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EXECUTIVE SUMMARY 

A survey of twenty residential buUdings was conducted to 
observe the impact of ventilation strategies on moisture 
accumulation in attics. The objectives of the survey were to 
record attic lumber mOisture content levels over a period of 
one year and to assess the ventilation characteristics of the 
attics in order to account for the recorded moisture levels. 

The sample homes represented a range of ages, construction 
types and attic venting formats. Five of the houses were 
located in a coastal climate. Two test protocols, developed 
specifically for this project, were applied to the sample. The 
test protocols determined attic airtightness and attic air 
change rates. Moisture monitoring equipment was installed in 
each attic, and periodic measurements were taken for one year. 

This report presents the findings of the survey and offers an 
assessment of the two test procedures used. 
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1.0 INTRODUCTION 

It is a well established fact among homeowners and the building science 
community that mOisture accumulation in residential attics is a widespread 
problem. Past experience suggests that adequate ventilation of the attic 
space alleviates mOisture problems in some cases. Some recent research 
has indicated. however. that excessive attic ventilation can be counter­
productive. In order to gain insight into this apparent contradiction. 
Buchan. Lawton. Parent Ltd has completed a survey of twenty residential 
buildings for Canada Mortgage and Housing Corporation. The objectives of 
the survey were to record attic lumber moisture content levels over a period 
of one year and to assess the ventilation characteristics of the attics in order 
to account for the recorded mOisture levels. 

The twenty sample homes selected represented a range of ages. 
construction types. and attic venting formats. Five of the houses were 
located in a coastal climate. 1\vo test protocols. developed specifically for 
this project. were applied to the sample. The test protocols determined 
attic airtightness and attic air change rate. Moisture monitoring eqUipment 
was installed in each attic. and periodic measurements were taken for one 
year. 

This report presents the findings of the survey and offers an assessment of 
the two test procedures used. 

The methodologies for physical characterization. including airtightness 
testing. air change testing. and moisture data collection are briefly 
described in the next section. Section 3 presents the survey results in 
addition to an assessment of the performance of the airtightness and air 
change test protocols. The fourth section offers a discussion of the observed 
relationships between the sets of test data. Section 5 details an attempted 
validation of an attic mOisture model and the conclusions are stated in 
Section 6. 
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2.0 METHODOLOGY 

This section briefly describes the procedures followed in each of the three 
main components of the survey work: house characterization. including 
airtightness testing; air change testing; and mOisture monitoring. Each is 
separately detailed. Subsection 2.4 presents estimates of the errors 
associated with each method. Note that the test protocols for attic 
airtightness and air change rate were developed in projects preceding this 
survey. 

2.1 House Characterization 

For all houses in the test group. detailed dimensional data was gathered. 
including house and attic geometry. attic venting strategy. etc .. to produce 
the site plans contained in Appendix B. Sketches of the site in plan view 
and photographs of the house and the attic interior were taken. Wood 
species for attic lumber and sheathing were obtained from the identifying 
grade stamps. 

An innovative dual zone and depressurization method developed by Sheltair 
Scientific Ltd 1 was used to further characterize the test homes. This was a 
two-part test that yielded the airtightness of the attic proper. the 
airtightness of the interface between the attic and the house. and the 
airtightness of the house itself. Two calibrated fans were required; one was 
hard-ducted to the attic space from the outdoors. and the other exhausted 
from the interior house space to the outdoors. 

In the first part of the test, the attic was pressurized with respect to the 
outdoors. Leakage from the attic to the house through the interface resulted 
in a lesser pressurization of the house space. The house fan was used to 
reduce this pressurization to zero. In the second part of the test, the house 
was depressurized with respect to the outdoors and to the attic. Again. 
attic-to-house interface leakage resulted in a minor depressurization of the 
attic space. The attic fan was adjusted to reduce this depressurization to 
zero. Both parts of this test required careful iterative adjustment of both fan 
controls in order to achieve the deSired steady state pressures. It proved 
particularly difficult to adjust the attic flow rate in the second part of the 
test to maintain the attic at the outdoor pressure. It was found that 
Significant changes in flow to the attic had a minimal effect on attic pressure 
readings. This occurrence was more pronounced in the attics that had a 
larger venting area. In addition. it was found that this part of the test was 

1 Sheltair Scientific Ltd, Developing a Procedure for Determining Air Tightness 
Characteristics of Attic Spaces, Draft Report, prepared for Canada Mortgage and Housing 
Corporation, National Office, Ottawa, Ontario, August, 1989. 
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very susceptible to wind. Figure 2.1 shows the pressures for the house. 
attic. and outdoor zones (pressure denoted by 'p') and the measured house 
and attic flows (flows denoted by'Q'). 

Par11 

Oa=Oi +Ov 
Oh=Oi 

Figure 2.1 AlrtlChtDeu Teat Schematic 
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Ov • Ventilation leakage (attic) 

ON - Wall leakage 

Note that manipulation of the two measured flows (Qa and Qh) yielded the 
flow at 10 Pa through the attic ventilation. the attic-to-house interface. and 
the exterior walls of the house. From these flows. the associated Equivalent 
Leakage Areas (ELA) were determined. 

Detailed procedures for this test are provided in Appendix A-I. Comments 
on the level of effort and accuracy associated With the test are offered in 
Section 2.4. 

2.2 AIr Change Measurements 

Unlike airtightness characteristics. the air change rate of an attic space is 
dependent upon many factors associated With the outdoor weather. In 
order to investigate the effects of weather conditions on measured air 
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change rates. the air change testing performed was more extensive than the 
airtightness testing: all homes were tested twice--once in warm weather 
and again during cold weather. In addition to this base regimen of air 
change tests. a 'detailed' test regimen was applied to five of the test homes. 
The detailed plan consisted of six tests each conducted under differing 
wind and temperature conditions. Two of the six tests involved a 
modification of the methodology in order to perform a dual-zone tracer gas 
test. The dual-zone tracer gas test permitted the determination of the 
leakage rate of air from the heated house volume into the attic space. 

The basic air change test protocol. a constant concentration tracer gas 
technique. was developed specifically for this project by Buchan. Lawton. 
Parent Ltd2• 

Using this method. carefully metered SF6/air tracer gas is injected into the 
attic through an eight-nozzle manifold with the nozzles evenly distributed 
throughout the attic space. Four sampling pumps evenly distributed among 
the injection nozzles delivered air samples via plastic hoses to large 
sampling bags located in the house. The hosing and extension cords were 
routed through a temporarily fitted taped shut. cardboard attic hatch. 
Figure 2.2 shows a schematic of the air change apparatus. 

