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ABSTRACT

Advances in the application of polymers brought new polymeric water-resistive barriers
[WRE_|with a wide range of vapor permeability to market, commonly referred to as “breath-
ahle” housewraps. At this time, there is virtually no guidance available regarding the selec-
tion of the optimum wapor permeability of such membranes.

This paper evaluates the impact of various WEB with a large range of vapor permeahil-
ity on the hygrothermal performance of wall assemblies. The information enables designers
to select products with the most suitable vapor permeabdity for particular conditions.
Variations in boundary conditions include climatic locations, cladding type, and type of
WRE deployed. The results for the performance of the wal systems are presented in the
form of a mold index.
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Low orR HiGH VAPOR PERMEABILITY
OF WATER-RESISTIVE BARRIERS:

DoESs IT MATTER?

The variety and characteristics of water-
resistive harriers [WRBs) have changed sig-
nificantly over the past several decades.
Advances in the application of polymers
brought to market new polymeric WEBs
with a wide range of vapor permeabiity,
commonly referred to as “breathable”
housewraps, However, a significant nfor-
mation gap has resulted in uncertainty
among design professionals and the con-
struction industry at large regarding the in-
service performance of various WREB prod-
uets and the selection of the optimum vapor
permeability under specific conditions.

This paper desaibes a research project
that evaluates the impact of various WRBs
with a large range of vapor permeability on
the hygrothermal performance of different
wall assembliss—information vitally impor-
tant to proper product selection that to this
point has not been available to designers in
Morth America. Variations in boundary con-
ditionis cluded dimatic conditions (sevwen
climatic locations), cladding type (brick,
adhered manufactured stone  venesr,
cement-hoard, three-coat stucco), and type
of WRE (low versus high vapor permeability)
deployed. The research approach was struc-
tured into several phases.

1. INTRODUCTION

A WEE performs several different func-
tions in a building enclosure. Its primary
function is to serve as a second line of
defense and shed water that penetrates the
cladding. Even though the buiding enclo-
sure may be designed properly by design
professionals, experience shows that
defects oreated during the construction
process or those oocurring during the ser-
vice life of the struchure may allow water to
enter the wall assembly. Hence, well-func-
tioning wall assemblies are typically
designed to permit drainage on the surface
of the WRE and-—particularly important foe
wood-frame construction—drying of any
excess modsture, Therefore, the WRE needs
to be vapor-permeable in order to allow for
outward diffusion of water vapor. The mois-
ture halance of the building material adja-

cent o the water-resistive barrier will be
strongly affected by the water vapor flow
caused by thermal drive, which may vary,
depending on the moisture content and
temperature of outdoor air and on solar
radiation. A reverse thermal gradient may
cause inward vapor diffusion into the wall
cavity, For this reason, WREs need to be
evaluated in regard fo their effect on the
performance of a wall assembly (Jablonka,
2011). Some WEBs, when installed as air
barriers, also play an important role by con-
trolling the flow of air through the building
enclogure. Tt has been documented
[Flastics, 2000) that the addition of 2 WEB
reduced air infiltration by about 12% on
homes that had infiltration rates well helow
1.1 air changes per hour at 50 Pa pressure
difference.

Depending on the climatic conditions
and the type of sheathing and cladding
material used, different types of WEBs may
be incorporated in the wall assembly to
optimize its performance and durahbility.
The available variety and characteristics of
such membrane products have changed
significantly over the past several decades.
Advances in the application of polymers
brought a large wvariety of “hreathable
housewraps™ with a wide range of vapor
permeahility to market. However, a signifi-
cant information gap has resulted in uncer-
tainty among design professionals and the
construction industry at large regarding the
in-service performance of various types of
WREs and the selection of the optimum
vapor permeability of such membranes
under specific conditions. This paper
describes a research project that evaluates
the impact of various WEBs with a large
range of vapor permeability on the
hygrothermal performance of different wall
assemblies—information vitally important
for proper product selection.

2. OBJECTIVE

The ohjective of this research project
was to understand the perfurmance of dif-
ferent WREs with various vapor permeahili-
ties in different dimates and cladding appli-
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cations in building wall assemblies. The
sensitivity to different types of water ingress
flocation in the wall assembly) was exam-
ined as a function of WRE and climate.

