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ABSTRACT

Canada Mortgage and Housing Corporation (CMHC)
conducted a series of attic researchprojects from 1988 to 1997.
Initially, there were few field test data to substantiate how
attics dealt with air andmoisturetransfer. The CMHC research
developed a test protocol for attic airtightness and air change
testing and then proceeded to field testing of a variety of attics
in different climatic areas. An attic model, ATTIX, was refer-
enced against test hut data and used to simulate attic perfor-
mance across Canada. The latest research project compared
the performance of nominally identical attics, one of each pair
with full, code-required venting and one with all intentional
holes sealed.

Results show that ventilation plays a relatively small part
in the control of attic moisture and temperature but,
conversely, rarely provokes major moisture problems. This
suggests that there is no significant advantage in changing
current Canadian attic code requirements, except perhaps by
allowing more flexibility in venting design.

INTRODUCTION

Most people believe that ventilating attic spaces is critical
to remove heat in summer and moisture in winter. It has only
been in the last ten years that building researchers investigated
attic heat and moisture transfer more rigorously. What they
have found tends to downplay the traditional importance
assigned to attic ventilation.

Canada Mortgage and Housing Corporation (CMHC) is
the federal department responsible for housing research. In
1988, it started a series of attic venting and moisture research
projects (see list of CMHC published reports in References)

that culminated in 1997 with field testing in Vancouver and
Edmonton. The work up to 1991 has been summarized in a
paper presented to the Building Thermal Envelope Coordinat-
ing Council (BTECC) at their 1991 workshop “Bugs, Mold &
Rot” (Fugler 1991).

CMHC research was prompted by recommendations in a
consultant’s report on ventilation in Atlantic Canada. Upon
discovering wet attic sheathing, the consultant recommended
an increase in attic venting. To anyone familiar with coastal
climates, the concept of drying out an attic with cold fog
seemed inappropriate. The incongruity of the advice prompted
CMHC researchers to look into existing attic ventilation and
moisture models (Cleary 1985; Gorman 1987). The models
indicated that the amount of moisture removal by cold winter
air was relatively minimal compared to the moisture removal
and storage by attic wood members.

There was a dearth of attic ventilation rate test results to
input into models. CMHC developed test protocols for attic air
change rate and airtightness testing, then tested 20 houses
under a variety of conditions. Researchers at a Canadian
university continued development of the Gorman attic model
(Gorman 1987), eventually integrating it with their Alberta
Infiltration Model (AIM). They also used the test houses for
repetitive attic ventilation rate testing and model verification.
Finally, a consultant tested new homes built with and without
attic ventilation to observe the consequences of omitting all
intentional attic ventilation for new houses. The CMHC
research benefited from communication with other attic
researchers, notably Anton TenWolde (TenWolde and Carll
1992) and Bill Rose (1992).

Don W. Fugleis a senior researcher in the Research Division of Canada Mortgage Housing Corporation, Ottawa, Ontario.

THIS PREPRINT IS FOR DISCUSSION PURPOSES ONLY, FOR INCLUSION IN ASHRAE TRANSACTIONS 1999, V. 105, Pt. 1. Not to be reprinted in whole or in
part without written permission of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., 1791 Tullie Circle, NE, Atlanta, GA 30329.
Opinions, findings, conclusions, or recommendations expressed in this paper are those of the author(s) and do not necessarily reflect the views of ASHRAE. Written
questions and comments regarding this paper should be received at ASHRAE no later than February 13, 1999.



‘Following is a summary of the major findings of the
CMHLC attic research program, with an emphasis on the post-
1991 projects.

