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W. Maref' and M.A. Lacasse'

Drying Response of Wood-Frame Construction: Laboratory and
Modelling

ABSTRACT: Recent research in the assessment of hygrothermal response of building enclosures focuses on both laboratory
experimentation and modelling in which the results from both processes are compared. Evidently such type of studies can
potentially offer useful information regarding the benchmarking of models and related methods to assess hygrothermal
performance of wall assemblies. This paper reports on experimental results and the use of an advanced hygrothermal computer
model called hygIRC to assess the hygrothermal response of various components in wood-frame wall assemblies when
subjected to nominally steady-state environmental conditions. There was interest in obtaining information on the drying rates
of wall components, in particular oriented strand board (OSB), featuring several different types of membrane in contact with
OSB given that such results could provide direct evidence of the degree to which membranes may retain moisture and affect
moisture migration. On this basis, the drying response of mid-scale specimens of approximately (0.8 by 1-m) and full-scale
specimens (2.44 by 2.44-m) were assessed in a series of experiments undertaken in a controlled laboratory setting. The results
were subsequently used to help benchmark simulation results obtained from hygIRC in which a comparison is made between
experimental and simulation results.

KEYWORDS: Air transport, Building System, Drying, Envelope, Heat Transfer, Mass Transfer, Modeling, Moisture,
Wood Product.

INTRODUCTION

Simulation models can accommodate a variety of changing boundary conditions and as well, result in much faster
analysis, given the recent advances in computer technology that have permitted ready access to enhanced computing
performance. This in turn has brought about an increased emphasis on the use of numerical methods to solve the fundamental
hygrothermal equations that form the basis for many of the mathematical models developed over the past decade. However,
acceptance of results derived from simulation models is contingent upon acquiring evidence of a response comparable to that
obtained from experimental work when the simulation is carried out under the same nominal environmental loads. Hence,
studies that incorporate both laboratory experimentation and simulation offer possibilities to compare results and hence
‘benchmark’ the response models such as hygIRC to known conditions [1].

As part of a research program to establish the hygrothermal response of wood-frame wall assemblies to varying climate
conditions, a series of drying experiments were performed in a programmable environmental chamber used for replicating
specific temperature and relative humidity profiles, the range of which would be consistent with those of exterior climatic
conditions [2,3]. In these experiments, bulk moisture content of the entire assembly was measured using a sophisticated
weighing system, and as well, local moisture content measurements of oriented strand board (OSB) sheathing components
were taken with the use of electrical resistance moisture pin pairs.

This paper reports on experimental results and the use of an advanced hygrothermal computer model called hygIRC
to assess the hygrothermal response of various components in wood-frame wall assemblies when subjected to nominally
steady-state environmental conditions. There was interest in obtaining information on the drying rates of wall components, in
particular oriented strand board (OSB), featuring several different types of membrane in contact with OSB given that such
results could provide direct evidence of the degree to which membranes may retain moisture and affect moisture migration.

OBJECTIVES AND SCOPE

The objective of this study is to determine the minimum characteristics and levels of performance of various wall
elements in handling high moisture content (MC) i.e. rainwater ingress depending on the surface environment of the wall
assembly. Experimental work has been conducted, both at mid-scale (i.e. 0.8-m by 1-m) and full-scale (i.e. 2.44-m by 2.44-m)
levels, to validate the results obtained through the use of hygrothermal simulation using an advanced hygrothermal model
known as hygIRC [1, 4].

The use of this model allowed the prediction of measurable hygrothermal effects on various wall assemblies at any desired
environmental condition, and thus contributed to a better understanding of transfer of moisture in the building envelope.
Measurable hygrothermal effects included measuring changes in moisture content of materials and changes in weight of wall
components or assemblies over time.

1-National Research Council Canada-Institute for Research in Construction (NRCC-IRC), 1200 Montreal Road Campus, Ottawa, ON, K1AA OR6, Canada.



The work consisted of:

1. Measuring the overall hygrothermal behavior of wood-based layers in wood-frame construction when subjected to steady
and transient state hygrothermal conditions in a controlled laboratory environment.

2. Benchmarking hygIRC model predictions of the drying rate of wood-based components.

MODELLING THE ADVANCED HYGROTHERMAL MODEL HYGIRC

The overall assembly of the building envelope and the selection of particular components within the assembly has
developed through building practice tradition that has evolved from generations of experience, but far too often, new building
materials and construction practices have been introduced without adequate understanding of their expected hygrothermal
behavior. Determining the hygrothermal behavior of components can be achieved by carrying out laboratory and field
experiments or by estimating their response through the use of calculations. Whereas laboratory and field experiments are
often too selective and rather difficult to set-up and complete, calculation methods are flexible in that these can represent a
variety of changing boundary conditions thus resulting in much more rapid analysis. With rapid advances in computer
technology and development of numerical methods, many computer models for hygrothermal calculations were developed
during the past decade. Depending upon the complexity of the problem under consideration, such models can be based on very
simple, one-dimensional, steady state methods or on very complex, two-dimensional, transient methods.

