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Foundation Insulation and
Moisture Control



Why this topic?
• Foundations, crawlspaces, basements can account for

30% or more of the heat loss in a home



Why this topic?

• Foundations are a major source of moisture and
mould problems



Moisture Problems

• Moisture and mould is the biggest problem in

housing

• Over 3000 housing units in Yukon are in need of

major repairs or replacement

• Over 50% of houses in Canada have moisture

problems

• Likely worse in the north

• Most insurance claims and 70 % of litigation in
housing involve moisture problems and water
damage



Moisture is involved in
most building problems:

• Freeze-thaw damage - spalling
• Frost heaving – foundation failure
• Damage to moisture sensitive interior and

exterior finishes.
• High cost of repairs
• Can make people sick
• Mental health and financial implications



Control Mould
by controlling moisture:

• Mould is everywhere
• Food is virtually everywhere in a

house
• Moisture is needed
• Control the moisture, control

the mould
• Mould can start in 24 hrs. in the

right conditions

Mould in housing is completely avoidable

Temperature
range



All buildings get wet:
• Problems occur if
they get too wet for too long

• Always need to:
• limit wetting
• encourage drying



Functional Requirements of
Foundations:

• Structural
• Point and distributed loads from above
• Lateral loads or pressure from soil,
• Water pressure?
• Seismic events

• Thermal barrier – above and below grade
• Air barrier – soil gas, moisture, radon, energy
• Moisture barrier – liquid water
• Vapour control – from soil, outside and inside



• Design a complete structural load path
• Roof, floors, walls, window openings
• All loads go to ground

• Understand site, use, and climate loadings
• Rain, sun, residential, office, pool…

• Control liquid water
• Keep roof and surface water away from building
• Water drainage plane from the roof to below the footings
• Capillary break around all underground surfaces
• No places for water to pool inside, outside or within the

enclosure

Enclosure Design Principles



• Continuous and complete thermal control above and below
grade – eliminate thermal bridges

• Ideally separate structure from enclosure - keep moisture
susceptible materials (like wood) inside - where it is warm and dry

• Continuous and complete air flow control – a perfect air
barrier

• Energy Loss; Water vapour transport; Soil gas control
• Fastidious attention to detail in 3-D

• Vapour flow control - Appropriate amounts in appropriate places

• No cold vapour retarders, and allow drying

Enclosure Design Principles



Enclosure Design Principles

• Build in redundancy – safety factors
• Accommodate movements and tolerances
• Draw all of the details – if you can’t draw it, how can

you build it?



The Perfect Wall Concept











Some essential physics:
• Warm air can hold far more moisture

than cold air



Condensation:

Water vapor converting to liquid

Why does this happen?

to solid



Some essential physics:
• Liquids, gases, vapours, move from areas of

high pressure to low pressure
• Far more moisture can be transported by air

leaks than by diffusion
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Some essential physics:

• Heat moves from hot to cold
• Heat does not rise, but moves in all

directions
• Hot air rises
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Some essential physics:

• Air in soil is virtually always at 100% RH
• Warmer things are generally drier than

colder things, and colder things are
generally wetter than warm things

• Even closed cell foam insulation will
absorb water, and transmit small
amounts of water vapour
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Some essential physics:
• Vapour drive is inward below grade, and outward above

grade
• Below grade – drying to the inside – heat flow to outside
• Above grade – drying to the outside – heat flow to outside
• Wood can store and release a significant amount of

moisture without damage (about 10% by weight) by
adsorption and desorption
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Drying wetted materials:

• Drainage is not enough

• Drying must begin immediately after wetting –
24 hours can be the start of some nasty things

• Must reduce relative humidity
• Capillary and adsorbed moisture can only be

dried by evaporation, and then by desorption and
diffusion.



