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Abstract:

Heat loss from basemenis accounis for a significant portion of the energy loss
from a bome. In many jurisdictions, basement insulation is a building code
requirement. Cost usually determines the type of insulation system used.




BASEMENT INSULATION SYSTEMS

THE PROBLEM

Meeting Energy Star levels of performance is one of the criteria
for constructing homes 1o Building America levels of
performance — levels defined b the Building Science
Consortium and ctiers. Homes constructed witn basements
iequire some degiee of basement insulation to meet Energy
Star .45 & r=saic 4ll Building America homes with basements
zonstructad by ih2 Building Science Consortium have basement
1sulatinn

In any evani heat loss from basements accounts for such a
mgruficara pornon of the energ: loss from a home that it is
claar that & home with a basement rnust nare basement
irsulation v be called “energy efficient.” Additionally, in rany
Juriscictions basement insulation is a building code
reguirement.

Fanaliy, most homeowners with homes with basements finish
the hasement 2rea for additional living space. When ther’ do,
they oy pucaily usulate the perirmeter walls. Homes with
bac=ments often end up +uch basernent walls that are finished
and 1nsulated

There are oniy three ways to insulate a basernent wall: on the
interior, on wie exterior or in the middle (Figure 1). Of the three,
ihe rost comrnon approach has been to insulate basements
internaly. The vzasons for this hae been due almost strictly to
COoSL

o

“rgeinally 1ns alated basements ave a major cost factor
assocared wiin protecting the axposed sboe grade portien of
the msulation 2ssembly and shifting the house siructure

outs2ed 1o compensate for the thickness of the exterior
basernant ingalaton (Figare 2). Most protection systems involve
socne rorvn of rendering (stucco, synthetic stucco, cement parge
Figure 1

Basement insulation lor.ations

Intermally Insulated
Basement

Basement Insulated in
the Middle

Externally Insulated
Basement

coats, etc) that ha e proven to be not
durable (the "weed-whacker" problem).
Furthermore, protecting the exposed
insulation svstem during the construction
process until it gets covered has alsc been a
maior ~hallenge - s much so that most
builders who hae done it once do net want
to do it again.

Structure of house on
foundation must be

- |

shifted outward to com- h
h |

pensate for thickness
of exterior insulation

Protection tayer/system

Figure 2

Costs associated with exterior basement insulation

= Protectior. laver/system for exposed msulation
above grade wall
Change in practice requiring exterior shift of
house structure

* Protecting exposed insulation during construc-
tion process until protection layer/system can be
installed

Inte. nally nxsulated basements are often
coupled with intevior basereni firishing
and therefore offer & “higher perceived
value” to the homebuyer. "My basement is
almoest finished - [ just have to add
drywall...”

For these reasons most basements are
insulated internall:~

All Building America hornes constructed by
the Building Science Consortium were
initially constructed with interior basement
insulation. The approaches used early in the
program veere interior stud wrall framing
insulated with fiberglass batts and "blanket”
insulation (Figure 3). These two approaches
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are the (nost common approaches to basement insulation used
by the horme builcing industry in general.

Photegraphs 1 2. 3 and 4 illustrate the two approaches. Note the
insiailation of an imterior vapor barrier in Photograph 2, and the
mpenmeanle ufeior surf=ces in Photograph 3 and Photograph 4.

Figute 3
Interior msulation approaches

.— Gypsum board installed
sometimes, sometimas not

Interior Stud Framing Interior Blanket

The expevience by the Building Science Consortium with these
two sporaaches has been bad. The Building Science Consortium
has conclluded thai these tvo approacaes are wasaitable for use
by the home fualding industry due to sericus problems
azsoiaied woth mold, decay and oders. This »s consistent »iih
repoils froin Canada where basements are insulated in a similar
marner (Fugleir 2002) and {rom other researchers in the
Uniiad States notably in Minnesota (Ellringer, 2002). Continued
e of these aoproaches by the home building industry will
likely iead (o 2 disaster of unprecedented proportions and may
result 10 the construcion of energy efiicient hames being set

back = generation

Photograph 1
Interior stud framing located at basement
perimeter

Photograph 2

Interior basement stud framing insulated
with fiberglass batts and covered with a
polyethylene vapor barrier

Photograph 3
Blanket insulation with impermeable vinyl
interior surface

Photograph 4
Blariket insulation with impermeable
aluminum foil interior surface
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THE PHYSICS OF THE PROBLEM

The proplem associated with interior stud wall framing
insulated with fibergiass batts and “blanket” insulation is due to

the acoumulation of moisture within the insulated frame =vall

located on the interior of the basement foundation or within the

Nipisture enters the insulated assemblies
due to five wetting mechanisms:

» Moisture of Construction (Figure 4)

« Alr Leakage (Figure 5)

blanket insulation located on the interior of the basement + Capillary Rise (Figure 6)

foundation wall This maisture leads to mold, decayv and cdors.

Figure 4

Moistuie of constr uction

» Thousands of pounds of water are
contained in ireshly placed
con¢rete in basement foundation
walls, drying in uninsulated
exposed walls takes many
months, longer 1n walls with
impermeable insulation systems

Figure 7

Diffusion from interior

= This is also a “summer” problem;
occasionally a *winter” problem

+ Diffusion (Figure 7}

» Ground Water Leakage (Figure 8)

Figure 5

Air leakage from interior and from

exterior under slab

+ This is the “summer” problem
where interior moisture laden air
leaks into insulation systems
and contacts cold concrete or
masonry

+ Can also be a winter problem, but
is not usually common due to
typically lower winter interior
relative humidities - except in
severe cold climates (greater
than 8000 heating degr ee days)

Figure 8

Groundwater leakage through

foundatien

= Major problem with water
sensitive interior insulation and
finishing systems

Figure 6
Capillary rise through footing

This was rarely a problem until
foundation walls became
insulated on the interior with
impes meable leyers
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The riermally insulated frame veall and blanket insulation
approaches 2: e unable to adequately handle these wetting
mecharsms singularly or in combination. These two
approaches are constructed -vith “rapor barriers or with vapor
retarders and ave incapable of allowing foundation walls to dry
o the imterio: Thras is ali issue with maisture of construction,
capillar v rise and ground water leakag=. Simply leaing off
intarior vapor bainars and vapor retarders will not woi ik due to
the 1ssues associatad with interior vapor diffusion.

