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EXECUTIVE SUMMARY 
This project had two main objectives. The first was to quantify the impact of installing properly closed 
crawl space foundations in occupied homes constructed by production homebuilders in cold and hot-
humid U.S. climate zones. The second was to determine whether popular software programs used to 
forecast residential energy consumption could accurately predict the impact of the closed crawl space 
foundations on the amount of energy used to heat and cool the homes. 

Researchers from Advanced Energy carried out the project at two sites: 12 new site-built homes in one 
neighborhood in Flagstaff, AZ, and 15 new modular homes built in one neighborhood in Baton Rouge, 
LA. In order to reduce research variability, the homes at each site were built to consistent specifications 
for insulation levels, glazing performance, and mechanical efficiency. They were all built as part of a 
high-performance home program that provided third-party quality assurance inspections during 
construction and performance testing for envelope and duct leakage. Finally, homes were assigned to 
control and research groups in a manner that balanced variables like conditioned floor area and solar 
orientation across the groups as much as possible. 

The Flagstaff site tested two configurations of closed crawl space: one with fiberglass batt insulation in 
the framed floor structure above the crawl space and another with rigid foam board insulation on the 
crawl space perimeter wall. Mechanical ductwork was located in the crawl space. 

The Baton Rouge site tested three configurations of closed crawl space: one with fiberglass batt insulation 
in the framed floor structure and two with rigid foam board insulation on the crawl space perimeter wall. 
One of the wall-insulated groups had all mechanical ductwork located in the crawl space, while the other 
two closed crawl space groups and the control homes had mechanical supply ductwork in the attic. 

The homes were instrumented to monitor temperature and relative humidity in the crawl space and living 
space, to measure energy used for space conditioning separately from total home energy use, and to 
measure radon concentrations in the crawl space and living space. Data were collected from August 2007 
to October 2008 at the Baton Rouge field site and from October 2007 to March 2008 at the Flagstaff field 
site. The Flagstaff study was terminated early due to the discovery of elevated radon concentrations. 

The project findings support researchers’ first hypothesis that “Closed crawl space systems will control 
daily average relative humidity inside the crawl space below 70 percent regardless of climate zone or 
season.” 

 

In the very humid Baton Rouge climate, the closed crawl space systems were able to control 
crawl space relative humidity close to 60 percent on a daily average, while the control group 
humidity hovered around 80 percent for most of the spring and summer months. 

 

In Flagstaff’s dry climate even the control crawl spaces stayed under 70 percent for all but a few 
days, but the closed crawl spaces were even drier, with levels around 50 percent under the same 
conditions. 

The research findings are mixed with regard to the second hypothesis that “Homes with closed crawl 
space systems will realize 15 percent or greater annual savings on energy used for space conditioning as 
compared to homes with vented control crawl spaces located in the same climate zone.” 

 

In Baton Rouge, the performance of closed crawl space systems does not support the hypothesis, 
with a range of performance from 6 percent savings to a 29 percent penalty across the three 
systems. However, living space and crawl space temperature comparisons support a conclusion 
that thermal loads from the floor are lower in the homes with closed crawl space foundations. It 
appears that confounding occupant behavior variables had a greater influence than the foundation 
system improvements. 

 

In Flagstaff, the performance of the closed crawl space system with floor insulation supports the 
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hypothesis, showing a savings of 20 percent in heating season gas usage, while the performance 
of the closed crawl space system with wall insulation does not support the hypothesis, showing a 
large penalty of 53 percent. 

Finally, the research findings are mixed or uncertain with regard to the third hypothesis that “Popular 
residential energy modeling software programs (REMRate, EnergyGauge, and TREAT) are unable to 
accurately forecast the energy savings that result from installation of a properly closed crawl space 
foundation.” The study results indicate there is a need for improvement of the energy modeling software, 
but the small set of field performance data results in significant uncertainty. 

 

In Baton Rouge, REM/Rate and EnergyGauge do a very good job of predicting the energy use for 
the vented crawl space with floor insulation and the closed crawl space with wall insulation and 
ducts in the crawl space, but are not able to predict the performance of the other two designs. 
TREAT consistently underestimates the energy usage across all study groups. The modeling 
results for the floor-insulated closed crawl space group have the most uncertainty. 

 

In Flagstaff, the even smaller data set due to meter failures and truncated study period raises too 
much uncertainty to draw any conclusions about the performance of the modeling programs. 

The Baton Rouge study results provide strong support for the application of closed crawl space systems 
as a humidity control method for crawl spaces under homes in the hot-humid U.S. climate zone, and the 
results provide even stronger support for the use of wall-insulated closed crawl spaces, which provide 
energy savings in addition to humidity control. 

The Flagstaff results provide support for the application of floor-insulated closed crawl space foundations 
in cold climates, both as a moisture control and energy-saving home improvement. 

Regardless of climate zone, contractors or occupants who install closed crawl space systems should 
perform testing to confirm the absence of a radon hazard whenever crawl space ventilation to the outside 
is eliminated. Any recommendations or requirements to install closed crawl space foundations should 
include requirements for radon testing followed by mitigation if needed. 

In areas of elevated radon risk, it should be suggested that builders rough-in soil gas collection hardware 
prior to installation of the foundation ground vapor retarder or flooring to reduce potential future 
mitigation costs. Ideally these recommendations would apply to all such homes, since homes with 
basement or slab foundations would likely be more expensive to remediate. Slab and basement 
foundations may also put the residents at higher risk due to supporting occupancy in the parts of the home 
where the radon is entering the structure. 

