Performanceof Thermal Insulation on the Exterior of Basement Walls
by M. C. Swinton, M. T Bornberg, MX Kumaran, N. Normandin and W. Maref

Basement problems are afrequent source of claims made under new home warranty programs. This Update presents
the results of an IRC/industry research projed on the performance of insulation systems applied to the exterior of

basement wall s.*

A survey of new home warranty programs aaossCanada showed that the combined adion o water and soils on
basements was resporsible for most major basement failuresin new homesin 1994and 1995. Frost adion on
basement wall s was cited as a contributing fador in 40% of the fail ures; swelli ng clays (resulting from strong
fluctuations of wetting and dying in clay soils) were resporsible for ancther 36%; and frost adion onthe foatings,
ahigh water table and the presence of water-borne soluble salts contributed another 9% for a cmbined total of 85%

of all failure cases surveyed.

water and two
lines of defence below ground

In the case of mgjor basement fail ures,
repairs are generally expensive: not only
does the founditionitself usually neel to
be repaired, bu also the dements that
proted it have to be put in paceto prevent
future problems. For instance, the
provision d drainage dements, such as
eaves troughs, proper grading, wall and
foating drainage, acourtsfor a
substantial share of the repair costs
incurred by warranty programs for
basement repairs.

The need to proted the foundhtion from
the below-grade environment is not a new
concept. (Thefirst consideration o
insulation applied to the exterior of house
basements goes badk abou 30 yeas.)

Over the yeas, new products and systems
have been introduced to perform this
function. How these products and systems
acdually perform and whether or not they
can med the performance requirements for
basement applications are key isues being
addressed by those resporsible for
developing regulations governing their use
in Canada.

Figure 1. Principle flow path for above-ground

It wasin this context that IRC initi ated areseach program in coll aboration with industry partnersto take afresh
look at how exterior basement insulation systems perform (seeText Box 1"Design and Install ation Parameters

Investigated” for discusdon d insulation system variables).

* The industry consortium members were the Canadian Plastics Industry Association, the Expanded Polystyrene Asciation o
Canada, the Canadian Urethane Foam Contradors Association, Owens Corning Inc. and Roxul Inc.



Exterior basement insulation can play a
number of roles within the basement envelope
system (seeText Box 2). Sincehea-loss
control and groundwater management are the
criticd rolesthat any exterior insulation must
play, bah were asessd in the IRC study.
Hea-losscontrol is dependent on many
fadors, including how well the basement wall
system manages water (i.e., kegys moisture out
of thewall system).

The water-management cgpability of the
insulationis related to the overall water-
management strategy for the basement
envelope system (seeFigure 1). The diversion
of groundwater away from the basement is
the primary means of controlli ng the quantity
of water that the bel ow-grade wall hasto ded
with. Surfacewater control is €ldom perfed,
however, hencethe basement envelope system
must be designed to kegp out any rain and
melt water that finds its way below grade.

The most eff edive strategy for managing
water isto provide two lines of defence When
exterior basement insulationis used, the first
line of defenceisthe exterior surfaceof the
insulation, which supgdies a @ntinuows means
of managing water from the groundsurface
down to the gravel and dainpipe & the
foating. The secondline of defenceisthe
outer faceof the foundition



(cast-in-place oncrete, concrete block, or wood
sheahing- in a permanent woodfoundition), which
can handetheincidental quantities of water that
may get by the first line of defence

Prior to this gudy, designers and bulders had littl e
factual information abou how the insulations they
spedfied would perform when pacal onthe
outside of abasement wall in contad with the eath.
But IRC's continuows monitoring of the thermal
performance of 13 dff erent basement insulation
systems throughout two heaing seasons has
provided some answers, including some
understanding of how these systems manage water.
The insulation systems were placead side by side on
the exterior of two of the basement walls of IRC's
Test House #1.

Thermal Performance
The key finding from the study isthat al of the
insulation products provided sustained thermal
performance over two full heaing seasons, with
ead o the spedmens showing only small
variations from its average value (Figure 5 shows
the R-value for atypicd spedmen). The spedamens
sustained their performance even duing major rain
storms and winter thaws, when the dfeds of water
movement were recorded at the outer faceof the
insulation spedmens. This result was contrary to
expedations that the
R-value would dedine
under such
circumstances,
espedally if water were
to move through the
insulation.