HIGHLIGHTS OF RESEARCH PROJECTS

Survey of Moisture Levels in Attics (1991)

Using the attic air change and airtightness test methods
developed for CMHC (BLP 1989; Sh:ltair 1989), a consultant
tested 15 houses in Ottawa, Ontario, and 5 houses in Prince
Edward Island on the Atlantic coast. House airtightniess test-
ing included establishing the interface leakage area or the size
of the openings linking the house with the attic air. All houses
had two attic air change tests, in winter and summer, and five
houses had six air change tests. Wood moistuie imeasutements
-were taken monthly from November 1989 to October 1990
using six permanently installed pairs of moisture pins located
ongables, ceiling joists or tower truss chords, and rafters or top
truss chords. Sheathing moisture conténl was manually
sampled using a wood moisture surface probe. The consult-
ants eslimated Lhe intentional attic yentilation openings and
then palewlaled thic area firnm hlower daor’ tecting

This study provided the first on-site measurement of the
characteristics of a large number of northern attics. Results
are described in two CMHC reports with the appendices
providing the greater amount of detail on individual hotises
(BLP 1991). The measured intentional venting area had an
average equivalent leakage arca (ELAw) of aboul 3000 cm?
(465 in.%), with a range from 860 cm? (125 in.) 10 “too loose
to measure.” The ELA,, definition is fromi the Canadian
General Standards Board procedure for' alrughtness testing
(CGSB '1986). Measured ventilation ‘areas’ ‘Were usually
within £50% of the cstimalcd arcas, with (wo houses having
estimated areas over 200% greater than the measwied areas,
presumably due (0 blocked venting or perforated metal soffit
applicd over exiating. shea[hmg The ottic interface Ie'lk'!ge
arcas were fairly uniform, with a0 averagé ELA g of 330 cm?
(51 in. 2) One tlghtly built, R-2000 house had ari:interface
leakage ‘area 0f’20'cm? (3 in.2). Bécause these lecakage areas

are derived using subtraction (i.e., house ELA including the
*" attic intefface minus house ELA with attic equally depressur-
ized)—with the inaccuracies inherent in such a procedure—
the results should be considered-an indication of the order of
magmtude of interface- l'eakage larea rather than,a precise
measurement. Attic air change measurements are shown in
' Figuré1., | i e
Attle air changé rates aré-much higher lhan:home air

i change fates, which, iti Canada, tend to be within the 0.2-1.0

air ch'lﬁgés pér héwr range. Of'the’ attics with six air change
tests, some had consistently low air change rates, some consis-

" tently high; and some with a wide: variation. There was no

partictilar correlation with wind effects in this small sample.
" For a discussion of wind and stack effects on attic ventllatlon,
see the Alberta dttic testing:below. T
Wood moistire eontents in the attics showedja similar
pattern in. most houses. Midsummer wood moisture contents
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Flgure 1 Rmned attic air chan ap test results.

were 10%-15% throughout the attic. Most attics showed arise
in wood moisture content (MC) through the fall and winter,
with a drop to near 10% in April or May. Sheathing moisture
contents were the highest measured, some reaching over 60%
'MC during midwinter. 'l'he seasonal increases in moisture
content on the gables, trusses; or rafters tended to be more
modest (see Figures 2 and 3).

Alberta Test Houses and Modeling

A series of six, single-story test houses are locatéd near a
university campus in Edmonton, Albcrta. Two of the houscs
were thonitored for attic air change rates from 1990 to 1992,
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resulting in thousands of hours of well-documented data
collection. The houses are 6.7 m x 7.3 m (22 ft x 24 ft), with
gableroof's enclosing an attic volume of about 61 m* (2200 ft*).
One attic had soffit and roof vents to approximate the code-
required 1:300 rule (NBC 1995) for attic ventilation (attic 6).
The other attic had-all intentional openings sealed (attic 5). The
attics were tested usirig blower doors to calculate the interface
and attic leakage areas. Tracer gas air change testing was virtu-
ally continuous during the test period, with a resulting 4000
hourly averaged air change data points. The researchers also
menitored altic- wood moisture contents as weil as the relative
humidity and temiperature of attic air. A weather statien by the
test houses Ioggcd wind and outsnde iemperature.