Additionally, these two methods are incapable of being
sonstrucied in an artight rmanner using typical production
trades and maierials and therefore are unable to address the air
lezkage wi-tting mechanism.

Finallv, these two mathods are constructied with moisture
sensiive matenials and thereforve are unable to tolerate even
mminor groundwater leakage, therefore requiring hiuilders to be
“perfect’ . controlling groundwater - an impossible
requirement

The problems with these two common approaches to interior
baserrent wsulation manifest thermnselves in mold, decay and
odor< (Photographs & 6 and 7).

The nioblems experienced b the Building Science Consortium
w1th Building America homes constiucied vath iniernali;
insularad pasaments and the reported similac probieras by
athers 1n the naalding industry led to a major effort to develop
wnslstien appreaches to basement construction that did not
iesulr in mold decay and odors. The effort was not limited to
the tonstrustion of new homes, but also focused on the
medlaiion ¢atrofu of exisiing basements. The nature of the
cranlam for @wasing homes was deerned to be similar to the
preblen agsomated wvith the constructior of new homes.

The =xperience acquired by the Building Science Consortium
has neen reflected in changes that ha-e been made to the
Buiders Cuce Jold Climate (Lstiburek, 2001) as well as those
for Busbler's Cuude Hot-Dry & Mixed-Dry Climate (Lstiburek,
2000 end Suloer's Cuide Mixed Humid Clirnate (Lstiburek,
2001 A&l recarnmended basemernt intertor insulation
seratagles ineclee slacement of a layer of rigid foam insulation
against the [sundation wall. The moisture sensitive 1nueror
wond frzming and paper faced gypsuii board are no longer in
ronfact wirl vie major moisture source - the concrete or
roasonry foundaaon wall,

Phato: Paul Eliringsr, Tararack Environmental ine.

Photogiaph 5
Frame wall with interior vapor barrier resulting
in mold, decay and odors

Phota: Paul Ellinger, Tamarack Envirenmental Inc.

Photograph 6
Water trapped behind polyethylene installed
directly against foundation wall

Photograph 7
Mold with blanket insulation
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BACKGROUND

Heat luss through uninsulated basement valls is a significant
energy penalty in heating climates. In addition cool basement
walls are undesirable when basements are finished or used for
recreation. 'nsulating basement walls is logical and desirable as
long =s the walis remain free of moisture problerns.
Uriortunately. safels insulating basement walls requires
cons:dei etion of ~iany factors in addition to reducing thermal
coniaciivity acioss the foundation veall. Meisture dynamics
musi be considered] in detail before insulating a basement wall.
Maierials used to insulate a basement wall must be selected
Besed on ther aoulity to control the flow of moisture and air as
well as beai  Selsring the vreng type of insulation or placing it
in the wrong = all assemnbly often leads to moisture
accurulation wilh subsequent material deterioration and
growin of mold,

Alriost all basernant walls can be safely insulated if moisture
flow and airflow are alsc controlled. Accomplishing this can be
difficule and frequently is expensive. In many’ clder homes and
some newer homes basements cannot be insulated safely and
merpensively The cost of properly insulating a basement while
controlling molsture should be compared v-ith the cost of

consi ucting additional quality living space above grade. A
damip or wet basement that is improperly insulated v:ill lead to
deteroration of the building envelope and promote conditions
thar #oisen indoor air guality.

HEAT FLOW IN BASEMENT WALLS

Heat loss frovn an uninsulated basermnent can account for up to
one tived of e heating cest in an average home (Timusk,
1281) Thas wenes depending on man; factors, such as the air
ngniness of the bullding envelope, the amount of insulation in
tne nouse and ihe height of the above grade portion of the
pasernent wall, Jwrce the above grade peortion of the basement
wall 18 @~ posan o solder ternperatures than the below grade
norton of the wall it loses heat at a much greater rate than the
welow grade cortion of the wall. For & basement in a 4,000
nesting Jegree-ay location, insulating the upper half of the
hasaraent wall with R-5 insulation reduces the heat loss from
the basenent by anproximatel 50 percent. Full height
insueiion +R-5; 10 the same location reduces heat loss from the
hasement by aprroximately 70 percent. Insulating the exterior
wall w grade and the upper half of the interior wall results in
apprasimaialy 10 nercent more heat loss than full height
wnsulaiior an ewher the interior or the exterior. These alues
are derrved from Tunusk's work (1981). These calculations
apply to comrets walls or block wealls with filled cores where no

air convection can occur within the wall
itself. The band joist area is also not
considered in these calculations.

The energ:’ savings that can be achieved by
insulating a heated basement are
substantial and justify the cost in many
situations as long as installing the
insulation does not exacerbate existing
moisture problems.

THE MOISTURE DYNAMICS
OF BASEMENT WALLS

A basement vrall vill rermnain dry only if it is
built to handle all the different viay's in
which water can move into and threugh
basement wvalls. Since walls will at times get
vet in spite of good design and construction,
basernent walls must also be able to dry:
Drying typically means towards the interior.
Rarely, are foundation assemblies able to dry
towards the exterior — except abo e grade.

The actual moisture content of a material or
wall assernbly is dependent on the baiance
between wetting and drying. If wetting
exceeds drying, moisture accumulation
occurs. If accumulation increases to a
critical moisture content, susceptible
materials will begin to support mold growth
and decay.