The results of this project suggest at least four additional studies that would improve understanding of the 
performance of closed crawl space foundations and foster their adoption in the marketplace: 

1. Convert the four control homes at the existing Baton Rouge field site to closed crawl space 
foundations, retaining the existing floor insulation and verifying heat pump efficiency. 
Monitor all homes at the site using the current methodology for another 12-month period to 
generate a basis for correcting the current performance results with respect to occupant 
behavior and for doing year-over-year weather-corrected comparisons on the control homes. 

2. Perform a commercialization assessment for closed crawl spaces in the Gulf Coast to 
determine strategies for overcoming the lack of qualified installers, which poses a major 
barrier to market adoption in that region. 

3. Perform a study in the Gulf Coast market to compare energy usage, indoor humidity control, 
and installation costs for closed crawl space foundations versus slab foundations. 

4. Identify or create improved radon risk data, and provide updated recommendations for 
identifying and reducing radon in residential structures with more practical solutions. 
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1. PROJECT OBJECTIVE  
This project had two main objectives. The first was to quantify the impact of installing properly closed 
crawl space foundations in occupied homes constructed by production homebuilders in cold and hot-
humid U.S. climate zones. The second was to determine whether popular software programs used to 
forecast residential energy consumption could accurately predict the impact of the closed crawl space 
foundations on the amount of energy used to heat and cool the homes. 

Four high-level goals were defined in order to achieve the project objectives: 

1. First, to recruit the participation of two production-oriented (i.e., not custom-design) 
residential home builders, one in each of the desired U.S. climate zones. The project required 
each builder to construct at least 12 homes on crawl space foundations, ideally all within one 
neighborhood or community. In addition, each builder was required to construct the homes as 
part of a high-performance home program that included third-party verification of compliance 
with program requirements, both prescriptive and performance-based. 

2. Second, to work with each builder, along with local contractors and code officials, to define 
at least two acceptable closed crawl space designs to be installed and monitored. The closed 
crawl space designs were then to be installed in sub-groups of the total set of homes in each 
neighborhood, with one sub-group of homes remaining as a control group with a wall-vented 
crawl space design. 

3. Third, to install meters and data loggers in every home to measure and record hourly 
temperature and humidity levels, monthly energy consumption, and long-term radon 
concentrations such that researchers could quantify the impact of the closed crawl space 
foundations over a 12 month post-occupancy period. 

4. Finally, to then use the measured energy data to assess the accuracy of three popular software 
programs that are used to predict residential energy consumption:  

a. REM/Rate, by Architectural Energy Corp., 

b. TREAT, by PSD Consulting, Inc., and 

c. EnergyGauge, by the Florida Solar Energy Center. 

The project’s research hypotheses were: 

1. Closed crawl space systems will control daily average relative humidity inside the crawl 
space below 70 percent regardless of climate zone or season. 

2. Homes with closed crawl space systems will realize 15 percent or greater annual savings on 
energy used for space conditioning as compared to homes with vented control crawl spaces 
located in the same climate zone. 

3. Popular residential energy modeling software programs are unable to accurately forecast the 
energy savings that result from installation of a properly closed crawl space foundation.  
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2. BACKGROUND 
Advanced Energy completed its first federally-funded crawl space research project with the U.S. 
Department of Energy in 2005. That project, funded under award number DE-FC26-00NT40995, was 
titled “A Field Study Comparison of the Energy and Moisture Performance Characteristics of Ventilated 
Versus Sealed Crawl Spaces in the South” and it demonstrated that substantial energy efficiency and 
moisture management benefits can result from installing properly closed crawl space foundations instead 
of traditional wall vented crawl space foundations in Southeastern U.S. residential construction. 

The key design differences between a traditional wall-vented crawl space foundation and a properly 
“sealed” or “closed” crawl space foundation are that the closed crawl space has: 

1. A ground vapor retarder with sealed seams covering 100 percent of the crawl space floor. 

2. A mechanically secured vapor retarder covering masonry perimeter walls with the exception 
of a nominal three inch termite inspection gap at the top of such walls and at locations where 
the masonry wall abuts wooden structure. 

3. Air-sealed perimeter walls, with no intentional openings to the outside, and a weather-
stripped access door. 

4. Thermal insulation installed either on the perimeter walls (without obscuring the termite 
inspection gap) or in the framed floor structure above the crawl space. 

5. A mechanical drying mechanism to provide supplemental control of humidity when installed 
in climates having a humid season. 

Two of the main objectives of this project included (1) an assessment of 10 existing homes to document 
commonly observed energy and moisture failures associated with traditional code-compliant wall-vented 
crawl space foundations and (2) a detailed literature review that documented both the history of closed 
crawl space research and the historical lack of scientific justification for building code requirements for 
crawl space ventilation. 

