentation is somewhat limited relative to what would be considered necessary today. Bill Rose is 
the contact for more information. An example publication is William andMcCaa (1998). 

Swedish Building Research Council: Kenneth Sandin 
Sandin conducted a study of various brick walls and their general hygrothermal performance. This house 
was biased to testing on two sides (South-west and North-east) only, but the interior contains a 
washroom, and the weather instrumentation included driving rain gauges, removable bricks (to test 
moisture content gravimetrically) and extensive temperature and RH sensors. The flat-roofed house was 
4.8m X 15.4 m in plan and contained 16 test panels between 1.25m x 2.45m and 1.25m x 2.15m in size. 
See excerpts from Sandin (1991) in Appendix 3. 



In other Swedish work, several attics above wood frame offices were built in a manner that allowed for 
the study of several separate roof venting and insulating situations. These were built in the early 90s but 
are not intended for on-going work. 

Lamar University (Texas) 
TenWolde and Mei (1985) reported results of walls buih into a simple test house in the mid-80's. The 
test house was attached to an existing taller university building and was 7.5m long and 2.4 m wide, and 
faced all panels south. The panels were an odd dimension, 0.9 m x 2.1m, with some 0.45m x 2.1m and 
some 0.45m x I.05m. Interior conditions were maintained at 20-23 °C and 50-60%RH (typical of a 
southem climate). We don't believe the hut still exists. Anton TenWolde (US Forest Products Lab) can 
be contacted directly for information. 

SRC Outdoor Test Facility 
The Saskatchewan Research Council (formerly NRC's Prairie Regional Station) in Saskatoon operates an 
outdoor site that includes racks for exposure testing of materials and a building that allows roof and wall 
panel testing. The building is 24m long, 6m wide and 3.6m tall. Rob Dumont is the contact. Forintek is 
currently working with SRC to flilly document this facility. 

mC Ottawa Test Houses 
Several houses have been built on the campus of the National Research Council Canada, Institute for 
Research in Constmction to allow testing of various components, including heating and ventilating 
equipment. We know of no test house at NRC/IRC that allows for envelope components to be changed. 
The current major test house project at NRC/IRC is a side-by-side test of nearly identical houses, one the 
base case and one the test house.. Technologies being tested primarily involve energy-using systems such 
as heating. This project is being undertaken by the Canadian Centre for Housing Technology, a 
consortium of NRC, Natural Resources Canada, and CMHC. Mike Swinton of NRC is the contact for 
more information. 

Concordia University 
A small, 2.4m x 2.4m brick building was constmcted to measure the pressure behind brick veneers. We 
don't think it can be used for anything else nor has it been. It is described in Fazio (1988) and Kontopidis 
etal (1993). 

Roof Test House VTT Finland 
This recently built house is just intended for sloped roofing studies and we're not sure how convertible it 
is. It is not that sophisticated. Mr. Tuomo Ojanen can be contacted for more information. 

New Facilities Proposed 
There are two other efforts underway, at the time of this writing, to develop a west coast test facility. If 
either one, or both, proceed, it may have an effect on feasibility of the concept presented in this report. 

Building Science Corporation / Terra Engineering 
The potentially more significant concurrent proposal is led by Joe Lstiburek, a well-known engineer and 
educator who runs a Massachusetts consuhing firm called Building Science Corporation (BSC). BSC 
intends to build a test hut in Vancouver, together with a local partner, James Lishkoff of Terra 
Engineering in Vancouver. The BSC/Terra technical team also includes John Straube of the University of 
Waterloo, Achilles Karagiozis of Oak Ridge National Laboratory, Mark Bomberg (an Ottawa consultant) 
and Don Onysko (an Ottawa consultant). In addition, BSC/Terra has various commitments for 
involvement from approximately 15 Vancouver-based individuals including Pierre-Michel Busque 



(envelope consultant) and Gregg Lowes (BC Wall and Ceiling Assoc.). This entire team is currently 
contributing assistance without compensation. Al l information reported here is subject to change, as the 
project is still in development at the time of this writing. 

The intention is to break ground in March 2001 and be operational in one month. The hut will be built as 
a temporary structure (no building permits will be obtained), 9m by 9m, one storey, square in footprint, 
hipped unvented roof with no overhang, and openings for eight 1.2m by 2.4m panels on each side. 
Instrumentation will be limited to 8 points per panel. BSC feels strongly that anything taller than a one 
storey facility has no sound rationale. The team is hoping to locate the hut on the Bumaby campus of the 
BC Institute of Technology. 

The team has the financing more or less in hand ($100,000 - we don't know if this is Canadian or US) for 
construction and operation for the first year or so, with the first round of experiments already fully 
determined. In other words, this hut is not intended to be available to any other interested parties until 
after the first year, at the earliest. The team plans to perform the following study. Eight different wall 
assemblies will be constructed and repeated on each facade, varying the sheathing board, the vapour 
barrier, the sheathing membrane, the insulation, and the cladding. The fi-aming lumber for all eight panels 
will be installed at a moisture content (MC) of 25%. After three months of moisture data collecting in the 
walls, the panels will be opened up from the inside, the lumber reinstalled at 25% MC, the panels re-
closed, and so forth. The reason for the change every three months is to simulate construction in each of 
the four seasons. The purpose of the experiment is to analyze drying performance. 

The objective of the experiment is to demonstrate the performance of new wall assemblies designed by 
the team which may represent significant departures from standard practice. The team believes they have' 
developed at least one wall design that is an inexpensive and effective approach to durability performance 
of wood-frame buildings. They have no interest in performing basic scientific research, in comparing 
materials or systems, or any other kinds of tests; they only intend to demonstrate a particular system or 
systems of their own design. In other words, it is not the construction of a test facility that is their 
objective, but rather the specific experiment. Nonetheless, they feel they have designed an adequate test 
facility to serve anyone else's needs once the team has concluded its own experiment. 