Basement walls can be wetted by liquid
vwater (bulk flow and capillary suction) and
water vapor. Effective interior drainage can
safely drain liquid vwater from the wall
assembly: Howe ver, once materials become
wet, they can typicallyy drir only by the
rernoval of water vapor either by
evaporation or diffusion. Evaporation
requires energy but insulation decreases the
flovr of energy. Insulated walls cannot drv
as easily as uninsulated walls. Liquid water
can enter materials by bulk flow or by
capillary’ suction. Poorly graded land
adjacent 1o buildings and nen-functioning or
absent gutters and dovmnspouts rnay allovr
rain to flow dovn the foundation wall where
it can enter cracks. This water may also
ternporarily raise the water table so that
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water ericers ihe foundation wall because of increased also cause the sill plate and band joists to be
hydrosiatic pressure. Proper diversion of rainwater and cooler and at greater risk for wetting from
effective foundation drainage can prevent the entry of liquid condensation,

water by these orocesses. - .
s P Below grade walls exist in an environrnent

Wave: can enter foundation walls by capillary suction vhen that differs considerablss from the above
damp soil contacts the foundation vall. Clay soils can transfer  grade enrvironment. Moisture in the soil
large volumes of moisture through a basement wall by- capillar::  below a depth of 3 feet is almost always

suction. Insiallaticn of a capillary break between the soil and greater than the moisture in the air interior
the toundacon wall will prevent capillary wetting of the wall. to the basement vsall. Therefore water

Rugiwd insolanon, tree draining back fill, drainage boards, damp-  apor drie through the lower part of the
oroofing and water proofing are effective capillary breals. If the basement wall will be from the extericr to
foundation foorzr rests on damp soil, large quantities of water the interior. The exterior environment for
can be drasn inia the wall by capillary suction. A capillary the upper part of the basermnent wall varies
break can Le installed or applied to the top of the focter at the greatly with climate and time throughout
time of constructnrn, but is almost impossible to accomplish the vear. During the summer months the
oncs the wall 1s huilt. water vapor drive will be from the exterior

to the interior while during the cold winter

Water vapor can move by two different mechanismes: diffusion
months the vapor drive viill be from the

anc air transport. Diffusion involves the mo ement of
indr-idiaal molecules of water in the gas state due to the kinetic
2nergyv of the rnolecules. Diffusion is dependent on the

interior to the exterior. These facts must be
considered when designing an insulated

. basement wall assembl:
temper ature of the water molecules as well as the concentration -

of the molecules Water “apor moves from areas of higher

concentration io areas of lower concentration and from areas of EFFECTS OF INSULATING
nigrer teinperaiule to areas of lower temperature. The rate at BASEMENT WALLS

which water apor moves through materials is referred to as

. 4! From a moisture and thermal perspective,
permeability” Individual water molecules can mo-e easil persp

. . .. basement walls with insulation on the
through permeable materials even if the materials do not permit

, ) . exterior perform better than basement walls
awrtlow through them. Other materials are said to be semi- P

] . with insulation on the interigr. Walls with
permeable to veater vapor because they permit the passage of

) exterior insulation are “warm' and can drv
wate: molecules at a much slower rate. Materials that allovs -
very Lirle vaier vapor to pass through them are classified as

imper meatile.

to the interior. Since the walls are warm
there is little risk of condensation of

interior moisture. No apor barrier should
Air transport of water vapor requires an air pressure difference pg jnstalled on the interior side of

as well as 2 pathway or opening between the areas of differing  externallv insulated basement walls. In fact
z10 ptassure Aur movement through selid foundation walls of a vapor barrier on the intericr would
corizreie or filled zement block can only occur through cracks  prevent the walls from drying should they
or vouds, now ihrough the material itself. Stacked stone or hollow ever get wet. However, exterior insulation is
core tlock foundation walls may permit the passage of large rarely installed because of perceived
volumes of moistire-laden air. difficulties protecting it from damage
Dhffusion from the exterior can be controlled by damp-proofing ~ during backfilling. In addition, protecting
or waier proofing Tt is more difficult to stop the movement of ~ the above grade portion of the exterior
moistur=aden »ir through leaky stone or masonry basement ~ insulation in an effective and attractive but
walls Special care must be taken when attempting to insulate  Nexpensive way' remains elusive. This was
this type of wall The addition of insulation may inhibit drying ~ tTU€ in 1981 when Timusk wrote his

of the wall thereby allowing more moisture to wet the wood sill ~ [nsulation Retrofit of Masonry Basements
and band joists abave the foundatien. Interior insulation will and remains true today.
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Wher: exterior insulation is installed cn basernent vsalls it is
ofien irrnitec. io the below grade portion of the walls. The above
grade poitions of the walls are then either left uninsulated or
insulated on the interior. Heat loss through uninsulated above
grade basement walls is quite significant accounting for up to
30 percent of the total heat loss from the basement {Timusk,
L98.)
15 ihermally less 2fficient than insulating the entire wall on the

Insulating the top porticns of the walls on the interior

eterior and must accommodate the changing water vapor
drive guring une course of the vear.

Insulating only on the interior side of basement walls presents
pirtlems because of ground water and the alternating girection
of the vapor dr vz discussed aboe. The fact that ground
ternpararure at varnous depths frequently is much colder than
arther @.oaT10r or mterior air temperatures means that
rondensation can cocur on the interior surface of the
foundation =all The interior basement insulation and the
firished wall assembly are subjected to potentially significant
meste e loais fram vrapor driven from both the exterior and
the 1inianoe at different times of the year.