One plausible
explanation for this
relative stability in
thermal performance
liesin the stabilit y of
the temperature regime
in the below-grade
environment, in contrast
to that of the
above-grade
environment. In the
below-grade
environment, the
temperature diff erences
aaosstheinsulationare



dwaysin orediredion:
hed flows outward
through the insulationto
the groundin a @ntinuos
fashion throughou the
yea. Even though thereis
obvious exposure to
moisture in the soil, the
relatively steady
temperature regime likely
asdstsin the establi shment
of moisture equili brium
within the insulation,
resulting in the low
moisture cntents of the
spedmens observed upon
their retrieval.

Conversely, when moisture moves in and o, the thermal properties of the insulation are short-circuited and the
eff edivenessof the material is compromised. In addition to maintaining a steady temperature regime, the insulation
systems evaluated in the study appeaed to have the necessary attributes to keep water out of the basement wall
system.

Insulation Products Evaluated

All fiveinsulation products assessed in the reseach are designed to deliver a
sustained level of thermal resistancein ground, ba they do so with dff erent
strategies (seeFigure 6). In thefigure, all R-values were referenced to their
own average R-value of the first month; hence dl graphs gart at abou 100%.
The degreeto which the graphs diverge from this common starting point isa
measure of the diff erencein ead product's ability to deliver sustained
R-value. The figure demonstrates that all prodicts sustained R-values very
closeto their starting R-values throughou the first year, and performed just
aswell, or even better, in the secondyea.

EPSTypel and EPS Type?2

Two types of moulded expanded pdystyrene (EPS), arigid baard insulation,

were sses®d - EPSType 1 and EPSType 2. Each hes dightly diff erent thermal and mechanicd properties. The
compressve df eds of the presaure developed in the soil around kasements on bah beerdsis snal relative to the
compressve strength of the boards, even for the lower density product, Type 1. The two types were placel side by
side to seeif any performancediff erences could be deteded. Little diff erencein their ability to sustain R-value was
found onaverage, bah types delivered sustained thermal performance over the two-yea period (Figure 7).

While they are not clasdfied as draining materials, the EPSproducts were éle to handle water movement at their
outer facein contad with the soil . There was no evidence of water reading the concrete wall over most of its
height, indicaing that EPSproduicts can provide protedion from water ingress

SPF

Spray-payurethane foam (SPH isaplastic insulation groduct that is foamed in placeduring its application. It is
ableto develop ahigher R-value than ather products of the same thickness This higher thermal resistance was
confirmed in the bel ow-grade testing. By virtue of its appli cation technique, SPFcovers the basement wall in a
continuows fashion around pojedions and penetrations. In fad, when the SPFsamples were being recovered from
the experimental walls, they had to be aut away from the wall and foating, sincethe foam was



fully bonded to the mncrete,
forming a continuows
protedive layer over the
wall, foating and joint
(Figure 8).

The foam product is unique
inits ability to proted the
footing and dred water past
it. It was the only product
that showed noevidence of
water aroundthe foating.
(The board and semi-rigid
products smply rest onthe
footing and are not expeded
to control water movement
inthisarea) Thisfinding
suggests that when SPFis
used, and the foating
proteded, dampproofing of
the mncreteisnot required,
even at the lowest level of
the wall.

Aswith the EPSboards,
water is managed at the surfaceof the SPFproduct, where it
interfaces with the soil, and (as with the EPS) there gopeasto be lesswater movement at the outer surfacethan in
the case of thefibrousinsulations. Y et, in spite of the fad that there ae no olvious voids to acommodate water,
the basement wall system was able to manage water (seediscusson d thisisauein sedion entitled " Sped mens with
No Explicit Drainage Spaces').

Mineral Fibre Board

Mineral fibre board is a dense, semi-rigid material that provides adrainage function because of the stratification o
fibres and the voids between these fibres. The reseach showed substantial water movement at the board's outer
face which wasin contaa with the ground duing periods of heavy rain and thaw. There was no evidence of water
reading the concretewall, or of a wrrespondng reductionin in-situ R-value. The steady thermal performance of
the board throughout these periods of water movement suggests that only the outer fibres of the insulation are
involved in managing the water.

GlassFibre Board

Glass Glassfibre board is aso asemi-rigid draining fibrousinsulation, bu it isless
dense than the minera fibre product, and shows more mmpresson una the
same load. The manufadurer compensated for this by providing additional
R-value in the uncompressd state, to achieve a ¢aimed R-value for in-ground
placement where it would be compressed. The research results confirm that the
manufadurer's drategy works. The in-situ thermal performance of this product
was gmilar to that of adjacent products that experienced lesscompresson.
Substantial water movement at the outer faceof the insulation
was documented, confirming that drainage was taking place

Water-M anagement Capability of 'Different I nsulation Spedmens

Thereisno doult that fibrous products can fadlit ate drainage, as recognized by at least one provincial building code
and confirmed by the research for bath mineral fibre and glassfibre products. Y et the successof the rigid insulation
boards and the spray-foam product in excluding water from the basement wall system raises the question: Are voids



or spaces for drainage necessary to provide alequate water management?