It is not clear at the moment whether the team will extend the experiment into a second year, or perhaps 
locate funding for a series of follow-up experiments after year one. Beyond that point, the team hopes 
that the hosting institution may wish to keep the hut for other purposes. If not, the team will take care of 
demolition. 

The team appears to be in the process of resolving several logistical details, many of which may depend 
on the location. For example, the plans for operation and maintenance tasks, seasonal adjustment of the 
panels, data collection and so forth are incomplete at the moment. A site has not yet been secured. 

Construction costs are estimated at $30,000. BSC will loan all instrumentation, including a weather 
station. We assume instrumentation will be removed at the conclusion of the team's own experiment, 
therefore any party wishing to use the facility afterwards would need to purchase this equipment 
(approximately $100,000). Panel construction is anticipated to take place off site, in a warehouse location 
yet to be established. As mentioned, consultants are currently working without pay. We don't know the 
team's estimate for operation and maintenance costs, however we deduce it is $70,000 for the first year 
given the overall budget of $100,000. Several manufacturers have apparently pledged cash or material 
donations, and the team is courting involvement from the BC development community. BSC anticipates 
a $20,000-$25,000 donation per developer participant, however Lstiburek states he is not dependent on 
this source as he is willing to fimd the project himself 



Washington State University and the Oak Ridge National Laboratory 
We were unable to learn much detail about this collaborative proposal which, in addition to the two lead 
agencies above, is linked to other organizations in the state of Washington. Oak Ridge National 
Laboratory (ORNL) is currently engaged in preparatory computer simulation work for the project, which 
would be located at a Washington State University (WSU) field station near Seattle. A proposal for 80% 
of the estimated $US2.5 million project cost, to be submitted to a program in the US Department of 
Energy (DOE), has not yet been prepared. The current concept for the facility is a one-storey structure; 
the team would prefer two storeys so that balconies could be included, but the cost of this option was 
determined to be too high. The team is currently considering two different footprints: long and thin 
versus square. Because DOE is the targeted fiinding agency, the experimental program of the facility may 
be slanted to issues of energy efficiency. It was suggested to us that the facility would probably be 
available to outsiders for use. 

Market Survey 
A critical determinant of feasibility for the test hut is the degree to which a potential user base exists. We 
performed a simple survey to assess this potential. Our survey should be considered a preliminary 
sampling only. We faxed a two-page questionnaire to the mailing list of the Building Envelope Research 
Consortium (BERC), whose membership contains good representation of most interested stakeholders in 
the local building industry and thus is a likely source of test hut users. The survey queried respondents 
about the need for a test hut, their level of interest, how likely they would be to use such a facility, 
whether they would support it financially and the best location. 

There were 18 responses to the survey. Five represented government, and three each for construction and 
manufacturing. The remainder were from architecture, insurance education, or other undesignated sectors. 
Obviously, this is too small of a sample size to provide reliable general conclusions. In particular, the 
respondent group lacked any representation from building owners and developers, a group that would 
probably be a marketing target for test hut fimdraising or test hut services. Note as well that the sample 
set is skewed by a probable pro-research bias, given the respondents' involvement in BERC. 

Results of the survey were generally positive. Fully 17 of the 18 respondents agree (with the majority 
strongly agreeing) that there is a need for such a facility and that they would be interested in the resuhs of 
research performed there. An interest in using the facility was indicated by 13 respondents, although the 
response was not as strong as with other questions. This is not surprising, as some organizations would 
not be expected to do actual testing themselves but would have a strong interest in the results of the work 
of others. The resuhs were less positive when it came to fiinding the construction of the project, although 
nearly half (8 of 17) indicated they would be likely or very likely to provide financial assistance. 

See Appendix 4 for fiill details. 

Proposed New Facility 
Criteria 
It is our assumption that a successfiil test hut in Vancouver is one that serves the community's needs over 
a reasonably long time span (for example, 10 years or more). We recommend that BETH meet the 
following criteria: 

It is developed as a community project, i.e., the broad west coast building community welcomes it, 
views it as necessary, and has access to it for use. 



It is developed witli a sound scientific basis that includes a full review of precedent test huts and 
protocols. 

Equipment is properly calibrated and maintained, and the facility is operated with a high degree, of 
scientific quality control. 

Any test results intended for publication, as well as general operational procedures, will be available 
for peer review. 

The facility can be relied on to deliver sound, credible results, due to careful adherence to the above 
three points. 

The facility is flexible enough to serve a variety of community needs, many of which may be 
unknown at the time of facility design. 

The facility is managed by a neutral agency which will not influence experiments in any way and 
which has no stake in experimental outcomes. 

The facility is self-sustaining beyond an initial start-up period (perhaps the first 1-2 years, although 
ideally as soon as possible). 

The facility is assumed to stand indefinitely, however, a demolition fund is maintained. 

General Notes 
In this study we have endeavoured to take the first step in determining the physical characteristics and 
experimental capabilities of BETH. Our purpose was merely to establish a realistic basis for cost 
estimating, in order to determine a fimding target for project development. A preliminary design also 
allowed us to generate drawings, which would be an important feature in any flindraising literature, 
whether a brochure or a research grant. 
Because we need the cost estimate to be realistic, our preliminary design has to be a well-reasoned first 
guess. Our background research into existing test huts, and, in particular, our examination of lessons 
from the University of Waterloo's Beghut, enabled us to make this first guess. The details reported below 
should be considered a starting point only for the development team. 

Experimental Scope 
The primary role of the new facility is to allow accurate and realistic testing of wall assemblies and 
materials applicable to the regional constmction industry. Although energy and wind loading may be of 
concem in some tests, hygrothermal response (moisture migration) is the principal initial consideration. 
However, the hut should not be limited to this use. The facility should have the capability of testing 
panels in all four cardinal directions, allow multiple panels per orientation, be able to deliver data relevant 
to multistorey buildings, and be flexible to changes in panel size and shape. There should be no roof 
overhang that could impact wind flows, but overhangs can be added later if desired for specific testing. 
There must be easy access to the site and around the hut for constmction and insertion of the panels and 
ongoing testing. 