The development and application of NRC-IRC’s advanced hygrothermal model AygIRC have been previously
reported [1, 4]. Indeed, AygIRC is an enhanced version of LATENITE [5, 6, 7, 8], to which has recently been added
knowledge related to quantifying wind-driven rain on building facades [9]. This work permitted predicting liquid water
moisture loads on exterior wall surfaces. Extensive laboratory and analytical benchmarking exercises of the model hygIRC
were completed at the system level [1, 2, 9, 10, and 11] and as well as a field benchmarking exercise [12].

EXPERIMENTAL APPROACH

A series of experiments have been conducted to gather data on the hygrothermal behavior of mid-scale and full-scale
wood-frame wall assemblies and components when subjected to steady and transient state environmental conditions such that
the results could be used to evaluate the expected performance and predictive capabilities of hygIRC. The drying of mid-scale
test specimens (0.8-m by 1.0-m) and full-scale specimens (2.44 by 2.44-m) were monitored. The advantage of testing these
specimens was to establish data acquisition protocols and determine the wetting procedure for wood components. The mid-
scale series included not only OSB sheathing but also combinations of OSB in contact with different water resistive barrier
(WRB) materials or other materials for which an understanding of the hygrothermal response is essential for proper assessment
of the overall response of walls. The test was carried out in controlled laboratory conditions over a period of time sufficiently
long as to permit quantifying gravimetrically, the change, and rate of change, in the total moisture content (drying) of critical
wall assembly components. The full-scale tests were conducted in a series of steps (Figure 1), each step comprised of
evaluating the hygrothermal response of a full-scale specimen to specified laboratory controlled conditions. The initial step
consisted of determining the response of a single sheet of OSB to specified conditions whereas each subsequent step had an
increased level of complexity in regard to the number of assembly components being modeled and for which data was to be
reconciled with the experiment. This step-wise approach permitted gaining a better understanding of the relative contribution
of each component to key hygrothermal effects. In this way, complex assemblies of components were analyzed and their
hygrothermal response to steady or transient state climatic conditions characterized in relation to that simulated using hygIRC.
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FIG. 1— Step-wise approach for experimental stages to evaluate hygIRC

EQUIPMENT, MATERIALS AND SPECIMEN ASSEMBLIES

A brief description of the test equipment is provided that includes information on the environmental chamber, weighing
mechanism and instrumentation; thereafter, the materials used in both the mid- and full-scale experiments are described as are
the respective test specimen configurations and methods of specimen conditioning.

Equipment
e An environmental chamber, referred to as the Environmental Exposure Envelope Facility (EEEF), was used to subject
the specimens to simulated climatic conditions over extended periods of time.
e Three weighing systems were fabricated for the mid-scale tests, each one capable of accommodating three specimens.
[10].
e  The precision weighing system for full-scale (2.44-m by 2.44-m) wall assemblies [13] is capable of weighing walls
having nominal weights of up to 250 kg roughly to the nearest gram continuously over a test period.

Two types of sensors were used in these experiments including:

e Moisture pins, to assess the bulk moisture content of wood based materials;

e Temperature and relative humidity probes either integral to a data logger or as a single entity that could be placed in
proximity to various surfaces.

e Two data acquisition systems were used: one for the mid-scale and the other for the full-scale, for which details
describing the respective systems can be found in [10 and 13].

Materials

The relevant physical properties of the oriented strand board (OSB) wood panel sheathing and the sheathing membrane
materials used in both mid- and full-scale experimental sets are provided in Table 1 and Figures A1, A2, A3, and A4 Appendix
A. Kumaran et al [14] provided the relevant hygrothermal characteristics of both of these materials. Values for the absorption
isotherm of the OSB board are given in Figure A1, whereas the absorption isotherm for sheathing membranes II, III, and V are
given in Figure A2 and in Figure A3 is provided isotherm for membranes VII and X. Values of vapor permeability in the x-
direction of OSB (Perpendicular to the main surface) and membranes II, III and V are given in Figure A4; the corresponding
values for membranes VII and X remain constant and are equal respectively to 6.08 x 10" kg/mePaes and 3.76 x 107"
kg/mePaes.



Table 1 — Description of test materials and relevant properties

Item No. Component Description Characteristic Properties
Density Thickness
(kg/m?) (mm)
1 Sheathing 0SB 650 11.5
2 Membrane \Y Asphalt impregnated building papers 60 min 800 0.35
3 Membrane Il Asphalt impregnated building papers 30 min 870 0.23
4 Membrane Il Asphalt impregnated building papers 10 min 810 0.21
5 Membrane X Polymer-based spun bonded polyolefin 670 0.10
6 Membrane Vil Polymer-based spun bonded polyolefin 464 0.14
7 Membrane Vv Asphalt impregnated building papers 15 # felt 715 0.72
8 Membrane I Polymer-based spun bonded polyolefin 288 0.30

Specimen assemblies

The component combinations and initial test conditions of the different test specimens for both mid- and full-scale tests
are provided in Tables 2 and 3, respectively. Three sets of specimens were assessed in the mid-scale tests (Table 2) whereas
four sets of full-scale specimens were evaluated in this latter test series (Table 3).