Figure 2.2 Air CbaDge Test Schematic 
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2 Buchan, Lawton, Parent Ltd, Attic Air Change T •• tlng: Protocol Development, Draft Final 
Report, prepared for Canada Mortgage and Housing Corporation, National Office, Ottawa, Ontario. August. 
1989. 
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1\\10 sets of air samples, time-averaged over a half hour period, were drawn 
after a one-hour stabilization period. Gas chromatography analysis applied to 
the two sets establishes the mean steady-state concentration of SFs in the 
attic. 

In the modified test, a carbon dioxide gas miXture was injected into the 
attic space in a fashion identical to the basic air change test. In addition, an 
SFs/air miXture was continuously injected into the return air grille of the 
heating system with the furnace fan functioning. Sampling hoses from the 
attic and house were routed to sampling bags outside the building where the 
actual samples were drawn from the bags. This was done in order to 
prevent cross-contamination of the two tracer gas zones by the sampling 
pumps. A Nova absorption C02 analyser was used to measure the steady 
state concentration of C02 in the attic space, and gas chromatography was 
used to determine steady state SFs concentrations in the attic and in the 
house. From this, the flow rate of air from the house into the attic space 
was determined. 

Details on the procedures used in both variations of the air change test are 
presented in Appendix A-2. 

2.3 Moisture Monitoring 

Site visits were made approximately on an monthly cycle to the test homes 
between October, 1989 and November, 1990 to collect mOisture data. The 
collected data included temperatures and relative humidities of indoor and 
attic air (in addition to time-averaged humidity content of indoor air), snow 
cover on the roof, and a series of mid-face and surface moisture content 
readings of the attic lumber. 

The mOisture content readings were taken with Delmhorst meters. The 
mid-plank figures were obtained from a series of permanently installed 
mOisture sensors consisting of a pair of mOisture pins and one 
thermocouple. A typical installation would include six of these sensors: one 
on each gable, two in a bottom ceiling joist or truss chord, and two in a top 
truss chord or rafter. The thermocouple readings were incorporated with 
the accompanying moisture meter readings to produce temperature­
compensated mOisture content values. 

The referenced paper suggested that plywood readings can be spurious in 
nature and difficult to interpret. Furthermore, the requirement that pins be 
inserted precluded the sheathing from permanent sensor instrumentation. 
as the shallow insertion depth would have lead to difficulties associated with 
pins tending to fall out. For these reasons, sheathing moisture content data 
was collected with a surface probe from approximately five locations. The 
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average. highest and lowest values were recorded. and no surface 
temperature measurement was attempted. The resulting uncompensated 
sheathing temperatures were intended as observations of seasonal mOisture 
patterns only. not absolute mOisture content values. The equation used was 
recommended for unidentified SPF material above and below fibre saturation 
by van RiJn and Onysk03. 

for readings M. 
where: M S B. 

where: 

where: 

MC = (1.50 - 0.0081T) M + (0.57 - 0.043T) 

M > B 
MC = (3.0 - 0.028T) M - 25.0 

MC = 
M = 

temperature compensated moisture content 
is the meter reading 

T = is the temperature in CelSius 
(25.57 - 0.043T) / (1.50 - 0.02T) and: B = 

Details on the mOisture pin installation and monthly visit procedure are 
provided in Appendix A-3. 

In order to enable sheathing mOisture comparisons with the various other 
compensated values. the sheathing surface temperature was estimated 
assuming a steady-state. one-dimensional heat conduction between the 
known top rafter wood and outdoor temperatures. Errors associated with 
this assumption are discussed in Section 2.4. 

2.4 Error Analysis 

In order to interpret the numerical results of the next section. the error 
associated with the test methods is estimated in this section. A formal 
treatment would include an estimate of total systematic uncertainty 
(affected by apparatus) and random uncertainty (affected by personnel and 
environment related factors). As this type of analysis was beyond the scope 
of this proJect. a more informal approach was taken. Systematic 
uncertainty. "accuracy". was summed in quadrature for methods involving 
compound measurements and stated. Random uncertainty. "measurement 
error", was estimated qualitatively only where appropriate. 

3 G.J. van Rijn & D.M. Onysko, A Note on Species and Temperature Correction of Moisture 
Measurements In Lumber Using Resistance Measurement Techniques Above and 
Below Fibre Saturation, Forintek Canada Corporation, Ottawa, Ontario, February, 1989. 
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2.4.1 Attic Ventilation Area 

The free venting area was most easUy estimated in cases where vents were 
discreet (as opposed to continuous). The accuracy of these estimates was 
calculated (Appendix A-4) to be ±17 per cent. For attics With continuous 
soffit venting. however. the actual areas were difficult to compute. The 
problem was further compounded by the obvious constriction of venting 
apertures by insulation. which cannot be estimated. For this reason. the 
accuracy of the estimated vent area. where continuous soffit venting was 
provided. was unknown. 

2.4.2 Air TIghtness - Accuracy 

The values of the various equivalent leakage areas were subject to 
considerable error. In Appendix A-4. the accuracy of the ventUation and 
house ELA's were estimated at ±13 per cent. and interface ELA 
measurements at ±7 per cent. 

A larger amount of inaccuracy in this test was a result of the difficulty in 
maintaining a 10 Pa pressure difference between the two zones and a 0 Pa 
pressure difference between the attic and outdoors in the second part of the 
test. Transducer. calibration and human error. and wind-induced pressure 
fluctuations all contributed to this random error. In Appendix A-4. the 
combined effect of these random component errors was estimated at 
±20 per cent. 

Although it was technically incorrect to combine systematic and random 
errors. it was arguable that an exception could be made in the case of ELA. 
This was because the equation for ELA (Appendix A-4) substituted the inter­
zone pressure difference term With the metered flow at 10 Pa. 
Mathematically. an error in this pressure difference has the same effect as a 
component error in the metered flow on the final ELA. A conservative 
method of combining these errors would be to sum them in quadrature. 
This yielded an overall accuracy of ±24 per cent for ventUation and house 
ELA values and ±23 per cent for interface ELA values determined in the 
first part of the test. 

