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Impact of Climate and Geographic Location on
Moisture Transport in Wood Construction Walls and
Implications for Selecting Vapor Retarders
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Abstract

This research effort studied two similarly
built homes in two different geographic loca-
tions in an attempt to demonstrate the affect that
climatic conditions have on the selection and
installation of appropriate vapor diffusion
retarders to control moisture transport in wood-
framed structures. Much misinformation and
suppositions exist regarding which vapor diffu-
sion retarder to use, where to place it within the
structure, and whether it is even necessary. As a
result, uncontrolled moisture transport is often a
significant factor in the premature degradation
of a structure; this also adds to poor indoor air
quality resulting from the growth of mold and
mildew. Nine climatic values of temperature,
humidity, and air pressure were recorded at
20-30 minute intervals at various locations with-
in the wall cavities and the outside of both test
structures, for a 12-week period from January to
March. These data allowed the researchers to
perform calculations to predict the potential for
growth of mold or mildew within the structure.
Ultimately, these data were further compared for
moisture transport behavior with the simulation
software WUFI (“Wérme und Feuchtigkeit
Instationéren), a PC program developed by the
Institute for Building Physics in Germany and
the Oak Ridge National Laboratories in
Tennessee for calculating coupled heat and
moisture transfer in building components.
Keywords: wood-framed house, sheathing, fiber-
glass insulation, moisture barriers, vapor barri-
ers, intelligent vapor diffusion retarders, vapor
diffusion retarders, moisture-thermal properties

Introduction

Moisture in buildings in the United States is
considered one of the single, largest factors limit-
ing the service life of a building (Lstiburek,
1991). In addition to the obvious liquid water, or
rain, that can permeate the building envelope, the
infusion of water vapor is of equal or greater con-
cern because it is not visible or readily recognized.
Water vapor can be controlled by placing the
proper vapor diffusion retarder at proper locations
within the wall components. A vapor diffusion
retarder is typically, and less accurately, referenced
in most literature as a “vapor barrier.” However, a
vapor retarder does not prevent all moisture from

passing through as does a barrier (U.S. DOE,
2011).

Problem Statement

Incorrect use of vapor diffusion retarders
ranks high on the list or controversial techniques
and incorrect applications in construction
(Laliberte, 2008). Much misinformation exists
about which kind of vapor diffusion retarder to
use, where it should be located, and if it is neces-
sary. Illustrating this point, an Internet search at a
do-it-yourself construction website revealed the
following post: “Everything I've read says to put
up a vapor barrier between the insulation and the
drywall. They mention plastic sheeting, but noth-
ing tells what (thickness) to use.” The answers
varied from: “Any plastic sheeting will provide a
substantial barrier. The cheaper the better,” to
more accurate, scientific solutions (Tribe, 2007).
Not only must vapor diffusion retarders limit
moisture from getting into the construction, they
also must let moisture out if indeed it does perme-
ate the construction (Lstiburek, 2011). As such,
the “plastic sheeting” mentioned in the blog as a
solution, is not suitable in many climates. The
goals of this research effort were to determine (a)
the moisture transport activity in exterior walls of
wood-framed construction, (b) the extent that
geographical elevation above sea level affects the
climatic and moisture transport behavior in simi-
larly designed and constructed buildings, (c) if
there is a preferred position/location for various
types of vapor retarders (i.e., on the interior or
exterior surface of the wood frame), and (d) which
of the tested vapor retarder materials, if any,
provides an adequate level of moisture control to
inhibit the development of mold or fungus.

The test structures for this research were
residential, single-family homes typical to the
Midwest region in the United States. The Energy
Efficient Building Association (EEBA) classifies
this region as a “Heating Climate” region
(Lstiburek, 2011) and recommends different mois-
ture control methods for specific regions. Figure
1 shows Test Structure 1, later referenced as the
Kearney Project, located in Kearney, Nebraska,
with latitude 40° 44' N, elevation 652 meters
above sea level. Figure 2 shows Test Structure 2,
later referenced as the Laramie Project, located



in Laramie, Wyoming, with a latitude 41° 3' N,
elevation 2193 meters above sea level. Because
the EEBA does not differentiate for elevation
values above sea level, it was of interest to see if
elevation and the impact of atmospheric air pres-
sure may be a factor in potential for mold
growth.

