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Project Goals

* Research: Investigate thermal, IAQ &
moisture performance of closed vs. wall
vented crawl spaces

— Field Study
— ORNL Hygrothermal Study

 Technology Transfer: Accelerate
acceptance of sustainable crawlspace
systems
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Floor Insulation Problems




Crawl Space Moisture Problems
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Why Crawl Space Ventilation?
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Condensing Surfaces
Temperatures

e A/C ductwork: 55-65 OF

e EXposed joists beneath insulation, particularly with
low cooling setpoints 68-70 °F

* Uninsulated cold water pipes & tanks: 55-65 OF

e Crawl earth floor: 65 °%F and below
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Closed Crawl Spaces

* Air sealed walls (no foundation vents)
* Liners or concrete floors

* Below grade wall moisture control:
dampproofing & foundation drains

e Space moisture control:
— Dehumidifier
— Supply air dehumidification
— Depressurization exhaust
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Field Study

Field test the thermal, moisture & IAQ performance of
closed versus wall vented crawl spaces

* Closed experiment crawls continue to outperform
control wall vented crawls.

— Drier air and lower wood moisture content
— Less visible and bioaerosol mold
— Reduced duct and house air leakage

— Lower space conditioning energy use

* One exception: Wall vented crawls have lower radon
levels than closed crawils.
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12 Home Crawl Space Field Study
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Elevated Site for Flood
Protection
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Control Group: Wall Vented
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Experiment Group 1:
Closed Crawl with No Insulation
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Experiment Group 2:
Closed Crawl with Wall Insulation
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Comparative Experiment Data

« Component air leakage testing
 Temperature and RH logging

* Pin wood moisture readings

e Bioaerosol mold Sampling
 Radon canisters

* Electric sub-meters on heat pump
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Relative Humidity (%)

Crawlspace RH (Summer 2002)
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Will good ground poly
control crawl moisture?
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Crawlspace Relative Humidity (RH) Summary
June - August 2002

Percentage of Time Vented Closed
Above 80% RH 39% 0%
Above 70% RH 79% 0%
Above 60% RH 94% 0%
Above 50% RH 100% 100%
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Annual Crawl Space Moisture
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What happens when
you mix moisture and
wood In a dark place?
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June 2001 Mold Bloom
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Crawl Mold Sampling 2001
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Crawl Mold Sampling 2002

Crawl| Space Bioaerosol Levels July 2002

Viable Spores CFU/M3
H
o1
o
o
o

N N2 \@ A Vv NZ @
S & N 3 & N N
@) N A\ < < D QD
S O > SRR S
N N % " N N




Long Term Radon Levels

Picocuries per liter (pCi/L)
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Percentage of House Air from Crawl Spaces
(Based on Radon Infiltration)
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Measured Air Leakage

Total House Air Leakage
(Includes Ducts)
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Annual kWh Usage

Wall Vented Closed

Heating 2,104 2,2557
Cooling 2,292 1,410
TOTAL 4,396 3,665
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New Experiments Spring 2003

e Sub-meter all heat pumps
« AIr seal all floors & crawl space ductwork

 Test 2 new closed insulation systems
— R-19 floor batts
— Rigid board wall insulation

 Minimum supply air ventilation for closed
crawls (1 cfm per 50 square feet)
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All Homes Air Sealed

Floor penetrations Crawl Ducts
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New Insulation Systems

Expl: Floor Batts Exp 2: Rigid Wall




Hygrothermal Study

Develop & test analytical model to improve
crawl space thermal & moisture performance

« ORNL: Achilles Karagiozis Principal Investigator

e Matched paired instrumentation study Is setup and
producing extensive comparative data

« Experiment design works: Experiment crawl space
IS significantly drier than control crawl space
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Technology Transfer

e Outreach, TA, training, website for key
stakeholders: Builders, Homeowners,
Code, Pest Management

Www.crawlspaces.org
e Best Practice Guidelines
e Fact sheet

e Training CD
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Real rId Research
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Code & Construction Detalls

e 2000 IRC: Section R408 requires
foundation vents In crawls with earth floors.

 R408 Exceptions allow foundation vents to
be deleted when:

— Vapor retarder on ground, and
— Crawl Is continuously ventilated (Exception 4)
— Crawl is conditioned (Exception 5),

 NC Moisture Ad Hoc Committee approved
changes follow
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Current Code Wall Vented
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18" minimum
between CS
soil & joist

[ EE XX
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eNo height clearance for vents or access
¢18" clearance between ground and joists
/oGround vapor barrier not required
eNo interior drainage required
e oor penetrations not sealed
el nsulation batts in floor

oGravity vented heaters allowed

eCombustion air from crawlspace




NC: Improved Wall Vented

a

¢4” ground clearance for vents or access

¢24” clearance between ground and joists

T \oFI oor penetrations seal ed
24" minimum . .
between CS /0100% ground vapor barrier required
soil & joist _
o /oGrade poly to low spots and puncture or drain
M oCold water pipes and pressure tanks insulated
o 4 to prevent condensation
4" minimpm
A 4
— oCapillary break between footing and wall/pier
v r
\ —
()
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NC: Conditioned Closed Crawl
L]

ePermanent dehumidifier controls
~air moisture levelsin closed crawl
space
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NC: Closed with Concrete Floor

%H olf wall insulation used:
- olnsulate band joist

oProvide 3" termite
inspection/treatment strip

oProvide thermal protection for
rigid foam

oNo requirement for dehumidifier or
continuous exhaust

eThin concrete slab
Losssst

’06-mil poly vapor barrier. No gravel bed
required.
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Best Practice: Closed with Supply Air

SEALALLEXTERIOR WALL
FEMETRATIOMS AMD FRAM MG
JOINTSIM FLOOR 5YSTEM.

