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Why care about crawl spaces?
Large scale problems... With serious impacts!

Homeowner complaints Uncomfortable humidity
Clients with failure Mold growth or musty odors

and liability Condensation on insulation,
ductwork, piping, etc.

Buckled hardwood floors
Rotting framing

New homes failing

Existing homes failing

Structural failure

Goals

Crawl spaces need improvement
There are feasible ways to improve

Can this benefit your customers and your
business?

What has AE learned in NC that can help
you implement or improve?




Agenda

* What's wrong with vented crawl spaces?
» The physics of air and water vapor

* Research results

 Building codes and “closed” crawl spaces
* Break

» Key design and installation issues

* Q & A, sharing experience *
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Resources

» PDF of this presentation is available

Closed Crawl Spaces
An ion to Design, C ion and anc
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http://www.crawlspaces.org

Regions Represented?

So what’s wrong with typical
code-compliant vented crawl spaces?




2004 Characterization Study

(45 NC Homes)
"
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2004 Characterization Study

* 67% of crawl spaces had WMC > 19%

* 22% had wood rot NOT caused by plumbing leaks

* 24% had wood rot caused by plumbing leaks

» Typical 6” x 12” hole to the house

» Stack pressure and HVAC driving forces

» Very high bioaerosol levels: Crawl spaces are MADD!

Crawl RH June July Aug
> 90% 56% 74% 72%

> 70% 100% 100% 99%
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Symptom:
Light mold
spottmg |n

Typlcal response: Add ventilation
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..but some'is
completely rotten

L::":‘ - ‘r
sy " |




So why isn’t ventilation with outside
air keeping crawl spaces dry?
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Water Vapor in Air

Temperature and Relative Humidity

Air typically contains a certain amount of water vapor
Warm air can contain more water vapor than cold air

Relative humidity = amount of water vapor actually in the air
how much water vapor the air can hold
at that temperature

Condensation occurs if we add water until the RH = 100%
Condensation occurs if we cool the temperature until RH = 100%
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Framing:

73F

70-78 F

90% RH

Ducts:
55-65 F
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Moisture Content of Wood in Equilibrium
Relative Humidity

55%

10.3

60%

112

65%

12.3

70%
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14.8

80%

16.4

85% 90%
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111

12.1

134

14.6

16.2

18.2
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Temperature (F)

10.1

11.0

12.0

13.3

14.4

16.0

17.9

20.5

Source: U.S. Forest Products Laboratory, Wood Handbook Table 3-4
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So would it be better to keep outside
air OUT of the crawl space?

Or will we ‘rot the building down’?
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Closed Crawl Space Supply Air Duct
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Summer RH Summary

(Summer: June - August)
2002 2003
Percentage of Time| Vented Closed Vented Closed

Above 90% RH 0% 0% 23% 0%
Above 80% RH 39% 0% 86% 0%
Above 70% RH 79% 0% 98% 5%
Above 60% RH 94% 0% 100% 64%

Above 50% RH 100% 100% 100% 100%

Temperature (°F)

Average Daily Crawl Space Temperatures
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==Vented + R-19 Floor ==Sealed Liner + R-19 Floor ==Sealed Liner + 2" Foam on Walls
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Phase Il Average Wood Moisture Content
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B Vented + R-19 Floor OClosed + R-19 Floor W Closed + 2" Foam on Wall

Seasonal Energy Use and Savings

e Closed Closed
g gl Season with Floor | with Wall
2 Insulated Insulated
27
= ] Summer -22 % -36%
g 51 Fall 5% -10%
X 4
31 Winter -10% +4%
2] Spring -19% -28%
1 i
0 Annual -15% -18%
Jun-Aug '03 Mar-May '04

B Vented + R-19 Floor OClosed + R-19 Floor EClosed + 2" Foam on Wall




Field Study Conclusions

CCS provides excellent moisture control

CCS delivers significant energy savings with
either floor or wall insulation in NC climate

CCS is feasible to install and maintain

Performance was achieved with designs that
Isolate the crawl space from the living space
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So what about the building code?

(By the way, it wasn’t based on science to begin with...)
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Recap: ‘Closed’ Crawl Space

Key Components
Liquid water management (exterior and interior)
Sealed ground and wall vapor retarders
Air sealed walls and subfloor
Drying mechanism (nature vs. humans)
Insulation (with pest management)

Why call it “Closed”?
Unvented vs. Sealed vs. Conditioned vs. Closed
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Building Codes

2000-3 IRC: “Under Floor Space” with Exceptions
2004-05: NC Modifications (Nobody was happy)

2004 IECC Supplement and 2006 IRC
— Sealed floor vapor retarder, extend 6” up walls
Reduced drying mechanism choice and volume
(Exhaust, Supply, or Plenum; no D/H)
Requires perimeter “L-shaped” insulation
No termite inspection or wicking gaps
Requires air transfer to the house
No crawl space grading and drainage requirement
— No combustion safety requirement

Retrofit vs. new construction

Systembision
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Let's take a break...
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There is No Silver Bullet

Successful

implementation

requires:
The crawl space is part
of the house system.
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http://www.crawlspaces.org
cdastur@advancedenergy.org

Key Design and Installation Issues

Combustion safety « Moisture control

 Fire safety » Pest control
« Radon control * Drying
» Mold control * Insulation
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* Performance verification

» Worker Safety

Combustion Safety

Efficiency and safety consequences
Beware of atmospherically drafted

appliances
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Carbon monoxide poisoning
Role of duct leakage
Codes and “confined spaces”
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Combustion Safety

|deally use direct vent appliances
Combustion air interlock is an option
Vent gas regulators to outside
Provide raw gas leak detector/alarm

Provide low-level CO monitor:
www.aeromedix.com

Verify that tighter building doesn’t cause
backdrafting/spillage of combustion gases

Combustion Air “In-Forcer”

www.tjernlund.com
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