The third main objective of the 2005 project proved to have the most profound impact in North Carolina: 
a field demonstration of various closed crawl space designs which were implemented over the course of 
three years in a set of 12 small (1040 square feet), simply-designed homes in the eastern town of 
Princeville, NC. These homes were divided into three groups of four homes each, with each home having 
the same envelope, mechanical, and architectural designs, and comparable performance characteristics 
with regard to infiltration, duct leakage, site grading, and site drainage. One group was kept as a control 
group with wall-vented crawl spaces while the other two intervention groups had closed crawl space 
systems installed. In the final phase of the project, researchers installed closed crawl space systems with 
fiberglass batt insulation located in the framed floor structure above the crawl space in the first group of 
intervention homes. In the remaining group they installed systems with polyisocyanurate board insulation 
located on the crawl space perimeter wall. Researchers anticipated these two designs to have the most 
widespread potential for application based not only on the expected field performance, but also on input 
regarding code compliance and practicality from residential homebuilders, pest control professionals, 
code officials, installers, and building scientists. 

The key findings from this North Carolina field demonstration were: 

1. The homes built on the closed crawl space foundations saved, on average, more than 15 
percent on annual energy used for heating and cooling. 

2. The closed crawl spaces stayed substantially drier than the wall-vented crawl spaces during 
humid seasons, with average daily relative humidity controlled below 70 percent. 

Full details and results of this first crawl space project are available at www.crawlspaces.org .  

http://www.crawlspaces.org
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2.1 CURRENT KNOWLEDGE GAP 

If the Princeville research findings can be extrapolated to the mainstream housing industry, they indicate 
the potential for large energy savings and moisture control improvements over conventional construction. 
However, those findings were observed in small, simple (rectangular footprint, single-story with flat-
ceiling) homes built by a non-profit builder, which do not reflect the mainstream housing market. 
Furthermore, the findings were observed only in the mixed-humid climate of eastern NC. 

It is not known whether the same scale of energy and moisture performance improvements will result 
from application of closed crawl spaces to the larger, more complex home designs typically built by for-
profit builders. It is also not known whether the same improvements will result from application of closed 
crawl spaces in different climate zones. 

The U.S. residential housing stock has a significant market for crawl space foundations, spread across 
multiple climate zones. Market data compiled by the National Association of Homebuilders (NAHB) in 
2006 indicated that approximately 35 percent of existing homes and 18 percent of new-construction 
homes are built on traditional wall-vented crawl space foundations. 

According to the same NAHB data, of the approximately 200,000 homes built each year on crawl space 
foundations, an estimated 92,000 (44 percent) are built in the mixed-humid climate zone, 73,000 (35 
percent) are built in the cold climate zone, and 13,000 (nine percent) are built in the hot-humid climate 
zone. Furthermore, ICF Consulting estimated that over 300,000 homes must be replaced in the Gulf Coast 
region due to destruction resulting from hurricanes Katrina and Rita in their 2006 report “Rebuilding 
After the Gulf Coast Hurricane: Sustainable Communities Using Energy Efficiency.” The manufactured 
housing industry is expected to provide a large share of the necessary reconstruction, which may result in 
significantly larger numbers of homes being built on crawl space foundations in the hot-humid Gulf Coast 
region for the next several years, though the current economic recession has certainly reduced all of these 
estimates. 

Therefore, this project has conducted the field studies needed to validate the extrapolation of the North 
Carolina results to a broader segment of the U.S. housing industry. The new field studies were designed 
similarly to the North Carolina research with respect to sample size and installation details. However, the 
current project utilized mainstream housing stock built by for-profit corporations in cold and hot-humid 
climate zones outside North Carolina. 

Furthermore, this project has compared the field data on energy consumption to the predictions generated 
by popular residential energy modeling software programs in order to assess the programs’ ability to 
accurately predict the impact of the closed crawl space intervention. Computer models are increasingly 
used in the building industry to predict building energy use and to assess compliance with high-
performance building programs (e.g., ENERGY STAR) that may qualify the builder or homeowner for 
tax incentives, rebates, or other financial incentives. The predictions are generally based on design inputs 
(insulation, windows, HVAC, etc.) and construction practices (building and duct tightness, quality of 
installation, etc.). While the Princeville findings showed energy savings attributable to the use of closed 
crawl spaces, when the Princeville homes were modeled in a common residential modeling program it 
predicted the closed crawl space systems would cause an energy penalty. To understand this contradiction 
and to help ensure those who install closed crawl spaces receive appropriate credit towards certification in 
high performance home programs, a broader computer modeling effort was included in the current 
project. The current project surveyed a number of modeling programs to assess whether they are able to 
accurately predict the energy impact of closed crawl spaces and to provide feedback to the software 
developers so they can correct their models, if indicated.  
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3. METHODOLOGY 

3.1 BUILDER RECRUITMENT 

Researchers canvassed a national network of building science research organizations, building 
performance contractors, and construction companies to identify potential candidates. The project 
required the participation of two production-oriented (i.e., not custom-design) residential home builders, 
first because the project objective was to assess mainstream homes, and second because production 
builders were most likely to have the capacity to construct the number of homes required for the project in 
the target time frame. 

The project required each builder to construct at least 12 homes on crawl space foundations, ideally all 
within one neighborhood or community, in a unique climate zone outside North Carolina. In addition, 
each builder was required to construct the homes as part of a high-performance home program that 
included third-party verification of compliance with program requirements. Researchers included this 
requirement to ensure more consistent performance among the project homes, so subsequent performance 
comparisons could be more legitimately attributed to the intentional variations in the foundation design 
instead of other unintended building variables like insulation quality, envelope leakage, and duct leakage. 