3. BCOPE

Variations in boundary conditions
induded climatic conditions, cladding type,
and type of WRE deployed.

The research approach was stuctured
into several phases.

In the first phase, the water-vapor per-
meahility of diferent WREs was determined
as per ASTM E96. Subsequently, a sub-
asgembly laboratory test was designed to
simulate performance of a small component
of a wall system during operation under
controlled conditions to predict the perfor-
mance of large-scale assemblies, and to val-
idate the performance simulation tool A
variation of the hygrothermal loads was
performed to allow gapping between per-
fectly tuit wall assemblies and walls with
realistic  imperfections  (workmanship
issues). A number of parameters were var-
ied to understand the sensitivity of the
results to the different types of substrate,
cladding, and dimatic locations. In the next
phase, simulations were carried out with a
hygrothermal computer mode]l (WUFT FRO
3.1). The sheathing moisture content, tem-
perature, and relative humidities were plot-
ted against time fr comparison and analy-
sis, and presented as an index of moisture
performance. In the final phase, the resnlts
were embedded into a software selection
tool, allowing an architect to select a specif-
ic climate zome, dadding type, WEE with a
particular perm rating, and wall orienta-
tion. Results are being presented as a fune-
tion of moisture performance index fmold
index).

4. WATER VAPOR-PERMEANCE
TESTING

Material property and subassembly
tests were performed to support and
strengthen the computer simulations. Table
I shows a summary of the WERs that were
tested and their dry-cup and wetcup
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Method A Method B
Water-re sistive Dry Cup Wet Cup
Barrier
[ng/Pa m? 5] [ng/Pa mé 5]
WRB A 12,284 (214 perms) | 13,812 (241 perms)
WRE B 804 (14 perms) 1,597 (28 perms)
WREB C 3,444 (60 perms) 3,737 (65 perms)

Table 1 - Summary of vapor permeance as per ASTH ES6 [drycup versus wet-cup

method).

vapor-permeance values, determined using
ASTM E96, Method A and Method B
[Straube et al., 2010).

The wet-cup Method B testing did
result in higher average permeance values
than the dry-cup [Method A testing, as
anticipated. The greatest increase in vapor
permeance occurred with the WER B, which
nearly doubled in vapor permeance hetween
the dry-cup and wet-cup tests. The wet-cup
vapor-permeance test i more appropriate
for determining the drying performance of
walls, since it predicts performance under
moisture loads.

3. SUBASSEMBLY TESTING
Testing the vapor permeance according
to ASTM E9 demonstrates how the WREB
performs as an individual material, bt it is
also important to understand how the WRE
performs in combination with oriented
strand board [DSE] or exterior gypsum
sheathing, which more closely simulates a
wall assembly. A subassembly lahoratory
shudy was undertaken to more clearly under-
stand the drying ability of WREs in combina-
tion with 0SB or exterior-grade gypsum
sheathing. The subsystem testing was
designed to simulate performance of a small
component of a wall system during operation
under cortrolled condi-

tions to predict the per-
formance of large-scale

Water Storage

Building Paper

poly

Table 2 - Testing matric showing n
samples of each construction.
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assemblies and to validate the performance
gimulation mode,

Two different types of polymeric, vapor-
permeabls WREs and #15 asphalt-impreg-
nated building paper were tested in the
subassembly test. Twenty-seven subassem-
bly test samples were made using three dif-
ferent WEBs installed on either OSE or
exterior-grade gypsum sheathing as shown
in the testing matrix in Table 2 The differ-
ences between interior and exterior wetting
are shown in Figure 1.

Square samples measuring 330 x 330
mm (13 x 13 in) were cut from sheets of
08B and exterior-grade gypsum sheathing,
The edges of the samples were wrapped
with foil tape to create a 305 x 305 mm [12-
i 12-in.) active test area.

Four layers of modsture storage media
were installed between the sheathing and
the WRE to simulate stterior wetting, or
installed on the opposite side of the sheath-
ing from the WRE, to simulate wetting on
the interior in the stud cavity as shown in
the schematic in Figure I A 0.125-in. ID
tube was nstalled to provide water to the
muoisture storage media.