The collected data pr0v1de a comprehensive data set for
ventilation rate modelmg (Forest and Walker 1993). It also
provides insight into why the attic air change test results in the
Ottawa testing seemed so unpredictable. Figure 4a shows the
measured attic ventilation rates for attic 5, which have a trend
to increasing ventilation rates with increasing wind speed.
Figure 4b shows the same graph generated for attic 6, which
had more than three times the attic leakage area and produced
correspondingly higher ventilation rates. Looking at Figure 4,
one can see that at any wind speed above 3 m/s (10 ft/s), the
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Figure 4a Attic 5 ventilation rate ‘graphedx"‘against' wind
speed.
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speed.
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rapge of possrble attic ventilation rate$ will vary -widely.
Choosmg a randomn six points on Figure 4.: as was-effectively
done in the earlier CMHC attic testing, shows no particular
correlation of attic air change with wind speed.

Figyre 5 shows the normalized attic $ ventildtion rate
(actual attic ventilation rate divided by mean attic ventilation
rate) when plotted against wind direction. On this graph"0°
north, The six test houses are oriented in an east-west row so
that there is little wind shielding from north or south winds and
51gn1ﬁcant wmd shleldmg from ad]acent bulldmgs for east or
west wmds

This wind d1rect10n dependency of the attic ventilation
rate is quite clear on these attics, However these test attics are
in an open prairie setting, with definable wind shleldmg char-
acteristics. For normal houses in urban or suburban environ-
sments, or farrural houses surrounded by high vegetation, wind
shielding is far harder to predlcmr model. If you separate out
for attic 5 only the southern winds, the measured atlic venti-
lationrates are correlated quite well with the wind speed, espe-
cially compared. to the eniire wind spectrum presented’ in
Figure 2. See Figure 6 for the performance of attic 5 with
southern winds. 0|

Another aspect of the attlc ventllatlon Fate equatlon is the
effect of thermal buoyancy on attic air change. The graph
presented in Figure 7 shows the range ofattic ventilation rates
for attic-outdoor temperatyre differences of 0°C-30°C (0°F-
54°F), all for winds.less than 2 m/s (6.6 ft/s). It i is clear when

'corhparing'this-graph to the others that stack effects are not as
important and may be less predlctable than the wmd effects
shown above. There may be another attic temperature (e.g.,
sheathing temperature) that better correlates ventilation rates
and buoyancy effects. There are few attic air. change rates
above 1.0 air changes perhour, no matter what the temperature
difference. P

] Fam s 3
Flgure 8 shows' the measured diurnal variation of attic
temperatures for 10-11 April 1991.:Note: that the attic air
temperature is significantly warmer .than the outdoor air
temperature; with the difference increasing midday.. Exterior

“ tisheathing temperatures are warm (>40°G or >104°F) despite
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the max1mum outside: air. temperature of 10°C (SO‘T) The
sheathing temperature also drops in the evening to a teper-
ature cooler than outside air, due;to night sKy radiation, and
will likely cause incidents of condensation or frosting on the
sheathing. The swings in sheathing temperature will affect its
moisture content on a daily basis. Truss. temperatures (not

shown) follow. the attic air témperatares. ' :. il oo

o

/A two-zone venlil)a'lion model was[ developEd that
included ventilation rates for the house and the attic based | on
the air change modeling of Wilson and Walker. A more
compiehensive attic model, ATTIX, incorporated'thermal and
moisture modeling. Interested readers shotild consult the full
CMHC report | for deta;ls of model development (Forest and
Walker 1993) Iam Walker ran ATTIX using the same input
condltlons recorded for, the test jhonsgs and compared the
predlcted results for ventllatlon rates, temperature, humidity,
and wood moisture content. Figure 9 compares the predicted
vs. measured ventilatioi rates of attic 5 for all wind directions
and temperature‘s The dltfercnce between, the measured
values (as mdlcated by the (data points) and the predlctlons
(shown as the line) i mcrcase-, wilh mcreasmg wmd rspeed
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Similarly, Figure 10 shows the difference between the
measured and predicted (dashed’lin2) vapor pressure in attic 6
for a six-day period in May 1991 Agreement is rnngh Nata
andlysm on the altic vapor pressurcs showed that ‘the mican
error for various seasons range from —8% to —20%, with
percentage differences hlghcsl in winter when vapor prgssures
are low. Absolute altic air vapor pressure dlﬂcrenccs rang,cd
from [3% to 21%.

