4 @ AIVC
F #13121

EIFS Hygrothermal Performance Due to
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Climate Conditions
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ABSTRACT

The drying capability of an EIFS wall system with initial constriction moisture critically depends on the climatic conditions in
which it is placed. The drying rate mechanisms with which walls redistribute and transport moisture away from the envelope
may affect the service life of the wall system. Potential moisture-induced damage becomes important when the wall is not properly
designed with adequate drying capacity.

This paper investigates the drying performance of a particular EIFS (exterior insulation and finish system) clad wall. A state-
af-the-art two-dimensional hygrothermal model, developed by the authors, was employed to determine the hourly spatial temper-
atures, moisture content, and air velocity distributions within wall systems as a function of real climatic conditions.

Inthe parametric investigation, the perforrmance of aparticular EIFS clad wall as a function of two stud cavity insulation materials
was studied. Two cavity insulation materials were investigated: fiberglass and cellulose insulation. Twoclimatic conditions were
chosen in the moisture analysis, representing cold and mild climates; these were Chicago, lllinois, and Wilmington, North Caro-
lina, respectively.

The effect of wall drying and wetting in the presence of a particular airflow path (cracks) was investigated for all cases. The air
leakage path was assumed to be present due to an electrical outlet close at the interior, an opening present benween oriented
strand panels, and a conduit in the stucco layer. Initial OSB moisture content was assumed to be very high. The influences of
wind-driven rain, solar radiation, and air movement were included in the simulation analysis on an hourly basis.

Results showed that air leakage through a particular EIFS clad wall in Wilmington produced a net drying effect for a wall systen
with an initially wet OSB layer, while air leakage developed a net seasonal moisture accumulation in Chicago. The effect of stud
cavity insulation was found to be critical, as the storage capacity for moisture increased in the cellulose case, compared to the
fiberglass insulation case. The distinct effect is present when comparing the two insulation systems. The cellulose insulation case
retained higher amounts of moisture. Solar-driven moisture was also more critical in the cellulose insulation case than in the
fiherglass case. The thermal and moisture results were then linked to a state-of-the-art mold growth model to assess the risk of
moisture-induced damage. Results were developed in the form of mold growth indexes. Results showed the probable mold growth
index potential as a function of climatic conditions and as a function of cavity insulation. Higher risk of mold growth is present
in 1he cellulose case than in the fiberglass insulation case. If there is a high mold growth index and the underlying material is
maintained at high moisture content, there is a potential for developing decay (if the wood is already infected internally). Since
horic acid is added in cellulose insulation as a treatment for fire, mold, and insect and rodent control, as wet blown cellulose
comes in contact with other materials, some of the chemical will treat these surfaces. For the same wall system, Wilmington exhib-
ited stightly worse conditions than Chicago for mold growth. The development of mold growth indexes permits one to perform
amuoisture engineering analysis and extend current moisture assessment analysis of building envelopes’ long-term performance.

lNTRODUCTION may occur and below which problems are small. Depending
on the wall system and environmental conditions in which the
Many severe durability problems can be traced to the  wall is placed, different time-dependent degradation mecha-
Z'Cm?::'ce Of moisture. In many cases, one can distinguish a  nisms may be present if the quantity of moisture exceeds
Moisture content above which durability problems certain material system and material subsystem thresholds.
\
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Moisture can be present in any wall system in three ther-
modynamic physical states: the solid state (ice), the liquid
state, and the vapor state. Indeed, all three may be present
concurrently in a wall system. This makes the fundamental
transport intcractions within a construction material complex.
Understanding the overall performance of building envelope
systems with respect to heat, air, and moisture, excluding
durability, is a formidable task. Currently, due to limited
experimental capabilities to measure moisture transport
potentials in situ, one needs to resort to advance modeling with
heavy reliance on accurate material and material subsystem
properties to quantify wall heat, air, and moisture perfor-
mances.

A wall system can be characterized with a few basic
systems. The most exterior subsystem is identified as the clad-
ding, or facade, system. Others are the drainage (capillary
break) or ventilation system, the sheathing system, the insu-
lation system, the framing system, the vapor diffusion control
system, and the air barrier system. A multitude of variations
exist along these fundamental systems, but in some cases
several of the systems can be represented by one system if
proper performance criteria can be satisfied.