Mid-scale Specimens

Mid-scale experiments were conducted on various types of wood-frame wall assembly components but essentially, in this
series of experimental sets, the results were used to assess the drying rates of saturated OSB sheathing in contact with, or in
proximity to, other OSB sheathing, and in contact with various water resistive barriers when subjected to controlled
The different proposed combinations are provided in Table 2, together with the nominal
environmental conditions to which they were subjected. For example, the material "Il + Wet OSB + II" means that, one
sheathing board of saturated OSB is wrapped with sheathing membrane of type II on both sides and is subjected to controlled

environmental conditions.

environmental conditions in the EEEF.

Table 2 —Mid-scale experimental sets and related component combinations and test conditions

Set No

Spec. No.

Materials Climatic Chamber

1

Wet OSB
IV + Wet OSB + IV
I + Wet OSB + I
Il + Wet OSB + 1l
X + Wet OSB + X
VIl + Wet OSB + VII
Xl + Wet OSB + Xl
V +WetOSB + V
| + Wet OSB + |

EEEF

VIl + Wet OSB + VI
Il + Wet OSB + I
V + Wet OSB + V
Wet OSB+ MP @ 2 D*
Wet OSB+ MP @ 34D
Wet OSB No MP
VII + Wet OSB + VI
Il + Wet OSB + Il
V + Wet OSB + V

EEEF

XN QA NERWN=ICROIANEWDN=IOSCOIANN A WDN

Il + Wet OSB + |l
X+ WetOSB + X
IV + Wet OSB + IV
Wet OSB + MP @ 2 D
Wet OSB+ MP @ 34D
Wet OSB +No MP
Il + Wet OSB + Il
X+ Wet OSB + X
IV + Wet OSB + IV

EEEF

*Refer to Moisture Pin (MP) installed at 2 depth of the thickness.



Full-scale Specimens
The full-scale experiments were conducted on four configurations of wood-frame wall assembly as illustrated
schematically in Figure 2 to Figure 5. The results from these experiments were used to assess the drying rates of saturated
OSB sheathing in contact with other building components when subjected to controlled environmental conditions in the EEEF.
In the schematics provided, the various components of each of the 4 experimental sets evaluated in the full-scale tests are
clearly depicted. The components used in each set are summarized in Table 3.

Table 3 — Full-scale experimental sets, related test materials combinations conditions

Set No. Materials Conditions
1 Wet OSB + Insulation + Polyethylene
2 VII** + Wet OSB + Insulation + Polyethylene EEEF
3 IV + Wet OSB + Insulation + Polyethylene

4 IV + Wet OSB + Insulation + Polyethylene + Dry wall
** Refers to the type of water resistive barrier (WRB) — sheathing membrane

6 mil polyethylene 6 mil polyethylene

38 mm x 89 mm mm
38 mm x 89 mm mm wood stud frame

wood stud frame

6 mil polyethylene Gypsum board

38 mm x 89 mm mm 6 mil polyethylene
wood stud frame

Glass fibre insulation
(not shown)

Glass fibre insulation
(not shown)

11.5 mm OSB sheathing
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Specimen Pre-conditioning (Initial Conditions)
Mid-Scale Specimens

Specimens of 0.8 x 1.0-m size were immersed in a water bath (Figure 6a) for a period of 5 days to partially saturate
the specimens. To ensure that water was in contact with all surfaces of the OSB specimens and to accelerate the wetting
process, specimens were stacked as shown in Figure 6a which each specimen separated by aluminum angles of 1-m length. To
counter the buoyancy of specimens, bricks were placed on the uppermost sample (Figure 6b). After five days, water in the
bath was drained and the specimens were left in the bath for another two days to allow moisture to re-distribute evenly within
the OSB. Care was taken to prevent the boards from drying out by sealing the bath lid with adhesive tape.

al

Figure 6a — Cross-section of immersion bath

Figure 6b — Mid-scale sainples in soaking bath

Full-Scale Specimens

Full-scale specimens were also pre-conditioned to ensure that the OSB sheathing boards were brought to elevated
moisture contents. The pre-conditioning consisted of two phases: immersion and stabilisation. The immersion phase
permitted the OSB to quickly reach an elevated level of moisture content. The stabilisation phase ensured that the moisture
content throughout the component reached equilibrium. The moisture content of the components was monitored on a
continuous basis during the stabilization phase such that the specimen reached the desired moisture content prior to initiating
the test program. The immersion phase took place in a large water tank (Figure 7) that permitted the complete immersion of
the face of the specimen. The stabilization phase took place following three days of immersion. Water in the tank was drained
and the specimens then remained for another two days to allow moisture to re-distribute evenly within the OSB. Care was
taken to prevent the boards from drying out by sealing the tank lid with adhesive tape.