While the balduing industrs in the United States has become
preocrumed 10 the past decade with vapor diffusion and vapor
bariiers in building assemblies, the problem of air-transported
vater rapo: 15 often ignored. This is unfortunate because air-
transrorted moisuire is generally much more of a problem than
i¢ the diffusion of water vapor. Airflow occurs when there is a
pathwa, and 2 pressure difference between two areas or parts
of a huilding ot building assemblyr More moisture will move
tn1ough a srrall spening across which a small difference in
giessur® 1 maintained than will move through a large area of
ire mulding envelope by diffusion. Air transported moisture
also tends to b= concentrated while diffusion is a more uniform
ar chscriowied orscess. Consequently air transported moisture
can nuitkly lead to deterioration in moisture sensitive

mErelals

“The enare consideration of water vapor has been complicated
and confusad by the fact that some materials can block the flow
of air {an air barrier) as v:ell as the flow of vapor {a vapor
barrier:
sirib ster) momistura accumulation to vapor diffusion when

. e research in basement insulation systems has

airflovs was not controlled. An effective air barrier is required
1 haserment walls. Hovever, apor barriers are typically not
neeged — partivularly on the interior of basement assemblies.
in limited applications such as where a -apor barrier
membrane 1s installed against a wet wall to provide drainage
cary a vapor barrier be effective in reducing the inward
movement of meisture. However, this membrane must be

protected from condensation on the interior
side by placement of insulation and an air
barrier.

The almeost indiscriminate use of vapor
barriers (polyethylene or vinyl wall
coverings) over the past decade has caused
mary’ building failures and facilitated the
grovsth of mold in many buildings. The
permeability of materials must be
considered before placing them in a
particular location within a vsall assembly.
Otherwise v/ater vapor ma;’ become trapped
within a wall assembly where it can
condense when the temperature is lovr
enough.

Any interior basement insulation strateg:’
must successfully handle both the internal
and external moisture loads. One propesed
solution to this dilemma is to install a vapor
barrier on both sides of the interior
insulation svstem. The barrier against the
foundation wvall is often called a moisture
barrier. The main problermn with a double
vapor barrier wall is that it cannot dry to
either the inside or the cutside should it
erer get wet. In addition, it requires a
perfect air barrier on the interior to prevent
wartn interior air from contacting and
condensing on the cold fcundation wall
where it may be trapped. This type of
construction should be avoided.

LITERATURE REVIEW

The literature on basement insulation
systems can be divided into two main types:
controlled studies and reviews with
recommendations on how to insulate
basernents using methods that have not
been systematically evaluated. Multiple
studies (Kesik et al, 2001, Goldberg, 1999)
hae demonstrated the effectiveness of
exterior basement insulation overa 1 - 2
year period.

Research on interior basement insulation
svsterns has been much more limited “rith
several studies focusing only on the abilit:
of the vall assembly to dry afier wetting. All
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af the studies on the installation of insulation on the interior of  vork clearly showed that placing batt
haseiment walls that we reviewed are limited in their usefulness insulation in the rim joist area with or
because of design flaws (absence of an interior air barrier or the without an interior vapor barrier results in
presence of an interior vapor barrier or both) or limitec wall condensation within the rim joist area.
assermbly tyres rhat were included. Insulating the rim joist area on the exterior

in 1981 John Timusk of the University of Toronto published a is preferable: foil-faced polyisocyanurate on

3 ; the interior is a retrofit cption. Exteri
monograph antitled Insulatiori Retrofit of Masonry Basements. ] ; =4 teath P ;erlor
1 . — . i ting foam sheathing raise

Tt ihe :nformatior 1n his publication had been widely nsuiating £ the bard g raises the
g . el temperatur joi r y
dissermunated we might have fever problermns with insulated P E of éiae bemd joiSH arcalgHemtly

: reducing the wetting that occurs due to
basernenis Tirnusk looked at the moisture flow through & g

A : . . ) condensation.
different typas oi basement walls and how different insulation
strategies affeciad that moisture floww. He also looked at the Goldberg and Huelman (2000) make an
effact of various insulation methods on the heat loss from important obser ation that many’

basetnent walls T1nusk's recommendations are quite similar to  superficially dry walls vill not remain dry
aur recomreincations below. The major change in the past 20 when thev are insulated. Man;’ walls are
yzaz s che rezlizavion that a vapor barrier (usually dry because of “their ability to
polvetn:darie! on the interior side of the basement wall assembl’ continuously evaporate soil-sourced liquid
mniubics Aryaing of the wall more than it prevents wetting of the  water to the inside” [nterior insulation
wall strategies for basement walls will ary
depending upon the amount of water

Mary of the 10eas developed by Timusk in his 1981 paper ‘were

incorrorated w1 the CMHC publication, Investigating. Diagnosing moving through the foundation walls and

rhich i i i i
and Tresting 1our Damp Basement, released in 1892, Although the degree to which interior moisture will

this publicaiion did not specifically address insulating a be controlled.
basement, it adriresses the moisture problems that would have  Cheple and Huelman (2001) reviewed the
o be ciealt with belore installing the insulation. literature on basement moisture and
Foi=st and ~ckerman (1999) conducted a series of experiments igpsulaion ifl thelr pager. fiiay We Need to
Know More About Basement Moisture that
they presented at the Buildings VIII

conference. They correctly point out that in

for CMC to detarmine “Basement Walls that Dry." Ten walls of
ciffer img consiruction and materials veere subjected to a

rneasurad leak aind were then monitored for drying cver several

. spite of the wide s e of interior
riwmitha, Unforrunately all but one vall assembly had an P pread us

) basement insulation, there has been ver
1nt2iwer polvethylene vapor barrier that prevented any Y

. . . . little research on this practice. The
sigificant aiving to the interior. Of these walls the one that e Brartic ygoon

) . to describe a nurmnber of approaches to
d11ec tha fastest vwas the one that did not have a moisture PP

insulating basements and assi isk lews
bairier agewnst the foundation wall allowing the wall to dry to ! g base ign risk levels
the zxterior  Unfortunately this design would also allow the wall

o pecorae wer irom the exterior likely causing condensation on

for each approach. Unfortunately. many of
their approaches involve an interior vapor
barrier of polrethylene. Basement wall