Four layers of G-mil poly were mstalled
on the interior surface of the sheathing and
sealed with aluminum foil tape to the edges
of the sample. For interior wetting, the
water storage media was visible through the
poly to inspect the storage media for satu-
ration.

Figure 2 and Figure 3 show the exterior
and interior surfaces of a subassembly test-

Water Storage
Media for

~~wWRB

(FOXX, MAXX or
f Sheathing

Building Paper)
[DSB or DG)

Figure 1 - Subassembly testing sample schematic.
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ing sample. Fgure 3shows the wetting stor-
age media on the interior surface through
the multiple layers of polyethyens sheet.

5.1 Procedure

The test for each sample began by
adding 100 ml 5 doses of 20 mlj by
gyringe to the water storage medium. Each
dose of water was injected over appromi-
mately 10 seconds followed by 20 seconds
of wait time for water to redistribute into the
water storage medium before adding more
water, The samples were held at a constant
angle for all water injections.

The samples were weighed before and
after any water was added to determine the
actual mass of water added by syringe
Each subsequent day, the sample was
weighed to determine the mass of water
lost, and the same amount of water lost was
added. The total mass lost and water added
were graphed in Figure 4 to show the rates
of both wetting and drying. If the two rates
[line slopes) for wetting and drying were
similar, the sample was determined to be at
equilibrium, and an effective permeance
could be calculated.

If no water had been lost from the previ-
ous day, 20 more mL of water was added
each subsequent day until *ponding” of
water was ohserved in the water storage
media through the polyethylens. This
oocurred when the storage medinm was
saturated and water was not being ab-
sorhed into the substrate quickly enough.

Once the rates of wetting and drying
were calculated, repeatability was deter-
mined by increasing the amount of water
injected into the water storage media for
two subssquent days at a rate of twice the
daily loss. This dosage was increased to
determine if the effective system permeance
would change when a higher volume of
water was added to the sample, Following

the two days of
increased load-
ing, only the
amount of wa-
ter lost was
added badc to
the sarmple.

5.2 Boundary
Conditions

The testing
was conducted in a constant climate room
[CCR) where the RII and temperature can
be tightly controlled. The climate controls
for the room were set at 23°C (+1°C) and
0% RH [+2%).

To determine the vapor pressure gradi-
ent, it was agssumed that the relative
humidity in the sample during the testing

Figure 2 - Exterior surface of subassembly. Test sample
with exterior wetting.

Figure 3 - Interior surface of
subassembly. Test sample
with interior wetting.

and continuous daily wetting of the water
storage medinm was 100%. These sub-
assembly tests help simulate real wetting
conditions, ut in wall systems there are
usually temperature gradients across a wall
that will affect the drying rate. These tests
were run with no temperature gradient
across the subassembly system, which is
the worst-case scenario for drying perfor-
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Figure 4 - Sample data set from subassembly testing (Straube et al., 2010).
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Figure 5 - Data for interior 0SB wetting with WRB A (Straube et al., 2010).

mance, If a temperature gradient was
added, the drying rates would increass, but
the ratio of drying amounts would remain
the same.

5.3 Results
54.1 WEE A

The dry-cup vapor permeance of WRE
A, according to ASTM E96, Method A, is 214
perms (12,284 ng/Pagnr), and the wet-
cup vapor permeance, according to ASTM
E96, Method B, is 241 perms (13812
ng/Parg-m®). This was the highsst vapor-
permeance WEE in the subassembly test-
ing,

OSE Substrate

(20 has a vapor permeance of approx-
mately 1 to 2 LS. perms (57 to 115
ng/Pagm?, although the vapor permeance
will change with RH as well as age of the
OSE.

Figure 5 shows a typical data set from
samples of 0SB with interior wetting. Very
litfle mass was lost over the duration of the
test, and the water storage medium became
saturated with water and unable to store
more. At the beginning of the test, the 0SB
substrate adsorbed moedsture from the con-
stant climate room and gained mass, result-
ing in negative mass lost on the graph.