Figure 9. Measured temperatures at the polyethylene/-soil i nterface amid-position o the West wall - reference spedmen
wrapped in pdyethylene

Spedmens with No Explicit Drainage Spaces

The reseachersinvestigated two dff erent spedmens, ead wrapped in two layers of payethylene, forming smocth
surfaces with no dainage spaces. They foundthat in bah cases, the spedmens promoted water movement at the
outer surfaceso that the water did na penetrate the basement wall system, demonstrating that drainage space are
not necessary to proted basements from water ingress

The 'spikes in the temperature profile & the insulatiorvsoil i nterface(shown in Figure 9) are evidence of water
movement. They always occurred duing documented thaws or heavy rainfal. The glassfibre, mineral fibre and
payethylene wrapped samples (results of the last-mentioned are shown in the figure) displayed the largest spikes. It
can beinferred from the results, athough na proven, that the greaer the length of the spike, the greaer the volume
of water moving on the outer faceof the basement wall assembly. (Note: The August 8, 1996storm, which caused a
"warm" pedk in the temperature profil e, was reported to be al-in-75-yea event in Ottawa. The Ice Storm of 1998,
an even rarer occurrence, showed upas the major "cold" pe&k in the graph, suggesting that there had been
considerable water movement).

Drainage Groovesin Rigid Boards

In recent yeas, drainage grooves have been introduced in rigid insulation baards for bel ow-grade

applicaions, to provide verticd air spaces between the insulation and the foundition wall . These spaces were
intended to relieve potential water presaure buil d-up by providing drainage openings at the insulation/foundation
interface(Figure 10). As such, the grooves were designed to enhancethe performance of the secondline of defence
- i.e,, the cat-in-place oncrete wall - against water ingress

The reseach clealy showed that water does nat normally read the concrete wall when there is a properly installed
insulation system with bah above-grade drainage dements and afunctioning drainpipe. Aswell, given the surface
roughnessof concrete walls, it isunlikely that rigid insulation bards would form a cntinuots fit against the
concrete and cause the build-up d water head, o presaure, if abread o thefirst line of defencewereto occur. The
grooves are & best an enhancement to the seandline of defence, which orly comesinto play in cases where every
other strategy or mechanism has fail ed.

Board Joining Technique
Several techniques can be used to prevent the ingressof water between adjacent insulation bards, including tightly



installed bt joints and the use of ship-lap
edges. Both were foundto be dfedivein
preventing water from reading the bad of
the insulation and the concrete wall. Some
movement of water can be expeded between
the

Figure 10. Grooves onthe badside of a

recmvered EPSspedmen. Except for the

bottom 50 mm or so, the bad of the board

shows no evidence of water movement,
which in the day soil found onthe test site would leave evidencethrough sediment- ation. The fad that the grooves
of the spedmen are dean indicates that they played norole in handling water during the 30 months of exposure &
this ste.

joints, but the ladk of hydrostatic buil d-up apparently keeps the water from migrating to the badk of the board and
into the mncrete wall.

There was only one instancein which water readed the mncrete wall behind the insulation. This appeaed to be the
result of installing dissmilar fibrousinsulations sde by side, adjacent to a downspou that had been placeal nea the
foundation, thus defeaing the primary means of cortrolli ng surfacewater and dreding it to thewall. Thelad of a
proper fit at the joint between these dissmilar products, combined with their fibrous nature, may have promoted the
development of afreepath for the water to read the cncrete wall over time.

The situation described above uncerlines the importance of maintaining al strategies for preventing water ingress
into the basement envelope system - i.e., providing:

 aprimary path for shedding water over the ground,away from the buil ding

» a ontinuows first line of defence (the exterior insulation), and

» aseondline of defence (the mncrete wall), which in this case turned ou to be needed.

