by Dr. Mathan Yost. M.D.

The Case for Conditioned, Unvented Craw! Spaces

rior to the Second World War, crawl space con-

siruction in the US. was predominately a

Southern phenomenon in which houses were
clevated severnl feet above ground, supporied by block
or stone picrs. Damp soil condifions and problems with
termites are thought to be the primary reasons for using
this foundation method. Tn the Morthern region of the
couniry, crawl spaces were usually limited 1o porfions
of the foundation that were located below porches or
additions, and often openesd into a basement.

During and after WW1L, efforts to decrease the cost of
foundations and houses led to an increase in the con-
struction of crawl spaces in many parts of the U5, The
majority of these crawl spaces were excavated below
the exterior grade and contained air distnbution ducts
aril air hamilers. This increase in crawl space construc-
tion was quickly followed by reports of mwisture prob-
lems in the floors above crawl spaces and in the attics
of houses with crawl spaces. Meisture problems related
to crawl] space construction continae 0 oocur in new

homes using this type of foundation.

History of Bullding Code Requiremenis

Orver e past 30 years, butlding code requirensents for craw]
space constuclion have evolved largsly in the absemce of
research or a basis in maisture physics. Acconding 1o Rose
(1994} the first requirement for crawl space ventilation
appeared i a 1942 publication by the Federal Housing
Administration entitled Property Standords and Mimimimm
Constrnection Bequirements for Dwellings. The requirement
was for “a il ventilaling area equivalesd bo Y percent af

the enchosed area plas Y3 square foot for each 15 lineal fest of
wall enclosing ithat area. ™

While working for the Housing and Home Finance
Apgency, Ralph Brifion investigated maisiure problems in
housing with crawl] spaces. He recognized two sirategics lor
controlling crawl] space maistare: condensation contral by
veilation, and condensation coniral by grownd  cover
Hoewever. neither Britton nor anyome else at the time deter-
mined the relative contributions made by ventilation versis
ground cover. The majority of ground covers available
during the 15405 and early 19308 were not very durable, so
vendilation of crawl spaces was probhably recommended even
m ibe presence of & ground cover as a permancnl back-up
sysiem. By the mid-1%50s, the dunbility of palyethylene
sheeting had been proven and many building codes began
requiring a ground cover in crawl spoces in addition 1o veni-
g 1 ibe exterior.

Problems with Carrent Crawl Space Construction
There are three charscieristics typical ol homes bullt aver
crvw] spaces and which have moisiure problems: excavaied
crawl] space floor withous effective drainage, absend or poorly
installed groand cover, and exterior venting. Moisture prob-
lesn oiwd pour indoar air quality continue to affect new buaild-
ings eomstructed over crawl spaces. Some of these probbens
are the result of poar workmanship snd mainlenance, bt
othvers are the result of poor design and & lack of enderstand-
ing of moisiure dynamics. Oround covers are frequently
installed incosnectly in tst they ane not continwaws or sealed
ta the perimeter walks and piers. The flovrs of crawl spaoes
are often irregular and littered wiih sharp rocks and con-
sirscdbon debris so that proper installation of ihe ground
cover is vimeally impossible. Subsequenl work ocowming in
Ihe crawl space often resulis in fears in the grousd cover,
allowing groand modsture ingo the crawl space air. Because
this under-floor space is not considered “habitable™ or
“usable," most craw] spaces are mot provided with elfective
drainage.

Few designers, comractors and homeowners understand
the connection between a craw] space and the living space
above. Even when insulation is carefully installed to the
underside of the floor above a crawl space. effective air-
sealing is rarely accomplished. Penetrations for plumbing.
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wirmg and air ducts provide mubiiple pathways for crawl
space air o enler the living space. Dring heating periods,
the “stack elfect™ can easily draw crawl space air wp into the
straciure above, Leakage from supply ducts in the altic can
cawse ihe air pressure inside the house o become lower than
that m the crawl] space. Becanse of this pressure differential,
alr containing nsoisture and olher contaminants from the
crawl space can then enter the bowse. (see Figure 1),

Adr distribation ducts and air handlers placed in a crawl
space can contribule lo moisture problems in several ways.
Adr ducts, whetlser metal or flexible, and air-kandler cabinets
alwnys leak bo some degree. They beak a lot when installed in
the typical manner, and still leak & linle even when consel-
entiously installed with mastic sealing conmections. When
supply air ducts leak, the air pressure within a house’s living
space becomes lower than the pressure in either the anic or
il eraw] space. Alr moves from the craw] space into the liv-
ing space due io this pressare differential, {See Figure 2)