Having created a model of adequate accuracy, theé
researchers simulated attics in different climates with different,
construcuon detalls and with different types o,f ventjlation.
Both reports (Forest and Walker 1993; Forest and Berg 1993)
describe mvestlgatlons using the modeél‘to predlct attic wood
moéistiire contents. In some cases, ventllatlon ‘fans were used
instead of passnve ventilation openings in the expectatlon that
these could"be activated when drying conditidns were 0pt1—
mum. Conélusions from these two studies inciude:

Yot
1. ' Attlc a1r mmsture condltlons are affected by both the air
‘ mﬁltratmg from the house and the outs1de ventllatlon air.
+ Moisture from the house .dominates when the attic is well
sealed or ventllatlou rates are low. -,

s
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Figure 10 Measured vs. modeled attic air vapor pressures.

2. :If-there is a significant leakage rate from the house to the
1attic and the house is in an area with cold winters, the 1:300
. venting ratio does provide the attic ventilation necessary to
; prevent substantial winter icing.

3. 'High attic ventilation rates will increase wood moisture
content in maritime climates, especially during spring and
fall. The 1:300 venting ratio may be excessive for these
climates.

4. Mechanical ventilation, if used as a substitute for passive
vents, should consist of a fan supplying air into the attic at
a rate of roughly 5 air changes per hour.

5. The ATTIX model would-benefit from better wind pressure
coefficients and wood moisture relationships at tempera-
tures below freezing. The treatment of condensed water in
the model needs further examination.

British Columbia Modeling and Field Studies.

The last major attic project conducted by CMHC was fo
take the results of this prior research and use them in ficld test-
ing of new and existing houses. The intent was 10 use AI‘TIX
1o aid in the design of vent requirements | for new housing and
1o suggest remedies for several existing houses with observed
moisture problems. The planned research soon ran into diffi-
culties for the following reasons: = oy

1. The conttactor could notlocite a sufficient hurhber of attics
thh exlstmg moistiire problems within his region 1! ‘

M Ol

2. There were uncertamtles about measured wood molsture
contents in the attics, using m01sture pins.or, “Duff gauges,”
and how, these related to the predlcted wood _moisture
contents produced by the ATTTX model. Trends were in the
right d1rect|0n, absolute mojsture oontents were dlfferent

3. ATTIX wasnot as flexible in modeling individual houses as
anticipated, ‘atid its use by the contractor revealed some
programming oversights (eig., ‘house orientatidn did not

" “affect the modeled results). The authotof the original model
was hired to remedy some of the’ ATTIX shortcomihgs.

CH-89-11-1-

Despite the ATTIX upgrading that occurred during the
project, there was no formal report published on the modeling
results. Instead, a CMHC report was issued (Sheltair 1997)
that described only the houses sampled and their field test
results. Four pairs of houses were monitored over a winter:
two pairs in Vancouver, British Columbia, a coastal climate,
and two pairs in Edmonton, Alberta, a cold interior climate.
All houses had open, trussed attics with plywood or oriented
strand board sheathing and asphalt shingles. Roof shape-and
oricntation differed. Edch pdir of the Edmonton houses
contained onc house with code-required attic venting (labeled
as “Control”) and one nominally identical house by the same
builder with all intentional ventilation openings sealed. The
same concept was used in the Vancouver houses except that
Vl and V1 Control were the two halves of abulldmg with two
semi-detached houses, and V2 and V2 Control were separated
attics of the same large house. The burlders were instructed to
ensure that the house-to-attic interface in each sealed building
was as tight as possible. Testing of the inferface leakage areas
showed that there was no consistent trend to improved attic
interface tightness in these paired houses, even if the builders
had made efforts to construct tight interfaces. Each of the eight
houses was measuied manually, once a month, from Septem-
ber 1996 to March 1997 with hand-held, resistance measuring
moisture meters for all orientations at two different wood
penetration depths (3 mm and 9 mm or 0.12 in. and 0.35 in.).
The crew also tested house and attic temperaturée and humidity,
plus outdoor ambient conditions at the time of the test.