It was often found. during execution of this test. that the measured pressure 
differences between the attic and indoor zones With respect to the outdoor 
zone were very easUy affected by even mUd gusts of wind. As well. there was 
an apparent mUd correlation between Wind speed. as posted in Table 3.2. 
and the observed disagreement between the interface ELA values calculated 
during the first and second parts of the tests. This was not a surprising 
result considering that wind induced pressure variations of 4 Pa were 
encountered by fan testing personnel during standard depressurization 
tests. 
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It could be argued that the test would be improved by expanding the 
protocol to include flow measurement at 3 or more pressure drops in order 
to allow a regression and subsequent airtightness analysis. This was 
attempted during most of the airtightness testing. Although two or three 
attics could be successfully tested at 3 points. generally it was found that the 
flow required to pressurize the attic space to 20 Pa would often exceeded 
the capacity of the Retrotec fan used for testing. In conclusion. the protocol 
should not be altered. but limited to research work and calm weather 
conditions. It should only be undertaken by qualified personnel 
experienced in depressurization testing. 

It was noted that. on average. using a good apparatus such as that used in 
this survey. the typical test duration was between five and eight man-hours. 

2.4.3 Air Change Test1Dg 

The attic air change and interface leakage results had an estimated accuracy 
of ±ll per cent and ±14 per cent respectively (Appendix A-4). 

As In the airtightness test. the air change test has a Significant source of 
random error. It may be recalled from the test methodology that the 
steady-state concentration determined the air change rate. This 
concentration was averaged from the four values corresponding to the four 
quadrants of the attic volume. The methodology was based on the premise 
that this average represented the true average concentration through the 
attic space. 

In the development of the protocol4• the initial testing incorporated thirty 
sampling locations which were eventually reduced to four. Although no 
actual error analysis was performed. it was observed that the mean of the 
four centroidal samples differed from the mean of all thirty samples by less 
than 7 per cent (2 per cent to 6.6 per cent) for six tests. Considering this, 
it would be prudent to estimate the random error of the air change results 
in this project due to SF6 stratification and short circuiting at ±10 per cent. 

2.4.4 Moisture MoDltoriDg 

Lumber Measurements 

The raw meter readings were temperature compensated. According to the 
source of the compensation equation5• the compensated readings had the 
following accuracies: 

4 Buchan, Lawton, Parent Ltd, Attic Air Change Tilting: Protocol Development, Draft Final 
Report, Canada Mortgage and Housing Corporation, National Office, Ottawa, Ontairo, August, 1989. 

5 Forintek Canada Corporation, Moisture Content Correction Tables for the Resistance-Type 
Moisture Meter, Ottawa, Ontario. 
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If the compensated mOisture content (MC) was less than 9%. 
then the accuracy was ± 1 % MC. 

If the compensated MC was between 9 and 22%. then the 
accuracy was ±2% MC. 

Since the thermocouple readings used for compensation are accurate to 
± 1 per cent. temperature inaccuracies would have little impact on the 
above accuracy values for MC. 

Sheathing Measurements 

Since surface temperature measurements were not collected for sheathing 
mOisture measurements. these were estimated. The previously referenced 
paper suggests that a 5°C error in temperature measurement would affect 
the compensated moisture content by no more than 1 per cent MC. It was 
estimated that the actual sheathing temperature measurements were. at 
most. ±5°C For the estimated sheathing moisture content. the errors are 
stated as follows: 

If the compensated MC was less than 9%. then the accuracy was 
±1.5% MC. 

If the compensated MC was between 9 and 22%. then the 
accuracy was ±3% MC. 
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3.0 OBSERVATIONS AND RESULTS 

The observed house characteristics and the results of the attic airtightness. 
air change and moisture monitoring work are presented in the following 
sub-sections. Generally. it was found that the data varied greatly from house 
to house. For this reason. the detalled house characterization. test. and 
mOisture monitoring data is presented in a house-by-house fashion in 
AppendlxB. 

3.1 Observed Characteristics of Test Homes 

The group of test homes was selected to include a variety of ages. 
construction types. attic and venting formats. and two climates. The 
resulting group consists of fifteen homes in the Ottawa region and five homes 
in Charlottetown. P.E.!. The Ottawa area homes are prefixed with an '0' and 
the Charlottetown homes are prefixed with an 'M'. Houses marked with an 
asterisk received the detailed regime of air change testing. 

Table 3.1 Observed House Characteristics 

House Location Age Stories Roof Type Venting Type 

0-1 Nepean, Ont. 1970 2 gable CS 
0-2 Ottawa, Ont. 1968 1 gable S&G 
0-3' Manotick, Ont. 1987 1 gable CS&R&G 
0-4' Manotick,Ont. 1987 2 hip & gable CS&M&G 
0-5 Ottawa, Ont. 1972 1 gable CS&T&G 
0-6 Gloucester. Ont. 1988 2 gable CS&M 
0-7 Ottawa, Ont. 1968 1 gable S&M 
0-8 ' Gloucester, Ont. 1971 2 gable CS&M 
0-9 Ottawa, Ont. 1960 1 hip CS&M&T 
0-10' Ottawa, Ont. 1960 1 gable S&G 
0-11 Gloucester, Ont. 1985 2 gable CS&M 
0-12 ' Gloucester,Ont. 1972 2 gable CS&M 
0-13 Gloucester. Ont. 1985 2 gable CS&R 
0-14 Goulburn,Ont. 1987 1 gable CS&G 
0-15 Gloucester,Ont. 1968 2 gable CS 
M-' Charlottetown, PEl 1971 1 gable S&G 
M-2 Charlottetown, PEl 1979 1 gable G 
M-3 Charlottetown, PEl 1956 1 hip & gable G 
M-4 Charlottetown, PEl 1964 1 gable G 
M-5 Charlottetown PE I 1975 1 aable G&T 
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Legend 
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Soffit 
S = Soffit 
G= Gable 
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T = Turbine 
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House 
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3.2 Alrtlghtness Test Results 

The airtightness testing results are presented in Table 3.2 as ELA values for 
the ventilation of the attic. the interface between the attic and the house. 
and for the exterior walls. All posted ELA values were calculated by 
multiplying the measured flow (at 10 Pal by a factor of 4 (very close to the 
actual calculation prescribed in the standard for airtightness testing of 
homes). 