In 2006, researchers secured commitments from two builders: Palm Harbor Homes, a modular home 
manufacturer based in Addison, Texas, and Empire Communities, a conventional builder based in 
Ontario, CA. 

Palm Harbor was building 15 homes for a new Habitat for Humanity (Habitat) neighborhood in Baton 
Rouge, LA, as part of the reconstruction effort there after Hurricane Katrina displaced tens of thousands 
of New Orleans residents to the Baton Rouge area. Habitat partnered with the Florida Solar Energy 
Center (FSEC) to achieve ENERGY STAR certification for the homes, receiving technical support and 
on-site inspections and performance testing from FSEC staff. 

Severe heat and humidity is a routine condition in the Gulf Coast, so moisture control would be a very 
positive study outcome, along with any potential savings in cooling energy. 

Empire Communities operated several offices in northern Arizona, and their Flagstaff office was building 
several neighborhoods. One neighborhood had a sufficient number of single-family detached homes being 
built on crawl space foundations to meet the project requirements, and Empire had committed to 
participating in the high-performance home program provided by E3 Energy. 

Except for the short “monsoon” season (July through September), Flagstaff receives very little rain. 
Because of the generally low humidity, researchers did not expect to encounter the chronic moisture 
problems suffered by crawl spaces in the Southeast and other humid climates. However, the monsoon 
season presents significant short-term water impacts that are anecdotally reported to cause moisture 
problems in traditional vented crawl spaces in the region, and the cold winters present the opportunity to 
achieve heating savings.  

3.2 FIELD RESEARCH DESIGN 

Researchers consulted with each builder, along with local contractors, code officials, building 
performance specialists, and pest control professionals, to define two acceptable closed crawl space 
designs to be installed and monitored at the Flagstaff field site and three acceptable closed crawl space 
designs to be installed and monitored at the Baton Rouge field site. The closed crawl space systems were 
then assigned to sub-groups of the total set of homes in each site, with one sub-group of homes remaining 
as a control group with a wall-vented crawl space foundation. Researchers then compared the 
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performance of each group of homes with a closed crawl space system to the performance of the control 
group at the same field site with regard to crawl space temperature and humidity, living space temperature 
and humidity, energy used for space conditioning, and radon concentrations in the crawl space and living 
space.  

3.2.1 Baton Rouge Crawl Space Designs 

This section describes the specifications for the three closed crawl space systems as originally designed 
for the Baton Rouge field site. For each system, there was only one significant difference between the 
actual installations and the specifications provided below. The difference is only one crawl space drain 
was installed in the crawl space access door, near the bottom of the frame, instead of the two drains, one 
on each side of the crawl space, passing through the footer as described in callout number 21 listed below. 
This variation was implemented due to site grading that prevented any drains passing through the footer 
from terminating to daylight. The drain through the access door still utilized the ProSet TrapGuard 
backflow preventer and a rodent-excluding grate at the termination.  
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Closed Crawl Space with Floor insulation
and Ductwork in the Attic 

Supply Return

Thermostat 
Cable

3.2.1.1 Baton Rouge closed crawl space with floor insulation and supply ducts in the attic (CCS-F) 

Figure 1. Baton Rouge schematic design for floor-insulated closed crawl space.  

1. Air seal all foundation stem wall penetrations with weather-resistant caulk, silicone sealant, or 
spray foam. 

2. Air seal the mating surfaces at the top and bottom of the sill plate and at the top and the bottom 
of the band joist. Material options are sill seal gasket, weather resistant caulk or silicone sealants, 
Dow Froth-Pak 25FS or equivalent spray foam (interior only), or construction adhesive. 

3. The frame and body of the crawl space access panel are to be made of pressure-treated wood 
materials approved for masonry contact or equivalent. 

4. The frame of the mechanical access panel to the crawl space is to be made of pressure treated 
wood approved for masonry contact or equivalent and the body is to be made of an approved 
cementitious material. 

5. Both frames are to be sealed to the masonry with an approved exterior grade waterproof 
sealant. 

6. Crawl space access shall be nominally 24” high and 30” wide. 

7. Weather-strip the crawl space access panel. 
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8. Secure the crawl space access panel with four exterior-grade wood screws or equivalent. 

9. Slope the exterior grade away from the foundation stem wall per local code. 

10. Air seal all duct, plumbing, electrical, cable, and other penetrations through the sub-floor per 
local fire-blocking requirements or with any combination of metal flashing, duct mastic, or fire-
stop caulk. 

11. Insulate floor joist cavities with R-19 batt insulation. Install the insulation in full contact with 
the subfloor and ensure it is secured in place. Install the insulation without gaps, voids, or 
compression. 

12. Attach 6 mil thick, translucent, fiberglass-reinforced wall vapor retarder material to the 
foundation stem wall with Hilti X-GN 20MX or equivalent masonry fasteners driven through 
Hilti 23MM GX 100 or equivalent washers. The fastener and washer combo shall be installed in a 
single row within 4" of the top edge of the vapor retarder. At least one fastener and washer combo 
shall be installed within 6" of each corner in the foundation stem wall. The fastener and washer 
combo shall be spaced no more than 48" apart. When the wall vapor retarder extends higher than 
48" above interior crawl space grade, the fastener and washer combos shall be spaced no more 
than 36" apart. Install wall vapor retarder to a height such that foundation vents are covered. 
Install one fastener and washer combo within 6" of each corner of each foundation vent. Overlap 
seams in the wall vapor retarder material at least 2" and seal the seam with Nail Power or 
equivalent construction adhesive, Raven Industries 4" wide VaporBond TVB-4 or equivalent 
tape, or fiberglass mesh tape embedded in mastic. Extend the wall vapor retarder nominally 12" 
horizontally onto the crawl space floor. 