In this paper, emphasis is placed on the effect of the
performance of an air barrier system and the influence of
cavity insulation material properties on the drying perfor-
mance of an EIFS clad wall in two climatic conditions. Many
authors have indicated that airtightness through a wall assem-
bly is the most important performance criterion that a building
envelope must satisfy (TenWolde and Rose 1996). Airtight-
ness is defined here as the amount of air that leaks through a
building envelope at specified pressure differences. Lack of
airtightness in wall systems can lead to increased risk of mois-
ture damage and a major degradation of energy efficiency
(Ojanen and Kumaran 1996). Lightweight construction such
as wood frame wall systems seldom achieves perfect airtight-
ness (Janssens and Hens 1996). In theory, an adequate air
barrier system could prevent leakage, and this would prevent
moisture-induced damage. However, in practice, a perfect air
barrier is impossible to achieve because small defects such as
perforations or cracks can destroy its intended efficiency.

In a recent study (Hamlin and Gusdorf 1997), it is
reported that major progress has been achieved in Canada with
respect to achieving higher airtightness levels since 1921. The
Canadian national average airtightness for a conventional
home built in 1921 was 12.19 air changes per hour (ACH); in
1961, 6.11 ACH; and in 1991, 3.10 ACH at 50 Pa pressure
differences. An advanced house such as the R-2000 homes is
documented with an average national airtightness of 1.24 ACH
at 50 Pa pressure difference.

Regarding residential buildings, the literature refers to
airtightness of the building envelope with a specific value that
is considered to be constant throughout the year. However, the
field evaluation work by Warren and Webb (1986), Persily
(1986), and Kim and Shaw (1986) clearly indicates that a
seasonal variation of airtightness, ranging between 20% and

180

B

40% depending on climatic conditions, is present. Kim and
Shaw (1986) developed a correlation of seasonal variation of
airtightness as a function of relative humidity.

Air leakage can be a dominant factor in the transport of
heat and moisture through building envelope systems. De,
rioration of envelope systems can in many instances be attrj,.
uted solely to the moisture transported by air leakage (Ojanen
and Kumaran 1992). In cold climates, the interior normally
has higher water vapor pressures during the winter than the
exterior. Depending on the effect of stack pressures, interjor
mechanical pressures, and wind pressures, positive or nega.
tive pressure differentials can exist between the inside and the
outside of the envelope. The presence of pressure differentialg
drives quantities of air through intentional and unintentijopg)
openings (cracks). Depending on the temperature distributiop
and the air passage routes through and around the varioys
material sections in the wall envelope, moist air can condense,
This accumulation of moisture due to convective flow can be
many times more important than the vapor accumulation due
to diffusion transport. Experimental work detailing the airflow
paths within walls has not yet been developed, and informa-
tion is generally lacking. The amount of available information
regarding the hygrothermal performance of wall systems due
to air leakage flow is very minimal, with the exception of the
numerical work by Ojanen and Kumaran (1992, 1996) for cold
climates. To date, limited information is available for EIFS
walls located in mixed climatic conditions.

Serious moisture problems in EIFS clad walls in the New
HanoverCounty area of North Carolina have appeared (Nissoi
1995). Moisture problems ranging from high moisture conten
in the exterior sheathing to severe decay were uncovered. Mos
of the catastrophic failures have been traced to the existence of
liquid water and the inability of the wall system to dry ou
within a critical time. As wood products are employed in woo
frame construction, wood rotting and mold growth can occuri
favorable conditions are present (Viitanen 1996).

In arecent paper by Karagiozis and Salonvaara (1998), th
performance of a particular EIFS clad wall system was inves
tigated as a function of three interior vapor control strategie
and two air leakage rates. Results were developed for a mixe:
climate, such as that found in Wilmington. Results drawn fron
that study assessed the effect of air leakage for one wall orien
tation through the assumed airflow path. Air leakage throug!
an EIFS clad wall in Wilmington produced a net drying effec
for a wall system with an initially wet OSB layer. Vapor diffu
sion control strategies were also found to have a significar
effect on the hygrothermal performance (drying potential) ¢
EIFS clad walls for mixed climatic conditions. The stud
recommended additionalresearch to address the drying perfo
mance of wall systems in various climatic conditions and th
influence of different cavity insulations.

