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ABSTRACT
Recent research in the field of assessment of
hygrothermal response has focused on either laboratory
experimentation or modelling, but less work has been
reported in which both aspects are combined. Indeed,
it is generally acknowledged that assessing the
hygrothermal performance of building envelope
systems is both expensive and time consuming. 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 focuses on the use of an
advanced hygrothermal model to assess the
hygrothermal response of various components in woodframe wall assemblies when subjected to nominally
steady-state environmental conditions. A comparison
is made of results obtained from the computer model
simulations to those derived from tests on mid scale
specimens in controlled laboratory measurements. The
experimental results were subsequently used to help
benchmark the model. Specifically, hygIRC was
implemented, in this series of simulations, to assess the
drying rate of various combinations of sheathing
membrane in close contact with wood-based sheathing.
The overall agreement between experimental and
simulated results is very good in terms of the shape of
the drying curve and the time taken to reach
equilibrium moisture content.

INTRODUCTION
Assessing the performance of new building materials,
components or systems typically requires extensive
laboratory testing or, in some instances, elaborate and
time-consuming field trials. Thorough analyses of the
hygrothermal behaviour of, for example, wall systems
in response to different climatic loads is not usually
part of the assessment process. Whereas laboratory and
field experiments are often too selective and time
consuming, a practical means of assessing the response
of wall systems to changing environmental loads is
accessible through the use of hygrothermal simulation
models. 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
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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
Depending upon the complexity of the
decade.
problem under consideration, such models can be based
on very simple, one-dimensional, steady state methods
or on more complex, two and three-dimensional,
transient methods. 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.
Studies that incorporate both laboratory
experimentation and simulation thus offer possibilities
to compare results and hence ‘benchmark’ the response
of the model to known conditions.
Researchers at the Institute for Research in
Construction (IRC), jointly with those from the
Technical Research Centre of Finland (VTT Finland),
have been developing advanced hygrothermal models
for the past fifteen years. Some of the joint activities
were reported earlier [Ojanen et. al., 1994, Ojanen and
Kumaran, 1995 & 1996, Karagiozis et. al. 1995,
Salonvaara and Karagiozis 1998].
The current version of the hygrothermal model that is
used at IRC is called hygIRC [Kumaran, 2002].
hygIRC is built around well-known heat, air and
moisture transport equations (Fourier’s law of heat
conduction, Fick’s law of diffusion of matter and
Darcy’s law of fluid flow as well as Navier-Stokes
equations) and corresponding equations that define the
conservation of energy, mass and momentum. A twodimensional cross-section of the envelope components
is represented by a matrix of several hundreds of
closely packed rectangular elements, the sum of which
constitutes the computational domain of the ensemble.
The model simulates the response of each element to
the changing environmental conditions on either side of
the envelope on an hourly basis. This produces
information on the temperature and relative humidity
distributions within the wall assembly and the changes
in these with time. The data can be sampled at any
desired time interval and visualised using postprocessing graphic software. Reviewing the output in
this manner readily permits identifying locations within
the assembly that may be subjected to high moisture

conditions over prolonged periods of time. As well, it
permits a rapid assessment of the extent to which the
simulation may emulate experimental results.
The governing equations listed below will show that
the approach adopted in hygIRC in deriving the balance
equations from the phenomenological equations is
evolved from the approaches used earlier by Kohonen
in TRATMO I [Kohonen 1984] or by Ojanen in
TCCC2D [Ojanen and Kumaran 1992, 1996]. The
report of the International Energy Agency annex 24
[Hens, 1996] is also a useful source of information in
which the equations used in hygIRC are explained.
Several applications of the hygrothermal model during
its development have been reported earlier [Salonvaara
and Karagiozis, 1994, Karagiozis & al., 1995,
Karagiozis and Kumaran, 1997].
hygIRC is
extensively used at IRC as the primary analytical tool
to conduct parametric studies to assess the
hygrothermal performance of various wall assemblies
exposed to different climatic conditions in North
America.
This paper presents the governing equations
implemented in hygIRC and a series of drying
experiments on oriented strand board (OSB) alone or in
combination with different sheathing membranes
designed to benchmark the model. It also presents
preliminary results from a series of simulations in
which the shape of the drying curve and the time taken
to establish the equilibrium moisture content are
determined and compared with the experimental
results.
ADVANCED HYGROTHERMAL MODEL
The governing equations implemented in hygIRC are
given below. The moisture transport potentials used in
the model are moisture content (MC) and vapour
pressure (VP); for energy transfer, temperature is the
driving force.
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Evaporation / condensation heat