Monitoring and data acquisition capabilities should include measurement of air pressure, temperature and 
humidity, air and vapour flow rates, and material moisture content within the panels. In addition, interior 



temperature, pressure, and humidity along with exterior environmental variables such as air temperature, 
humidity, wind speed and direction, solar radiation, rainfall, barometric pressure and air pressure on the 
building need to be monitored. Although different experiments will require different combinations of 
testing and monitoring, the choice of points to monitor should not be limited by the data acquisition 
equipment. Approximately 20 - 25 data points will be required per panel. Remote access to the data is 
desirable, although not essential. 

The indoor environment should be capable of either maintaining a constant temperature and humidity or 
varying it to simulate the varying conditions found in typical occupied buildings. To do this, a forced air 
HVAC system with heating, cooling, humidification and dehumidification capability will be required. 

Physical description 
Most test hut facilities are single storey in order to reduce costs. One story hut results can be numerically 
manipulated for multistorey walls using known wind data. However, in Vancouver a multistorey hut may 
be preferred. This is primarily due to the increased credibility of the hut's data among the building 
community when data from a second floor wall, for example, is as measured in a second floor panel 
versus adjusted from a first floor panel. However, a multistorey test hut has disadvantages. It requires 
the construction of floors or catwalks as well as stairs in order to most easily access upper level panels 
from the inside. It requires equipment to lift test panels to upper floors. It adds cost and complexity to 
design, construction and operation of the hut. And perhaps most limiting, it requires a larger footprint. 
This is because the hut must mimic the typical aspect ratio of low-rise buildings, which are usually wider 
than they are tall, to properly match exposure conditions. For example, a two-storey building should be at 
least 10m wide. 

A good compromise between the cost efficiency and simplicity of a one-storey hut, and the overly large 
footprint of a three or four-storey hut might be a two-story facility. This would deliver adequate data for 
multistorey buildings. Although some mathematical adjustment would be required for third or fourth 
floor data, the building community may accept this more readily than from a one-storey facility. 

A one-storey hut could be built on an existing multistorey building, but this introduces quite a bit of 
complexity with regard to exposure conditions. Great care would need to be taken in shaping the test hut 
to act as a clean vertical extension of an existing building. The logistics of operating such a hut would 
also be challenging, as well as access issues. We do not recommend this option. 

The test hut should be shaped and oriented to allow more panels on the side of interest: east, southeast and 
south exposures in Vancouver are known to be more vulnerable to rainwater ingress due to the direction 
of the prevailing winter wind. Careful site analysis would need to be performed before estabUshing fmal 
orientation on the site. We assume the shape will be rectangular, with one long side facing in a yet-to-be-
determined orientation somewhere in the range between east and south. 

Our conceptual design is based on 1220mm (4-foot) bays. The design has 8 bays per floor on the long 
sides and 6 bays per floor on the short sides. In addition, our design shows comer indentations one bay in 
length, which yields 8 bays per floor in a comer. Removing two bays for ground floor doors, this yields a 
total of 70 bays, in other words, an absolute maximum of 70 panels could be tested at once. However, we 
assume some bays would be set aside for permanent windows (note that some test panels may include 
windows), or the comers may be eliminated in the final design, or additional doors would perhaps be 
required - therefore, we're using 56 as the maximum panel capacity for the sake of estimating operating 
costs for the facility. 



Panels will be 1200mm wide by 2400mm tall. It should be possible to horizontally combine two or three 
adjacent panels to allow large panel testing. The ability for vertical combination of panels is also 
necessary. 

Our conceptual design shows a sloped roof to provide a generally residential aesthetic to the building. 
Permanent overhangs are not shown, however the roof design should be flexible enough to accommodate 
temporary overhangs as needed for specific experiments. The roof, as with all other design features, will 
need to be carefiilly considered by the development team to meet both scientific and design program 
needs. 

We suggest that the base building be borate-treated heavy timber post-and-beam construction. This 
durable structural system will allow for easy fiiture modification, render air barrier and insulation details 
simple, and provide surfaces to which one can fasten walls, instrumentation wiring etc. Interiors should 
be finished with drywall (excluding test panels) and resilient flooring should be used. A workbench 
should be provided for constructing or modifying the panels (major panel work might be best done off-
site, however the hut should permit at least minor construction on site). In addition, desk space should be 
provided for a computer and note-taking. 

A forced air heating/cooling unit should be included, with gas heat and humidification. The unit should 
have 100% free cooling capability. Full automatic control must be provided to allow programming of 
different room conditions (if the space is subdivided into rooms) as required for the research. A single 
unisex washroom will be required as well as a domestic cold water supply for the humidifier and to 
supply an outdoor hose bibb. 

Sufficient lighting for construction of the panels and other technician or researcher tasks will be required. 
Our cost estimate assumes fluorescent lighting. Various parties may also use the test hut as an 
educational, demonstration or marketing tool. The lighting design should include consideration of this 
need (exhibit lighting not included in cost estimate). Electrical outlets and sufficient capacity should be 
provided for the use of hand held power tools (at a minimum) and the data acquisition equipment. 

The hut should be designed as a permanent structure with a life expectancy of 50 years or more. However, 
the wood construction makes it relatively easy to demolish and remove should the need arise in the future. 
Our cost estimate includes a fiind for eventual demolition. 

See drawings on the following pages. 



Figure 1: Main Floor Plan 



Figure 2: Mezzanine Floor Plan 



Figure 3: Roof Plan 
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Costs 
Construction and operating costs liave been estimated for the concept design described in this report. The 
intent is to provide a rough guide for the purpose of determining funding targets. The construction costs 
are estimated based on rules of thumb, past experience, and per unit area numbers. They may vary 
considerably with site location and fmal design. The operating costs are based largely on the experience at 
the University of Waterloo, and are subject to large variation depending on the custodial institution. 