Figure 1. Kearney Test Project

Figure 2. Laramie Test Project

Wall Construction and Material Combinations

As is typical in most North American
wood-frame construction (ICC 2006), the mate-
rial assemblies of the exterior wall frames of
both structures were constructed according to
Table 1. The types of construction materials that
comprise the wall assemblies are listed from

exterior to interior, and the thicknesses (t) of
various building components is listed in mil-
limeters. In both test structures, the walls that
were tested faced north. All measurements refer-
enced in this paper are listed in metric equiva-
lent values. The materials used in the construc-
tion of the walls of both test structures were
identical with the exception of a kraftpaper
vapor retarder and hardboard siding in the
Kearney project versus a nonpermeable polyeth-
ylene vapor barrier and fiber cement siding in
the Laramie project. Because the influence that
climate had on mold development was the vari-
able in question, these material differences were
insignificant. Figure 3 and Figure 4 illustrate the
different vapor retarders at the location of the
measurements.

Figure 3. Kraftaper Vpor Retarder,
Kearney

Research Methodology

Data were collected using a “data logger”
capable of capturing and storing nine measure-
ment values every 20 to 30 seconds in the com-
puter memory. All data were recorded in metric
units, and this collection continued for at least
three months at each location. Data were down-
loaded to a spreadsheet to generate graphic

Table 1. Sizes and Material Types of Wall Layer Components of the Test

Structures
Layer Kearney Laramie
t [mm] | material t [mm] | material
Exterior paint prepainted 1 coat latex primer
2 coats latex topcoat

Siding 10 | "lapped" hardboard 10| "lapped" fiber cement

"Masonite Colorlok" "Hardiboard"
Wind and water retarder "Tyvek" (58 Perm) "Tyvek" (58 Perm)
External sheathing 13 | OSB 13| OSB
Insulation 89 | R-11 Fibre glass batt 135 | R-19 Fibre glass batt
Vapor retarder kraftpaper 0,15 | PE-foil (6 mil)
Internal sheathing 13 | gypsum board (drywall) 13 | gypsum board (drywall)
Interior paint 1 coat latex primer none

1 coat latex topcoat
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Figure 4. Polyethylene Vapor
Retarder, Laramie

Figure 5. Data Logger and Interior
Climate Sensors, Kearney

impressions of what was occurring within the
walls regarding the development of moisture and
the consequential potential for mold growth.
Ultimately, anticipating the relative humidity
(RH) on the inside surface of the oriented strand
board (OSB) exterior sheathing was of interest

Figure 6. In-Wall Temperature and
Humidity Measurement Devices,
Laramie

above 60% RH. For the Kearney project, the
climatic data were collected for 12 weeks during
winter 2006. For the Laramie project, the cli-
matic data were collected for 12 weeks during
fall 2004. For consistency, the measuring instru-
ments were arranged in identical fashion in both
structures, as illustrated in Figures 5 and 6. Care
was taken to ensure that the same distances from
reference surfaces were maintained.

Figures 7 and 8 illustrate location details
and various positions of the sensors relative to
the interior cavity of the wall and exterior
atmosphere of the structure. The exterior tem-
perature/moisture sensor is visible in Figure 7,
while the Ahlborn data-logger, interior tempera-
ture/moisture sensor, and air pressure sensor are
visible in Figure 8.

due to the potential for mold growth at levels

Table 2. Figure Code, Channels, Sensors, Values, Units, and Location of Sensors

Figure Measure Sensor Type
Code Channel Temp RH Measured Values | Units | Location
i MO04 PT 100 | Cond. temperature
and rel. humidity | °C % | air interior
il MO0 Coup. temperature °C air interior
i/e 0,0 MO1 Coup. temperature °C inner surface of drywall
i/e 0,5 MO02 Coup. temperature °C in insulation at 60 / 80 %
away from ext. sheathing
i/e 0,8 MO03 Coup. temperature °C in insulation 40 / 50 %
away from ext. sheathing
i/e 1,0/150 MO5 PT 100 | Cond. temperature
and rel. humidity | °C % | inside of the
ext. sheathing and
150mm from ceiling
ife 1,0/ 350 | MO06 PT 100 | Cond. temperature
and rel. humidity | °C % | inside of the
ext. sheathing and
350mm from ceiling
e MO7 PT 100 | Cond. temperature
and rel. humidity | °C % | air exterior
pPA MO8 air pressure haPa interior of room




Figure 7. Location of Exterior Climate
Sensor

Figure 8. Room Climate Sensors
and Sealed Cavity with Interior
Sensors

Recording and Measuring Equipment

An Ahlborn data-logger, model 2590-9
recording instrument, allows logging of up to
nine data inputs on channels 00 through 08.
The data-logger was calibrated to record at 20-
minute intervals for the Kearney project and
30-minute intervals for the Laramie project.
The shorter interval was used to improve the
accuracy of the measurements taken at Kearney
in order to determine if the output graphic data
might be easier to view. However, there
appeared to be no significant difference. A
typical display of the data-logger is observed in
Figure 9. The nine channels recorded tempera-
ture, air pressure, and relative humidity at
various locations on the structure.