Te nLerion wapor harrier )
assemblies with an interior “apor barrier

Colanerg and Huelman (2000) performed a series of can never drv if they becerne wet, The vride
sxpertnents o pasement insulation systems at the Cloquet spread use of a dout;le vapor barrier
Mesiienial Research Facility that are extensively discussed on a pasement wall in Minnesota has resulted in
Unrreraity of Mirinesota website. Cne study vas limited to many failures in some cases within one
tesiing  berglass batt insulation, both unfaced and Kraft faced.  year of construction (Ellringer. 2002)

with ©arious combinations of wall side and interior vapor

i . . . ) , An analvsis of various strategies for
harriers, Unfortunately theyr did not install an air barrier when - 8

. internally insulating bas
using Krafi faced ficerglass batts so that the centribution of s ating basement walls was
performed at the Uniersity of Watarlco

moisiu¢e depositinn from diffusion through the Kraft facing 0 2001). Wall o . ;
eong, . Walls with a combination o

cannot be separated moisture deposition due to airflow. Their

8 © 2002 Bullding Science Gorporation



extruded polysiyrene and caity batt insulation, with and
without a vapor barrier, covered by gypsum board were
compared wiih walls having only a thicker layer of extruded
polystyrene and an empty frame vrall covered with grpsum
board The walls with an interior vapor barrier did not get wet
from tne interor during the winter but they did trap moisture
during the summer when moisture is moving inward. Without
the vapor barrier, the fiberglass batts would remain dry if
1terior humahity 1s not excessive during the summer. Such
lov: interior levels of ralative humidity during summer
cona:hions Lypically can only be achieved with active
denumididiration piovided by air conditioning or a dehumidifier.

Walls with 3 5 wnches of extruded polystyrene (XPS) and no
rapor barrer performed the best in this analysis. However,
walls with 0,735 inches of extruded polystyrene and 3.5 inches of
nbarglass bati insulation in the cavity would perform well as
long as «ntevor humidity vas controlled belovs 50 percent
during the surmmer. Increasing the extruded polystyrene to 1.0
or 15 inches would improe performance even vith higher
intzrine relatre humidity during the surmmer months. This
nalt, of the angiysis assumed that the concrete wall had a
relative nurmdity of 100 percent at the exterior temperature.
Since these studies vere for a climate location similar to
Minnesota, ine thickness of rigid insulation (R-value) could be
nroportionately reduced in milder climates.
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REQUIREMENTS FOR INTERIOR
BASEMENT INSULATING SYSTEMS

Any intzrior baseraent insulating wall systern must have the
following oropearties:

= Iv. must oe able o dry to the interior should it become wet
sinre ithe pelow grade portion of the wall »ill not be able to
Ty to the extestor during any time of the vear. This
racludes an nterior polyethylene vapor barrier or anv
imnarrneable interior wall finishes such as “rinyl wall
covernings or ollalkyd/epoxy paint sstems,

+ The wall assernbly must prevent any significant volume of
iniersor air f1orn reaching the cool foeundation wall. Thus it
st have an effectire interior air barrier or a method of
rlevatng the termperature of potential condensing surfaces
(such as rmghd insulation installed directly on the interior of
congrate or rasonry surfaces).

+ Meterials 1n contact with the foundation wall and the
concreie sleh must be moisture tolerant; that is the
rngrerials should not support mold grov:th or deteriorate if
they be~ome v at. Hovrever, moisture tolerant materials are
not neressarily capillary resistant. That is, some materials
may Lolerate being wet without blocking the passage of
iauad vaces through the materials. A capillary break must
he nlaced beteen these materials and moisture sensitive
metanals

10 © 2002 Bullding Science Corporation



INTERIOR BASEMENT INSULATION
STRATEGIES - NEW CONSTRUCTION

Exterior 1igict insulation is the preferred method for insulating a
baserment wall during new construction. Damp-proofing and an
effective dramrage system are minimum requirements for any
basernent wall unless dry scil conditions and design permit a
warm wall that car: dry to the extericr. Jamp proofing inhibits
~etbng of the wall by the capillary action of vaier and retards “he
diifusion of water vapor from the exterior.

Mariy researchers recommend water praofing as superior to
darnpproofing tor rontrolling rmoisture in basement v-alls. Water
oioofing coanngs are more impermeable to water vapor than
dgarnpr ogting and ey can also resist higher levels of hydrostatic
prassure ai least in (tie short terr. The flexibility of many- water
proafing oairgs s offerad as pioof thar they will bridge cracks
that agear wn basernent walls and leen water dut of the basement.
mowever, thers s less information about how waier croofirig
coatlngs will perform when the cracks occur after = coaungs
have dried e warrantyv that is provided by water proofing
companies 15 alsn offered as proof of their effectiveness. Howeer,
one mejor warer proofing company’s warranty is oid if a crack
larger ihan 4/ 2 wich occurs in the foundation wall. In addition,
effective petumerar drainage gutters and dovnspouts are required
for maintaining ihe voarranty I prooe. fondation drainage and
sie managerent of water are acco phsaed. novs much meie
effecirve is water proofing than damp-procfing? Is it vortn the
addirional cost? We are not aware of any studies wo support the
add:tional cost of w ater proofing coatings vwhen a foundation wall
is prooerl: dreaned.