The average mass lost for all O30 sam-
ples with interior wetting and WRE A was
L4 grams per day, which is an effective

118 = JABLOWKA

sample vapor permeance of 2.2 1.5, perms
[126 ng/Pa-s-mr]).

Simulating an exterior wetting with the
water storage medium betwesn the 0SB
and WEE A resulted in a loss of 40.6 g/day
or effective sample permeance of 83 1.5,
perms (5107 ng/Pars-mi.

Exterior-Grade Gypsum Substrate

Modsture from interior wetting of exterior-
grade gypsum sheathing was able to dry
much more quickly than the 0SB case. The
vapor permeance of the exterior-grade gp-
sum product used in the test is 23 perms
(1,300 ng/Pa-gm?), which is a value report-
ed by the manufacturer. The average mass
lost for all samples was 37.1 g/day. The
effective sample permeance for wetting on
the interior of the exterior-grade gypsum
sheathing with WEE A is 56 perms (3,240
ngf Pargnr.

Exterior wetting of the exterior-grade
gypsum sheathing was approximately the
same as the exterior wetting of OS5E, result-
ing n a daily mass less of 52.2 g and an
effective sample wapor permeance of 52
perms (5,317 ng/Pars-m3.

The interior wetting of the exterior-
grade gypsum subassembly with WEB A
dried maore slowly than the exterior wetting
of both OSE and exterior-grade gypsum
sheathing, indicating that with the higher-
vapor-permeance WEE A, the exferior-
grade gypsum sheathing may limit vapor

diffusion drying. WEB A is approximately
ten times more vapor permeable than exte-
rior-grade gypsum sheathing,

532WREE

The dry-cup vapor permeance of WEB
B, according to ASTM E96, Method A, is 14
.5, perms [B04 ng/Parsnr]);, and the wet-
cup vapor permeance, according to ASTM
E96, Method B, is 28 U.5 perms (1597
ng/Pasnr]. WRE B has a much greater
vapor permeance than 08B, which is 1 to 2
perms (37 to 115 ng/Pasm®), and WRE B
has appromimately the same wapor perme-
ance as exterior-grade gypsum sheathing,
which iz 23 perms (1,300 ng/Pars-nr| when
WRE E is in a high-RI environment (simu-
lated by Method B wet cup ASTM E96).

0OSE Substrate
Subassembly testing of 0SB and WRE B
performed similatly to the WRE A. The
vapor permeance of the OS50 was the con-
trolling force in drying from interior wetting,
The mass lost during interior wetting was
1.7 g/ day, which is an effective sample per-
meance of 1.7 perms 96 ng/ Parg-nr).
Exterior wetting of the 0SB with WEE B
resulted in 16.1 gfday or an effective sam-
ple permeance of 248 perms (1,423

ng/Pa-gm?).

Exterior-Grade Gypsum Substrate

Intericr wetting of the exterior-grade
mypsum sheathing with WEB B resulted in
a mass loss of 15.0 g/ day, which is an effec-
tive sample permeance of 23 perms (1,327
ng/Pa-gm?).

Exterior wetting between the exterior-
grade gypsum substrate and WEB B result-
ed in a mass loss of 161 g/day and an
effective sample permeance of 24.8 perms
(1423 ng/Pars'm?).

The effective permeance for the exterior
and interior wetting of exterior-grade gyp-
sum sheathing, and the exterior wetting of
OEE with WEE E all have similar mass loss
and efective sample vapor permeances.
This means thatin the subassembly test of
interior wetting on exterior-grade gypsum
sheathing, the limiting factor for drying was
the WRE B, not the exterior-grade gypsum
sheathing. The wapor permeances in all
cases were slightly less with WRE B than
with WEE A, but in the case of nterior wet-
ting of O5E, the difference is insignificant.
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5.3.3 Building Paper (¥15 Felt)

The range of properties for building
paper can vary significantly. According to
the NRC, which tested the vapor permeance
of different thicknesses of #15 felt, the
rangs in vapor permeances is 0.5 to 40
perms (28 to 2,300 ng/Pars-nr) over a rangs
of relative humidities. For these tests, the
relative humidities were quite high, so the
permeances were likely at the higher end of
the range.