13. Leave a nominal 3" termite inspection gap between the top of the wall vapor retarder and the 
top of the masonry wall and any untreated wood in contact with the masonry wall (e.g., support 
beams on pilasters, sill plates, etc.). Seal the edges of the wall vapor retarder to the stem wall with 
Nail Power construction adhesive or fiberglass mesh tape embedded in mastic or equivalent. 

14. Attach minimum 6-mil fiberglass reinforced vapor retarder material around each interior pier 
at least 4" above the crawl space floor. Overlap the seam at least 2". Mechanically attach the 
vapor retarder to the pier with at least one fastener and washer combo (as defined in item 10) per 
side. Seal the top edge of the vapor retarder to the pier with Nail Power or equivalent construction 
adhesive or fiberglass mesh tape and mastic. Seal the seam in the pier vapor retarder and seal the 
pier vapor retarder to the ground vapor retarder with Raven Industries 4" wide VaporBond TVB-
4 or equivalent tape or minimum 4" wide fiberglass mesh tape embedded in mastic. 

15. Cover 100% of the crawl space floor with minimum 8 mil thick, fiberglass-reinforced 
polyethylene vapor retarder. Lap the floor vapor retarder material on top of the wall vapor 
retarder material. When overlapping seams in the field of the ground vapor retarder, ensure 
downhill pieces of vapor retarder lap over uphill pieces of vapor retarder. Overlap all seams by a 
minimum 6" and seal all seams with Raven Industries 4" wide VaporBond TVB-4 or equivalent 
tape or minimum 4" wide fiberglass mesh tape embedded in mastic. Areas where tape is to be 
applied must be cleaned of dust and debris prior to application of tape. 

16. Secure the ground vapor retarder to the crawl space floor with nominal 6" galvanized spikes 
or turf staples. Install at least one spike or staple within 2' of each corner in the foundation stem 
wall. If spikes are used, insert the spikes through a minimum 1" diameter plastic or metal washer. 
If spikes are optionally inserted through a lapped seam, ensure they are centered in the seam. Seal 
across the top of any spike/staple penetrations or any other penetrations through the vapor 
retarder with Raven Industries VaporBond TVB-4 or equivalent tape or mastic. 

17. Air seal the heating and cooling ductwork per Florida Solar Energy Center’s ENERGY STAR 
program requirements. 
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18. Terminate any water heater drains, temperature/pressure relief pipes, furnace condensate, or 
air conditioner condensate lines outside the crawl space. 

19. Terminate all kitchen, bathroom, and clothes dryer vents outside the crawl space. 

20. Grade the crawl space floor to one low point on the downhill side of the crawl space. 

21. Install a 2” positive drain on each side of the crawl space. The drain pipe should extend to 
daylight and include a ProSet Systems Trap Guard backflow preventer. The drain intake may pass 
through the foundation stem wall at crawl space grade level or below. The drain shall be capped 
with a rodent-excluding screen or grate. 

22. Provide a conditioned air supply off the supply trunk with a backflow damper and either a 
balancing damper or constant airflow regulator to provide airflow of 1 cubic foot per minute per 
30 square feet of crawl space floor area.  
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Closed Crawl Space with Wall insulation
and Ductwork in the Attic 

Supply Return

Thermostat 
Cable

3.2.1.2 Baton Rouge closed crawl space with wall insulation and supply ducts in attic (CCS-W-A) 

Figure 2. Baton Rouge schematic design for wall-insulated closed crawl space with attic supply ducts.  

1. Air seal all foundation stem wall penetrations with weather-resistant caulk, silicone sealant, or 
spray foam. 

2. Air seal the mating surfaces at the top and bottom of the sill plate and at the top and the bottom 
of the band joist. Material options are sill seal gasket, weather resistant caulk or silicone sealants, 
Dow Froth-Pak 25FS or equivalent spray foam (interior only), or construction adhesive. 

3. The frame and body of the crawl space access panel are to be made of pressure-treated wood 
materials approved for masonry contact or equivalent. 

4. The frame of the mechanical access panel to the crawl space is to be made of pressure treated 
wood approved for masonry contact or equivalent and the body is to be made of an approved 
cementitious material. 

5. Both frames are to be sealed to the masonry with an approved exterior grade waterproof 
sealant. 
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6. Crawl space access shall be nominally 24” high and 30” wide. 

7. Weather-strip the crawl space access panel. 

8. Secure the crawl space access panel with four exterior-grade wood screws or equivalent. 

9. Slope the exterior grade away from the foundation stem wall per local code. 

10. Air seal all duct, plumbing, electrical, cable, and other penetrations through the sub-floor per 
local fire-blocking requirements or with any combination of metal flashing, duct mastic, or fire-
stop caulk. 

11A. Insulate the band joist area with friction-fit pieces of R-19 unfaced batt insulation. Install 
the insulation without voids, gaps, or compression. 