Dravaags o “he foundation wall can be accomplished with
granular baskill sand, gravel), draining insulation board or
plastic. drawags boards ihat provide drainage spaces. Water that
drains dovsan che foundationn ~all rrust then be dreuned away either
o davihight or w a sumnp pit from which ihe vater 13 pumped away
frera the foundation (Figure 9).

slinough excanor insulation is recommendad for new
ranstrection (Figme 10), interior basement insulation can be
wnstzlled +f cartaim guidelines are followed. The internall;
nsulate s ionrdatior wall will be cold and therefore the belovs
grade partran of b vaalt cen only dry to the interior. For this
rEasci W cannas he ~ornplelei cyvered wilh wn impermeable
shearung

The Building Science Consortium has developed tvo differant
taserient insulation strategies for standard poured-in-place
concrete and masonry walls. One method can be left exposed
whule the other 1equires covering with gypsum board or another
tinermal barrer £ ihird method uses pre-cast concrete valls that
heve surme insulation built into the walls.
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Raln water falling
on roof is collected
in gutters

Overhang protects
the ground arpund
the foundation from
gelting saturated

~==

Down spouts camy
rainwater from the —*
roof away from tha
foundation

Ground slopes away

from the foundation

74

B ermenbla

v Jmier of bac

! - cap} pravents
gicesnd ad)

|
| Famcearoiin

Figure §

[4+——— Concrete foundation wall

Groundwater flow is
downward (not horizontal)
under the Influence of
gravity to the perimeter
drainage system

Pip= vonnection through
/ foating connais extarior
/  putimeter drain te geanuar

drainage pad under

basement slab

Slab Isolation Polyethylens
Joint / vapor diffusion

retardar

HL

Pelow grade groundwater management

Vinyl or aluminum siding ——
Rigid Insulation

Unfaced bati insulation

(taped or sealad joints}

Sealant, adhaesive or
gasket

Adhasi

Gypsum board with latex.

palnt (sami-permeable)

Sealant, adhesive or gasket
Sealant at comer of bottom

/_ plate and subflcor or gasket
under hottomn plate

Floor assembly canti

over foundaticn wall to
account for thicknass of
exiarior basemant Insulation

Flashing

Ground slopes
sway from uu By YY)

e

-

Figure 10

Exterior basement insulation

— Fiberglass batt Insulatlon
Sealant

e Sill gaskat

Sealant over bond
break material

~— Concrate slab

~ Polyethylena
— Vvapor diffusion
» retarder

L Granular
caplilary
break and
drainage pad
{no fines})
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sif———— DPamp spray cellulose

Vinyl or aluminum siding {i+——— Gypsum board with latex

b paint {semi-parmeabla)
' ——— Sealant, adhesive or gaskat
Seaslant at comer of bottom

plate and subfloor or gasket
under bottom plate

Rigid imsuiciion
{taped or sedlad Ininis)

Adhesmive-

Fiberglass batt insulation

Seals f, adhesive Sealant

of gaskei——— .,

Sealant, adhesive or gasket

Drying fa exteri Sill gasket
Ground slopes away 4 e
from wall at 5%
— — Concrete foundaiion wall

6in. peri0ft}-—" -

Fuoil-racer] polyisocyanurate
rigid Insulation on uppar
portion of foundation wall

=
—  Drying to interlor
=0 helow rigld foam

/— Sealant over bond braak
A material

Cancre 2 slab

Polyethylene
vapor barrier
— Granular
capillary break
and drainage
pad (no fines)

Figure 11

Unfimshed basement with half-height insulation
+» Lower portion of wall dries to the interior

» Upper portion of wall dries to the e sterior

B Damp spray cetiulose
Gypsum board with latex

o paint (semi-permeable)
— Sealant, adhesive or gasket
Sealant at comer of bottom

! plate and subfloor or gasket
Adhesve: under bottom plate

Vinyl or aluminum sidin

Rigid nsulation
faped or sealad jomts)

Fibarglass batt insulation

Sealant adhesive Sealent

of faskat -

B Sealant, adhesive or gasket
Sill gasket

Giound slopes away .
Er::: wall t 5% B Concreta foundation wall
1= Foll-faced isocyanurate
rigld Ingulafion on upper
portion of foundation wall

Gypsum beard over
furring strips

Drying te Interlor

—— Semi-permeable EFS or
XPS ngid insulation on lower
portion of ioundztion wail
Gypsum board heid up

from slab

Sealant over bond break
material

Palyethylane
vapor barrier
— Granular
capillary break
and drainage
pad (ne fines)

Figure 12

Firushing basement at a later date
* Drying continues to the interior
* Drying to the exterior
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HALF WALL INSULATION
WITH FIRE-RATED FOAM
SHEATHING

The fastest and rnost cost effectie wav to
provide insulation is covering the upper half
of the foundaticn wall vrith foil-faced
polyisocyvanurate foarn sheathing that is fire
~ated for exposed use (Figure 11}, This will
elinir ate the greatest source of heat transfer
tnrough ihe foundation wall while still
allowing the lower half of the wall to dry 10 the
interior. The jeints between pieces of fnam
sheathing must sealed using foil tape to
prevent air leakage that could result in
condensation on the cold foundation vrall.

If at a later date the vrall is to be finiched,
e~panded polvstyrene (EPS) can be used to
cer the lower haifl of the wall (Figure 12).
Expanded pol:styrene is semi-permeable .o
water vapor and will allow the lower portion
of the wall to continue to dry inwards.
Horvever, the expanded polystyrene will
require thermal proteclion with 0.5 inch of
gpsum board or equivalent.

Keeping the g psum board off the floor a
rnmnimum of O 5 inch will prevent wetting of
the gypsurn board in 1he event of s=mall leak
or flood. If a frame wall is placsd interior to
the rigid insulation, cavity insulation without
a vapor barrier or retarder can be installed

between the studs.