Table 3.2 AlrtJihtneM Tellt Results 

House Date Wind House Attic ELA Estimated Ventilation Interface ELA 
m/dlyy Speed ELA· Ventilation Venting Area Difference •• Part 1 

kph an2 cm2 cm2 % cm2 
0-1 8/28/90 18 940 1700 2300 (est) -20 330 
0-2 5/23/90 11 - 2500 2700 (act) -10 460 
0-3 6/5/90 27 - 29300 (est) Unable to pressurize attic 
0-4 7/31/90 27 620 3600 3900 (est) -10 250 
0-5 7/11/90 12 500 2500 3400 (est) -20 300 
0-6 8/21/90 12 1100 4700 6100 (est) -20 330 
0-7 8/22/90 6 - 2300 1500 (act) 50 400 
0-8 12/1/89 10 - 5100 2500 (est) 100 280 
0-9 7/26/90 8 290 3900 6200 (est) -40 450 
0-10 5/22/90 15 330 2200 1900 (act) 20 280 
0-11 6/4/90 32 420 1300 2300 (est) -40 350 
0-12 11/30/89 28 - 2400 2200 (est) 10 -
0-13 8/30/90 8 1200 2900 8500 (est) -70 400 
0-14 9/20/90 15 - 5700 7000 (est) -20 20 
0-15 8/23/90 11 470 5500 3600 (est) 50 220 
M·1 6/19/90 25 400 1900 1400 (act) 40 330 
M·2 6/20/90 10 200 800 600 (act) 40 280 
M·3 6/21/90 13 900 2100 300 (act) 550 400 
M·4 6/19/90 13 490 3100 1000 (act) 210 380 
M·5 6/18/90 25 750 1600 1600iact) 0 460 
Mean 615 2937 4415 329 

NOTE: • House ELA does not include interface ELA 
•• Ventilation Difference. 100 x (Attic ELA - Est. Venting Area) / Est. Venting Area 

The determination of the free venting area of the attics was difficult for many 
of the houses equipped with continuous soffit venting. In such cases. the 
ventilation areas were estimated by using a fixed perforation area per unit 
length soffit. In most attics. with either continuous or discreet soffit 
venting. the measured free area was constricted somewhat by the attic 
insulation. It is felt. therefore. that these estimated ventilation area values 
(denoted in Table 3.2 as 'est') cannot be directly compared against the 
ventilation ELA values for the same house. 

Ten of the homes had measurable ventilation areas. These actual areas are 
posted in Table 3.2 as 'act'. A comparison of these areas against their ELA 

SURVEY OF MOISTURE LEVELS IN ATTICS 11 



counterparts reveals that the measured ventilation area is consistently 
higher. This is an expected result. since the so-called ventilation ELA must 
include leakage through joints in the sheathing and shingles. as well as. all 
other attic construction. 

Note that House 0-3 could not be tested. This house had a combination of 
gable. ridge. and continuous soffit venting with a ventilation area in the order 
of 30.000 cm2. When attempting to fan test this attic. a pressure of 10 Pa 
was not achievable. 

The interface ELA values produced by the first part of the test are posted in 
Table 3.2. 

3.3 Air Change Test Results 

Table 3.3 presents the air change test results for all homes in the test group. 
including the extended regime of air change tests. The column showing 
interface flow applies only to the two dual-zone tracer gas tests performed 
on these homes. 

The measured attic air change rates vary greatly from house to house and. for 
some houses. from test to test. The rates obtained for other homes are very 
consistent. For instance. the six air change rate values measured for House 
0-3 are all between 11 and 15 air changes per hour. Houses 0-14. M-2. 0-7. 
and 0-2 show fairly consistent air change rate values as well. Other houses 
show large discrepancies between values (for instance. House 0-13). 

The measured attic air change rates ranged from 1.1 ACH (House 0-10) to 
33 ACH (House 0-8). The average air change rate for each house was 
determined in order to assess the distribution of air change values among 
the test group. Figure 3.1 shows the frequency distribution of attic air 
change rates. The warm and cold air change test results were averaged to 
obtain one attic air change rate for each house. 

Note that 60 per cent of the test group had air change rates between 1.0 and 
7.5 ACH. Thirty per cent of the group had average air change rates between 
10.0 and 15.0 ACH. The remaining 10 per cent had air change rates 
between 15.0 and 33 ACH. 

Clearly. attic air change rates are very weather dependent. An inspection of 
Table 3.3 shows that three dominant driving forces affect air change rates: 
wind direction. wind speed. and the temperature difference between the 
attic and the outdoors. Section 4.0 of this report provides a discussion on 
the effect these factors have on measured air change rates. 
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Table 3.3 Air ChaD&e Test Results 

House Test Dale Test TerT1). TerT1). TerT1). Wind Wind Weather Air Change Interface 
Start House Allie Outside Speed Direction Conditions RatelHour Flow 
Trne ·C ·C ·C <kPh) (Us) 

0-1 1 24-Jan-90 11 :00 20 10 5 24 S Sunny 6.5 N/A 
2 26-Jul-90 15:00 26 52 31 7 W Sunny 2.6 N/A 

0-2 1 22-Jan-90 11 :00 19 2 -12 6 ENE Snowing 3.1 N/A 
2 23-Jul-90 11 :00 20 21 21 15 NE Overcast 1.6 N/A 

0-3 1 23-Jan-90 11 :00 18 5 -2 11 SW Sun &Cloud 15.0 N/A 
2 31-Jul-90 14:00 21 26 20 20 N Overcast 14.5 N/A 
3 1-Aug-90 11 :00 21 25 25 23 NW Sunny 11.3 N/A 
4 3-Aug-90 10:00 22 35 27 17 W Sunny 14.1 N/A 
5 22-Mar-90 15:00 19 15 11 20 SSW Cloudy 14.0 -
6 17-Aug-90 11 :00 24 38 31 22 SSW Sun &Cloud 15.3 40 

0-4 1 23-Jan-90 14:30 22 9 -2 10 SW Overcast 6.0 N/A 
2 31-Jul-90 11 :00 18 24 16 28 NNW Overcast 8.3 N/A 
3 1-Aug-90 14:00 26 30 27 24 NW Sun &Cloud 6.5 N/A 
4 3-Aug-90 13:00 20 48 31 19 W Sunny 14.0 N/A 
5 22-Mar-90 9:00 19 10 6 15 SSE Cloudy 13.6 10.2 
6 9-Aug-90 11 :00 23 33 26 15 SSW Sunny 17.0 32 

0-5 1 14-Feb-90 15:00 19 6 -7 6 NW Sunny 14.2 N/A 
2 11-Jul-90 13:00 20 35 24 13 WN'N Sunny 6.2 N/A 

0-6 1 13-Feb-90 10:30 18 2 -3 10 SoW Overcast 5.8 N/A 
2 16-Jul-90 11:30 20 30 25 26 SW Sun &Cloud 19.0 N/A 