The data sensors located throughout the
construction included four PT100/condensator
combination sensors to measure temperature
and relative humidity, four thermocouple
(Coup.) bimetallic temperature sensors, and one
atmospheric pressure sensor. Table 2 describes
which sensors were connected to respective
channels, the variable that the sensor measured,
the units of measurement, and the location of
the sensors. The “Figure Code” column identi-
fied in Table 2 is for the purpose of viewing the
“daily mean” values, relative to their location in
the structure, in Figures 10 through 13. Rows of
data in Table 2 are listed beginning with interior

Figure. 9 Ahlborn Data-Logger
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Figure 10. Temperature (C) from
Interior to Exterior, Kearney

room measurement locations, moving through-
out the wall, and ultimately to the exterior of the
structure. The figure code column correlates to
the “Location” column to observe where the
sensors were placed in the assembly. For exam-
ple, the sensor “i”” was located in the interior of
the room and measured temperature (degrees
Celsius) and relative humidity (percentage) on
channel M04 with a PT100 condensator instru-
ment. In contrast, sensor “i/e 0, 05” was in the
insulation but closer to the interior wall surface
and only measured temperature (degrees
Celsius) with a thermocouple on channel M02.

Measurement Results

After the data were collected, they were
downloaded from the logger to a spreadsheet to
generate the following figures. Figure 10 illus-
trates the daily temperatures for the Kearney
project. The red line is the room interior temper-
ature; subsequent colors measured temperature
at increasingly further distances from the interi-
or, progressing to the blue line, which represents
the exterior temperature. The interior room tem-
perature remained relatively constant with the
exception of an extremely cold period beginning
on Feb. 17, shown by the dark blue line. In con-
trast, the drop in interior room temperature
beginning on March 7, shown by the red line, is
attributed to the owner setting back the thermo-
stat 7 degrees C (12 degrees F) during a two-
week spring break.
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Figure 11. Temperature (C) from
Interior to Exterior, Laramie

Figure 11 shows similar results with the
exception of a somewhat higher and more vari-
able indoor temperature. Possible explanations
include perhaps the occasional use of an auxil-
liary heating device, such as a space heater or
fireplace—they could also be the result of solar
heat gain on sunny days.
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Figure 12. Relative Humidity and
Atmospheric Pressure, Kearney

The critical consideration for mold potential
is located at the interior surface of the OSB
sheathing. Figure 12 graphs relative humidity
(RH) levels at three locations: interior of room
(red line), the interior surface of the OSB exteri-
or sheathing (light blue line), and the exterior
(dark blue line). In addition, atmospheric pres-
sure (magenta line) was recorded in the interior
of the room because of its influence on RH.
Although the extremes in outdoor RH (dark
blue) in the exterior atmosphere were great as
noted by the wide range of readings, the RH
within the wall construction (light blue), specifi-
cally on the inside surface of the OSB sheath-
ing, was generally between 50% and 60%. At
this low level of RH, no condensation would be
expected, and therefore the development of mold
would not be expected. A further observation is
the relatively low RH within the living space of
the room. It is likely that the lack of air tightness
of the structure would explain this phenomenon
by which moisture would escape via the high air
exchange rate of the structure. Hagentoft (1996)

Figure 13. Relative Humidity and
Atmospheric Pressure, Laramie

concluded similar results regarding air leakage
carrying moist air into the construction that
leads to unacceptably high values even for mod-
erate indoor moisture levels.

Figure 13 demonstrates that low RH rates
in the Laramie project at the interior surface of
the OSB sheathing are attributed to the low air
pressure (magenta line, ave. 750 haPa) at the rel-
atively high elevation of 2193 meters above sea
level. The low atmospheric pressure would lead
to a high evaporation rate resulting in the low
RH levels. Of special note is the increase of the
RH from 40% in fall to 70 % at the beginning of
winter. This would explain the appropriateness
of using the nonpermeable PE vapor retarder at
the much higher elevation without a concern for
trapping moisture.