Our costing assumptions include the following: 
Conventional stipulated sum tender to selected bidders. 
Good weather construction 
Conventional foundations (no piles, extensive backfill, site remediation, etc.). 
No allowances for changes to labour conditions. 
An inside footprint for the building of approximately 1,123 square feet (101.25 square metres). 
While the building appears simple in design, details and construction will need to be more exacting 
than standard practice. 
Most of the facility's instrumentation will be purchased during initial construction phase rather than 
at the time of experiments, as this high cost may be easier to cover through the initial grants. 

Design and Construction Costs 

Site preparation $ 10,000* 
Architectural/Structural $168,750 
Mechanical $ 25,000 
Electrical $ 15,000 
Landscaping $ 0 

SUBTOTAL $218,750 

Design fees (12%) $ 21,875 
Contingency (20%) $43,750 

BUILDING TOTAL $ 284,375 

Instrumentation $ 220,000 
Science Team $ 20,000 
Management & 

Fundraising $ 30,000** 
Demolition fund $10,000 

PROJECT TOTAL $ 564,375 

* Unknown until site is determined. This figure is based on industry averages. 
** Highly variable figure depending on the needs of the custodial institution leading the project through 
to completion. This is a rough guess. 



Annual Operating Costs 

Utilities & maintenance $ 5,000 

Per panel costs (based on average 4-panel experiment) 

Senior researcher 
Graduate student 
Panel construction 
Instrumentation 

$ 1,500 
$ 4,500 
$ 2,000 
$800 

Total $ 8,800 

Total annual operating cost at maximum capacity (56 panels): $ 498,000 per year 

It should be noted that operating cost is largely dependent on the number of panels in place and that the 
fixed costs are not high, if it assumed that the staff are otherwise employed at the educational institute. 
There will be some increase in per panel cost if fewer experiments are performed or if individual 
experiments are less than 4 panels, but the increase will likely not be excessive. 

Location 
The test hut site will strongly depend on what institution or organization ultimately takes the lead in 
project development and hut operation. This group will likely have a preferred location. Another critical 
factor is whether land will be provided by the custodial group at no charge. If not, land purchase or lease 
will have to be included in the project budget (this cost not included in our estimate). 

Location issues include the following. The test hut needs to be sited in a sufficiently open area so that 
undisturbed wind and rain patterns will be observed. Ideally the building would be located several 
hundred metres from other obstructions, which would provide the most consistent wind patterns for 
measurement purposes. A site this isolated may be difficult to find, but the site should at least be a 
distance of 5 - 10 times the building height from obstructions. If this condition caimot be met, the 
science team should address ramifications on test results due to any departure from these site criteria. For 
accessibility as an exhibit and demonstration, the facility should be centrally located within a major 
population centre, in other words, in metropolitan Vancouver. Microclimate at the site should be 
generally representative of the whole region. 

Possible institutions well-suited to take on custodial duties of the hut are the University of British 
Columbia (UBC) and the British Columbia Institute of Technology (BCIT). Both have expressed interest 
in such a facility, and at the time of this writing are investigating feasibility from their own perspectives 
as well as possible sites on their campuses. BCIT is more centrally located but has greater space 
constraints on its Bumaby campus than does UBC. Both sites are suitable for weather exposure and 
pubhc access. In the course of this study we did not identify any other potential custodial agencies. 
Ahematives might be investigated by others once this report is released. 



Detailed Project Plan 
Fundraising and Transition Phase 
Transition to a custodial institution 

During this feasibihty study we discovered interest at UBC and BCIT in the idea of hosting the test hut 
and assisting in its development. However, no commitments have been made at this point, nor have other 
potential custodians been identified. The authors and funders of this study will need to assist the process 
of establishing a custodian. 

Development of the test hut will be an intense and complicated project requiring a dedicated lead 
institution. Until that institution is identified, the project will not proceed beyond this report. We can 
imagine several scenarios for BETH development, however the simplest plan keeps the project in the 
hands of a single entity such as UBC or BCIT. An academic institution can provide an on-campus 
publicly-accessible site for the facility, has fundraising capabilities and experience (including access to 
academic grant programs), can provide - or hire - project/construction management personnel, can 
provide faculty and student support staff, and will integrate the facility into curricula and/or research 
programs. In addition, an academic institution would probably be willing to make a reasonably long 
commitment (10 years) to hosting the facility. 

UBC and BCIT both offer strengths as a hosting institution, and we do not recommend one over the other 
at this point. BCIT is geographically more central, which may be why the majority of our survey 
respondents selected it as a preferred location. However, finding a suitable site on its crowded Bumaby 
campus may be difficult. UBC possibly offers more freedom in site choices. Both locations would be 
acceptable for issues of weather, public access, and constmction access. 

The potential integration of the facility into education would likely be fully explored by both schools. 
Both schools would probably do an acceptable job of running the facility. As for taking a lead itself in 
using the facility for research, we suspect UBC faculty, staff or students would be more likely to engage 
the facility versus BCIT personnel, due to UBC's standing as a fiill-fledged university with a mandate for 
research. Academic users of the facility would probably apply for grants such as NSERC (Natural 
Sciences and Engineering Research Council of Canada). A steady supply of on-campus, grant-fimded 
users for the facility may offer an advantage in helping assure the stable sustenance of the facility. 
However, the hut's location at BCIT wouldn't preclude a UBC faculty member or graduate student from 
using the hut in grant-fiinded research. 

BCIT is more affiliated with the constmction trades and building science technicians, whereas UBC trains 
design professionals in architecture and engineering. From this comes a variety of other distinctions 
between the two schools, which would be identified as neither good nor bad, but merely as differences 
which may influence how the facility is perceived and used. Ideally, the facility can serve a wide enough 
range of needs that students and faculty at both BCIT and UBC will desire an association with it, no 
matter where it is located. 