0-7 1 14-Feb-90 10:00 20 0 -3 19 NW Sunny 4.4 N/A 
2 18-Jul-90 14:30 29 42 31 30 SW Sunny 3.8 N/A 

0-8 1 1-Feb-90 12:00 18 7 0 15 S Overcast 11.7 N/A 
2 1-Jun-90 14:00 22 37 28 30 SW Sunny 16.8 N/A 
3 13-Jul-90 14:30 24 41 25 9 SE Sunny 4.3 N/A 
4 18-Jul-90 10:00 21 37 30 20 SSW Sunny 33.0 N/A 
5 20-Mar-90 14:30 18 11 4 15 N Cloudy 5.9 11.3 
6 7-Aua-90 11 :30 21 24 20 6 W CloudV 4.5 7.1 

0-9 1 12-Mar-90 11:00 19 11 6 15 ENE Overcast 8.9 N/A 
2 26-Jul-90 11:00 21 27 26 9 W Sunny 3.0 N/A 

0-10 1 18-Jan-90 12:30 16 7 4 19 SSW Raining 3.0 N/A 
2 17-Jul-90 11:30 25 35 26 20 SW Sunny 1.9 N/A 
3 19-Jul-90 10:00 24 40 25 26 W Sunny 1.6 N/A 
4 20-Jul-90 14:30 21 22 20 11 W Raining 1.1 N/A 
5 21-Mar-90 12:30 18 21 6 30 W Sunny 3.5 3.3 
6 2-Aua-90 11 :00 20 49 28 17 WSW Sun &Cloud 1.6 0.9 

0-11 1 24-Jan-90 13:00 19 9 5 30 SSW Raining 11.4 N/A 
2 20-Jul-90 11 :00 22 24 19 13 SW Rainina 2.6 N/A 

0-12 1 15-Jan-90 14:30 18 2 -11 11 NNE Snowing 3.7 N/A 
2 17-Jan-90 8:30 18 6 -1 12 ENE Raining 5.0 N/A 
3 24-Jul-90 15:00 21 47 27 8 SSW Sun &Cloud 2.8 N/A 
4 25-Jul-90 7:30 20 29 20 11 W Sunny 1.9 N/A 
5 9-Mar-90 12:00 20 12 4 5 ENE Sunny 3.2 13.4 
6 30-Jul-90 15:00 20 41 31 22 S Sunny 6.2 7.3 

0-13 1 19-Feb-90 13:00 18 1 -3 37 W Sun &Cloud 20.3 N/A 
2 19-Jul-90 14:00 24 36 27 24 WSW Sunn), 11.4 N/A 

0-14 1 15-Feb-90 12:00 15 -5 -7 26 NE Snowing 2.2 N/A 
2 25-Jul-90 15:00 20 50 30 13 W Sunny 1.9 N/A 

0-15 1 19-Jan-90 11 ;00 17 -3 -10 20 W Sunny 13.4 N/A 
2 14-Mav-90 12:00 20 39 17 7 NNW-SW Sunn), 7.2 N/A 

M-1 1 8-Feb-90 15:00 18 9 -5 15 ENE Cloudy 2.2 N/A 
2 17-Jun-90 11 :00 18 28 25 17 SSW Sunny 1.2 N/A 

M-2 1 8-Feb-90 11 :00 19 12 -2 18 NW Sun &Cloud 2.6 N/A 
2 20-Jun-90 15:00 21 17 15 9 N Cloudy 2.4 N/A 

M-3 1 7-Feb-90 15:00 18 7 -7 22 SSW Sunny 2.4 N/A 
2 21-Jun-90 14:00 20 16 14 11 N Overcast 1.9 N/A 

M-4 1 9-Feb-90 10:00 19 1 1 22 S Sun &Cloud 6.7 N/A 
2 17-Jun-90 16:00 18 33 24 15 S Sunny 2.1 N/A 

M-5 1 7-Feb-90 11 :00 18 2 -7 11 SSW Sunny 9.5 N/A 
2 18-Jun-90 14:00 18 27 20 28 SW Sunny 23.0 N/A 
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Figure 3.1 Air Change Rate Distribution 
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3.4 Moisture Monitoring Results 

The seasonal mOisture content profiles for all sensors in each house are 
presented house by house in Appendix B. As well. the relative hUmidity 
profiles for the attic. the house. and the one week. time-averaged samples 
for the house are posted. 

A wood mOisture content greater than 30 per cent. combined with a 
appropriate temperatures and inadequate ventilation. represents conditions 
conducive to rotting. At the peak of the heating season. many of the test 
attics had surface sheathing mOisture contents above 30 per cent. These 
attics, however, did not necessarily exhibit elevated mOisture content values 
in the lumber (top truss, webbing. or ceiling joist). Since the sheathing is 
consistently the coldest surface in the attic during the heating season. it 
would be the first surface on which condensation would occur and would be 
anticipated to have elevated readings. 

The test group of homes was diVided into three categories according to the 
wetness monitored. 'Wet' attics were considered to have moisture content 
values above 30 per cent in the sheathing and at least one of the monitored 
framing members. 'Dry' attics were categorized as having all moisture 
content values around or below 20 per cent. It was found that three of the 
fifteen Ottawa area homes and one of the Maritime homes fell into the wet 
category. These are Homes 0-1. 0-12. 0-13. M-2. Five out of fifteen of the 
Ottawa area homes and one of the Maritime homes fell into the dry category. 
These are Homes 0-3.0-5.0-9.0-10.0-14 and M-5. 
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The third category consists simply of those attics neither categorized as wet 
nor dry. Figure 3.2 contains a sample of mOisture curves typical of the wet 
category and Figure 3.3 contains a sample of the dry category. 
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Figure 3.2 Typical Moisture Content, Wet Attic, Seasonal Prome 
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An examination of the characteristics of the wet and dry homes did not 
reveal any particular aspects of construction or venting common to either 
classification. The ages of the wet attics ranged from 1970 to 1985. The dry 
attics were aged between 1960 and 1987. Comments as to the possible 
causes of the "wet" attics are discussed as individual cases in Section 3.5. 

1\vo distinct trends can be observed from the mOisture profiles of each 
house (Appendix B). Generally. the attic lumber becomes quite moist during 
the heating season and dries out over the summer months. This trend is 
most prevalent in the Ottawa group. The moisture profiles from the 
Maritime group are generally flatter over the year. 