.The results echo the f)revio'_us testing. Attic sheathing
moisture contents were higher than other attic wood moisture
contents, in part due to the effects of night sky radiation where
the sheathing would reach dew point temperatures more
frequently than the framing meinbers. The sheathing moisture
contents showed an increasé¢ through the winter, followed by
adrop in the March readings. Of the four'pairs of houses, two
of the sealed attics showed marginally higher midwinter mois-
ture contents ithan their' vented ¢ounterparts, and two sealed
attics showed marginally lower moisture contents. Three'of
the paired attics (V2, E1, E2, and their controls) were very dry,
with the measured nerthisheathing moisture contents never
exceedin 20% MC. Both of the Vl attics exceeded 25% and
showed different m01sture content profile than the three
othét palrs (see, Flgure 11).,

The contractors . concluded the followmg from this
project, albeit from a srnall sample:

1. Theelimination ofintentional attic ventil:tion in the houses
*$tudied did not result in large differences of attic moisture
content between the code dttics and those with vents sealéd

2 The houses with hlgher indoor relative humidities showed
hlgher attic wood moisture contents in this sample.

3. The dlfferences in measured interface ]eakage areas did not
- 'cortélate du'ectly with observed attlc "wood ‘moisture
contents.
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Figure 11 Measured wood moisture qqriltents iq‘ the north sheathing of the four paired attics.

4. Wood moisture contents were low in the Edmionton attics
despite the occasional obsetved frostifig of the'sheathing.
BRYTR e i 0 5 i
Ice-Dam Research ! "

il

CMHC conducted one ather attu, n:lalud plejealdulmg
the winter of 1995-96 in the Ojnwa arca. In (hat winler,
several Canadmn cilies (Oltawa, Mounlreal, Winnipeg, and
others) had wcalhcr condmom in late fa]l conduc;vc to the
creation of ice dams on roofa. 'I‘hcre was an, abundance of
snowfall, no pronounced thaws, and a dayumc temperature
range of roughly —10°C to 0°C (14°F to 32°F). Such condi-
tions foster the development of ice dams, and their occurrence
was epidemic.

Curiously, new houses seemed to be affected as well as
older dwellings, despite good air sealing, high levels of attic
insulation, code-required venting, and waterproofing
membranes under the first several courses of asphalt shingles.
A contractor surveyed several hundred new houses in the
Ottawa area, visually sorting them into houses with or without
severe ice damming. From these houses, 16 houses with obvi-
ous ice dams and 17 houses relatively free of ice damming
were atudicd. The contractor performed a visual inspection of
the attic and house and left a remote temperature sensor in the
attic that was read and recorded by the householders for
several weeks. CMHC published a report on this work (Scan-
ada 1996). The clearest differences between the houses with
ice dams and without ice dams included the following.

1. The majqrity of-houses with ice dams were row houses.
Those without ice dams were largely singlg, detached
houses. The row houses in the survey generally. had less
(observable) atfic ventilation, especially through the soffits,

.. and more interior chimneys and concrete block party walls.
, All thgse factors: could. contribute, to increased, ice

damming. 3 i ol vi v

2. The houses With ice dams typically’ had warmer attics than

“'those without ice dams. Oti a day 'W'i?h a’'mean ‘butside

temperature of —6°C (21°F), the ice damrning attibs were on
average 4°C (7°F) warmer than those without ice dams.

3. Attics with ice dams were more apt to have lower levels of
insulation, unsealed attic hatches, and peculiar architectural
details on theroofs. The sample size was not big enough to
quantify these effects.

Based on this set of research findings, CMHC advice to
homeowners with attic moisture problems or ice damming
will first suggest reducing the possible house influence on the
attic (heat, air, or moisture flows from the house to the attic)
prior to trying additional ventilation measures. A document
designed for consumers, reflecting this advice, is in produc-
tion (CMHC 1998).