OBJECTIVES OF PRESENT STUDY

This work is concerned with the hygrothermal perfo
mance (drying potential) of a particular EIFS clad wa
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subjected to a specific air leakage flow path. The heat, air, and
moisture performance of the wall systems were investigated as
a function of two cavity insulations: fiberglass insulation and
cellulose insulation. The objective of the work was to deter-
mine the hygrothermal performance of the wall structure for
two different climatic conditions and cavity insulation mate-
nals. A cold and a mixed climate were selected for the study,
and these were: Chicago, Illinois, and Wilmington, North
Carolina. The analysis was conducted while subjecting the
exterior boundary to real weather data (including temperature,
vapor pressure, wind speed and orientation, solar radiation,
wind-driven rain, sky radiation, and cloud indexes) by
employing a moisture analysis approach that blends intensive
numerical analysis and measured material properties.

MATERIAL PROPERTY DETERMINATION

Hygrothermal material properties for some of the mate-
nals of the EIFS clad wall were measured, and detailed mate-
rial property results are available in papers (Karagiozis and
Kumaran 1997) and within the material database of LATEN-
ITE (Karagiozis et al. 1994). The basic material properties
required in the modeling analysis are

¢ water vapor permeance,

¢ liquid diffusivity,

+ sorption plus suction isotherm, and

 thermal conductivity, density, and heat capacity.

These properties are not singly valued but may be depen-
dent on temperature and/or moisture content. Directionally
dependent material properties were employed for the wood-
based and insulation materials.

DESCRIPTION OF THE HYGROTHERMAL
MODEL

The LATENITE 1.3 model includes the porous airflow
through insulation and cracks by solving a subset of the
Navier-Stokes equations and Darcy’s equations, a detailed
description of which is given by Karagiozis (1997). Vapor and
liquid transport are solved simultaneously. A detailed descrip-
tion of the 1.0 model is given by Hens and Janssens (1993) and
Karagiozis (1993); version 1.2 is described by Salonvaara and
Karagiozis (1994). The moisture transport potentials used in
the model are moisture content and vapor pressure; for energy
ifansport, temperature is used. The model was developed by
the authors and has been tested and validated for numerous
hygrothermal transpott applications.

DESCRIPTION OF MOLD GROWTH
MODEL

Mold yrowth in the structures was estimated using a
Mode! equasion that employs temperature, relative humidity,
""_'d exposuie time as inpul. The mold growth model and
differential mathematical equations were developed and
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presented in detail by Hukka and Viitanen (1998) and Viitanen
(1997a, 1997b), and only a short description is given here.

Quantification of mold growth in the model is based on
the mold index first employed in biological experiments
during visual inspection (Viitanen 1996). The mold growth
model is based on mathematical relations for the growth rate
of mold in different conditions, including the effects of expo-
sure time, temperature, relative humidity, and dry periods. The
model is purely mathematical in nature, and, as mold growth
was only investigated with visual inspection, it does not have
any connection to biology in the form of modeling the number
of live cells. Also, the moldindex resulting from computations
with the model does not reflect the visual appearance of the
surface under study because traces of mold growth remain on
a wood surface for a long time. The correct way to interpret the
resultsis that the mold index represents possible activity of the
mold fungi on a wood surface.

The model makes it possible to calculate the development
of mold growth on the surface of wooden samples exposed to
fluctuating temperature and humidity conditions including
dry periods. The numerical values of the parameters included
in the model are fitted for pine and spruce sapwood, but the
functional form of the model can be considered valid for other
wood-based materials also.

The mold index scale employed in the analysis is
explained in Table 1.