Common to all of the test homes was an increase in the moisture content of 
wood located higher in the attic space. The mOisture profiles show that 
sheathing mOisture content reached the highest levels and experienced 
faster mOisture content change than the lumber. Rafter and truss members 
supporting the sheathing were frequently the next most moist component 
after the sheathing. Note. however. that gable lumber moisture content 
levels were sometimes higher than those found in the lumber supporting the 
sheathing. In all cases. the mOisture sensors located in ceiling joists or 
bottom truss chords (below the top of insulation) detected the lowest 
mOisture content values. 

In order to compare moisture content levels among different houses. the 
monthly readings were averaged across all of the moisture sensors excluding 
the sheathing values. A maximum value was extracted from each of the 
resulting sets of moisture readings for each attic. This number was used as a 
means to gauge the relative overall 'attic wetness' from house to house. A 
discussion of these values is presented in Section 4.0. 

3.5 Observed Effects of Indoor RH on Attic Moisture 

The five Maritime attics had house relative hUmidity profiles (Appendix B) in 
the top 60 per cent of the sample group. This is not surprising. considering 
the climatic differences between Ottawa and Charlottetown. In attics M-2. 
0-12 and 0-13 there were occasions when water was observed to be 
dripping from the attic sheathing. It was also noted that humidifiers were in 
operation in these houses. 

The foregoing confirms the obvious--the living space is a Significant source of 
attic moisture. A few curious anomalies should. however. be pointed out on 
an individual basis: 
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House 0-1 (wet) 

Surprisingly. this house had a house relative hUmidity profile characteristic 
of the dry group. An inspection of the mOisture and RH data for this house 
(Appendix B) revealed that only the two gables had lumber moisture contents 
above 30 per cent. It is also important to note that the gables were more 
moist than the sheathing. 

House 0-7 

House 0-7 was determined to have average airtightness and air change 
characteristics relative to the test group. The only aspect in which this 
house differed from the test group was in its venting strategy. It had only 
soffit venting. In the attic. infiltration occurred at the eaves. and ex:ftltration 
occurred near the ridge at the two gable ends. A possible explanation for the 
high moisture content at these sites was that exflltration (and consequently 
condensation) concentrated there. This was consistent with the observed 
lack of condensation and lower moisture content associated with the 
sheathing .. 

It was generally observed that mushroom type venting was associated with 
frost collection on sheathing. particularly near the vents. 

House 0-12 (wet) 

This house was characterized as wet because the top-chord east sensor 
exceeded 30 per cent mOisture content in December. During the November 
site visit. it was noted that the humidistat was set very high. The 
homeowner promptly reduced the setting. This was reflected in the house 
relative humidity profile--the humidity was reduced from 60 per cent RH to 
30 per cent RH between November to December. The moisture content of 
this sensor. however. increased. A possible explanation for the attic RH 
increase was that the low outdoor temperatures had a greater impact on the 
relative hUmidity in the attic than the mOisture transport into the attic from 
the house. 

House M-5 (dry) 

Although House M-5 had one of the most elevated indoor relative humidity 
profiles of the entire test group. it had generally drier than average lumber 
mOisture content. The low mOisture associated with this attic could be 
attributed to the higher than average attic air change rates observed in the 
attic. Another possible reason is the Venmar ventilation system 
(turbine-style) which exhausts air from the attic and results in lower attic 
moIsture. 
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4.0 ANALYSIS AND DISCUSSION 

The preceding section presented the house characterization. airtightness. air 
change. and moisture content data generated through this survey. Considerable 
analysis was undertaken in order to account for the moisture levels observed in 
attic lumber and to see how attic air change affects lumber moisture content. 

One approach was to first analyse the data produced from the extended 
regimen of air change testing in order to determine relationships between the 
observed air change rates and the various weather factors. 1111s step would 
allow a normalization of the air change data producing a weather independent 
data set. The normalized air change data could then be used to investigate 
effects of construction and attic venting type on air change and. finally. to 
Investigate a possible relationship between attic air change rate and mOisture 
content of the attic lumber. 

The following subsections summarize the relationships investigated as part of 
this process. 

4.1 Air Change Rate aDd Weather 

Preliminary testing at the Small Homes Council in Illinois revealed that attic air 
change rates were very sensitive to wind direction. Table 3.2 indicates that 
wind speed. as well as attic-to-outdoor temperature drop. impacts on air 
change rates. These weather related driving forces were separately conSidered 
with respect to their effect on air change rate. The air change rates for the 
five homes in which detailed air change testing took place were plotted against 
attic-to-outdoor temperature drop. Wind speed. and wind speed adjusted for 
direction and shielding. 

The air change rates plotted against the attic to outdoor temperature drop 
exhibitted a great deal of scatter with very little correlation. For this reason. 
these plots have not been included in this report. 

Roof configurations would be expected to have varying sensitivities to wind 
speed and direction. A gable-style roof. for example. with a combination of 
soffit venting and individual vents on one of its faces. would be expected to be 
more sensitive to Wind direction than. for example. a square hip style roof with 
soffit venting and independent mushroom type vents on each face. Perhaps the 
most Wind independent attic configuration is characterized by House 0-3. This 
house has a roof composed of three gable sections. Venting for this attic is 
provided by a combination of soffit (in each cardinal direction). gable. and ridge 
venting. Figure 4.1 shows air change versus windspeed plots for two of the 
detail homes. Note that House 0-3 shows less scatter in the air change values 
than those for house 0-10. which had a gable roof with eave and gable venting. 
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Figure 4.1 Air Change Versus Wind.peed - Detailed Homes 
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To explore the effect of wind direction and shielding on air change. an 
adjusting procedure was applied to the wind speeds of the detailed homes. 
This procedure consisted of dividing the roof plan into six equal pie shaped 
sections with the origin at the centre of the roof. A weighting factor 
between 0 and 5 was assigned to each section--5 reflecting the highest 
possible anticipated wind induced ventilation. As well. a second shielding 
factor between 0 and 2 was assigned to each sector--2 indicating no 
shielding (I.e .. an open field) and 0 reflecting a high degree of shielding. 
The wind direction recorded for that air change test was then classified into 
one of the pie shaped sectors. The magnitude of the wind speed was then 
multiplied by the sum of the factors for that sector divided by 7. Figure 4.2 
shows the air change versus wind speed and air change versus adjusted wind 
speed plots for all of the detailed homes except for House 0-3. 