OSE Substrate

Interior wetting of 035 with building
paper resulted in an average mass lost of
0.5 g/day ar an effective sample permeance
of 0.8 perms (45 ng/Pa-sm’). This is the
slowest drying of all interior OS5 wetting,

Exterior wetting of the 0SB with build-
ing paper resulted in a mass loss of 120
gfday or an effective sample permeance of
18.6 perms (1,070 ng/Pars'm®). This is the
lowest of all exterior wetting on 0SB sub-
assembly tests.

Exterior-Grade Gypsum Substrate
Interior wetting of the exterior-grade
gypsum sheathing with buidding paper
resulted in a mass loss of 9.3g/ day, which
is an effective sample permeance of 13.8
perms (794 ng/Pasmf). Exterior wetting
between the exterior-grade gypsum sheath-
ing and buidding paper resulted in a mass
logs of 10.7 gfday and an effective sample
permeance of 15.8 perms (908 ng/Pars-m’).

5.4 Summary of Subassembly Testing

Table 3 shows a summary of the sub-

assembly testing results and the effective
sample vapor permeances. The following
conclusions can be drawn from Table 5:

«  If water were to enter on the interior
of the 0SB, it would dry twice as
quicldy with WEE B as with building
paper, and three times as quickly
with WRE A as with building paper,
although the rate of drying is quite
dlow, since the permeance in all
cases is controlled by the absorptiv-
ity and vapor permeance of the OSE.

«  If water were to enter on the interior
of exterior-grade gypsum sheathing,
it would dry 15 times as quickly
with WREB B instead of building
paper, and would dry 2.5 times as
quickly with WRE A as with building
paper.

« I water were on the exterior of the
(050 sheathing between the sheath-

Effective Sample | Effective Sample
Mass Lost Permeance Permeance
e/ day] US Perms [ng/Pa-s-m®]
FOXX
interior wetting on OSB 1.4 2.2 126
exterior wetting on 0SB 40.6 89.0 5108
interior wetting on DG 37.1 56.4 3240
exterior wetting on DG 532 926 5317
MAXX
interior wetting on Q0SB 1.1 1.7 96
exterior wetting on Q5B 16.1 248 1423
interior wetting on DG 15.0 23.1 1327
exterior wetting on DG 16.1 24.8 1423
Building Paper
interior wetting on OSB 0.5 0.8 45
exterior wetting on 058 12.0 18.6 1070
interior wetting on DG 93 138 794
exterior wetting on DG 10.7 158 908

Table 3: Summary of subassembly test results and effective sample permeances

ing and the WEB, it would dy 1.3
times more quickly with WEE B
than with building paper, and 3.3
times more quickly with WRE A than
with building paper.

« If water were on the exterior of the
exterior-grade gypsum sheathing
between the sheathing and the
WRE, the water would dry 1.5 times
more gquickly with WEE B than with
building paper, and almost five
times more quickly with WRE A than
with building paper.

These fests were conducted without a
temperature gradient across the subassem-
bly sample. Using a temperature gradient
would increase the vapor pressure equally
for all samples and should increase the dry-
ing rate equally.

I all cases, the effective permeance of
the samples with WRE A had a higher effec-
tive vapor permeance than the similar tests
withWRE B, and the WRB B samples had a
higher effective vapor permeance than sim-
ilar tests with building paper.

In all cases of interior wetting of the
OSE with no temperatire gradient, the diy-
ing was very slow and controlled by the OS5
sheathing, The type of WEE did not signifi-
cantly affect the drying rate of the 0SB,

Comparing the exterior wetting of OS5
and exterior-grade gypsum sheathing with

SYHPOSIUA OH BUILDING ENVELOPE TECHNOLOGY = DCTOBER 2012

WEE B, the resulting effective vapor perime-
ance is very close to the ASTM E96 Wet Cup
value of 28 perms (1597 ng/Pa-sm®) deter-
mingd in phase one of this study. Exterior
wetting beneath the WEE A resulted in
effective vapor parmeances of approsimate-
ly one third of the ASTM E9 Wet Cup
value. WRE A has a high vapor permeance
and may not have been maintaining 100%
RH between the sheathing and the WEB.