WO FOUNDATION YENTS WILL
BE INSTALLED.

SLOPE FIN. GRADE FROM BLDG
FOR 10" @ 112" PERFT. (R401.3).

DAMP PROOF WHEN CRAYL SPACE
FLOOR IS BELOW EXTERIOR GRADE
(F406.17.

FROVIDE FOUNDATION DRAINS
WHEN CRAWL SPACEFLOOR |5
BELOW EXTERIOR GRADE (R405.1).
SLOPE TO DAY LIGHT.

DAMP PROOF BETWEEN FOOTING &
FOUNDATIONYWALL.
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SEALALLPLUMBING, ELECTRICAL AMND
DUCT PEMETRATIONS THROUGHFLOOR.

COMDITION CRAWL SPACE WITH
SUPFLY AR FROM CENTRALAIC
DUCT SYSTEM. MO RETLREM AIR WEMNT
ALLOWED IN CRAWL SPACE.

CFM PER SQFT.

LEAVE 3"TERMITE INSPECTION GAP
BETWEEN TOP OF INSULATION AND
BOTTOM OF SILL.

[NSULATE BAND JOIST ANDWALLS
WITHFIRE RATED RIGID BOARD
INSULATION. .OR EQUAL (R318.3).

ALL GAS OR QILFURMNACES LOCATED
IM CRAWL SPACEWILL BE SEALED WITH
OUTSIDE COMBUSTION AIR (M1702.3).

G-mILPOLY VAPOR RETARDER LINER
WILL COVER 100% OF GROUMND. EDGES
WILL BE SEALED T FACE OF WALL
MEULATION AMD INTERIOR PIERS.

PROVIDE LINER DEAIM AT LOW EST P OIMT.
SLOPE DRAIN TO DAYLIGHT.




Best Practice: Closed w/ Dehumidifier

SEALALL EXTERIORWALL
PEMETRATIONS AMD FRAM ING
JOINTSINM FLOOR S STEM.

NO FOUMDATION YENTS WILL
BE INSTALLED.

SLOPE FIMN. GRADE FROM ELDG
FOR10' @ 142" FER FT. {R401.3).

DAMP PROOF WHEMN CRAWL SPACE
FLOOR IS BELOW EXTERIOR GRADE
(R406.1).

FROVIDE FOUNDATION DRAIMNS
WHEMN CRAWL SPACEFLOOR IS
BELOW EXTERIOR GRADE (R405.1).
SLOPE TO DAY LIGHT.

DAMP PROOF BETWEEN FOOTING &
FOUNDATIONWALL.
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FEAMANENT
DEHIMIONF IER

SEALALL PLUMBING, ELECTRICAL AND
DUCT PEMETRATIONS THROUGH FLOOR.

LEAVE 3"TERMITE INSPECTIOMN GAP
EETWEEMNTOF OF INSULATION AMD
EQTTOM OF SILL.

INSULATE BAND JOIST AND WALLS
WITHFIRE RATED RIGID ECARD
INSULATION.. .OR EQUAL (R318.3).

COMDITION CRAWL SPACE WITH
PERMANEMTLY INSTALLED
DEHUMIDIFIER.

ALL GAS OR OIL FURMACES LOCATED
IM CRAWL SPACEWILL BE SEALED WITH
OUTSIDE COMBUSTION AIR (M1702.3).

B-MIL POLY VAPOR RETARDER LINER
WILL COVER 100% OF GROUND. EDGES
WILL BE SEALED TQ FACE OF WALL
MSULATION AMD INTERIOR PIERS.

PROVIDE LINER DRAINAT LOWY EST POIMT.
SLOFE DRAINTO DAYLIGHT.




Best Practice: Closed w/ Cont. Exhaust

SEALALLEXTERIOR WALL
FEMETRATIONS AMD FRAMIMNG
JOINTSIN FLOOR 5YSTEM.

WO FOUMDATION WYENTS WILL
BE INSTALLED.

SLOPE FIMN. GRADE FROM BLDG
FOR D' @ 142" FER FT. (R401.3).

DAMP PROOF WHEMN CRAWL SPACE
FLOOR IS BELOW EXTERIOR GRADE
(R406.1).

FROVIDE FOUNDATIOMN DRAINS
WHEM CRAWL SPACEFLOOR IS
BELOW EXTERIOR GRADE (R405.1).
SLOPE TO DAY LIGHT.

DAMP PROOF BETWEEM FOOTIMNG &
FOUNDATION WALL.
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SEALALLPLUMEBING, ELECTRICAL AND
DUCT PEMETRATIONS THROUGH FLOOR.

FROYIDE MAKE UP AIR FROM LIVING
SFACE DISTAMT FROM FAN LOCATION
(R405.2, EXC 4).

YEMNTILATE CRAWL SPACE CONTIMUOUSLY
WITHFAM SIZEDTO & CONTROLLED TO
1CFM PERSOFT OF CRAVWL SPACE.

LEAVE 3"TERMITE INSPECTION GAF
BETWEEMNTOF OF INSULATION AMD
BOTTOM OF SILL.

INSLILATE BAMD JOIST AND'WALLS
WITHFIRE RATED RIGID EQARD
INSULATIOMN...OR EQUAL (R318.3).

ALL GAS OR OILFURMACES LOCATED
IN CRAWL SPACEWILL BE SEALED WITH
OUTSIDE COMBUSTION AIR (M1702.3).

B-MILPOLY YAPOR RETARDER LIMNER
WILL COVER 100% OF GROUND. EDGES
WILL BE SEALED TO FACE OF WALL
NSULATION ANMD INTERICOR PIERS.

FROYIDE LINER DRAINAT LOW EST POIMT.
SLOPE DREAINTO DAYLIGHT.
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