SURVEY OF MOISTURE LEVELS IN ATIleS 19 



Figure 4.2 Air Change Versus WInd Speed - Detailed Homes 
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Comparing the plots of air change versus windspeed and air change versus 
adjusted wind speed. the adjustment has somewhat reduced the scatter for 
Houses 0-8 (gable roof with continuous soffit and mushroom venting) and 
0-10 (gable roof with soffit and gable venting). The scatter was not reduced 
for Houses 0-4 (gable roof with continuous soffit. gable and mushroom 
venting) and 0-12 (gable roof with continuous soffit and mushroom venting). 
Examination of the field sheets from the air change tests for House 0-12 
show that wind directions recorded by field personnel differ from the 
airport records. This underscores a rather obvious pitfall with using weather 
station data and extrapolating for the surrounding area. 

4.2 Air Change and Equivalent Leakage Area 

Figure 4.3 contains cold weather. warm weather. and overall average air 
change rates for the entire test group were plotted against the attic El.A 
values measured during the airtightness testing. These plots exhibited a 
high degree of scatter. Although a good correlation between air change and 
airtightness was expected. the R squared value for the regression in Figure 
4.3 revealed that only 7.5 per cent of the observed positive trend was related 
to air change variation with ELA. The poor correlation is likely due to the 
random effects of weather on the air change results. 

Figure 4.3 Air Change Rate Versus Attic ELA 
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4.3 Lumber Moisture Content 

As discussed earlier. the maximum seasonal value of the monthly average 
lumber mOisture content levels was used to compare the overall attic 
wetness of the houses in the test group. This produced one moisture 
relating value per house. This quantity. 'attic mOisture content,' was then 
plotted against the average air change rate. measured attic Equivalent 
Leakage Area. and against interface leakage. There was no observed 
relationship between overall attic wetness and air change and. therefore. a 
plot of that relationship has not been included in this report. 

In Figure 4.4. the plots and line fits of the attic mOisture content versus attic 
ELA showed a positive correlation. This plot indicated that. in this survey. 
attic wetness decreased with increasing attic Equivalent Leakage Area. The 
four highest points correspond to the four "wet" attics (in descending order: 
0-1. 0-13. M-2. 0-12). 

Figure 4.4 AtUc Moisture Content venus AtUc Equivalent Leakage Area 
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The scatter plot and regression line of maximum mOisture content versus 
interface Equivalent Leakage Area is presented in Figure 4.5. Although the 
interface flows posted in Table 3.3 show a large degree of scatter. this is 
largely reduced when this flow Is expressed as a fraction of total attic air 
change. This normalization allows comparison of interface leakage flows 
among houses. In Figure 4.5. a plot and regression of maximum mOisture 
content versus interface leakage flow is provided. 
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Figure 4.5 Attic Moisture Content versus Interface Equlvalent Leakage Area 
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5.0 ROOF TEMPERATURE AND MOISTURE MODELLING 

The FPL Roof Temperature and Moisture Model was provided by Mr. Anton 
Tenwolde of the United States Department of Agriculture. Forest Service. 
Forest Products Laboratory. The model has undergone several revisions 
since it was first introduced by Mr. Thomas Gorman of the University of 
Idaho in 1987. 

The data gathered from the houses subjected to the detailed regimen of 
testing fully satisfied the model's input requirements. Apparently. this was 
the first such compilation of measured data. This section summarizes the 
use of this data to validate the Forest Products Laboratory (FPL) model. 

5.1 Description of Model 

The model calculates the attic hUmidity and sheathing mOisture content 
values of a simple gable-style roof (two faces) of specified geometry. The 
purpose of the model is to provide information required in solving design­
and speCification-related problems. 

The computer implementation of the model was written in FORTRAN. and 
was provided in a form that runs on IBM and compatible microcomputers. A 
summary of the model inputs and outputs is presented in Table 5.1. 

Table 5.1 FPL Model Inputs and OUtputs 

Inputs Outputs 

Hourly data for: Hourly data for: 

• outdoor temperature [OF] • sheathing surface moisture content, face A [deCimal] 

• outdoor dewpoint [oF] • sheathing surface moisture content, face B [deCimal] 

• outdoor windspeed [knots] • sheathing Inner moisture content, face A [deCimal] 

• solar radiation, face A [Langleys] • sheathing inner moisture content, face B [deCimal] 

• solar radiation, face B [Langleys] • sheathing inner temperature, face A [oF] 

• snow cover [0 or 1] • sheathing inner temperature, face B [oF] 

• building data • sheathing outer temperature, face A [oF] 

• sheathing outer temperature, face B [oF] 

• attic air temperature [oF] 

• attic air relative humidity [decimal] 
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For details on building data and input/output file fonnat. please see 
AppendtxC. 

It should be noted that weather offices provide solar data as radiation on a 
flat surface. A program provided with the model (SUNDAT) uses site 
specific roof slope and aspect to produce the radiation impinging on roof 
faces A and B. A flow diagram of the system is provided in Figure 5.1. 

Figure 5.1 Model Flow DIagram 
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5.2 Methodology &: UmitatloDS 

The model was run for four of the five detailed test houses (Houses 0-4. 0-8. 
0-10. and 0-12). House 0-3 was not run because of the highly irregular roof 
shape of the house. House 0-4 was used despite its hip format because two 
of the faces were deemed dominant. 

Weather data was acquired from the Environment Canada Atmospheric 
Environment Service (AES) spanning the period from February 1.1990 
through July 31. 1990. From this data. model input files were created for 
each house. These files were adjusted so as to commence on the earliest 
possible date for which monthly visits were made. 

From the model output. moisture content. attic temperature and relative 
hUmidity values were extracted corresponding to the dates and times of site 
viSits. The measured and modelled values were compared. Note that during 
the site visits. mOisture content values were collected from the roof face 
nearest the attic hatchway. Model outputs pertaining to the other face were 
ignored. 

The model produced hourly output. and the measured mOisture values had a 
period of roughly one month. For this reason. this comparison exercise 
cannot be viewed as a rigorous validation. Other limitations are assocIated 
with the snow cover observations and solar radiation data. As the collected 
snow cover information was monthly as well. it was deemed useless as an 
input to the model. For this reason. hourly snow cover data was set to zero 
for the entire run. 

The data for solar radiation on a flat surface is currently not available from 
AES. Although this data has been archived and will be available in the future. 
it is unavailable in digital format. and has never been offered in hard copy. 
In order to model the solar radiation. Mr Gorman forwarded a computer 
program for determination of total clear sky radiation by Flint and Childs6 • 

AES was able to produce cloud amount data. Buchan. Lawton. Parent Ltd 
modified the program to read the cloud amount data and produced total 
cloudy sky radiation in the required units. The approach used was detailed 
in a paper by Brinsfield et a17 . The inaccuracies associated with this 
approach to obtaining solar radiation data cannot be quantified. due to the 
highly subjective nature of cloud amount data. 