Simulation Models with WUFI

In an effort to determine if similar results
could be attained through computer simulation,
the researcher utilized the PC program WUFI
(“Wirme und Feuchtigkeit Instationiren Uber-
tragung,” loosely translated “Unsteady Heat and
Moisture Transfer”). The program allows the
selection of different types of vapor retarder
materials, the location/position of the vapor
retarder within the construction, warm or cold
climate conditions, and geographic conditions
including longitude, latitude, and elevation. The
advantage of using such simulation is that it
eliminates the need to physically install sensors
within wall cavities, thus reducing correspon-
ding damage to the wall surfaces. Simulation
also allowed the researcher to conduct a full
one-year calculation in a matter of minutes.

Tests were conducted using common types
of vapor retarder scenarios, including no vapor
retarder, kraftpaper, polyethylene film (PE), and
“intelligent” film (PA) on the inside surface of
the insulation. Tests were also done to determine



if exterior air barriers, such as “Tyvek” or kraft-
paper, would influence the results. Intelligent
vapor retarders are made of polyacetate or nylon
and have a variable permeability rate that allows
moisture to pass through the film depending on
temperature and moisture conditions. PA allows
the material to keep most moisture vapor out,
but it also allows moisture vapor to dry out if a
high level does infiltrate the wall cavity. As
would be expected in standard construction, the
vapor retarders that were tested were located
directly under the interior gypsum board and on
the interior surface of the OSB sheathing. A
cold Test Reference Year (TRY) was calculated
for Laramie, but for Kearney both a cold TRY
and a warm TRY were calculated because of the
higher humidity and the concern for potential
mold development in summer. A TRY represents
a time period beginning January 1 and conclud-
ing December 31.

Though TRY climatic data for either
Kearney or Laramie does not exist in the WUFI
(North American version), climate data were
available in the WUFI for Omaha, Nebraska,
and Casper, Wyoming, respectively. These avail-
able climate data were deemed adequate because
Omaha and Casper represent a more severe cli-
mate for potential mold growth than either
Kearney or Laramie, respectively. The preferred
indoor climate was designed at a temperature
20°C and a relative humidity of 30% and 50%.

Three typical examples of the 24 simula-
tions are presented in Figures 14 through 16.
These sample simulation graphs were selected
because they represent the exact construction
materials of the Kearney and Laramie projects
assuming a cold climate, with the additional
simulation for Kearney in a warm climate. Two
monitor positions (measuring points) were
installed to record the temperature and the rela-
tive humidity at the exterior (position 3: red) and
interior (position 4: blue) sides of the insulation.
In Figures 14 through16, the Y-axis represents
the temperature C and RH% (Feuchte), while
the X-axis represents time (Zeit) over one TRY
or 1-365 days. In Figure 14, the crucial summer
months from day 125 to day 250 show the RH
values well below 50%, thus showing no risk of
mold growth in Kearney. For a very short period
beginning on day 92, the RH may increase up to
100% at the inside of the OSB, but this risk is
minimal because the Kraftpaper is relatively
vapor open.

(] 9125 18250 27375 38500

26 (6]

Figure 14. Kearney, Warm TRY with
Kraftpaper Vapor Retarder and Indoor
RH 30%

The simulation allowed the substitution of PE
for kraftpaper in the Kearney project to see the
how the results might vary. Thus, Figure 15
shows that even though PE foil would be an ade-
quate vapor retarder in the winter (days 1-90 and
days 275-365), during the summer the the PE
foil would allow a higher RH of 50%-85% on
both sides of the insulation, which would be a
minor concern for mold damage. Therefore,
kraftpaper is the recommended vapor diffusion
retarder for the Kearney climate. It is relatively
inexpensive and provides adequate potection
without any risk of mold.

] ‘
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Figure 15. Kearney, Cold TRY with PE
Foil Vapor Retarder and Indoor RH
50%

Figure 16 shows that PE foil is an accept-
able vapor diffusion retarder for the Laramie cli-
mate, which has RH values below 50% in the

ot 3

o
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Figure 16. Laramie, Cold TRY with P.E.
Foil Vapor Retarder and Indoor RH
50%
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winter. Though in the summer the interior RH
values can be above 50%, the high elevation and
the associated low atmospheric pressure pro-
motes rapid evaporation/drying and thus there is
little concern for mold. This appears to be com-
patible with Lstiburek’s recommendations
(1991) for a maximum 35% indoor RH at 70
degrees F (20 C) during heating periods and
when using PE foil as a vapor retarder.