6. SIMULATIONS WITH
HYGROTHERMAL MODEL

Permanently increased modstiure content
in a buiding enclosure component may
result i moisture damages and mold
growth. The thermal and hygric behavior of
building enclosure components are clossly
interrelated and therefore have to be investi-
gated, together with their mutual interdepen-
dence. Inereased modstiure content in build-
ing components favors heat losses, and ther-
mal conditions affect medsture transport,

To investigate how the water-vapor per-
meahility of a WRE affects the performance
of a building endosure under various di-
matic conditions and in conjuncion with
different sheathing materials and dadding
materials, hygrothermal simulations wers
performed with WUF PRO 5.1 This soft-
ware model allows the one-dimensional
investigation of the hygrothermal perfor-
mance of budding components, including
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effects such as built<in meisture, driving
rain, solar radiation, long-wave emission,
capillary transpaort, and summer condensa-
tion (Kinzel and Karagioeis, ASTM Manual

The following climatic locations were
chosen for the hygrothermal simulations
[climate zone references as per the
International Energy Conservation Code
zoning):

«  Miami, FL [Climate Zone 1)

+  Mew Orleans, La (Climate Zone 2)
Aflanta, GA [Climate Zone 3

San Francisco, CA [Climate Zone 3)
Baltimore, MD (Climate Zone 4
Portland, OR [Climate Zone 4)
Seatfle, W [Climate Zone 4)
Chicago, IL [Climate Zone 5)

+  Minneapolis, MN [Climate Zone 6)
+ Fairhanks, AE [Climate Zone 7)

Two different exterior sheathing materi-
als were considered for the hygrothermal
simulations: 0SB and exterior-grade gyp-
sum board. The follwing dadding materi-
als were investigated:

Brick

Adhered manufactured stone venser
Cementitions shucco

Cementitions siding

Six different WRE scenarios were inves-
tigated:

+  Building paper

+  Low-perm membrane (1 perm)

+ WEB A

+ WEEB

+ WEBC

« Combination of WRE C with ventilat-
ed rainscreen membrane [Product D

The building paper and the low-perm
membrane case were used for comparison.
The last case [combination of WEB C with
Ventilated Rainscreen D) comprised a high-
Iy water-vapor permeable WRE with an
impermeahle, three-dimensional rainscreen
membrang that was ventilated on the front
and back sides. This scenario was chosen to
investigate the hensficial effect of combining
drying potential for any medsture within the
wall cavity [via vapor diffusion through the
permeable WEE into the ventilated cavity
outside) and an impermeable layer out-
board of the ventilated airspace in order to
prevent nward moisture movement from
absorptive cladding due to solar drive. The
beneficial effect of a ventilated vapor-imper-
meahle rainscreen product has been evalu-
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ated and discussed in detail by Straube et
al. [2009), and by Jablonka, Karagiozis, and
Straube (2010).

The key properties for WEBs that were
measured earlier on in the project were
used in the analysis. The heat fconduction)
and moistiure transport [apor diffission and
capillary conduction] were deployed in the
gimulations in cne-hour time steps. Hourly
indoor and outdoor dimatic conditions as
per ASHRAE Standard SPCI60 were used,
and the assumption was applied that 1% of
the precipitation water that hits the
cladding would leak through or enter
behind the dadding. Additional analysis
was performed where 0.7 5% water penetra-
tion took place between the WRE and
sheathing board, and 0.5% of water pene-
tration between the sheathing board and
insulation were also inchided in the para-
metric. Analysis was performed in ene-hour
steps for a two-year period for the selected
wall enclosure systems. The interior condi-
tions were calculated from the exterior
weather file used in the hygrothermal sim-
lation by applying the intermediate method
from ASHRAE SPC 160.