" o= . . -
Figure 7 — Full-scale samples in soaking bath

Nominal Results from benchmarking exercises

Prior to providing results on the respective benchmarking exercises, information is first given on the model
implementation and simulation assumptions as these offer some insights into the resulting simulations to which are compared
the experimental results. Results from the mid-scale experiments are first provided followed by those obtained from tests on
full-scale specimens.



Results from mid-scale tests

Model implementation and Simulation assumptions
The model implementation of the sheathing board, flanked on either side with a “layer’ of sheathing membrane (i.e. 3
layers: membrane, OSB, membrane), was represented using a rectangular mesh approach. This mesh was comprised of 20
nodal points along the height of the specimen (y-direction) and 16 nodal points across the depth (x-direction) for a total
number of 320 nodal points for the entire representation. Membranes, installed on either side of the OSB were each comprised
of 3 equidistant nodes across their depth. The OSB (thickness 11.5-mm) had 10 equidistant nodes. In the case where the
response of the OSB alone was simulated, the grid representation in this instance had an expanding mesh implying that the grid
density near the edges of the nodes across its depth was greater than that at the center. The surface heat transfer coefficient was
10 W/m?°C whereas the moisture transfer coefficient along the principal planar surfaces of the specimen was 4.6 x 10-7
kg/m®esePa and at the top and bottom of the specimen was 7.4 x 10-15 kg/m”ssePa. Though the experimental data provided
boundary conditions every 2 minutes, the time step used in the simulation was 60 minutes — this provided ample resolution in a
drying process that generally took several weeks.
The assumptions under which the simulations were conducted are:
e Membranes were represented as vapour diffusion control elements.
e Contact between the membranes and the OSB sheathing was perfect (i.e. no interstitial airspace between
components).
e Initial moisture content (MC) of the membrane was 0%.

Nominal results and discussion

After a number of simulations undertaken to help benchmark the model representation, it was determined that the grid
size had an important effect on the drying curve derived from simulation, especially grid sizes near the “free surface” of
specimens. Using a higher density grid near the “free surface” of the OSB enhances the modelling of mass transfer from the
free surface to the surrounding air. The largest discrepancy between model and experiment was reduced from 22% to 12.5%
by using an irregular instead of a regular mesh. This adjustment in model representation did not worsen the already good
correspondence at the lower MC ranges, where the drying rate is lower.

The grid size is not the only parameter that influences the accuracy of the simulation. It must also be considered that
the current simulation did not provide for an air gap to be present between the OSB sheathing. In reality, given that perfect
contact between membrane and specimen does not exist, it can be assumed that an air gap does indeed exist. Consequently, it
can be expected that under certain environmental conditions some condensation could occur on that side of the membrane
nearest the free surface of the OSB. These conditions, and the possibility of condensation occurring, and for which an air gap
is assumed, need to be further explored to determine the extent to which they are factors in providing more accurate simulation
results.

A number of different scenarios were considered thus helping ensure that the hygrothermal performance of the
assemblies was adequately represented. However, it must be acknowledged that in terms of the drying times, as well as the
shape of the drying curve derived from these experimental sets, the overall agreement between the experimental and simulated
drying curves is excellent.

Experiment Set 1

Figure 8 depicts the surrounding environmental conditions i.e. temperature (T) and relative (RH), within the EEEF.
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Figure 8 — Environmental Conditions of the EEEF



Figure 9 depicts the drying results of the OSB layer exposed to the surrounding environmental conditions within the
EEEF. In this experiment, the weight of the specimens was monitored using load cells whose signals were captured through a
data-logging system (the slight instability in the readings is attributed to small random errors). In this series of experiments,
the initial MC of the OSB was 61%. As can be observed in Figure 9, the equilibrium MC (EMC) is achieved after 21 days
(5%); the simulation is in good agreement with the experimental data. The only differences between the two drying curves
manifest themselves in the first 4 days of drying, at high moisture contents; the largest difference is 5% MC, which is
negligible for actual conditions.
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Figure 9 — Comparison of simulated and measured drying results of OSB layer (The OSB was wrapped on both sides with
results of OSB layer membrane I1I)

Figures 10 and 11 show the simulated and measured drying results for the OSB layer wrapped on both sides by
membranes labeled III and II respectively. In general, the simulation curves follow the shape of the experimental data, but
there are some differences in agreement. The initial MC for the OSBs (Fig. 10, membrane III; Fig. 11, membrane II) was
respectively 66% and 65%. Nonetheless, the overall simulation results provided in Figures 10 and 11 show good agreement
with the experimental data. The biggest difference in MC derived from these comparisons is around 6% MC. It can also be
stated that, in general, all simulations provided reasonably accurate drying time for the OSB to reach their respective EMC.
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results of OSB layer (The OSB was wrapped on both sides  pq;/s¢ of OSB layer (The OSB was wrapped on both sides with
with membrane II) membrane X)