Establishing the Team 
It is anticipated that the project will be led by a Project Coordinator (PC), who will provide overall 
guidance and leadership throughout the detailed project planning, design, constmction and turnover to the 
operations and management staff of the facility. Ideally this person will also lead the fundraising phase, 
although this may not be possible. The PC could also be involved in the fiiture operation of the facility, 
although not required. The PC should be capable of setting schedules and budget, hiring consultants, 
coordinating the activities of the design team, and providing a link between the educational institute, 
industry partners and those involved with the design and constmction. Although the PC does not need to 



perform any actual design function, he or she should be generally knowledgeable about the role of the test 
hut and construction in general. The PC will be functioning as an agent of the custodial institution. 

During the flindraising phase, the PC or another agent of the custodial institution will coordinate the 
production of a fimdraising brochure and other marketing materials, develop lists of potential donors, 
complete grant applications, make presentations to interested groups and associations, and follow-up 
leads of potential donors. Much of the work involving marketing materials and grant applications can be 
done by the educational institute's fundraising department, as suggested to us by both BCIT and UBC, but 
the PC may play a supervisory role. 

See organizational chart on page 31. 

Financial Considerations 
Funding for the construction of the test hut will be provided through a mix of industry contributions and 
government grants. 

Fundraising will be the responsibility of the project coordinator (PC), but it is assumed that the institute 
taking ownership of the test hut will provide much of the fundraising expertise. Both BCIT and UBC 
have departments with knowledge and experience in this area. This department will develop a 
fimdraising brochure, write grant applications, and assist the project coordinator with other aspects of 
fundraising. The Project Coordinator will be responsible for liaising with industry, identifying potential 
contributors and making presentations to industry groups. The PC should also work with the academic 
flindraising department, or possibly with an outside fundraising agency hired under contract, in order to 
determine the best strategy for fundraising within the building industry. Given the current economic 
climate in British Columbia, raising flmds may be difficult without some form of clearly identified 
payback to the flmder on top of the tax benefits each will experience. Industry supporters may require 
specific forms of recognition, including, perhaps, signage on the facility itself 

Industry contributions will be solicited from a variety of sources, particularly those who have been most 
impacted by the leaky condo crisis. Developers have previously expressed interest, although this was not 
verified in our small market sampling, and might be the major private sector target. Other potential 
contributors could be contractors, architects, engineers, banks, utilities, CMHC and the Homeowner 
Protection Office. Some of these contributions may come through industry organizations such as the 
Architectural Institute of BC (AIBC) or the Urban Development Institute (UDI, an association 
representing the interests of developers), rather than from individual companies. Research contributions 
are eligible for tax credits and matching government grants and are therefore an attractive investment for 
corporations. 

Various government grants are available, many on a matching basis for other contributions. The federal 
government provides funds through the Canada Foundation for Innovation (CFI). This program provides 
matching funds for the capital cost of constructing research facilities, including design fees, labour, 
materials and research equipment. Funding for up to 40% of the capital cost is available, on a matching 
basis with other contributions. Eligible contribution partners include individuals, corporations, and 
federal, provincial and municipal government agencies. This program has a large amount of flinding 
available and could be the source of a large portion of the financing. Applications must be made by the 
academic institute. 

The BC government provides funds through the BC Knowledge Development Fund (BCKDF). The 
applicant must be a post-secondary institution or non-profit research agency. BCKDF will fund research 
infiastructure including equipment and in some cases building construction. It is likely the test hut would 
be an eligible construction cost as it is necessary in order to perform the research. Like the CFI, the 



BCKDF requires matching funds from individuals, corporations, or federal and municipal government 
agencies and will match up to 40% of the capital cost. The BCKDF and CFI are eligible matching 
partners for each other, and therefore could together provide 80% of the capital construction cost. 

The National Research Council Canada (NRC) offers research grants through its Industrial Research 
Assistance Program (IRAP). This program ftinds private sector companies doing research to develop 
irmovative ideas towards commercialization. They will only flind salary costs of technical personnel, not 
material costs, and do so through matching grants to business. The IRAP program is really intended for 
industry doing in-house research or using outside consuhants and facilities to assist with their research, 
rather than to fund the ongoing research of an institution. For this reason, it is doubtfiil whether any 
extensive grants would be available for BETH research. IRAP would not be available for any 
construction costs, but there are some precedents for possibly assisting companies who wish to do panel 
testing at the hut. IRAP should not be counted on as a major source of funding. 

NSERC provides grants to university-industry collaboration projects. This fiinding is for ongoing 
research, as opposed to capital construction costs. NSERC will fund up to half the project cost, with 
industry providing the rest. These grants would be appropriate for clients of the test hut to perform 
research on test panels after the hut is completed. 

The Science Council of BC has a Science and Technology Infrastructure Program that provides up to 
$20,000 to assist in the preparation of large grant applications to CFI and other federal programs. The 
grant applications must be larger than $250,000, but since the combined application to CFI and BCKDF 
will exceed this amount it is probable that this source of funding will be available. 

Detailed Development Pfiase 
Once funding is secured, the project should proceed into intense development of both the scientific plan 
and the architectural design. We suggest these be tackled by two separate but linked teams, both directed 
by the PC. If the PC has not yet been identified in the transition of the test hut concept from the authors 
of this feasibility study to the long-term project custodian, then an individual needs to be hired as step one 
in project development. We strongly recommend that the project be led through design and construction 
by a single, dedicated individual. The PC's first order of business is to establish a science team and a 
design team. The science team should be led by a building scientist who will ideally assume management 
of the hut once it is operational. This person may be a faculty member of the hosting institution. The PC 
could fill this role, however, we feel it is highly unlikely that a single individual could be located who is 
strong in both building science and in constraction/project management. 