That crawl space air may contain high levels of maisture,
sodl gases or mold, depending on sail condations and the ade-
quacy of the ground cover. Leaky air ducls in a vested craw]

apace can increase cooling costs by 2= percent due 1o the
large volume of umconditioned air that i diawn inlo the air
conditioning system. In addition. ike mobsture in this air
Trequently resulis in high indoor relative humidiny, decreas-
g occupant comior. Lowenng the air conditioner s cooling
s¢l painl in an attempl o mprove comfort mot only in-
creases energy consumpdhon bul dews even mone bumid air
mta the sysiem

Today, the cooling systems af nearly all houses in tbe U5
baile over crawl spaces deliver coobed air tlrowgh ducts
located in the crawl spaces. The temperature of these ducts
andl the subflooring arownd floor registers is (requently
below the dew point of exterior air, Yenting these crawl
spaces resalis in condensation on the duct work amd on the
subiflooring around the floor registers. Metculous sealing of
ducts and duct-to-boot or -register comnections may still mot
prevent all condensation. Water plus organic malerial is a
recipe for mold growih, and leakage mn the ducts or the oor
provides pathways for mold 1o enter the living space,

Traditinmally, the floar sbove 8 crawl space was nol indu-
lated and the crawl space—especially its ground or fow—
was wanmed by heat lrom the house. Insulation stalled in
ke floor aver a crawl space decreases the Mlow of heat from
b house, bt condensatson becomes more of a pml;lh:m
because wanm. moist adr entering the crawl space conlacts
calder surfaces. That is to say that insulating ile floor above
a crawl space separates il from lbe house thermally, bt lack
af air sealing still leaves the crawl space coapled with the liv-
ing space

Bauilding Science Basics

All residemial structures built in the 1.5, wday should be
durable and energy-efficient while providing comfon amd
good indoar sir qualiy lor occmpants. Combrary 1o the opin-
woms of sume in the building community, these objectives are
not mutvally exclusive but in fect go hand-in-land. Mecting
these gonls requires controlling the Mow of heat, air and
malsture—in both its liguid and vapor fomms,

Controlling moisture from ligquid sources nequires effective
contral of groand water and rainwater. Rainwater must be
diveried away from ilse building through proper drainage;
similarly, ground water must also be propedly drained and
kept ot of crow] speces.

Alilough siempiing o contral the diffusion of water vapor
through the use of vapar basviers is & common approach, con-
malling air flow across the butlding envelope is much mare
important, Under normal temporatures amd  conditions, the
diffusion of molshere is a show process. Airflow, however, can
quickly deposst large amounts of maishere within o bailding
mssembly. Along with maistare, condrolling airflow also helps
manage the flow of heat and airbome contsininania, making
it an essential factor with respect 1o occupant comiin, ndoor
air gquality and baildng durahility,

There is one major downside v minimizing the Now of
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heat and air: a reduction in the rate at which building assem-
Ilies dry when ibey get wer. Allbough every effon should be
made to prevent welling of baillings, it is inevitable that
some will ocewar. As swch, building assemblies should be
designed nol just o minimize wetiing, but also to moximize
drying of the inlerior, exterior or bothe

HBecommended Crawl Space Construction

Lol climste conditions should always infleence decisions
shout design, materials and construction methods. From a
budlding sceemce perspective, the two fundamental ways 1o
build a house over a cawl space are uncomdsioned and
vented, with the thermal boundary and the pressure (air)
boundary an the bottom of the Door af the living space; or
conditioned and anvented. with the thermal and pressure
‘boundaries al the perimeter of the crawl space, There are twa
magor factors W consider when determining whech design
approach is appropriate. Is duct work or an air handber bocat-
ed m the crawl space, and can the floor of the crawl space be
ellectively air-sealed at the appropriate time? 17 under-fhoor
duct work or am air handber is located in the crawl space then
a comditioned, unvented crawd space s the preferred method.
I i mechanical system is bocased in the crawl space, then
either aption will work,

The emphasks is on comduionmg the crawl space because
when conditioned, there is no need 10 vent them. ARernatively,
when crawl spaces are vented there must be effective air-
sealmg between the crawl space and the conditioned space
above.

Details for a Conditioned, Unvented Crawl Space

The: easiest way to unidersiond a conditioned, unvented crawl

space is Lo think of it as & shont basemenl. A crawl space thal

communicates wilh the living space should be mhabitable:

dry. comfortsble and with good air guality. The edsential

design characienistics, a3 illusiraled in Figure 3, are:

= effective drainage of ground water,

» grownd cover that is continuous and seabed 1o the
perimuter walls and piers,

= the imstalltion of insalation o the perimeter walls,

= minimal air leakage to the exterior (effective air-sealing

af perimeter walls),

sealed air-distribation ducis,

= conditioning of the air within the crawl space. and

= the instalktbon of seaded combustion applances only.