A comparison between simulated and experimental results for OSB wrapped with membrane X is presented in Figure
12 and that of OSB wrapped with membrane VII in Figure 13. For the OSB wrapped with membrane X, the initial MC of the
OSB is 63% and the EMC (5%) is reached after 21 days. In the case of the OSB wrapped with membrane VII, a comparison
of the simulation to experimental results shows that the simulation predicts the drying within an acceptable degree of error
(10%). Finally, comparative results for OSB wrapped in membrane V are provided in Figure 14and show excellent agreement
between the simulated drying curve and the experimental results.
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Experiment Set 2
Figure 15 depicts the surrounding environmental conditions within the EEEF.
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Figure 15 — Environmental Conditions of the EEEF

Nominal results for mid-scale experimental set 2 are provided in Figures 16 to 26. They include the weights of
individual specimens together with resistance measurements taken across each moisture pin pair as a function of time. The
moisture content (MC) was obtained using eq. 1 which was derived from the calibration curve provided in [15].

MC (%) = 100*[Log (Resistance (€2))-9.1884] / (-14.152) (1)

The hygrothermal simulation model hygIRC was used to estimate the drying response of nine specimens of OSB.
The total moisture content as function of time of the nine (9) specimens, as determined by gravimetric analysis, is provided in
Figure 16. Figure 17, shows a comparison between simulated and measured total MC of the OSB board (per 0.8 meter of
specimen width) as a function of time for specimen 4. The total initial MC in the system for specimen 4 is approx. 70 % and
after 30 days it drops to 7%.
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Figure 18 shows a comparison between simulated and measured total MC of the OSB board as a function of time for
specimen 5. The total initial MC in the system for specimen 5 is ca. 58 % and after 30 days it drops to 5%. Figure 19 provides
the simulated and experimental drying results for OSB board wrapped on both sides in membrane VII (specimen 1). The
simulation curve in this figure follows the shape of the experimental data. The initial moisture content for OSB was 88%. The
model predicts the same period of time to reach the equilibrium moisture content (6%). These results indicate a good
agreement between results of simulation and those derived from experiment.

In general, the drying process is governed by the vapour permeability of the membrane. The higher the vapour
permeability, the greater the drying rate for a given set of environmental conditions. Given that the specimens were immersed
in water for 5 days and then allowed to stabilize in an enclosed environment (sealed tank), it was assumed that this period of
stabilization would help assure that the initial moisture content at the start of the experiment was uniform through the thickness
of the material; this was not the case in every instance. This was detected from data extracted from moisture pins installed in
specimens 4, 5, 7, 8 and 9 (see Table 2). Indeed, it was observed after the period of stabilization that certain OSB specimens
were, at times, wetter in certain parts of the board than in others, suggesting a non-homogeneous wetting pattern.
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Figure 19 - Total moisture content as function of time of OSB
layer wrapped on both sides with membrane VII — mid-scale
specimen 1 (Experiment / Simulation)

Figure 18- Total moisture content as function of time of OSB
layer — mid-scale specimen 5 (Experiment / Simulation)

Figure 20 shows the change in moisture content in relation to time (days) in OSB specimen 5 for each of the 6
moisture pin pairs installed at % the specimen depth. As is shown in this Figure, the bottom part of the specimen dries faster
than the top. This was due to the air movement in the climatic chamber that is estimated to be 1 m/s. The OSB starts drying at
a significant rate (change from 27% to 10% Moisture Content) after the second day of the experiment in location 14 whereas in
location 10, a similar rapid drying rate only occurs after 7 days. After the 12 days, asymptotic values of moisture content are
observed at all moisture pin locations.

Based on these data it can be stated that, in general, the rapid drying rate observed was adequately described by the
response obtained from the moisture pins and the drying process can thus be reasonably well ascertained based on these types
of measurements.
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The change in moisture content in relation to time of moisture pins placed at one-half the specimen depth in OSB
specimen 4 is presented in Figure 21. Moisture contents at a given pin-pair location were determined by associating the

resistance to a specific moisture content based on the resistance-MC calibration curve obtained from previous experiments
[15].
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Figure 22 shows the change in resistance (MQ) in relation to time (days) in OSB specimen 4 for each of 8 moisture
pin pairs installed at one-half the specimen depth. Three phases in the drying response of the specimen can be observed in this
figure:

e  The first phase occurs between 0 and 5 days;
e The second between 5 and 15 days; and
e The third between 15 and 27 days.

Figure 23 shows the first stage of drying of specimen 4, occurring in the first 5 days. After 5 days of drying all
moisture pins returned to a high value of resistance indicating lower moisture content. In phase 2 of the drying process (5 to 15
days), the resistance changed rapidly from 360 kQ to almost 5 MQ (i.e. equivalent to 25.8 % to 15.2 % MC). After 10 days the
curve continues slightly and a value of 280 MQ (11.0 % MC) is obtained. After the 15" day, asymptotic values of resistance
are observed; all the values lie between 280 MQ and 320 MQ (i.e. between 11.0 % and 10.6 % MC). Based on these data it can
be stated that, in general, the rapid drying rate observed was adequately described by the response obtained from the moisture
pins and the drying process can thus be reasonably well ascertained based on these types of measurements.