TABLE 1
Mold Index Values and Description
Index Descriptive Meaning
0 No growth
1 Some growth detected only with microscope
2 Moderate growth detected with microscope
3 Some growth detected visually
4 Visually detected coverage more than 10%
5 Visually detected coverage more than 50%
6 Visually detected coverage 100%
PROBLEM DESCRIPTION

The hygrothermal performance of a particular EIFS clad
wall, depicted in Figure 1, was analyzed. This wall is the same
as the one investigated by Karagiozis and Salonvaara (1998).
Only one air leakage characteristic (air leakage opening size)
was investigated. An air opening of 3 mm throughout the depth
was used and labelled as Case 1. This case represents a possible
air gap present when the drywall is employed as the air barrier
system (Straube 1998). An airflow rate of 0.5 L/(mz-s) is present
when a static pressure difference of 75 Pa is applied to the EIFS
wall. Even small gaps such as the ones employed in this study
permit coupling of the interior and exterior environments. This
alone demonstrates the sensitivity of the presence of air gaps in
the wall system on the air leakage behavior of walls.
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Figure 1 The analyzed wall structure in detail: (a+b)
5 mm base and finish coating, (c) 50 mm
expanded polystyrene board, (d) 1 mm glue
layer, (e) 12.5 mm oriented strand board, (f)
89 mm fiberglass insulation, (g) 76 mm thick
double bottom and top plate, (h) the vapor
control layer, (i) 12.5 mm gypsum board, (j)
1 mm or 3 mm air opening.

The air opening provided the main path for air leakage
flow through the wall system. No direct water entry through
these openings was permitted; however, wind-driven rain was
permitted through the exterior face of the wall. One interior
vapor control strategy was employed, using a 6 mii polyeth-
ylene as a vapor barrier.

A solid EIFS clad wall (no-window details) was selected
for the numerical analysis. The wall is centrally located in the
middle of a two-story building and is composed of the
following layers starting from the exterior to interior: 5 mm
lamina, 50 mm expanded polystyrene board, | mm adhesive
coating, 12.5 mm oriented strand board, 89 mm fiberglass
insulation, 76 mm thick double bottom and top plate, the
vapor control layer (6 mil polyethylene), and 12.5 mm
painted gypsum board. The air leakage gaps (I mm or 3 mm)
are also shown. The inside surface of the gypsum board was
coated with a vapor permeable paint (permeance approxi-
mately 200 -ng/(mz-s-Pa) or 4 perms). The oriented strand
board moisture content was initially assumed to be 44%. This
represents a very wet initial moisture condition in the OSB
layer, which would be above acceptable moisture content
permitted by building inspectors. However, this moisture
content can be present when the OSB is welted directly by
rain. All other layers in the wall system were assumed to be in
equilibrium at 80% relative humidity.

Wind-driven rainwater was included in the analysis; the
exterior surface was exposed to the amount of rain that hits a
vertical wall. This amount depends on the intensity of precip-
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itation, wind speed and direction, as well as the location op the
wall surface. Wind-driven rain was used in the analysi 4
calculated by employing a commercially developed mode
(ASC 1993).

The wall was exposed to outside air temperature and th,
relative humidity that varied according to the weather dq,
from the selected locations of Wilmington and Chicago. Ty,
simulations were carried out for a one-year exposure (3¢5
days) starting on the 1st of October. The solar radiation ang
longwave radiation from the outer surfaces of the wall wep
included in the analysis.

BOUNDARY CONDITIONS

Internal conditions were kept constant at a temperature of
21°C and relative humidity of 45% RH (Pv = 1119 py
throughout the year. U.S. National Climatic Center (NCC
1995) data for the years 1961-1962 were used in the simula-
tions. The monthly average temperatures and vapor pressures
and vapor pressure differences (P,yerior = Pinterior) for Wilm.
ington and Chicago are shown in Figures 2a and 2b. The yearly
average lemperature and vapor pressure in Wilmington is
18.5°C and 1788 Pa and in Chicago, 10.2°C and 1108 Pa for
the simulated period.

The 30-year average (1961-90) temperature and exterior
vapor pressure for Wilmington is 17.16°C and 1623 Pa andfor
Chicago, 9.64°C and 1008 Pa. The modeled wall located on
the second floor of the building was facing south. The glue
layer was simulated as a water-retaining material with capil-
laries of greater than 1.0 mm. This layer permitted the storage
of liquid water and a high gravity moisture transport. The heat
and mass transfer coefficients for external and intermal
surfaces were assigned values that varied from hour to hour
depending on the exterior weather wind speed and orientation
conditions and interior conditions.