We recommend that the leader of the science team establish a small (3-5 people) panel of experts who 
will provide, on a paid contract basis, the complete scientific program for the hut. This should slightly 
precede the kick-off for the design team. The science team should begin with a more detailed 
investigation of the best test hut models we identified in this study: the University of Waterloo Beghut, 
the Fraunhofer Institut, the Katholishe University Leuven, the Swedish Building Research Council and 
the Building Research Laboratory in Illinois. The science team is responsible for providing a thorough 
scientific program for the facility, including test protocols and equipment specifications. The science 
team must deliver documentation for all instmmentation and facility capabilities and provide 
recommended procedures for operation and maintenance. This information should be contained within a 
single report or manual for use by the facility manager once BETH is up and running. The science team 
is also responsible for developing a commissioning plan, in other words, for specifying how the facility 
will be tuned and tested prior to full commercial operation. 



The design team will probably be headed by an architectural firm hired by the PC. First the PC needs to 
establish enough of the architectural program in order to identify criteria for selecting an architectural 
firm. This preliminary program can probably be developed fairly quickly using the information contained 
in this study, along with the advice of the newly established science team. Establishment of the program 
should reflect the criteria for a successful test hut, as identified in this report. It is anticipated that 
mechanical, electrical, structural, and civil engineering consultants will be hired as sub-consultants to the 
architect, as is traditionally the case in commercial/institutional building design. The architectural fum 
and its subcontractors is responsible for developing the architectural program (in coordination with the 
science team), obtaining permits and approvals, and producing full construction documents. 

Construction and Start-up Phase 
Detailed plans for this phase will need to be resolved by the PC and the design/development team. Many 
issues will be affected by the choice of site and the infrastructure and regulations of the custodial 
institution. 

We assume construction of the facility will follow normal construction practice, although the project will 
likely require more site supervision than with a standard commercial or institutional building. This is due 
to the fact that the building is actually a piece of laboratory equipment itself rather than just meant to 
function as shelter. 

If following normal construction practice, the PC will handle the tender process and hire a general 
contractor, who in tum will hire sub-contractors as necessary. A constmction manager may be provided 
by the constmction department of the educational institute or may be provided by the general contractor. 
Site supervision will be provided by the architects and engineers as required, as well as by the test facility 
specialist. Throughout, the PC will provide regular updates to the educational institute and other 
interested parties. 

The facility will require an extensive commissioning phase to ensure it can function as expected. The PC 
together with the science team will have developed a commissioning plan during the design phase. This' 
may include mnning a short pilot experiment. 

Operation and Maintenance 
Once up and mnning, the facility will move into its long-term operation and maintenance phase. The plan 
and team for BETH operation will have been fiilly developed during the design phase. We strongly 
recommend that a single, dedicated individual be responsible for mnning the facility. This role is best 
filled by the leader of the science team, or perhaps one of the consultants to that team. The facility 
manager's main responsibility is to ensure that the facility is functioning properly and delivering reliable 
test results. Other critical issues that the facility manager must address are staffing, access for educational 
programs, access for public tours, booking procedure for research projects, media communications 
protocols, security, financial management, grant-writing assistance to potential users, marketing the 
facility and maintaining relationships with all relevant sub-entities within the custodial institution (for 
example, administrative staff plant management, etc.). 

Schedule 
We estimate it will take approximately 10 months to form a team, fimdraise, develop the architectural and 
technical programs and carry out conceptual design, create design development drawings, then clear 
approval processes and develop the constmction documents, including instmmentation specification. 
After that, we estimate 6 weeks for the tender process, 8-10 months for constmction, and 2 months for 
commissioning. In other words, from the kick-off of Phase Two to the facility being ready for business 
will probably take two years. 



Figure 7: Organizational Chart for Development of BETH 
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CONCLUSIONS AND RECOMMENDATIONS 
In this study we set out to answer four questions: 

1. Will BETH deliver sound scientific results of use to the building community? 
2. Is anyone else already plaiming a similar project in a similar climate? 
3. Is it likely that flinding could be obtained for its initial capital costs? 
4. Is there a likely paying user base to cover operating and maintenance costs? 

A new test hut in Vancouver is feasible if all four questions indicate it is worth doing and can be funded. 
We've answered these questions in this report. 

Question one required us to validate the rationale for such a facility on a scientific basis. We are already 
convinced that test huts are probably the most credible test method for the general public, however we 
wanted some assurance that test hut results can meet the more rigorous scrutiny of the scientific 
community. We have not done an exhaustive literature review to confirm that test huts in general are 
widely accepted as credible scientific tools - this feasibility study was too limited in scope for us to 
perform such a major assessment. We chose to confirm rationale indirectly, by examining existing uses 
of test huts worldwide. Our assumption is that if a significant number of respected research groups have 
chosen to use test huts, then they made that choice for sound reasons. In other words, we trust that 
academic institutions like the Fraunhofer Institut and the University of Waterloo did their homework 
before electing to build test huts. In addition to discovering 12 facilities worldwide that are relevant to 
our proposal for BETH, we also identified that several of them have been in constant operation for many 
years. This is further support for the legitimacy of test huts as valid experimental facilities - endurance 
and heavy use are good indicators that the facilities deliver valuable results. Our conclusion is a "yes" 
answer to question one. 

Question two required us to confirm the necessity of initiating BETH - if similar plans are already in the 
works, then there is no reason to pursue our project. We found interesting results here. There are 
potentially two similar projects that may compete with BETH for industry funding and/or a user base. 

The Washington State University/Oak Ridge National Lab proposal appears to be a concept very similar 
in nature to BETH, with the exception of probably remaining a single storey structure. As well, the 
climate is comparable to that of Vancouver. It would seem, based on the range of parties involved, that 
this project can meet all of the criteria we discussed in this report for a long-lasting, community-based, 
independent test facility. Assuming this Washington facility is available on fee-for-service basis, then 
interested BC organizations might be better off to contract testing services in a Washington facility rather 
than invest in a new Vancouver facility. However, the proposal for this facility has yet to be developed, 
so we don't have enough information at this point to assess whether or not it can meet the needs of the BC 
building industry, whether or not the concept will even proceed, what its development schedule might be, 
and whether or not outsiders are guaranteed access to it. Our conclusion: the Washington project is 
potentially similar enough to BETH that constructing both facilities may not make sense (not enough 
demand to keep both facilities fully operational on a self-sustaining basis), however we recommend that 
BETH development should continue until the Washington project appears more viable. At that point, the 
BETH development team should assess if the competing project is still close to the BETH concept. If 
not, BETH development can continue, as the two facilities will not be duplicating each other. But if the 
Washington project and BETH are duplicates, then the BETH team should investigate collaboration. In 
this way, development funds may possibly be pooled for a single, better facility. 