The lowest MC, i.e. the maximum resistance, is reached after 15 days of drying. These results further indicate that
the process of symmetrical drying of wetted OSB proceeds very rapidly in the initial stages (i.e. first 5 days of drying) and
thereafter, the rate of drying diminishes significantly. Results obtained for drying of wetted OSB wrapped with membranes
VII, III, and V are presented in Figures 24, 25 and 26 respectively.
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Figure 24 provides the change in moisture content in relation to time, as measured across the moisture pins when
installed at 1/2 the depth of specimen No. 7. In comparison to the previous results obtained for OSB not wrapped with
membrane, the rate of drying is evidently lower. For specimen 7, the surface of OSB is not in direct contact with air; hence
water vapour must diffuse through the membrane, which necessarily reduces the drying rate. Membrane VII has lower vapour
permeability than the OSB and is also the least permeable. Similar remarks can be offered regarding the results presented in
Figure 25, which represents the moisture content in relation to time of 6 moisture pins installed at one-half the OSB thickness
of specimen 8 wrapped in membrane III. The drying rate is slower than the previous specimen and the reason for this is
straightforward: the vapour permeability of membrane III is the lowest among the membranes tested and so is the least
permeable amongst them. Hence the drying of OSB wrapped with this membrane evidently would take more time to reach the
EMC than OSB wrapped with membrane VII.
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Figure 26 - Local moisture content of specimen 9 (OSB wrapped with membrane V)

Figure 26 represents the moisture content in relation to time of the 6 moisture pins installed at one-half the OSB
thickness in specimen 9 wrapped in membrane V. The OSB sheathing did not dry completely after 30 days of experiment
since it can be observed that the top portion (moisture pins M27, M28, M29) is still wet. Because of the low vapour
permeability of membrane V, the drying rate is slower than the previous specimens. Hence the drying of OSB wrapped with
this membrane evidently would take more time to reach the EMC than OSB wrapped with either membrane III or VII.

Experiment Set 3

The total moisture content as function of time of the nine (9) specimens of experimental set 3, as determined by
gravimetric analysis, is provided in Figure 27. The drying process in set 3 is similar to the previous set. The higher the vapor
permeability, the greater the drying rate for the given environmental conditions.
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RESULTS FROM FULL-SCALE TESTS
Model implementation and Simulation assumptions

Four layers represented the wall assembly, specifically, layers of: sheathing membrane, sheathing board, insulation
and vapor barrier (polyethylene sheet). The wall was represented in the model using a rectangular mesh comprised of 40 nodal
points along the height of the specimen (y-direction) and 26 nodal points across the depth (x-direction), totaling 1040 nodal
points for the entire representation. Membranes, installed on the exterior side of the OSB were each comprised of 3 equidistant
nodes across their depth. The OSB (thickness 11.5-mm) had 10 equidistant nodes; the insulation, 10 equidistant nodes; the
polyethylene sheet acting as an air and vapour barrier 3 equidistant nodes. In the case where the response of the OSB alone
was simulated, the grid representation in this instance had an expanding mesh implying that grid density near the edges of the
nodes across its depth was greater than that at the center.

The surface heat transfer coefficient was 10 W/m*°C on the single sheet of polyethylene and 12 W/m?* °C on the
sheathing membrane. The moisture transfer coefficient along the principal planar surfaces of the specimen was 4.6 x 107
kg/mesePa on the exterior, 5.5 x 107 kg/mesePa on the interior and at the top and bottom of the specimen was 7.4 x 10"
kg/mesePa. Experimental data was extracted every 2 minutes whereas the time step used in the simulation, was 60 minutes, the
same as was used for the mid-scale simulations and thus, as before, providing sufficient information to adequately simulate the
drying process that, in this instance, also took several weeks.

The simulations were conducted under the same assumptions as those for the simulations undertaken on the mid-scale
specimens; specifically:

o The membranes were represented as vapour diffusion control elements.

o The contact between the membranes and OSB sheathing was assumed to be perfect (i.e. no interstitial
airspace between components).

o The initial moisture content (MC) of the membrane and polyethylene was 0%.