When insulation baard products are used to provide the water-management function, the install ation detail s and the
fit between thejoints are aiticd in ensuring an eff edive first line of defence

Thermal Bridges

It is known good padiceto avoid thermal bridges in construction, athough they are inevitable in some cases.
However, it is particularly important to avoid significant thermal bridges when conreding one thermally condictive
material to ancther espedally to ore with alarge surface aea

Two dfferent suppat techniques for the fibre-cement board used for above-grade protedion were investigated
(Figures 2 and 3. One design feaured suppats fastened haizontaly to the wooden header at the top d the
fibre-cement board (reference cae). The horizontal Z-bars are thermal bridges but they are fastened to the wooden
header, which isinsulated onthe inside so that the thermal bridge is broken. The other suppat system was more
conventional: metal Z-bars fastened verticdly to the mncrete, providing a dea thermal bridge through the
insulation.

Although the verticd Z-bars reatied donvn oy 270mm below grade, their influence extended well below this level
because they were fastened to the concrete, athermally condictive material. Even at 740mm. below grade, which is
well below the battom of the Z-bars, the influence of the bars was quite naticedle. M easurements taken at the
centre point of the insulation spedmens showed that the df edive thermal resistance of these assemblies was 13%
lower on average than that of the assembli es with the thermally broken suppat system.

Grading That L asts
The grading on ore of the two basement wall s of the Test House was doped ouward (5% pasitive slope,



representing good pradice) during the final landscaping, after afull winter and spring of soil settlement. The other
wall was doped inward towards the wall (5% negative slope, representing poar pradice) for purposes of
comparison.

When the grades were re-measured at the end d the experiment, reseachers foundthat soil subsidence had resulted
in negative slopes towards both walls. The initial 5% positi ve grade sloping away from the wall had become a
negative grade sloping towards the wall - the primary means of diverting water away from the wall had been
eradicaed in oreyea. Thisfinding indicaes that steger initial grades are nealed to compensate for eventual soil
settlement, or that a more reliable means of diverting surfacewater must be provided. Better badfill compadion
would also help.

In thefirst yea, there was littl e traceof water movement on the spedmens on the properly graded wall even when
there was evidence of water movement (during periods of thaw and rain) on the spedmens on the improperly graded
wall. In the seaond reding season, havever, the spedmens on bah wall s had to ded with similar quantiti es of
water.

Gravel Treatment

Filter cloth was used to cover the gravel on ore side of the Test House, but nat on the other side. When the
insulation systems were retrieved, the team was looking for signs of sedimentationin the drainpipes on bah sides of
the Test House. However, there was no sedimentation in either set of drainpipes, which means that this experiment
did na yield any definitive information onthe question d whether or nat thefilter cloth helps prevent the gravel
from clogging the drain pipes.

Proteding Foundations from FreezdThaw Action

The ldest concrete temperature, measured at 270mm below grade during the heaing season, was about 110C.
Obviously, nofreezéhaw cycles were observed in the mncrete. Aswell, partions of the wall system nea grade that
would namally experience freezéthaw condtions were proteded from melt or rainwater by the fibre-cement board.

Conclusions

A high-performance basement envelope system nust addressall the functions required of such asystem. To achieve
ahigh level of performance over time, it is particularly important to dff erentiate between the insulation system and
theinsulation poduct. All the insulation products assees<sed in the study delivered simil ar, sustained thermal
performance At the system level, some systems performed better than athers - spedficdly, the thermal performance
of those systems with haizontal Z-bars, in which the thermal bridge was broken, was superior to those with verticd
Z-bars, inwhich it was nat. All spedmens also managed water well, using diff erent, but equally successul,
strategies.

Summary

. Only small diff erences were foundamong the diff erent products in their ability to provide sustained
thermal performance- eat employs a diff erent water-management strategy. EPSType 1 was siown to be
suitable for application to the exterior of basement walls.

. It isimportant to avoid thermal bridging - even limited contad with another thermally condictive dement,
such as concrete, can have asignificant impad on the thermal performance of the entire basement wall
system.

. Protedive avering plays an important role & and just below grade level, where freeze¢haw adionislikely
to be most severe.

. The need for drainage grooves to enhancethe performance of the secondline of defence shoud be
re-examined.

. Shallow sloping of landscgping canna be @wurted onas a means of keguing water away from the basement

wall, asit does not last. Diverting surfacewater is the primary means of controlli ng the anourt of water
that the basement envelope system has to ded with.

. Exterior insulation can provide afirst line of defencefor the basement envelope systemif it has sufficient
water management capability. This cgpability was eff edively delivered by al the insulation spedmens
evaluated.



Attention to install ation detaili ng is important with semi-rigid and baard insulation products, to ensure
continuity of thefirst line of defence d the joints and corners.
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