The other proposal, by Building Science Corporation/Terra Engineering, is not a duplicate of BETH, 
although at first glance it appears to be. While this is a test hut, it does not meet the criteria we've defined 
in this report. The BSC project is proprietary, temporary and non-flexible, with a relatively quick design 
and construction process. The team is not interested in developing a long-lasting scientific research 
facility based on broad community interests. The team has also already responded in the negative when 
approached about potential collaboration with BETH. Our conclusion is that the work of this team does 
not affect the feasibility of BETH. However, the BSC team is targeting Vancouver developers for 
funding, which may complicate the fiindraising efforts for BETH. Funders of the BSC project may not 
have any further funds available for BETH, or they may question the need for BETH if they view the two 
facilities as being equal in purpose. Whether or not the BSC project proceeds (still unclear at the time of 
this writing), the BETH fundraising team will need to be aware that many parties in Vancouver will have 
been approached by the BSC team and will almost certainly ask for clarification regarding these 
seemingly competing Vancouver proposals. 

For question three, we investigated fiinding sources for the design and construction of BETH. We were 
pleased to find two excellent grant opportunities: the Canada Foundation for Innovation and the BC 
Knowledge Development Fund. In addition, the Science Council of BC can provide fiinding to assist in 
the preparation of grant applications to those two agencies. If the fiindraising team is successfiil in 
maximizing the available support from these granting agencies, then the team's target for fiindraising in 
the private sector, or among other govemment agencies, will be quite small. In our market survey, where 
we did a superficial sampling of fiindraising willingness in the building community, the response from 
this small group indicated a good probability that those small fimds could be raised. Our conclusion: 
fiinds for the constmction of BETH can probably be raised. 

Once built, the facility needs funds to operate. Our assumption is that BETH must be self-sustaining, as it 
would be extremely difficult to obtain long-term operating grants. Nor is it reasonable to assume that a 
hosting institution would be willing or able to pay for BETH's operation. Clearly, users of the test 
facility need to pay for its use - we investigated these options in question four. Three scenarios appear 
viable. First, we envision a simple pay-for-service option available to the general building community, 
where experiments are performed to meet the objectives of clients, and costs are recovered on a not-for-
profit basis. We tested out the interest in the community for this service, in our market survey. Response 
was strongly favourable. Second, NRC's IRAP program may offer co-fiinding options to some industry 
users of the facility, particularly if they use BETH to help bring new products to market. Third, some 
users will find NSERC grants to be an option for co-fimding experiments. This may be a mechanism for 
graduate student or faculty research projects in BETH. There may be additional academic grant 
opportunities which we have not addressed in this report. Our conclusion is "yes" there is a likely paying 
user base for the facility. 

Our recommended next step: immediately engage potential custodians in discussions to get Phase 2 
started. 
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APPENDICES 



Appendix 1: University of Waterloo Beghut 

The Building Engineering Group (BEG) at the University of Waterloo (UW) operates a fiill-scale natural 
exposure and test building dubbed the Beghut. Building envelope assemblies can be inserted in the 
Beghut and their performance assessed through monitoring, testing, and observation. This facility 
facilitates the testing of full-scale assemblies under real time. South Westem Ontario climatic conditions 
and, as such, constitutes a unique and valuable resource for the building industry. 

The method of constmction used in the Beghut allows for six panels in each side (24 total) each of 
approximately 1.2 m width and 2.4 m height to be installed and removed at any time. Special panels, 
which occupy two (2.4 x 2.4 m) or three (2.4 x 3.6 m) normal panel slots can also be accommodated. 
Each panel is isolated from the Beghut stmcture and neighbouring panels by special insulating air- and 
vapour-tight separators. 

This facility is a square building approximately 10.5 m x 10.5 m in plan and 3.0 m high on the interior. 
The walls are oriented in the four cardinal directions. The roof is peaked to the centre with a slope i f 1-in-
3. A pipe mast rising from the central peak of the roof supports a weather station at 10 m above grade. 

The test hut is sited on relatively flat land and is fiilly exposed to winds from most directions. The roof 
overhang is sized to avoid shading from the sun under all conditions. The small overhang and the drip-
edge in lieu of eavestroughs provides very little direct protection from rainfall. 

The stmcture is of wood post-and-beam constmction with a tmssed roof The foundation consists of a 1.2 
m high, 250 mm thick unreinforced concrete wall on a 500 mm wide, 300 mm deep strip footing. The 
floor is a 100 mm thick concrete slab-on-grade placed on a polyethylene moisture barrier and 150 mm of 
granular fill. The comer columns and ring beam are sheathed with plywood, insulated with 150 mm 
fiberglass batts, and clad with aluminum siding. The roof is insulated to RSI 5.4 and conventionally 
constmcted from prefabricated tmsses. The roof system comprises asphalt shingles, building paper, and 
plywood sheathing, with an additional ice and water shield extending 600 mm up from the eaves. 

An air-to-air heat pump heating and air conditioning unit and supplementary humidification units control 
the interior climate to 21 C and 50% relative humidity all year. Floor-mounted diffiisers and fans ensure 
even distribution of the conditioned air. 
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Figure 8: Meteorological Measurements 
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Measurement Capabilities 

To provide meaningful quantitative analysis of building envelope assembly performance undergoing 
natural exposure testing the most important exterior and interior envirormiental and wall parameters must 
be measured at frequent intervals. The figure below schematically presents those parameters that can be 
measured at the Beghut. 
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Figure 10: IVIeasurement Parameters in a Typical Screened Wall 

The data acquisition system presently comprises two analog-to-digital converters which allow a total of 
648 channels to be measured. Al l channels are normally scaimed every five minutes and the data is 
averaged and saved at 15 minute intervals. Measurement rates of several hundred Hertz are possible but, 
except for dynamic wind pressure measurements, speed is typically not a concem. 