11B. Insulate the foundation stem wall with minimum R-8 Dow Thermax insulation or 
equivalent. Install the insulation in contact with the wall vapor retarder. Secure the insulation to 
the stem wall with Hilti X-IE 6-50-D152 type fastener or equivalent. The fasteners shall be 
installed in two rows per piece of insulation, the first row being within the top quarter of the 
vertical dimension of the piece and the second row being within the bottom quarter of the vertical 
dimension of the piece. The top row shall be installed with maximum 48” spacing between 
fasteners, with at least two fasteners in the top row for each piece. The bottom row shall be 
installed as one fastener per piece, centered horizontally. Pieces of insulation smaller than 24” x 
48” may be installed with only two fasteners. Seal seams in the insulation material with foil tape. 
Ensure that there is a nominal 3” gap between the insulation and the top of the stem wall or 
between the insulation and any untreated wood in contact with the masonry wall (e.g., support 
beams on pilaster, sill plate, etc.). Ensure there is a nominal 3” gap between the bottom of the 
Thermax insulation and the finished interior grade of the crawl space. 

12. Attach 6 mil thick, translucent, fiberglass-reinforced wall vapor retarder material to the 
foundation stem wall with Hilti X-GN 20MX or equivalent masonry fasteners driven through 
Hilti 23MM GX 100 or equivalent washers. The fastener and washer combo shall be installed in a 
single row within 4" of the top edge of the vapor retarder. At least one fastener and washer combo 
shall be installed within 6" of each corner in the foundation stem wall. The fastener and washer 
combo shall be spaced no more than 48" apart. When the wall vapor retarder extends higher than 
48" above interior crawl space grade, the fastener and washer combos shall be spaced no more 
than 36" apart. Install wall vapor retarder to a height such that foundation vents are covered. 
Install one fastener and washer combo within 6" of each corner of each foundation vent. Overlap 
seams in the wall vapor retarder material at least 2" and seal the seam with Nail Power or 
equivalent construction adhesive, Raven Industries 4" wide VaporBond TVB-4 or equivalent 
tape, or fiberglass mesh tape embedded in mastic. Extend the wall vapor retarder nominally 12" 
horizontally onto the crawl space floor. 

13. Leave a nominal 3" termite inspection gap between the top of the wall vapor retarder and the 
top of the masonry wall and any untreated wood in contact with the masonry wall (e.g., support 
beams on pilasters, sill plates, etc.). Seal the edges of the wall vapor retarder to the stem wall with 
Nail Power construction adhesive or fiberglass mesh tape embedded in mastic or equivalent. 

14. Attach minimum 6-mil fiberglass reinforced vapor retarder material around each interior pier 
at least 4" above the crawl space floor. Overlap the seam at least 2". Mechanically attach the 
vapor retarder to the pier with at least one fastener and washer combo (as defined in item 10) per 
side. Seal the top edge of the vapor retarder to the pier with Nail Power or equivalent construction 
adhesive or fiberglass mesh tape and mastic. Seal the seam in the pier vapor retarder and seal the 
pier vapor retarder to the ground vapor retarder with Raven Industries 4" wide VaporBond TVB-
4 or equivalent tape or minimum 4" wide fiberglass mesh tape embedded in mastic. 
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15. Cover 100% of the crawl space floor with minimum 8-mil thick, fiberglass-reinforced 
polyethylene vapor retarder. Lap the floor vapor retarder material on top of the wall vapor 
retarder material. When overlapping seams in the field of the ground vapor retarder, ensure 
downhill pieces of vapor retarder lap over uphill pieces of vapor retarder. Overlap all seams by a 
minimum 6" and seal all seams with Raven Industries 4" wide VaporBond TVB-4 or equivalent 
tape or minimum 4" wide fiberglass mesh tape embedded in mastic. Areas where tape is to be 
applied must be cleaned of dust and debris prior to application of tape. 

16. Secure the ground vapor retarder to the crawl space floor with nominal 6" galvanized spikes 
or turf staples. Install at least one spike or staple within 2' of each corner in the foundation stem 
wall. If spikes are used, insert the spikes through a minimum 1" diameter plastic or metal washer. 
If spikes are optionally inserted through a lapped seam, ensure that they are centered in the seam. 
Seal across the top of any spike/staple penetrations or any other penetrations through the vapor 
retarder with Raven Industries VaporBond TVB-4 or equivalent tape or mastic. 

17. Air seal the heating and cooling ductwork per Florida Solar Energy Center’s ENERGY STAR 
program requirements. 

18. Terminate any water heater drains, temperature/pressure relief pipes, furnace condensate, or 
air conditioner condensate lines outside the crawl space. 

19. Terminate all kitchen, bathroom, and clothes dryer vents outside the crawl space. 

20. Grade the crawl space floor to one low point on the downhill side of the crawl space. 

21. Install a 2” positive drain on each side of the crawl space. The drain pipe should extend to 
daylight and include a ProSet Systems Trap Guard backflow preventer. The drain intake may pass 
through the foundation stem wall at crawl space grade level or below. The drain shall be capped 
with a rodent-excluding screen or grate. 

22. Provide a conditioned air supply off the supply trunk with a backflow damper and either a 
balancing damper or constant airflow regulator to provide airflow of 1 cubic foot per minute per 
30 square feet of crawl space floor area.  
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Closed Crawl Space with Wall insulation
and Ductwork in the Crawl Space 
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3.2.1.3 Baton Rouge closed crawl space with wall insulation and supply ducts in crawl (CCS-W-C)  

Figure 3. Baton Rouge schematic design for wall-insulated closed crawl space with crawl space supply ducts.  