Fiberglass batt insulation
Sealant

Sealant, adheslve or gasket
Sealant, adhesive or gasket

Bround slopes awa:

ol gt 8% Sill gasket

B I 10 . Ly

¢ > per M Concrete foundation wall

— Linfaced extruded or

uxpanded polystyrene rigid
insulation (semi-permeabla
with taped or sealed joints)

Gypsum board thermal
barrier necessary when
rigid insulation is not rated
for exposed application

Gypsum board over
furring strips

Sealant

Gypsum board held up from
slab

capillary break
and drainage
pad (no fines)

Figure 13
Full height basement insulation
» Upper and lower portion of wall can dry to interior
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FULL WALL INSULATION WITH FOAM
SHEATHING COVERED WITH GYPSUM
BOARD

Either expanded or extruded polyst;rene insulating sheathing

can be attached doectly 1o the foundation wall. Since extruded
polyst/rene s raore moisture Lolerant it should be used if there
is any question about the effetiveness oi the external drainage
systam (Figure 13)

If addwicanal insulation is desired, cavity insulation can be
installed i a frame wall built interior to the foam insulation
and covered wiih 0.5 inch gypsum board or other thermal
barrier \Figure 14 Photograph 8 and Photograph 9). [ no additional
msulaton s desirea forring strips can be attached to the wall
through the fuarn 1rsulation an: | gvosu-n board attached to the
furnmg strigs

Extiuded polystvrene should also be used if an internal
draunage sysiers with an interior drain is installed as shown in
Figure 15 All jouts between pieces of foam insulation should be
sealedi with rnesh tape and mastic to prevent air leakage that
would pecmit warm meist air te condense on the celd
foungacon wall This apy roacn has proven to be effective as a
retrafit strategy

— XPS or foil-faced polyisocyanurate

- Existing concrete wall

2" XPS rlgid foam insulation

{unfaced) tape all joints - adhere

to foundation wall

2x3 24" 0.c. wood stud wall attached to
floor and floor joisis

1/2® gypsum wall board; hold up from floor
1/2° minimum

PSR

Capillary break

1" Enka draln (entire slab perimeter)
Remove/replace with new 18" of existing
concrete slab for reconstruction purposes
(2) layers 1/2" plywood - mechancially
fasten first [ayer to slab; second layer glued/
screwed to first layer

1" XPS rigid foam insulation {unfaced)
tape all joints

1/2" Enka drain {entire slab)

2 Existing concrete slab

L 4" perforated drain tile piaced in free

draining stone trench lined with geo
textile fabric

Figure 15
Basement insulation with subfloor drainage

13

Damp gpray cellulose or
netted blown fiberglass or
callulose Insulatlan
[+— Polysthylene vapor diffusion

Weod slding
2" EPS rigid insulation
{seal Joints with mastic

or adhesive) 0 refarder

Airsp 4 Gypsum basrd with latex paint
Furring b {seml-permeabie)

Sgalant, adhesive ," /— Sealant, adhesive or gasket
or gasket Sealant at comer of bottemn

plate and subfloor or gasket
under bottom plate

Fiberglass batt insulation
Sealant

Woud filler (draftstop}

Adhesive
2" EPS rigid inswation
12 0SB
Sealant, edhesive or gasket

Sealant, adhesive or gasket
Sill gasket

Ground slopes awav—
from wall at 5% i

A

T

Wood frame wall
+— Gypsum hoard with laiax
paint {semi-permeable)

Unfaced batt Insulation
Concrete foundation wall

2° EPS rigid ingulation
{seal joints with mastic
or adhesive)

OB

AL

¥

A

Treated wood bottorn plate
Saalant, adhasive or gasket

DYy

/— Sealant or gaskst unter
bottom plata

; — Congrete slab
— 2" EPS rigid
mnsulation

FRF

sranular capillary
traak and drainage
ad {no fines)

Figure 14
Addiiional interior basement insulation

Photograph 8
Unfaced extruded polystyrene against
basement wall

Photograph 9
Unfaced extruded polystyrene against
basement wall
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PRE-CAST CONCRETE FOUNDATION
WALLS

There are several proprietars insulated pre-cast concrete wall
systems for basements. One such system was deeloped by one
of our Building America partners, Pulte Home Corporation
(Photogiaph 10) Thess walls generally have built in “footers” that
1est on an engineered gravel fooling ihat aliows the entire wall
ncluding fonter to e
draned As lung as the
iriiiis between panels are
afectively sealed these
walls are waim and drv.

These walls are usuatly
coNSimuciad wslng foncrels

Photograph 10
Pre-cast basement walls

witil a e wacar to cerient
ratio rhat p2rouis the wall
io L2 rerne. 2d vrom the form in 12 hours or less Bzzavs: tne
corici 2te starcts with less water, the walls have less water that
wili dry out aiter installation. This sy'stem is designed to be
insalaied with full height exterior insulation.

Anoiner pre-cast
foundatwon wall s, sten
is manufactured bv
Superior Walls of
America These wall
parels have 1-inch of
Dow {tyrofoam
baiwesn the ouver wall

ar:¢ the rewsforcad

“mnereie scads
{Photograph 11} “Auiu
nalers (075 inch by

Photograph 11 .

Prerast basement walls with XPS foam insulation

2.25 inch) are ~ast into every concrete stud sc that gypsuarn
ncard o1 panching is easv to attach. Additional insulation can be
msia!led 0 the siud bays if needed. Superior Walls were used
1o build seven Habitat for Humanity housss in Pontiac,
Michigan Building Science Corporation provided the design
Tor s progect

14
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CURRENT BASEMENT INSULATION the interior side of the frame wall and 0.5
METHODS UTILIZED BY BUILDING inch gypsum board is attached over the
AMERICA BUILDERS polyethy]erle. Electrical wires and

receptacle boxes are placed within the

We have surveyed our Building America partners to determine  z.ities of the frame wall.

how they are currently insulating basements. The majority of

ihern (see Table 1) are using fiberglass batts in frame walls or In practice the polyethylene sheeting has

-inyl facen fiberglass blankets covering either the upper half or penetrations that permit air leakage into the

zlt of the basement -valls. Because the fiberglass blankets are cayity. At certain times of the year the