Nominal results and discussion

Experiment Set 1

Since the specimens were immersed in water for 2 days and then allowed to stabilise in a sealed tank, it was assumed
that for all specimens the initial MC at the start of the experiment was uniform through the thickness of the material. Figure 28
shows the change in MC in the OSB derived from simulations and those from experimental results of Set 1. All results are
presented as the total MC distribution over a 2.44-m width of wall as a function of time. In Figure 30, the greatest difference
between the results obtained from experiment and the simulation is 4% MC. It can also be observed that an Equilibrium
Moisture Content (EMC) is not reached after 16 days; it is estimated that the experiment would need to proceed to at least 40
days to reach the EMC.
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Experiment Set 2

Figure 29 shows a comparison between simulated and total measured MC of OSB derived from experimental results
of Set 2. The initial total MC for both boards in the assembly, as described in the previous section, is ca. 51 %. After 33 days
a MC of 16% is achieved. These results indicate good agreement between the results obtained from simulation and those
derived from experiment. In fact, the greatest difference between the simulated and the experimental results after 33 days is
not more than 1.4 % MC.
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Figure 29— Comparison of experiment and simulated drying results in
terms of total MC (%) of OSB sheathing wall components

No adjustments to the model were made to minimize the differences between results from simulation and those of the
experiment. However, differences between results may be due to a number of factors the most significant are thought to be
related to the manner in which the simulation at the surface of the OSB sheathing was implemented in the program.
Specifically, the simulation assumes that there is perfect contact between the membrane and the sheathing board. In fact, in
the real system, there always exists some interstitial space between these components. The net effect of this assumption is that
the drying rate of the sheathing board in the simulation is decreased and this in-turn, underestimates the loss in moisture
content over time, as is shown in Figure 29.

In general, the simulations were able to adequately predict the time required for the OSB sheathing to reach
equilibrium moisture content; essentially, hygIRC is clearly able to mimic the drying process in this wall assembly. In each of
the experimental steps so far reported, simulation results have shown very good agreement with those derived from
experiment. Indeed, the greatest difference evident when comparing the results derived from simulation and those obtained



from experiment are ca. 5%. A number of such types of experiments have been made in the stepwise approach to help validate
hygIRC.

In these experiments, local moisture content was measured using electrical resistance measurements at moisture pin
pairs. These were installed in the OSB at different locations and at different depths. The results obtained using moisture pin
sensors permit quantifying the moisture content of the OSB at specific locations where they are applied and from which the
nominal MC distribution in the OSB can then be derived. The resistance measurements were taken across each pair of moisture
pins and results were captured on a data acquisition unit (DAU). Moisture contents at a given pin-pair location were
determined by associating the resistance to a specific moisture content based on the resistance-MC calibration curve obtained
from other experiments [15].

Zone 5 Zone 6

Zone 2 Zone 3

Figure 30 — Zones where moisture pins were installed Figure 31 - Moisture pin locations

Figure 30 shows the wall specimen and the zone of moisture pin sensor installation. The moisture pins were installed
in six specific zones, as shown in Figure 31, (see also Table 4), each zone representative of the size of specimen used in the
mid-scale tests (i.e. 0.8-m byl-m). The MC data retrieved from each zone provides the basic information needed to map the
MC distribution over the entire wall.

Table 4 — MP locations inserted in 6 zones of the wall assembly

Zone No. Description Pin No. 1-8 Pin No.9-16  Pin No. 17-24  Pin No. 25-32
Bottom, left 1,2, 3, 10, 11, 12,
16
Zone 2 Bottom, center 4,5,6 13, 14 17,18
Bottom, right 7,8 9,15 19, 20, 21
Zone 4 Top, left 26, 27
Top, centre 23,24 27,28, 31,
32
Zone 6 Top, right 25, 29, 30

All calibration was completed up to 120 MQ (i.e. from saturation to 12 % MC). At this resistance level, resistance
values above this limit (or MC values below 12%) are not being used in the analysis to benchmark the results derived from
computer simulation. However, despite the fact that values of resistance in excess of this limit are not being relied upon for
benchmarking purposes, the information is nonetheless useful to further understand the test results.

Evident on all the figures representative of full-scale results is that on day 10 of the experiments a singular peak
occurred. It can be explained by either of two scenarios:

e The electrical circuit for moisture pins attained a limiting value; or a
e Physical phenomenon happened at that time (e.g. more ventilation).
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Figure 32 shows the change in resistance (M) in relation to time (days) in zone 1 of the OSB sheathing for each 7
moisture pin pairs installed at one-half the specimen depth. The drying appears to be very rapid; after 10 days the resistance

values across moisture pin sensors are between 80 MQ and 700 MQ for all specimens. The MC in this wall zone is between
12.7 % and 10 % MC.

Figure 33 shows the drying curve for the OSB in Zone 1 of the panel in terms of change in MC over time. In Zone 1,
it is apparent that the moisture pins located at the top are first to indicate drying whereas those located at the bottom follow
after this process is initiated. This indicates that the bottom has a tendency to stay wet while the top dries out. Figure 32
provides a similar response to that apparent from the results given in Figure 33.