Some essential physics:

• The smaller the soil particles, the stronger the
wicking forces – capillary action; and the more
frost susceptible the soil

• Deep ground temperature is about equal to the
average annual air temperature

• Annual frost penetration can be as much as 4
meters in April (under exposed surfaces like roads)

• Ground temperatures lag air temperatures by
months
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Some essential physics:
• Three options to prevent problems with

seasonal frost in ground:
• Keep the soil warm
• Keep the soil dry
• Use non-frost susceptible fill
• Also, keep permafrost frozen
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Rain Volume
• 1 mm of rain on 1 square meter = 1 litre of

water
• Assume: 1000 sqft home has a roof = 120 sqm
• 25 mm of rain = 3 m3 = 3000 litres of water =

120 x 5 gal jerry cans or 15 x 45 gallon drums
• This will result in nearly 10 times more saturated

soil – unless site and foundation drainage is
provided





Handling rain water:

http://www.buildingscience.com/documents/bareports/ba-1015-bulk-water-control-methods-for-foundations

• Don’t allow surface
water to become
ground water

• Keep the soil dry
• Keep the structure dry



Built to stay Dry

Swiss residence and barn built in 1700’s



Rain water and snow melt:
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• From the roof

• Eaves trough

• Down spouts

• Ground sloped
away from  house
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Moisture in basements
and crawlspaces:



Downspout solutions



Below Grade:
Basement Insulation and Moisture Video
• https://www.youtube.com/watch?v=kwn0Vjw_ji0
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Damp proofing and drainage



Damp proofing and drainage



Damp proofing and drainage







Capillary rise through footing

http://www.buildingscience.com/documents/bareports/ba-1015-bulk-water-control-methods-for-foundations

Concrete sealed in can wick moisture up a few stories



Poly on the warm side of
basement wall



Capillary Breaks:

http://www.buildingscience.com/documents/bareports/ba-1015-bulk-water-control-methods-for-foundations







Move outside foundation wall



Foundation Details:





Preserved Wood Foundations

Preserved Wood Foundations – Canadian Wood Council - 2016



Preserved Wood Foundations

Preserved Wood Foundations – Canadian Wood Council - 2016



Sleeper floors and crawlspaces

Are often mouldy before the roof is on
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Slab Insulation
(Designed not to store water)



R-value of Soil
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Cost Optimization Study

(Some builders prefer other wall systems)





REMOTE System with EPS
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Split Insulated Wall:
• Riverdale Affordable Housing 8 Plex and Watson Lake

12 Plex
• 2x6 batt insulated
• 6” EPS foam
• Nominal R50 wall
• Slab on grade
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2 Foundation Types

Foam Raft ($10,000 savings)

Piling Foundation



Insulation in foundation walls



• All these approaches have
weaknesses

• Especially in northern frost
susceptible soils



Skirt Insulation



Skirt Insulation
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Insulating perimeter of slabs



How much insulation?



R-17

R-11

R-25
R-16

R-16





Foundation Drainage Standards



Foundation Drainage Standards
cont’d



Summary

• Water comes in liquid and vapour – managing
both, above and below grade, is critical

• Poly interior finishes cause elevated moisture
conditions

• Retrofitting an existing basement will require
very careful planning to avoid problems

• Care needs to be taken at rim joists and
footings

• Plan for a flood or leak
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Conclusions
• Building in the ground is hard
• Build in redundancy – multiple safety factors
• The best solution is to:

• Wrap the complete structure on the outside with appropriate
air barrier and moisture control membranes – REMOTE wall

• Wrap the outside of the structure with lots of appropriate
insulation

• Every other system compromises – energy,
durability, cost, and comfort

• Need to work out a few details that work for all
builders
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Other resources:

Yukon Housing Corp. – https://yukon.ca/en/housing-and-property
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Other resources:
• https://www.youtube.com/watch?v=kwn0Vjw_ji0
• www.energy.gov.yk.ca
• www.RDH.com
• https://buildingsciencelabs.com/technical-library/
• www.buildingscience.com
• www.greenbuildingadvisor.com
• CMHC, NRCan websites
• CCHRC,  BC Housing

• Many other very great sources of info.



Thank you!