Diferend materials and methods can be nsed 1o accomplish
these abjectives, For example, o thin conceele slab can be
cast over a polyethylens sheet bo create o sealed ground

Figesra 3: Cenditionad, Unvanted Crawd Space
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Figure 4: Vemled, Uncondioned Crawl Spce

cover. Waler in construciion materials cam contibate io
miisiure problems in crawl spaces, 5o a low waber-lo-cement
ratio (045 or less) is recommended, Concrete with higher
waler comlent may require supplemental dehumidiGcation in
the crawl space For & 1o 12 months to prevent fungal growth
on wisod framing.

A small amourt of conditioned air can be supplied to the
crawl space with passive relum through Aoor registers.
Aliemnatively, air ¢an be conlinpously exhausied from the
crawl space, thus ensuring that soil gases or comaminants m
the crawl space do not reach the living space. In this situa-
1o, e crawl space will be conditionsd by air thal moves
From il living space becawse of the pressure differentiol cre-
ated by ibe crawl space exhaust fan.

Details for a Viented, Unconditioned Crawl Spoce

The casiest way o envision a vented, unconditioned crawl

space is to think of it a5 a house buill wp on piers, with the

building envelope bocabed i the underside of the Aoor deck.

Essential design chamcieristics, a5 illusimted in Figure 4.

e

+ effective drinage of ground waber,

= growund cover that is contimous ond sealed 1o the perinme-
ter walls and piers,

= the insallatbon of insulation mnder the Aoor,
» plambing nan within the MNoor cavity or well insulated,

+ alll air distribution disets nstalled withen the floor cavity
of in the interior of the sinacture, and

+ n coninuous air barrier installed on the underside of the
flacr framing.

Haote that effectively sealing the underside of the floor is dif-

ficult to accomplish wnless there is adequate clearance

belween the oor amd the ground.

Conclusion
A craw] space foundation is an excellent design when an
above-grade Moor is desired or when an ender-floor space is
needed for mechanical systems. The twa basic sralegies for
comsirucling crawl spaces are ip make them anconditiomed,
wented and effectively separated from tbe living space: ar
comditioned, m which case they should be unvented. Control
of ground mpishure is essential o both siregics, and can be
accomplished through foundstion draimage and properly
installed ground cover.

A condisomed. unvented crawl space iz recommended
when mechanical systems and air distribution ducts ane 1o be
located within the underfloor area, This design minimizes the
unintenttnal introduciion of uncanditioned air inta the [ir
distribution gystem anid reduces ibe probability ol ¢

tiom on cobd surfaces. Conditsoming such crawd spaces serves
1o provide an energy-efficient, dwrable fownsdagion system;
helps o maintain occwpant combort; and reduces the likeli-
hoad of moisture-related problems, #

Helerenoes

Lstiburek, Jos: snd Betsy Pettil. Swilder 5 Greide—Mived.
Humid Climaies, Energy and Environmental Building
Association. Wesiford, MA. 2001

Rose, W, “A Review of the Regubstory and Technical
Literahure Relaved to Crawl Space Moisture Cantrol. ™
Recowmended Prociices far Cantraliteg Mattere i Crand
Spaves, American Society of Heating, Reftigerating and Adr-
Cosditioning Engineers, Atlanta, GA, 1994,

D, Nathan Fasi, MO, recently foined Buildfing Scievnce
Covporation (BSC), o building and construction comsulting
Mira, affer an eelectic career in medicime aned consfrnction,
He worked fa generad constriction fow severad vemes
beniven college and medical sohood, aod kax been imvohved
i mudtiple renovations gl aeliditions 1o fis anen fones
ﬂw.l']ﬁ'epm'l 25 pears, as well ar pertadically working wigh
Hix brother's corstrwction company. Affer feavimg clinfoal
medicine, ke spert 5 montks learaing abows crrrent con-
swruction pracrices amd failires and worked a3 a consnliont
o the American Lung Associanion of Ciie's Health House®
progrine.

D Fose s work for BIC imcledes investigasing buildings,
wriling. resemrching, conswling aud edwcatimg buililers,
He has written several articles on meld cowceraing bork
Rurw do deal with its presence amd. more importaatly, bow o
builed houres io prevent e and wold prrobd His
imvestiganions of meishee-eleted problens fn bath residen-
tial aoit commercial buildings frequently irolve salyzing
the fateraction b the buildung Tinwer aamaad e
mechamical systems. A part of the Building America feam,
he warks wirl productian bailders Nm‘q e
atileiont, durable, comfortable homes with good indooer
alF guality

For more information about BSC, write i Bodlding
Seience Corporation, 70 Main Streel, Westfond, MA 01586
phone (978) SR9-3000; fax (9T8) SH9-5105; or divect your
web browser o wwwbuilafegseience cam,