The same phenomena are evident from data taken from zone 2 as given in Figures 34 to37; Figures 34 and 35 provide

information on the entire drying phase of the experiment whereas Figures 36 and 36 focus on the initial portion of the
experiment and over the first 10 days of drying
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Figure 34 - Resistance versus time of the 7 moisture pins in Figure 35 - Moisture content versus time of the 7 moisture pins
zone 2 in zone 2

Figure 34 shows the drying curve for the OSB component in Zone 2 in terms of change in resistance (MQ) over time;
the information presented in this Figure is similar to that of Figure 32, although Figure 34 only provides the 10 first days over

which the greatest rate of drying occurs. Figure 35 shows the drying curve for the OSB in Zone 2 of the panel in terms of
change in MC over time.
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Figure 36 - Resistance versus time of the 7 moisture pins in Figure 37 - Moisture content versus time of the 7 moisture pins
zone 2 in zone 2

Figure 38 shows the drying curve of the OSB at two locations: (1) bottom location of the wall in Zone 1 (moisture pin
(MP) #5), and; (2) top location of the wall in Zone 5 (MP #31). Based on this information, it is evident that the bottom of the
wall is drying slower than the top even if these two locations have started at the same equilibrium moisture content (EMC) of
25% MC. The results depicted in this figure show the effect of gravity, the redistribution of moisture within the assembly, and
as well, the effect of air circulation within the EEEF.

After 5 days of drying, MP #31 located at the top, indicates that the OSB at this location is dry, and whereas for MP
#5 located at the bottom, shows 25% MC, indicating that this location of the OSB is still wet (over 20% of MC). After 10 days
both moisture pins (MP) locations reached the EMC as is evident for the whole assembly.

Figure 39 shows a drying curve for two adjacent locations at the center of the OSB panel, specifically, MP #23 (Zone
5) and MP #18 (Zone 2). This figure shows that during the drying process part of the moisture is evaporated by vapour
diffusion and another part is transported to the next node or location and thereafter, redistributed within the assembly. This is
especially evident during days 5 and 8.
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Figure 38 — Moisture content of two extreme moisture pin Figure 39 — Moisture content of two adjacent nodes

locations (Top and Bottom)

Experiment Set 3

Figure 40 shows results from experimental Set 3 in which a comparison is provided of the total MC of OSB as
obtained from simulation results and that from the experimental work. The total MC in the system is initially approximately
70 %; after 28 days it reaches a value of 24%. The test was stopped after 4 weeks because of practical considerations. Again,
these results indicate an excellent agreement between results of simulation and those derived from experiment given that the
difference between results is no greater than 5 %.
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Experiment Set 4

Results of Experimental Set 4, provided in Figure 41, show the total MC of the OSB obtained from simulated results
as compared to those derived from experimental work. The total MC in the system is initially approximately 36 %; after 25
days it reaches a MC of 28%. Again, these results indicate an excellent agreement between results of simulation and those
derived from experiment given that the difference between results is no greater than 3 %.
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CONCLUDING REMARKS

The results presented in this document offer an overview of the work carried out on both mid- and full-scale drying
experiments. The most apparent observation is that the moisture pins provide quantitative information on the moisture content
of the OSB in each zone over the time the drying experiment is conducted. Another noteworthy observation is that in mid-scale
experiments the effect of the membrane on the drying process is quite evident: OSB wrapped with membrane will necessarily
dry slower than the OSB alone. Another singular item from mid-scale tests is that there are no evident gravity effects in the
specimens tested, however, the effect is noticeable in results obtained on full-scale specimens (bottom is wet whereas top is
dry). In general, the drying process is governed by the vapour permeability of the membrane. The higher the vapour
permeability, the greater the drying rate for a given set of environmental conditions. The rate of faster drying is shown since
the first day of the experiment such as shown in Figure 27.

The hygrothermal simulation model #ygIRC has been used in various other studies as the primarily analytical tool to
conduct a parametric study to assess the hygrothermal performance of various wall assembly types subjected to different North
American climatic conditions [16]. It has been demonstrated that the overall agreement between the experimental and
simulated drying curves is good in terms of the time to reach equilibrium moisture content, as well as the shape of the drying
curve derived from these experimental sets. As has been demonstrated from comparison of results obtained from simulation to
that of controlled laboratory experiments, 4ygIRC can adequately duplicate the response of the modeled assemblies and thus
help predict hygrothermal behaviour of wall components when subjecting the components to simulated climatic conditions.
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APPENDIX A

Oriented Strand Board Membranesll, Il & V
0.5 _ 0.3 -

= 0.4 =
2 2
£ o3 2 02 - i {
= ’ -‘; —l b
4 S mn /
= 02 2 ’ v g
5 £ 01 - - e
£ 041+ = -
o b e ’__,--/
o H | =
[ i e
5 00 = Q0T e P,
L 0% 20% 40% 60% 80% - S 2&? oL 50‘3" ol

o o 6 (1] (1] (] (] (']
= Relative Humidity = Relative Humidity

Figure Al- Sorption curve for oriented-strand-board (OSB) —  Figure A2- Sorption curve for sheathing membranes I, Ill and

MC as a function of % RH V—MC as a function of % RH.
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Figure A3- Sorption curves for sheathing membranes VII and ~ Figure A4- Vapour permeability (x-direction) of oriented-
X— MC as a function of % RH strand-board (OSB) and membranes 11, 11, V, VII and X