The results of the WUFI simulations studies are
shown in Table 3. It represents the results of the
24 simulations adjusted for the variables select-
ed for the study. Data in the table are indicative
of water per square meter (units in kilograms)
(kg/m2) that could be expected on the interior
surface of the OSB sheathing, depending on the
type of vapor retarder. An assumption is made
that values of less than 1 kg/m2 would be of lit-
tle concern regarding mold development or con-
densed water. Values with an underscore are
greater than 1kg/m2 ; they indicate that a partic-
ular vapor retarder would not be acceptable.
Values in bold indicate the maximum result
recorded for that test. Table 3 also illustrates that
either in Laramie or Casper, there is little chance
for mold to develop, regardless of the type of
vapor retarder or whether a vapor retarder is
even used. In contrast, it is apparent that while
the type of vapor retarder used either in the
Kearney or Omaha climate is of little conse-
quence, not using a vapor retarder would be a
genuine risk for mold. Regardless of the loca-

tion of the vapor retarder or whether the climate
data used was cold or warm, when using some
type of vapor retarder, values were well within
the acceptable limit of 1 kg/m2. Similarly, Levin
and Gudmundsson (1999) concluded that when
moisture loads are low, perhaps a vapor retarder
is not necessary. However, indoor moisture con-
ditions that exceed 2 kg/m3 will cause conden-
sation on the inside of the external sheathing
and high relative humidity in the insulation. This
poses a significant potential for mold growth,
structural damage, or both resulting from the
degradation of the materials. Elevations above
sea level are indicated in meters for all four
cities. The data suggests that if an exterior air
and moisture barrier, such as Tyvek or kraftpa-
per, was not used, then perhaps a vapor diffuser
would not be necessary, explaining why many
older homes without exterior air barriers do not
have mold problems. Yet it is important to note
that the advantage of exterior air and moisture
barriers in reducing energy costs and preventing
the exterior sheathing from becoming wet can-
not be ignored.
Conclusions

The issue of mold growth and the conse-
quential negative effect it has on structural dam-
age to homes (e.g., wood members) as well as
the impact mold can have on indoor air quality
has become an increasing concern to builders
and homeowners alike. This research concludes
that the selection of proper vapor retarders to
minimize the extent of damage is dependent on

Table 3: Need for Vapor Diffusion Retarders in Kearney and Laramie

Mineral
Wool
Insulation | Values Omaha Kearney | Insulation [ Casper Laramie | Insulation
Water 298 652 8,9 1612 2293 12,5
content mEl.  mEL mm |mEl. mEL mm
start
[kg/m_] maximum calc.: 0.16 0.24
interior
VaporRetarder none  kraftp. PE PA |[none kraftp. PE PA
exterior
warm | Air Bar.  none 0.18 0.17 0.04 0.05(0.62 0.5 0.06 0.06
(Tyvek) [ 1.63 0.96 0.16 0.16 |0.79 0.6 0.24 0.24
exterior
= Air Bar.  none 0.19 0.17 0.04 0.03(0.53 0.43 0.05 0.06
(0}
>~
3 cold (Tyvek) [ 1.96 0.96 0.16 0.16 |1.1 0.78 0.24 0.24
=
[0}
qg none 0.19 0.17 0.04 0.05(0.53 0.43 0.05 0.06
o~
Z kraftp. [1.96 0.97 0.16 0.16 |1.1 0.78 0.24 0.24
F




geographic location, elevation, and the choice of
appropriate vapor retarders. It appears that the
risk of mold is minimal at high elevations (such
as Laramie) because of the rapid evaporation of
moisture as a result of low atmospheric air pres-
sure. It is apparent that a kraftpaper vapor
retarder is adequate to control condensation
within the walls of structures in geographic
locations similar to Kearney; this can be accom-
plished with a minimal financial investment. In
contrast, not to include a vapor retarder would
pose a significant potential for mold growth in
the Kearney climate. In any case, a vapor
retarder at the inside surface of the insulation
using foils that are open to vapor diffusion (e.g.,
kraftpaper or PA) is recommended. To conclude,
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