1. Air seal all foundation stem wall penetrations with weather-resistant caulk, silicone sealant, or 
spray foam. 

2. Air seal the mating surfaces at the top and bottom of the sill plate and at the top and the bottom 
of the band joist. Material options are sill seal gasket, weather resistant caulk or silicone sealants, 
Dow Froth-Pak 25FS or equivalent spray foam (interior only), or construction adhesive. 

3. The frame and body of the crawl space access panel are to be made of pressure-treated wood 
materials approved for masonry con tact or equivalent. 

4. The frame of the mechanical access panel to the crawl space is to be made of pressure treated 
wood approved for masonry contact or equivalent and the body is to be made of an approved 
cementitious material. 

5. Both frames are to be sealed to the masonry with an approved exterior grade waterproof 
sealant. 

6. Crawl space access shall be nominally 24” high and 30” wide. 

7. Weather-strip the crawl space access panel. 
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8. Secure the crawl space access panel with four exterior-grade wood screws or equivalent. 

9. Slope the exterior grade away from the foundation stem wall per local code. 

10. Air seal all duct, plumbing, electrical, cable, and other penetrations through the sub-floor per 
local fire-blocking requirements or with any combination of metal flashing, duct mastic, or fire-
stop caulk. 

11A. Insulate the band joist area with friction-fit pieces of R-19 unfaced batt insulation. Install 
the insulation without voids, gaps, or compression 

11B. Insulate the foundation stem wall with minimum R-8 Dow Thermax insulation or 
equivalent. Install the insulation in contact with the wall vapor retarder. Secure the insulation to 
the stem wall with Hilti X-IE 6-50-D152 type fastener or equivalent. The fasteners shall be 
installed in two rows per piece of insulation, the first row being within the top quarter of the 
vertical dimension of the piece and the second row being within the bottom quarter of the vertical 
dimension of the piece. The top row shall be installed with maximum 48” spacing between 
fasteners, with at least two fasteners in the top row for each piece. The bottom row shall be 
installed as one fastener per piece, centered horizontally. Pieces of insulation smaller than 24” x 
48” may be installed with only two fasteners. Seal seams in the insulation material with foil tape. 
Ensure that there is a nominal 3” gap between the insulation and the top of the stem wall or 
between the insulation and any untreated wood in contact with the masonry wall (e.g., support 
beams on pilaster, sill plate, etc.). Ensure that there is a nominal 3” gap between the bottom of the 
Thermax insulation and the finished interior grade of the crawl space. 

12. Attach 6 mil thick, translucent, fiberglass-reinforced wall vapor retarder material to the 
foundation stem wall with Hilti X-GN 20MX or equivalent masonry fasteners driven through 
Hilti 23MM GX 100 or equivalent washers. The fastener and washer combo shall be installed in a 
single row within 4" of the top edge of the vapor retarder. At least one fastener and washer combo 
shall be installed within 6" of each corner in the foundation stem wall. The fastener and washer 
combo shall be spaced no more than 48" apart. When the wall vapor retarder extends higher than 
48" above interior crawl space grade, the fastener and washer combos shall be spaced no more 
than 36" apart. Install wall vapor retarder to a height such that foundation vents are covered. 
Install one fastener and washer combo within 6" of each corner of each foundation vent. Overlap 
seams in the wall vapor retarder material at least 2" and seal the seam with Nail Power or 
equivalent construction adhesive, Raven Industries 4" wide VaporBond TVB-4 or equivalent 
tape, or fiberglass mesh tape embedded in mastic. Extend the wall vapor retarder nominally 12" 
horizontally onto the crawl space floor. 

13. Leave a nominal 3" termite inspection gap between the top of the wall vapor retarder and the 
top of the masonry wall and any untreated wood in contact with the masonry wall (e.g., support 
beams on pilasters, sill plates, etc.). Seal the edges of the wall vapor retarder to the stem wall with 
Nail Power construction adhesive or fiberglass mesh tape embedded in mastic or equivalent. 

14. Attach minimum 6-mil fiberglass reinforced vapor retarder material around each interior pier 
at least 4" above the crawl space floor. Overlap the seam at least 2". Mechanically attach the 
vapor retarder to the pier with at least one fastener and washer combo (as defined in item 10) per 
side. Seal the top edge of the vapor retarder to the pier with Nail Power or equivalent construction 
adhesive or fiberglass mesh tape and mastic. Seal the seam in the pier vapor retarder and seal the 
pier vapor retarder to the ground vapor retarder with Raven Industries 4" wide VaporBond TVB-
4 or equivalent tape or minimum 4" wide fiberglass mesh tape embedded in mastic. 

15. Cover 100% of the crawl space floor with minimum 8 mil thick, fiberglass-reinforced 
polyethylene vapor retarder. Lap the floor vapor retarder material on top of the wall vapor 
retarder material. When overlapping seams in the field of the ground vapor retarder, ensure 
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downhill pieces of vapor retarder lap over uphill pieces of vapor retarder. Overlap all seams by a 
minimum 6" and seal all seams with Raven Industries 4" wide VaporBond TVB-4 or equivalent 
tape or minimum 4" wide fiberglass mesh tape embedded in mastic. Areas where tape is to be 
applied must be cleaned of dust and debris prior to application of tape. 