CONCLUSIONS

1. Canadianattic ventilation and moisture characteristics have
been established through field testing over the last decade.

CH-99-11-1



2. An attic simulation computer model, ATTIX, has been
developed and used for para.metrlc modelmg At 1;s current
stage of develqpmgnt, it is suttable as a research tool only
and not for the modelmg of spemﬁc houses or situations.

3. Natural ventilation of attics is largely dependent on ‘wind
speed and will vary significantly due to local wind shield-
ing. The effects of attic ventilation on attic wood moisture
contents will change from one climate to another. In some
areas, primarily coastal, lower attic wood moisture contents
may be achieved by minimizing attic ventilation' rates.

4. Minimization of heat and moisture-flows from the house to
theatticseems to be a prudent way of rediicing ice damming
and attic moisture problems.

5. Despite the above conclusions, there is no compelling case
to be made for reducing code requirements. for attic venti-
lation of new houses. However, codes should permit some
flexibility in design to allow altematlves in controlling-attic
moisture levels.

REFERENCES

BLP (Buchan, Lawton, Parent Ltd.). 1989. Attic air change
testing: Protocol development: OttaWa:'Canada' Mort-
gage and Housmg Corporation. -

BLP (Buchan, Lawton, Parent Ltd.). 1991. Survey of mois-
ture levels in attics. Ottawa: Canada Mortgage and
Housing Corporation.

CGSB. 1986. CAN/CGSB-149.10, Determination of the air-
tightness of building envelopes by the fan depressuriza-
tion mlethod. Canadian Gcneral Standards Board,
Ottawa. "~ * 4

Cleary, P.G. 1985. Mt)lsture cbntrol by atti¢ ventilation—An
in-situ study. ASHRAE Transactivns 91 (1). Atlanta;
American Society of Heatmg, Refrigerating and Air-
Conditioning Engineers, Inc. s

CMHC. 1998. Attic venting, attic moisture, and ice dams.
_About Your House series. Ottawa: Canada Mortgage
and Housing Corporation.; . :

CH-99-11-1

Forest, T.W., and K. Berg. 1993. Simulations of attic ventila-
tion and-moisture..Ottawa: Canada Mortgage and Hous-
ing Corporation.

Forest, T.W., and 1.S. Walker. 1993. Attic ventilation and
moisture. Ottawa: Canada Mortgage and Housing Cor-
poration.

Fugler, D. 1991. Recent field and test hut research in attics.
Proceedings of the Building Thermal Envelope Coordi-
nating Council (BTECC) Meeting, Bugs, Mold & Rot.

Gorman, T.M. 1987. Modeling attic humidity as a function
of weather bu11dmg construction, and ventilation rates.
Doctoral thesis for State University of New York, Col-
lege of Environmental Science and Forestry, Syracuse,
N.Y.

NBC. 1995 Nattonal building code of Canada 1995. Cana-
dian Commission on Building and Fire Codes, National
Research Council of Canada, Ottawa.

Rose, W. 1992. Measured values of temperature and sheath-
ing moisture content in residential attic assemblies. In:
Thermal performance of the exterior envelopes of build-
ings V. Atlanta: American Society of Heating, Refriger-
ating and Air-Conditioning Engmeers Inc.

Scanada Consultants Limited. 1996. Ice dam research data
analysis. Ottawa: Candda Mortgage and Housing Cor-
poratlon

Sheltair Scientific’ Ltd. 1989. A procedure for determmmg
«airtightness characteristics of attic spaces. Ottawa:

, Canada Mortgage and Housing Corporation.

Sheltair Scientific Ltd. 1997. Attic ventilation and moisture
control strategies. Ottawa: Canada Mortgage and Fous-
ing Corporation.

TenWol'de, A., and C. Ca‘rll.‘ 1992. Effect of cavity ventila-
tion on moisture in walls and roofs. In: Thermal perfor-
mance of the exterior envelopes of buildings V. Atlanta:
American Soc:ety of Hcating, Rcfrlgcralmg and Air-
Condmonmg Engineers, Inc.