Air leakage through the wall system was determined on
an hourly basis, based on the combined effect of stack and
wind pressure. Solar radiation, cloud coverage, and sky radi-
ation effects were also included in the model. All simulations
were conducted using a two-dimensional wall cross section
with adiabatic conditions for both thermal and moisture trans-
port at the bottom and top horizontal surfaces.

SIMULATION RESULTS

In this section, the results will be discussed for the partic-
ular EIFS clad wall with the prescribed air leakage path for the
two climatic conditions and cavity insulations.

Air Leakage Characterization '.

In Figures 3a and 3b, the number of hours in which the
wall is subjected to an infiltration or exfiltration flow is plotted
for Chicago and Wilmington environmental conditions. I8
both cases, fiberglass insulation was employed. It is obvious
that the two climatic locations exhibit different directions
air leakage during the year, Chicago having a higher percest:
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Figure 2a The monthly average temperatures, vapor
pressures, and vapor pressure difference
(exterior-interior) for Wilmington weather
conditions for a period of 18 months (1961-
1962).
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Figure 3a Distribution per month for infiltration/
exfiltration air leakage (Wilmington).

age of the time with air leakage toward the interior than Wilm-
ngton. From these two figures, to characterize the heat, air,
St ".‘“i“"“"c performance of a particular wall system, one
mustinclude the effects of wind in the analysis as these may
*\:i::::::rcm as shown between the locations of Chicago and
] gf"'_‘- Figures 4a and 4b display the monthly maxi-
22:?;11?(::::‘}'“_12 and average mass flov»f through the. wall
Figures oq e cities ole]@ngton and Chicago, respectively.
e, $ 22 and 5b show the instantancous hourly mass flows
'm“;(li?‘:l:[:all system for f:lin'latic Cf)nditions in Wilming-
& Pcﬂncubil‘(: different cavity |n§ula110f1s e‘mployeld_ As the
than that of “:cerf the cel_]ulose_msulatmlrl is ten times less
iberglass insulation, the air leakage through
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Figure 2b The monthly average temperatures, vapor
pressures, and vapor pressure difference
(exterior-interior) for Chicago weather
conditions for a period of 18 months (1961-
1962).
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Figure 3b Distribution per month for infiltration/
exfiltration air leakage (Chicago).

the envelope decreases considerably. The air permeability of
blown-in cellulose depends on the density of the insulation
and whether itis wet or dry blown. Cellulose products do exist
that have lower air permeability.

Moisture Characterization

In Figure 6, the total amount of moisture present in the
wall system as a function of time is presented to show the rela-
tive hygrothermal performance of the EIFS wall for & two
different climatic conditions and cavity insulations. The wall
system that employed cellulose cavity insulation showe\ the
slowest drying. The wall that was simulated with Chicigo
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Figure 5a Air leakage through wall section with a 1 mm air
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Figure 6 Total moisture in the wall as a function of
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insulation and weather location.
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Figure 5b Airleakage through wall section with a 1 mm air
gap (cellulose insulation).

conditions displayed slower drying than the one located in
Wilmington. The wall system in Chicago, insulated with fiber-
glass, exhibited a temporary net accumulation, starting in mid-
December, for approximately 3.5 months during the winler
period. The influence of air leakage on the hygrothermil
performance of a leaky wall system in a cold climate is
evident. A seasonal moisture accumulation was present even
when the wall already had high quantities of moisture present.
This confirms the importance of maintaining proper air leak-

age contro] in cold climates. !