16. Secure the ground vapor retarder to the crawl space floor with nominal 6" galvanized spikes 
or turf staples. Install at least one spike or staple within 2' of each corner in the foundation stem 
wall. If spikes are used, insert the spikes through a minimum 1" diameter plastic or metal washer. 
If spikes are optionally inserted through a lapped seam, ensure that they are centered in the seam. 
Seal across the top of any spike/staple penetrations or any other penetrations through the vapor 
retarder with Raven Industries VaporBond TVB-4 or equivalent tape or mastic. 

17. Air seal the heating and cooling ductwork per Florida Solar Energy Center’s ENERGY STAR 
program requirements. 

18. Terminate any water heater drains, temperature/pressure relief pipes, furnace condensate, or 
air conditioner condensate lines outside the crawl space. 

19. Terminate all kitchen, bathroom, and clothes dryer vents outside the crawl space. 

20. Grade the crawl space floor to one low point on the downhill side of the crawl space. 

21. Install a 2” positive drain on each side of the crawl space. The drain pipe should extend to 
daylight and include a ProSet Systems Trap Guard backflow preventer. The drain intake may pass 
through the foundation stem wall at crawl space grade level or below. The drain shall be capped 
with a rodent-excluding screen or grate. 

22. Provide a conditioned air supply off the supply trunk with a backflow damper and either a 
balancing damper or constant airflow regulator to provide airflow of 1 cubic foot per minute per 
30 square feet of crawl space floor area.  

3.2.2 Baton Rouge Research Groups 

The Baton Rouge field site consists of 15 single-story modular homes of similar size and footprint. The 
homes are assembled from two separate factory-built halves that were shipped and placed on two foot 
high site-built foundation footings and walls. The homes were built with comparable above-grade wall 
areas, window areas and insulating features, and space conditioning for all homes is provided by the same 
make and model of package-unit heat pump. The heat pump is located beside each home with the main 
supply and return trunks running into the crawl space. In 12 of the homes, the supply trunk turns up 
through a central chase and the distribution ducts are installed in the attic. The remaining three homes 
have distribution ducts in the crawl space. Complete design specifications for the homes are included in 
the computer energy program assessment section of this report. 

The project homes are located on two adjacent streets, with back yards that connect via a common area 
between the two rows of homes. All the homes are within an approximately 75 yard radius from the 
center of the group. Homes were assigned to the control and intervention groups in order to balance the 
impact of differing floor area, glazing area, and solar orientation. The homes were performance tested to 
ensure that there was no significant bias toward the research groups with regard to envelope leakage, duct 
leakage, and mechanical ventilation rates. The site is flat, with all homes at the same elevation and having 
crawl spaces that are approximately two feet high. 

Baton Rouge is located in a hot-humid climate as defined by the U.S. Department of Energy Building 
America Program. Figure 4 below illustrates the site layout (not to scale) and research designations for 
each participating home within the test site. 
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Figure 4. Baton Rouge site layout and research designations by lot.  

Table 1 summarizes the average home characteristics and performance data by group for Baton Rouge. 
The East-West glazing column holds the sum of the east- and west-facing glazing, since windows on 
these elevations contribute disproportionately to the heating and cooling loads compared to glazing on the 
north and south elevations. The house- and duct-leakage measures are presented as ratios of envelope area 
and floor area, respectively, to account for the slight variations in home size. Intentional outside-air 
ventilation was provided beginning in April 2008 by a dampered, filtered six inch diameter intake duct 
connected from outside to the return duct of the heat pump system. Note that while the percentage 
differences in the ventilation rates are large, the absolute differences are quite small. The ventilation 
occurs only when the heat pump air handler is operating. As a whole, these characteristics indicate the 
research groups may be slightly biased towards using more energy for heating and cooling than the 
control group. This is somewhat offset by the lower duct leakage ratios for two of the research groups.  
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Table 1. Baton Rouge building characteristic comparisons by group. 

Crawl 
Space 
Type 

Floor 
Area 
(Sq. Ft.) 

Volume 
(Cu. Ft.) 

Envelope 
Area 
(Sq. Ft.) 

Total 
Glazing 
(Sq. Ft.) 

East-West 
Glazing 
(Sq. Ft.) 

House Leakage 
Ratio 
(CFM50 per Sq. 
Ft. Envelope Area) 

Duct Leakage 
Ratio 
(CFM25 per Sq. 
Ft. Floor Area) 

Ventilation 
Rate 
(CFM) 

CTL  1144 9152 3456 183 78 0.26 10.1% 18 

CCS-F 1196 
(4%) 

9568 
(5%) 

3616 
(5%) 

186 
(2%) 

81 
(5%) 

0.25 
(-4%) 

8.5% 
(-16%) 

23 
(30%) 

CCS-W-A 1196 
(4%) 

9568 
(5%) 

3592 
(4%) 

183 
(0%) 

78 
(0%) 

0.27 
(3%) 

9.5% 
(-5%) 

20 
(16%) 

CCS-W-C 1213 
(6%) 

9707 
(6%) 

3653 
(6%) 

185 
(1%) 

80 
(3.2%) 

0.25 
(-4%) 

12.7% 
(26%) 

24 
(37%) 

 

The following figures are representative pictures of the Baton Rouge field site and crawl space systems: 

 

Figure 5. Baton Rouge street view.  
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