Connection of Model and Subsystem
Testing

As with all modding activities, it is
important to capture the subsystem effects.
When these subsystemn effects are properly
captured, the accuracy of the predictions is
expected to be higher. Prior to the execution
of the hygrothermal analysis, the basic
properties of the WRBs were measured
[Straube et al, 2010). Then a series of sub-
system tests were performed as desoibed
in the previous sections. The 1-D hygrother-
mal model (WUFI-ORNL) was used to vali-
date the drying performance of the various
experimental results. Good agresment was
found between the model predictions and
the measured drying rates for the various
laboratory subsystems tested. The valida-
tion provided the necessary confidence in
the results to engage in the comprehensive
hyerothermal parametric analysis.

For the simulation cases that included
the Ventilated Rainscreen D, two air cavities
were inchided into the WUFT 5.1 model. The
air exchange rates within the two air cavi-
ties were calaulated hased on the procedure
developed within ASHRAE TRF 1091
[Burnett, Straube, and Karagiozis), which
was also detailed in the Journal of ASTM
International by Earagiozis and Eunenzel
The effects of stack pressures, wind pres-

sures, and moisture concentration gradi-
ents are combined to produce a net force for
driving air flow in each of the two cavities
that the Ventilated Rainscreen D creates. A
thermal analysis was initially simulated
from which the temperatore distribution
and the stack effect were computed. Once
this was completed, the air changes per
hour were computed for each air space cav-
ity and input files were created for the
hygrothermal analysis using WUFL

Three surfaces were selected as the crit-
ical layers for detailed analysis: The exterior
surface of the exterior sheathing board (P1),
the interior surface of the exterior sheathing
board (P2), and the interior side of the insu-
lation layer in the wall cavity [P3). Selection
points—both on the interior and exterior
side of the wall cavity—ensured that the cli-
matic effects were captured in the perfor-
mance analysis,

The maximum mold growth index for
each point was investigated. The mold
growth index, as described in depth by
Viitanen (Viitanen, 2010), makes it possible
to analyze the critical conditions needed for
the start of mold growth and to measure the
progress of mold growth.

Firat, all points were checked against a
reference value. The average of the maxi-
mum mold growth index of these thres
points was calculated, and this value was
then used as a performance indicator for
ranking. The lowest value has the highest
ranking, representing the hest wall perfor-
mance in regard to modsture management,

7. SBOFTWARE SELECTION TOOL
AND CONCLUSIONS

Wall assemblies with various cladding
types in different climates demand the
proper selection of WREs for optimal perfor-
mance. The results of the measurements
and hygrothermal simulations described in
this paper were summarized in a software
tool that helps the designer simply and
effortlessly choose the most suitable WRB
for a particular wall assembly configura-
tion . Furthermore, it provides a design rec-
ammendation for optimal wall performance
based on a performance ranking by WEB
type.

The software tool allows for a step-Ty-
step selection process as shown in Figure 6.

The user gets prompred to select the
location from a list or map. Only the loca-
tions described in chapter & are availahle
fior selection. However, these locations were
carefully selected in order to cover all cli-
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that water enters into the
wall cavity [backside of the
exterior sheathing materi-
al). By presenting all three
gages in one view, the de-
signer gets a quick impres-
gion how well a wall
asgembly would perform
under ideal or less ideal
[more realistic] conditions
[e.g., missing flashing,
penetrations in WEE, etc.).
If desired, the designer
can  pull up detailed
graphs for temperature,
relative  humidity, and
moistire content for each
of the three scenarios. The
graph in Fgure & shows a
typical example for tem-
peratures measured in the
three sensor locations
Pl, P2, and P3—for the

Figure 6 - Software tool for simple selection of the most suitable WRE.

imatic zones of the TS the user would
choose the ncation that would be closest o
the location of interest within the same cli-
mate zone. In the next step, the user is
prompted to choose the type of exterior
sheathing (0SB or exterior-grade gypsum
hoard). Furthermore, the user can choose
from one of six options for WEBs with a
wide range of water vapor permeability. The
last step in the selection process allows the
user to decide between four different
cladding options: brick, adhered manufac-
tured stone veneer, cementitions stuooo,
and  cementitiouns

chosen conditions.