A . . N . Warm rnoist interi ir wi
not attached to the foundation vall in an air tight rmanner, air a ESnion sit will comdemse o)

sirculation berween the fiberglass insulation and the wall the colder polyethylene molsture barrier

reduces the thermel efficiency, In some circumstances this air against the foundation wall. This trapped
moisture permits fungal growth: leading to
failure of the wall within periods as short as

one vear. Additionally, the interior

mitoulation reino.as moeisture that would otherwise be trapped
Lenind the vinyl racing - and in other circumstances this air

arculatien deposits moisture at the foundation vrall/insulation
polyethylene prevents the “vall assembly

from dring teo the interior and leads to the

problems previously described in Figures 4, 5,
In Minresota tie energy code requires a moisture barrier 6 7and8

intarface, In our experience this approach is “ery risky and has
lad o mold growth

between the foundation wall and the insulation and a vapor

barrier tetween the insulation and the interior. As a result The one Building America partner who is

; : ; novw' using exterior basem i i
there 1s an nmpermeable covering on both sides of the fiterglass Sigtalasle g B e g

insulatioin. Tn the typical instaliation polyettrlene sheeting rade, this eharge becausegoficoneerns) that

(moisture barrier) is attached to the edge of the sill plate and the double vapor barrier wall required by

arapes aver (e foundation wall onto the floor. A wood stud SIS bl G ey BT L g it aa

frarmie wall 1s hult against moisture barrier; fiberglass batts are ipsplated hasemenis el leadto mistuke

placed in the wall cavities; polyethyylene sheeting is attached to and mold problems.

Table 1

Basement Insulation Techniques Used by Building America Partners

Type of Insulation Exterior* Interior Foam Insulated Pre-cast Interior Fiberglass’

Number of Builders 1 3 1 3
Number of Houses 93 3 7 1,143

" E.cernor - -gud fiberglass (proprietar: system)

Intarior fiberg ass includes fiberglass blanket attached to nailers and fiberglass batts in ~vood frame walls.
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COST COMPARISONS insulated stud walls, but the one that vorks

Table 2 contains cost comparisons of sevven different basernent costs about $280 more.

insulation approaches for both externally and internally Of all of the approaches, exterior insulation
insulated basements. What is striking is that there is a remains the most expensie {Approach 7).
differerice of approsimately $180 between an acceptable method

It costs anywhere from $180 to $280 to
of providing half insuiation and a method that does not work

$580 more to do it correctly. The most

(Approach 1 s Approach 2). )
RN PP ) commeon cest difference is the latter -

The cost goes up substantiall” when comparing the least approximately $580 - hence the builder
expensiva full height insulation (Approach 3) and the least resistance. However, fear of mold litigation
z«rensive full height insulation approach that actuall vorks is beginning to have an impact on the
tAoproach 6 The difference is about $580. A better options and the relative value of cost *s,
comparisor: would be betvreen Approach 5 (which does not risk.

work) and Approach 6 (which does vork). Both are internally

16 © 2002 Bullding Seience Corporation



Table 2

Table of Costs
Approach . ription Material Labor Total
number cost cost cost
1 17 nalf-height foil-faced  $0.40/ft? 2 hrs. @ $50/hr See Figure 11
polvisscyanurate; R-7 $224 $1C0 $324 ; ncceptable
2 Half-neight blanket $0.25/112 installed $140 Naot acceptable
msulation; R-8
5 Full hewght blanket $0.235/r* installed $280 See Photo 3 Not acceptable
msulation; R-8 F —_—
4 2" full height EPS EPS $0.50/ft? installed $1.120 Acceptable
covevad with Gypsum $0.50/ft?  installed
/2 gypsuwm boavd, R-8
a Fudl height stud Studs and insulation installed $560 o a~centable
vwall poly; no $0.50/1t2
gvosurn board;
unfaced fiberglass
nai; R-11
& Full neaght stud  Studs and insulation installed  $560 + $280  See Figure 14 Acceptable
wall, no poly; no (Modified Approach 5 + EPS) = §840 ax
gresuwin board in-
stallad (i.e. unfinished):
unfared fiberglass batt;
L EPS R LS
7 27 ¥YFS exterior XPS $0.65/ft2 $728 Acceptable
insulacton; R-10 Protections $3/lin. ft.  $420 $1,148
Assumptions 30 « 40" basernent

140 ft. perimeter
1,120 ft2 of perimeter surface area

17 © 2002 Building Science Corporation



1" EPS

FIRE TESTING

It is obvious from tie moisture d'namics that semi-permeable

Permeable (perforated
vinyl fiberglass blanket

foarn mnsulation has many attractive features. HOWGV&I', it has 2 -
J— I} insulation

one mgor problem - fire spread and smoke dereloped
characterstics thar require it to be covvered with a 15 minute
thermal barrier

The Building Science Consortium had high hopes for a hvbrid
wall approach thai would couple the best cnaracieristics of twao
aprnioaches — interior blanket insulation and expanded
polystvrene ngid irsulation. The proposed approach is
rresented 1 Figure 16. Unfortunately, this approach failed when Figure 16
fire tested Lass than half of the 15 minutes of resistance Foam/blanket hybrid
required wae provided by the blanket insulation.

& celluiose hyord wall was a'so proposed (Figure 17), that vill
likel raeet the fire requirements, but has not been tested to
iate

“ /— 2x2 nailer

1*“EPS

; /—— 11" celluiose
/— Housewrap

M.-,.uu-—m--'

Figure 17
Foam/cellulose hybrid
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WHERE WE ARE AND WHERE WE’RE
GOING

Despiie the efforts of the Building Science Consortium to
develop miethods to effectively insulate basements with lower
risk tor moisture and mold problems, most builders continue to
insitall insulation that is thermally inefficient and prone to
dewveloj: moisture problems. The higher cost of the better
systems is the priuary reason given by builders for resisting
change However tne energ:’ rating systems also help to

pet petuale the currsnt praclices by equating less efficient,
peorly installed hatt insulation with high performing, airtight
foam sheaching,.

The Building Science Consortium will continue to strongly
recomrmend that builders adopt one of the strategies that allov:
arying of internally insulated baserments.
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