6 Alan L. Flint and Stewart W. Childs, Calculation of Solar Radiation In Mountainous Terrain, 
Department of Soil Science, Oregon State University, January 1987. 

7 Russel Brinsfield and Melih Yaramanoglu and Fredrick Wheaton, Ground Level Solar Radiation 
Prediction Model Including Cloud Cover Effects, Department of Agricultural Engineering, 
University of Maryland, Feb. 1984. 
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5.S Model Performance 

Measurements of attic temperature. relative hUmidity and sheathing 
moisture content are compared against model predicted values in Table 5.2. 
The sheathing moisture content results comparisons are repeated 
graphically in Figure 5.2. 

Table p.2 Measured VB. Modelled Results 

Hou •• 0-4 

Attic Temperature Attic Relative HumiditY Sheathina Moisture Conten 
Measured Modelled Measured Modelled Measured Modelled 

Date [OCl roCl ['Yol f'Yol f'Yol f%] 
21-Mar-90 13 19 42 40 20 20 
11-Apr-90 6 6 70 67 20 12 
5-Jun-90 16 32 33 25 12 5 
29-Jul-90 23 52 6 
31-Jul-90 22 61 10 

House 0·8 

Attic Temperature Attic Relative Humidltv Sheathina Moisture Conten 
Measured Modelled Measured Modelled Measured Modelled 

Date rOCl rOCl r%l r%l r%l r%] 
1-Feb-90 4 4 60 91 22 22 
20·Mar-90 8 7 67 82 13 9 
12-Apr-90 4 2 53 52 16 8 
1-Jun-90 41 13 15 62 6 6 
13-Jul-90 34 34 9 6 
29-Jul-90 19 63 6 

Hou .. 0·10 

Attic Temperature Attic Relative Humiditv Sheathine Moisture Conten 
Measured Modelled Measured Modelled Measured Modelled 

Date rOCl roCl r%l r%l £%1 r%] 
21-Mar-90 11 19 39 45 12 12 
12-Apr-90 5 52 52 13 9 
4-Jun-90 21 51 7 11 -12 
17-Jul-90 27 32 43 25 8 -2 
29-Jul-90 22 95 ·30 

21-Aua-90 22 56 9 

Hou .. 0·12 

Attic Temperature Attic Relative Humiditv Sheathine Moisture Conten 
Measured Modelled Measured Modelled Measured Modelled 

Date fOCl roCl f'Yol r%l f'Yo1 r%l 
9-Mar-90 4 -1 79 60 30 30 
18-Apr-90 8 10 22 20 12 10 
10·May-90 15 29 32 45 10 8 
7-Jun-90 20 13 48 74 9 7 
27-Jul-90 38 23 43 52 8 6 
29-Jul-90 17 82 6 

23-Aua-90 31 51 9 
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The model-predicted results presented in tabular form in Table 5.2 and 
graphically in Figure 5.2 were based on data obtained for a six month period 
from the Atmospheric Environmental Service of Environment Canada. The 
data covered the period from February 1. 1990 to July 29.1990. Although 
measured data was not available for July 29. the modelled values were 
included in the Table and Figure to provide an indication of how the model 
changed over the seasons. The closest measured summer data was included 
for comparison purposes. 

Comparing the modelled sheathing mOisture content With the measured 
results. House 0-12 appeared to have excellent agreement. while Houses 08 
and 0-4 were fair. It should noted that the model consistently under­
predicted the mOisture content level. This may be related to the over­
prediction of the sheathing temperature caused by the assumed zero snow 
cover. 

The results for House 0-10 appeared to oscUlate and produced erroneous 
negative values. The reason for this was not clear. 
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Table 5.2 revealed that the measured attic air temperature and relative 
hUmidity values differed signUlcanUy from their predicted values. Although 
the reason for these discrepancies was unknown. it should be pointed out 
that these quantities varied signUlcanUy on a daily cycle compared to 
sheathing moisture content. This cyclic trend is illustrated in Figure 5.3 
where the hourly numbers for house 0-8 were posted for a 48-hour interval. 

Taking into consideration the l1m1tations of this validation attempt. the 
predicted mOisture content values exhibited fatr-to-good agreement with 
measured values. Although this exercise cannot provide a basis for 
measuring the accuracy of the FPL model. it would appear that the model is 
not inaccurate. and is likely quite useful in the application for which it was 
intended. 
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Figure 5.3 House 0-8 Model Results--48 hours 
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5.0 CONCLUSIONS 

The work undertaken in this study must be considered preliminary in 
nature. The work involved the first major field trial of two new attic testing 
procedures. one for measuring ELA and a second for measuring air change 
rate. 

The test procedures appeared to be applicable to most houses. however. the 
physical arrangement of the attic access could significantly complicate the 
test set up. In addition. houses with very high attic ELAs may exceed the 
flow capacity of the available fan equipment. 

Of the two approaches used in the attic ELA test for measuring the interface 
ElA the first approach proved to be far superior. The adjustment of the 
attic air flow rate. while attempting to maintain a pressure balance between 
the attic space and the outdoors in the second test. was unreliable. 

The house sample size was small and contained a wide variety of 
construction types and ages of houses in two distinctly different climatic 
zones. limiting the ability of the data to display trends. A large and more 
precisely defined sample would help alleviate this problem. 

High attic mOisture content was not found in the absence of high house 
humidities. 

The venting strategy employed in the attic appeared to have some effect on 
the concentration of mOisture in certain parts of the attic. Although the 
sample Size was too small to draw firm conclUSions. observations indicated 
that venting strategies in which the exf1ltration venting area was 
concentrated resulted in higher localized mOisture content in the wood at 
those sites. A combination of high and low attic venting appeared to 
facilitate moisture removal. 

It is clear that estimating the attic ELA by measuring the venting area is 
unreliable. 

Weather conditions appeared to have a large impact on the air change rates 
in attics. however. the relationships between the major weather parameters 
and the air change rate could not be determined from the data gathered. In 
order to better determine correlations between air change rates and wind 
parameters. on site. real time wind data recording would be necessary. 

As can be expected. there is a definite correlation in some attics between 
air change rate and wind speed. The hourly airport wind speeds and 
occasional on-site estimates were insufficient to quantify the effect. 
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