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Top three foundations research 
needs

1. A robust software program--calibrated with field data 
from real-well characterized foundations (11 votes)

2. Foundations Handbooks-Update to include an interrelated 
family of products; (8 votes)

a. Best Products
b. ASHRAE Handbook of Fundamentals update
c. Model construction document package, QA specs good start
d. Web page, best practices, documented failures clearly 

demonstrating what not to do and the importance of selecting low
risk solutions.

3. Simple Clear Builder Solutions for Foundations (8 votes) 



Foundation test set in 1991



15 yr old “Warm and Dry” Basement 
system dug up in the summer of 2006
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Foundations Electronic Source Book

•Contains a set of foundation details for each
− climate
− foundation type
− 4 quality levels (Good, Better, Best and Fail)

•Each detail should be modeled with two very 
wet years to generate mold growth estimates
− for the interior walls in the case of basements and 

crawl spaces
− interior surfaces of the ground floor and north facing 

exterior wall in the case of Slab-on-Grade systems
− Calibrate at well characterized test sides with good, 

better, best, and predicted to fail installations



Best we got depends 
an awfully lot on 
very careful 
installation practices

We should talk to 
builders in terms of 
risk analysis



Slab insulation carefully taped



Slab edge insulation carefully held 
in place



One inch XPS foam board



Despite a whole lot of care a 
thermal short appeared



Continue Field Investigation of Sub-
Slab Ground-Coupling, IBACOS



ZEH5; Integrating the foundation 
insulation and drainage system with the 
HVAC



Geothermal Heat Pump linked 
with the foundation system

− ZEH5- Geothermal water 
loop, DC fan

− Integrated into the 
foundation and existing 
excavations during 
construction



ZEH5 an unoccupied test house for two 
year period
• Fiberglass board exterior 

insulation on foundation

• Geothermal ground loop 
integrated with the 
foundation

in construction Sept 05



TC 1,2,3,4,5,6,8,9: Thermal couple for 

Temperature on the middle pipe

TC7: Far field ground temperature

HT1: Heat transducer on the below 

grade wall

HT2: Heat transducer on the above 

grade wall

Δ : Ground pipe header

Drawing for the Ground Pipe Installation and 
Sensors (ZEH5)
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Need models that predict performance of 
foundation heat loss and HVAC systems 
(geothermal heat pumps, seasonal thermal 
storage, earth tubes)



DOE Foundations Web site 
• Current Best Practices by climate and most common 

foundation type in each climate 
− New 50% BA energy saver houses
− Retrofit

• Methodology for “HERS rater types” to;
− evaluate and solve moisture problems
− evaluate risk of thermal performance upgrade options
− Presentation of options to home owner

• Most useful references
− North Carolina insulated sealed crawl space code
− Updated Best Practice manuals, reports
− ??

• Foundation models
• Well characterized foundation test site data for model 

development and calibration
• Consistent Consensus messaging “Expert Panel”



Models

•BUFETS , University of Minnesota

•TRNYSIS

•WUFI

•Energy Plus

•DOE 2

•Energy Gauge and Rem Rate



Foundations R&D needs for DOE to consider 
from Pat Hilman, Univ. of Minnesota

•Material choices and construction practices 
have changed since the last round of work in 
foundations, fill those gaps with the same level 
of research rigor that was used previously, 

•Basement retrofit

• Crawl space options/solutions are not clear in 
very hot, humid, flood-prone sites, wet soils, 
brownfields, and cold climates. 

• slab-on-grade solutions that address the termite 
issues 



Foundations R&D needs for DOE to 
consider from Dave Stecher

• Need to settle on ground contact boundary 
conditions (temperature, film coefficient, 
moisture content) to use in the “Best available 
heat and moisture foundation models” like 
WUFI

•Determine the effect on heating and cooling 
energy of under slab insulation at various 
basement depths in various climates

•Work with energy modeling software developers 
to allow under slab insulation, such as 
EnergyGauge



Insulated and Sealed Crawl Space, 
from Bruce Davis APP. State

• Need solutions for getting through the construction sequence 
without having a mold bloom.
− "stewardship" of wood products and the construction site.
− Spray the floor framing and underside of the subfloor as soon as they 

are installed with Mold Ram
− However, so far there is no safe/reliable solution 
− Without, widespread use of close crawl space systems construction will 

not happen

• Need a good heat and mass transfer model

• insecticide impregnated Sill Seal gasket to additionally 
reduce the paths for termites into the home 



Foundation Retrofit from Melissa 
Weber, Advanced Energy

• “Spray foam with same properties as Dow Thermax, 
would like to see some testing/evaluation of foundation 
wall insulation geared towards difficult retrofit 
situations. Products like Dow Thermax Board have the 
ideal qualities of high R per inch, fire rating for exposed 
installation with no ignition/thermal barrier, water 
resistance, etc. However, there are often challenging 
installations with irregular wall surfaces that would be 
best served by a flexible equivalent of Thermax. 



Comment from Bill Rittleman

• ground-coupled heat pump systems beneath the 
house, TRNSYS Type that Jeff Thornton 
(TESS) is developing, allow models of horizontal 
heat exchanger beneath an insulated basement 
slab. available to all the Building America teams 
because NREL is paying TESS, 



Foundation Retrofit from John 
Broniek

•Generate national or regional soil conductivity 
values for different locations. it would aid 
modeling to get more localized data



DOE Foundations Needs 

• Validated methodology for evaluating suitability of insulating 
basement and crawlspace walls of existing homes. Developing a 
HERS rater level procedure that; first determines if there is a 
moisture problem, can it be solved easily, if so than how to insulate 
the basement or crawlspace walls with different levels of risk. The 
risk would be developed by impact on dryability quantified by a 
hygrothermal model.  The tool would be validated using two year 
measurement periods of basements and crawlspaces in three 
different climates.

• Exterior Foundation Insulation with Brick or Stone face, no 
thermal shorts, low termite risk

• Field study of side-by-side insulated and sealed crawlspaces in 
variety of humid, mixed humid, hot dry, and marine climates.  
Uniform data collection, construction type, and house operation.

• Hygrothermal model linked to Energy Plus for assessing 
foundation insulation retrofits