The first gange (on the l&ft) provides the
maximum mold growth index for the
assumed “ideal” case that 1% of the precip-
itation water that hits the facade will leak
through the cladding but remain on the
outside of the WEE. The second gage [in the
middle provides the maimum mold growth
index for the assumed case that 0.75% of
that water enters between the WEE and the
sheathing board. The third gauge on the
right presents the maximum meold growth
index for the assumed case that 0.5% of

simulated two-year period.

For simplicity, a per-
formance overview is pro-
vided to the designer as shown in Figure 9.

The performance overview chart shows
the six different of WRE scenarios that were
analyzed. Lowest mold growth index [opti-
mum hygrothermal  performance] is
achisved in the center of the diagram. The
further the red line moves to the outside of
the diagram, the more mold growth has to
be expected under the chosen circum-
gtances, The list below the diagram shown
in Figure 8 provides a performance ranking
of the different WEE scenarios for that par-
ficular climate zone and the chosen sheath-

cladding,

The performance
regults for the seect-
ed wall assembly for
that particular cli-
matic lecation are
then presented in a
SUMMary screen as
shown in Figure 7.

The  summary
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screen provides three

gauges with a range
from 1 to 6. In this

e
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Figure 7-Summary screen for wall performance under selected conditions.
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ing board and cladding type.

It is apparent that the vapor permeabil-
ity of the WEB has an influence on the aver-
age maold growth index, as it affects the dry-
ing of interior moisture via diffusion.

Figurez 10 and [I show the average
mold growth index for Chicago for adhered
manufactured stone veneer and cementi-
tious siding, each with OSB as exterior

Figures 12 and 13 show the relative
humidity in the three different sensor loca-
tiong for the same location and cladding
materials.

Figure 12 shows that in the Chicago cli-
. mate, the use of a hi . lile
e | | e el i e i
stone veneer would lead to elevated levels of

relative humidity for long time periods per

Figure 8 - Relative humidity measured over two years {n locations P1, P2, and p3  Ye2r (between 90% and 100% RF). The

Jor selected conditions.

Mirnaspcia, Wnnessis
Laws P 'WIRR

BELTAS VERT § i DELTAS . 3RY

DELTAS - FOMN DELTAM - BAKK
GELRAS - VENTE
Recammeandation for opmum wall perlomance:
1) DELTAS-VENT § & DELTAS - DY
) DELTAS - Wax
) DELTAS - VENT §
) DELTAS - FOM
£) Bulkiing Faper
B Lirw P WinE

Figure 9 - Performance overview and performance based
ranking for various WRE options.

samne WRB used behind cementitious siding

wotld lead to significan fly lower RH values

for most of the year [between 70% and
90%). The elevated levels can be explained with solar moisture drive
from highly absorptive claddings within the wall cavity. A highly
vapor-permealie membrane would allow moistire from the inside of
the cavity to easily diffuse to the outside; but in case of reverse vapor
pressure differential, modsture can also easily diffuse inwards and ele-
vate the moisture levels inside the wall assembly.

The reverse moisture flow can be prevented by using a ventilated,
vapor-impermeable rainsereen outhoard of a highly vapor-permealble
WEE as shown in Figures 14 and 15

The graphs in Figures 13 and 14 show that by utilizing a highly
vapor-permeable WEB in conjunction with an impermeable rain-
goreen product on the outside, the relative humidity levels drop
noticeably.

Similar results can be seen for other climate sones. Hence, the
best wall performance in any climate zone can be achieved by com-
bining a highly vapor-permeable WRE with an impermeable, ventilat-
ed rainscreen material This combination allws for quick deving of
modsture from within the wall assembly to the outside, while moisture
from the owtside (ie, stored in absorptive cladding material like
adhered manufactured veneer| cannot migrate inward. [

Figure 10 - Average mold growth index, Chicago, adhered
manufac tured stone veneer, 0SB as exterlor sheathing.
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Figure 11 - Average mold growth index, Chicage,
cemen titions siding, 0SB as exterior sheathing.
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Figure 12 - Relative humidity, adhered manufactured stone

venger, 0SB and WREB C.

0SE and WRE C.

Figure 13 - Relative humid ity Chicago, cementitious siding,
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Figure 14 - Relative humidity, adhered manufoctured stone
veneer, 0SE and WRB C with rainscreen.
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