Periodic testing for in-situ air leakage, microbiological growth, and water penetration can be (and have 
been) readily conducted at any time during or after the monitoring period. These tests have the virtue of 
measuring performance after an assembly has been subjected to real environmental conditions and, 
generally, after a considerable length of time. Because the Beghut was designed to allow for easy testing 
and measurement, the accuracy and repeatability of results will normally be much better mad much less 
expensive to obtain than if the same assemblies were part of an in-service building. 



Appendix 2: Swedish Building Research Council Test House 



Appendix 2, cont'd (Swedish test house) 
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Appendix 2. cont'd (Swedish test house) 
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Appendix 4: Market Survey Details 

Total respondents: 18 

Question 1: Do you believe there is a need for a test hut facility in the lower mainland? 
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Question 2: How interested would you be in results of research at the facility? 
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Question 3: Would you or your organization make use of the facility, assuming you found the cost 
reasonable? 

Very likely Somewhat likely Somewhat unlikely Very unlikely 

Question 4: What sorts of experiments would interest you? 

Assembly performance, testing of particular materials such as Tyvek and their performance within a 
wall. 
Wetting of walls, water penetration of details in ceilings. Effects of negative and positive 
pressurization for wall claddings from mechanical ventilation systems. 
Testing of variations on typical wall constructions. 
Relative performance of cost effective drainage surfaces. Window detailing. Model calibration. 
Wetting - rain deposition studies. Construction joint performance. Cavity wall comparisons (width, 
vent area, etc). 
Performance of wall systems in our climate. 
Assessment of different products and assemblies. Data generation and calibration with simulation 
models. Testing of universal optimized wall assemblies. Testing of effective enviroimientally 
acceptable clousers (eg. window/wall interfaces, durable air-tight sealing mechanisms). 
Rain penetration of claddings, drying, temperatures in systems, drainage. 
Water management. 
Pre-testing code changes. 
Exact replica of typical housing in Vancouver. 
Experiments to measure the effects of our Vancouver enviroimient on a variety of cladding, wall 
framing systems, particularily wood/metal stud framing - EIFS. 
Rainwater penetration and drying rates for a wide range of assemblies and materials. 
Wall assemblies, sill plate applications, roof truss, treated and untreated lumber products. 
Performance of various wall assemblies 



Question 5: Would your organization be willing to financially contribute to the initial construction 
of the facility? 
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Question 6: Where do you think the facility should be located? 
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See next pages for the survey instrument. 



Building Envelope Test Hut Survey 

Forintek, with funding from CMHC and the Homeowners Protection Office, is doing a study on the 
feasibility of constructing a building envelope test hut in the lower mainland. This facility would likely be 
located at and operated by a post secondary institute. The facility would allow different wall panels to be 
installed and tested for such things as moisture migration, humidity, temperature, condensation, 
durability, etc while being exposed to normal lower mainland weather conditions. This survey is being 
done as part of the feasibility study to establish the need and level of support for such a facility. 

Please take a moment to complete this survey. Your answers will be completely confidential and will be 
reported only in summary form. If you have any concerns about this, please contact Jennifer O 'Connor. 

Name: 
(optional) 

Organization: 

(optional) 

Industry sector you represent: 

• Development • Govemment 

• Constmction • Manufacturing 

• Architecture • Insurance 

• Engineering • Education 

• Other 

If appropriate, please answer on behalf of your organization rather than as an individual. 

1. Do you believe there is a need for a test hut facility in the lower 
mainland? 

• Strongly agree 
• Somewhat agree 
• Somewhat disagree 
• Strongly disagree 

2. How interested would you be in the results of research done at the 
facility? 

• Very interested 
• Somewhat interested 
• Somewhat uninterested 
• Very uninterested 

3. Would you or your organization make use of the facility for research, • Very likely 
assuming you found the cost reasonable? (Actual research would be • Somewhat likely 
performed by facility stafO • Somewhat unlikely 

• Very unlikely 

4. What sort of test hut experiments would interest you? 

Please go to next page 



5. Would your organization be willing to financially contribute to the initial • Very likely 
construction of the test hut facility? • Somewhat likely 

• Somewhat unlikely 
• Very unlikely 

6. Where do you think the facility should be located? • BCIT 
• UBC 
• Other: 

7. Additional comments: 

Thank you for your time! 

Please fax back to: 

Jennifer O'Connor 
Forintek Canada Corp. 
Vancouver 
604-222-5690 

Questions? 
Contact Michael Wilson, Project Coordinator 
Vancouver 
tel: 604-899-4597 
mwilsonbc@yahoo.com 



Appendix 5: Text for Fundraising Brochure 

The following sample text is provided here, to be considered by the developers of a fundraising brochure 
or a grant application. Text should be accompanied by the architectural drawings included in this report. 

The BETH Project 
A Building Envelope Test Hut in Coastal British Columbia 

Over five years into the leaky condo crisis in the lower mainland, and the building industry is still looking 
for some answers. What wall systems really work in our rainy climate? 

Researchers are studying the problem and many builders are experimenting in the field, but the industry 
lacks solid performance information on what works and what doesn't. Even building science experts 
disagree on ideal envelope design for Vancouver and other areas in coastal BC and the Pacific Northwest. 
An outdoor test facility is an overdue tool to help us build with confidence. 

There are test facilities in use around the world, but none in a similar climate to our own. A test facility is 
a structure that allows wall samples to be inserted into apertures in the base building, and left exposed to 
the weather for several months or perhaps a flill year or more. The test panels are fully equipped with 
instruments to record water flow, temperature and other variables that tell how the panel is performing. 
Users of the test facility will have access on a pay-for-service basis. 

The facility will be accessible as an exhibit and demonstration. 