Figure 7 shows the transient total moisture in the orienlcda
strand board sheathing in Wilmington for three cases—lhcf
cases that employed fiberglass and cellulose insulation with,
air leakage and the case with fiberglass insulation withou ait
leakage. The most rapid drying is observed for the fiberglas$
insulation case with air leakage, followed by the fibergl,
case without air leakage present, and cellulose. The sorptio?
characteristics of cellulose insulation, which permits hight!
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Jstion of moisture, develop slower drying of the OSB
g Similarly, Figure 8 compares the transient moisture
castent of the 0SB layer as a function of time for Wilmington
aad Chicago for fiberglass insulation, as well as cellulose in
Wibmiogton. Time equal to zero coincides with October I,
1961, The drying potential for these two climalic conditions is
akso cleasly depicted—the wall located in Chicago stored
egbstantially higher amounts of moisture over the year than
@s one in Wilmington. At the end of the year (October 1963),
differences between these two climatic conditions are insig-
alficant. However. the wall that employed celluloseinsulation
did pot permiit the OSB layer to dry out to the same level as
ferglass insulation.
In Figure 9, the transient relative humidity distribution is
sbown as a function of time for the top and bottom wood cavity
plates in Wilmington, when fiberglassinsulation is employed.
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Flgure 7 Characteristic OSB drying rate curves for 1 mm
air opening case.
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Figures j
C _’lumclerlsnc OSB drying rate curves for 1 mm
aropening case.
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Initially, the wood plates were in equilibrium at 80% relative
humidity. Results are shown after the first week, for four loca-
tions, each 1 mm away from the ends of the wood plate (poly-
ethylene and OSB) and 1.5 mm away from contact with the
insulation. Locations 1 and 3 are the closest to the exterior of
the wall. The results clearly depict a multidimensional mois-
ture distribution within the wood plates. The two locations
close to the inside of the wall show considerably lowerrelative
humidities present. The bottom outer location exhibits higher
moisture contents than the top outer location.

Figure 10 shows the transient relative humidity distribu-
tion at the innermost location of the OSB layer as a function of
three heights. The three vertical locations correspond to 0.1 m,
1.0 m, and 2.0 m from the bottom of the OSB. Initially, a
difference (=10%) between the bottom and top locations was
present; this difference became negligible after a one-year
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Figure 9 RH transient distribution in top and bottom
plates (fiberglass insulation, Wilmington).
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Figure 10 RH transient distribution in top and bottom
plates (fiberglass insulation, Wilmington).
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Figure 11 RH transient distribution in top and bottom
plates (cellulose insulation, Wilmington).

period. However, the middle location displayed higher rela-
tive humidities starting in the winter period and extending this
interval until July. The forced air leakage through the wall,
coupled with natural convection, is mainly attributed to this
vertical distribution.

Similarly, in Figure 11, the transient relative humidity
distribution is shown as a function of time for the top and
bottom wood cavity plates in Wilmington when cellulose
insulation is employed. The results clearly depict a multi-
dimensional moisture distribution within the wood plates that
is more prominent than in the fiberglass insulation case. The
airleakage through the wall assembly is considerably reduced
by the presence of cellulose insulation. The two top locations
in the wood plate show considerably higher relative humidi-
ties present. The inner top location shows a net accumulation
trend over the full one-year simulation period that is most
likely due to solar-driven moisture.

Figure 12 shows the transientrelative humidity distribu-
tion at the innermost location of the OSB layer as a function
of the same three height locations. A distinct vertical relative
humidity distribution is apparent with the highest relative
humidity present at the top location, followed by the middle,
and with the lowest at the bottom.

Mold Growth Analysis

To assess the mold growth potential, the hourly thermal
and moisture distributions in the wall assembly were included
in a mold growth model. The Hukka and Viitanen (1998) mold
growth index model was incorporated into the LATENITE
model. The interpretation of the mold growth index was
presented earlier in Table 1. Figures 13, 14, and 15 show the
mold growth indexes for the top and bottom plates of the same
four locations for which relative humidity data were presented
previously: for the Wilmington fiberglass, Wilmington cellu-
lose, and Chicago fiberglass insulation cases, respectively.
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Figure 12 RH transient distribution in top and botiom
plates (cellulose insulation, Wilmington).

