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introduction

The long-term thermal, structural, air quality, and
cosmetic performance of a building depend in part upon
the moisture conditions occurring in the components of its
thermal shell.

Moisture studies in the Pacific Northwest have identified a
potential for moisture problems, but the variations of
moisture levels in critical areas of wood framed buildings
have not been continuously measured across all the sea-
sons of the year. Hence, it has not been possible to deter-
mine whether or not, how frequently, or for how long
these areas are both warm enough and wet enough for
wood-destructive fungal growth to occur.

This project sought to demonstrate the effectiveness of
moisture controlling systems in a tight, energy-efficient
residence by frequently measuring the variation of mois-
ture levels across all seasons for a one year period.
Moisture levels continued to be measured, but less fre-
quently, during the following three years.

Building Description

The building envelope was deemed very tight based on
blower door test results of 1.2 air changes per hour at an
induced indoor to outdoor pressure difference of
50 Pascals (ductwork included). Though currently atypi-
cal, this level of tightness is practically achievable. This
air change rate was measured both upon completion of
construction and one year after completion of construc-
tion. The measured annual space heating energy consump-
fion was 2.5 kWh/f’tzlyr (¢7 ]’.\/L?’/(m2 ® yr). The mechani-
cal ventilation system was designed to operate continu-
ously in a manner that depressurized the occupied portion
of the building 2 to 13 Pascals lower than outdoors, and
pressurized the cravglspace exhaust plenum 3 to 7 Pascals
higher than the occupied zone. The primary purpose of
this design was to utilize the normal operation of the
continuous mechanical ventilation system to establish the
differential pressure necessary to limit soil gas entry into
the occupied portion of the building. Figure 1 shows a

generic description of the mechanically induced and
maintained pressure conditions.

The building shell is wood framed. The wall framing
consists of two wood framed walls spaced 5.5 inches
apart, resulting in a overall wall thickness of approxi-
mately one foot. The entire interstitial wall space is filled
with fiberglass batt insulation. The interior sheetrock is
the designed air barrier. A vapor impermeable interior
primer paint provides the vapor barrier. The roof is of
typical truss construction.

Methodology

Humidity sensors were calibrated and placed inside of
structural wood in six critical locations. Placement
occurred during construction. Wires were connected to the
sensors and routed to a common site in the mechanical
room for convenient reading with a hand-held meter.

Locations with the greatest moisture potential were
selected: generally downwind from the prevailing wind
direction, shaded areas on the north side, and (for walls)
high in the building. In the attic and crawlspace zones,
one sensor was placed on the warm side of the insulation
and another was placed on the cold side. Two sensors
were placed on the cold side of the insulation in two
separate locations on the north wall upstairs. Intermittent
readings were recorded and corrected for temperature,
utilizing a correction slide rule provided by the sensor
manufacturer. The temperature at each specific sensor
focation was calculated utilizing equation(1).
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where T, = Temperature at sensor location.
T, = Inside temperature.
R, = Sum of resistances from inside to sensor

X
location.

R, = Total assembly resistance.
T, = Outside temperature.

Long-Term Interstitial Moisture Performance of a Tight Energy-Efficient Residence - 2.207



Prevailing wind
direction is to North

S —

Moisture sensor
locations: &

'v).‘\\'s

Fan F1 is adjusted
to pressurize cell 2 and
depressurize cell 1.

R
mx‘u.‘\.«.\‘k"“*

Grade s

.............................................................

Wall Section
At Floor Level

g\\\\\\\\\\\\\\\\\

SRR AL UMM

e

Figure 1. Exhaust Air Side of Continuous Ventilation System

Complete sets of recorded data included moisture sensor
readings at each of six locations, indoor temperature, and
outdoor temperature. Fifty-three sets of complete readings
were recorded. Forty-one sets were recorded in the first
13 months. Recordings occurred approximately weekly
during the first heating season (Figure 2).

Results

Construction of the building shell took place in the late
fall of 1988. High moisture levels occurred during this
period, particularly in the crawlspace zone. The building
was commissioned and occupied in January of 1989. Inter-
stitial moisture levels at the sensor locations remained at
initial levels through March. By June, moisture levels in
five of the six locations had dropped to what would
remain baseline levels over the next three years. By the
end of August, moisture levels in the sixth location had
also dropped to what would remain a baseline level over
the next few years. Moisture levels did not appear to
increase above the baseline during the next three heating
seasons.
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Conclusion

The results indicate that a potential for moisture problems
has not occurred, even in the pressurized area. Moisture
levels in the sixth location (rim joist area) were consis-
tently higher than in other areas due to the continuous
pressurization of this zone, but remained well within
acceptable limits. Extensive care was taken to insure
installation of an effective and durable air/vapor barrier
(Nuess 1991) in this zone, and this level of care was
likely quite necessary. The effectiveness of this air/vapor
barrier system could be better evaluated by creating
deliberate openings near the sensor location and measuring
the changes in wood moisture content.
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Note: Triangles indicate days that data
recorded for all six locations.
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Figure 2. % Moisture Content in Structural Wood. Six critical building shell locations.
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