In Figure 13, the mold growth index for the innennoy
locations at both the top and bottom locations shows negligi-
ble mold growth during the full year. At the top outermogt
location, the mold index rises to a maximum value after 4)
days from October and does not exceed level 4 (this corre
sponds to a visually detectable mold growth area of not more
than 10%). The bottom outermost location displays highe
mold growth index potential, ranging within level 5. Both
outermost locations have reduced risk of mold damage at the
end of the year, dropping to levels 3 and 1 for the top aM
bottom outermost locations, respectively. Figure 14 displays
the mold growth index results for the cellulose insulation case.
It is evident that the mold growth indexes for the three loce:
tions—top outermost, top innermost, and bottom outermost—

6
2 WOOD TOP + BOTTOM PLATES 7
BecBe-B,

- o e,
5
°
=
g eacacfpece 1
<] e— 2
o — 3
° —— 4
[=]}
=

¢ 10 : 0 30

Time (d)

Figure 13 Mold growth index for fiberglass case:
(Wilmington).
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Figure 14 Mold growth index for the cellulose case
(Wilmington).

display critical levels of mold growth indexes. Indeed, results
from the top outermost location throughout the one-year
period display mold growth indexes close to 6 (very high
potential activity of mold growth). In addition, the bottom
outermost location shows an increasing trend for mold growth
index as a function of time. Finally, Figure 15 shows the mold
growth index for the Chicago case employing fiberglass cavity
insulation. Results show no potential for growth of mold for
the bottom and top innermost locations and highest mold
growth in the bottom outermost location followed by the top
outermost location. From the mold growth index analysis for
the threecasesshown in Figures 13 - 15, the potential for mois-
ture-induced problems due to initial construction moisture is
critical.

CONCLUSIONS

The intent of this study was to determine the hygrother-
mal performance of a particular EIFS clad wall, starting with
initially high construction moisture in the OSB layer and with
an assumed airflow path. Diffusion drying rates of any wall
system are essentially controlled by the water vapor
permeance properties of all critical layers of the wall system,
exterior lamina, expanded polystyrene, OSB layer, insulation
layer, vapor barrier, and interior paint coating. This study
investigated a subsection of all parameters that influence the
overall drying potential of an EIFS clad wall. The major
assumptions employed in this study were a particular airflow
path (the intecior and exterior cracks) and the constant interior
l.Cmperature and relative humidity of 21°C and 45%, respec-
uve]y,

The drying performance of the wall system was simulated
for two climatic conditions, representing cold and mixed
climates, and two stud cavity insulation systems, one hygro-
scopic and the other nonhygroscopic. Resultsdrawn from this
study assessed the effect of climatic location and stud cavity
insulation on the hygrothermal performance of a particular
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Figure 15 Mold growth index for the fiberglass case
(Chicago).

EIFS clad wall. Results showed that air leakage through an
EIFS clad wall in Wilmington produced a net drying effect for
an initially wet OSB layer while developing a net seasonal
accumulation in Chicago. However, while air leakage may be
beneficial for the drying out of this particular wall system in
Wilmington, there is an associated energy cost (sensible and
latent heat loads). The two simulation cases effectively
demonstrated the effect of climate on the positive/neutral and
negative consequences of air leakage.

The effect of stud cavity insulation was also found to be
critical, as the storage capacity for moisture increased in the
cellulose case compared to the fiberglass insulation case. The
amount of air leakage was also reduced in the cellulose insu-
lationcase due to thelowerinsulation air permeability. The net
effect when comparing the two insulation systems was that the
cellulose insulation case retained higher amounts of moisture
that could lead to more rapid moisture-induced problems.
Solar-driven moisture was more likely to be stored within the
insulation and wood plates than being diffused outward to the
exterior. However, if the OSB layer was installed dry and not
wet, the observations of moisture storage within the cellulose
could be significantly reduced.

A state-of-the-art model, linking thermal and moisture
effects with the risk of moisture-induced damage, was
presented in the form of a mold growth index. The results
show the probable mold growth index potential as a function
of climatic conditions and as a function of cavity insulation. A
higher risk of mold growth may be present in the cellulose case
than the fiberglass insulation case. For the same wall system,
Wilmington exhibited slightly worse conditions than Chicago
for mold growth.

Furtherresearch is recommended to determine the effect
of various air leakage paths, the effect of water penetration
through cracks, the effect of a wider range of climatic condi-
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tions, the effect of exterior insulation thickness, and the influ-
ence of the presence of a vented cavity on the drying
performance of an EIFS wall. The results provided in this
paper are only applicable to the specific materials, initial
conditions, airflow paths, wall orientation, wall specifica-
tions, and weather conditions employed in this study.
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