Freeze / thaw heat

Moisture content kg (moisture)/kg (dry material) - (%)
Liquid moisture mass flow rate (kg/s)/m2
Vapor moisture mass flow rate (kg/s)/m2
Liquid moisture permeability (kg/m s Pa)
Capillary suction pressure (Pa)
Vapor moisture pressure (Pa)
Temperature (K)
Time (s)
Air velocity vector (m/s)
Density of the dry porous material (kg/m3)
Vapor moisture partial density (kg/m3)
Liquid moisture partial density (kg/m3)
Liquid moisture diffusivity (m2/s)
Vapor water permeability (kg/ m s Pa)
Gravitational vector (m/s2)
Effective specific heat capacity (J/kg K)
Dry-air specific heat capacity (J/kg K)
Liquid fraction having a value from 0 to 1
Effective thermal conductivity (W/m K)
Enthalpy of evaporation/condensation (J/kg)
Enthalpy of freeze/thaw (J/kg)
Actual total density of the material including moisture
contribution (kg/m3)
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EXPERIMENTAL DESIGN
Scope of work
The primary focus in this benchmarking exercise was
to evaluate the drying process of wood-based sheathing
board in timber-frame constructions. Hence, the scope
of the benchmarking exercise was limited to
experimentally determining the drying processes of
OSB sheathing board alone or wrapped in different
sheathing membranes and comparing these to the

drying response derived from simulation. Liquid and
vapor transfers are included in the investigation. Hence
the primary hygrothermal properties of interest are the
vapor permeance and liquid diffusivity. Air movement
is not explicitly considered in this benchmarking
exercise with the exception of permeation of air
through materials. The overall drying process was
considered in terms of the shape of the drying curve
and the time taken to establish equilibrium moisture
content by the sheathing board. Preliminary results on
the first set of experiment were presented in a previous
publication [Maref &al, 2002]
Drying experiment to help benchmark hygIRC
Experiments were carried out in controlled laboratory
conditions on sheathing boards having nominal
dimensions of 0.8-m x 1.0-m. This size had been
deemed a reasonable compromise between small and
full-scale experiments. This series of tests were
conducted such that technical advantages gained from
completing this series could subsequently be applied to
full-scale experiments that were being planned as part
of broader and more comprehensive benchmarking
exercise (to be published). The present series consisted
of collecting data on the drying characteristics of
initially saturated OSB sheathing board and OSB board
in contact with sheathing membrane.
Equipment
Climatic Chamber (EEEF)
A climatic chamber, referred to as the Envelope
Environmental Exposure Facility (EEEF), was used to
subject the specimens to simulated climatic conditions
over extended periods of time. The climatic conditions
within the chamber can be varied over a range of -47 to
+ 48 ± 0.5°C with the capability of either, maintaining
a steady state set point, or executing a temperature
ramping regime. Humidity control is achieved through
a pneumatically actuated fogger coupled to a set point
controller and can maintain humidities ranging from 10
to 100 % RH within 3 % RH in steady state conditions.
Weighing system and Load cells
Three weighing systems were fabricated, each one
capable of accommodating three specimens as shown
in Figure 1. Specimens were attached to individual
load cells (nominal capacity of 50 ± 0.02 kg) such that
weight changes could be monitored over the course of
the experiment [Maref & al., 2002]. Weight changes of
a total of nine different specimens could
simultaneously be monitored from load cell
measurements recorded on a data acquisition system.
These weighing systems were placed in the EEEF and
the specimens attached to them were thus subjected to
climatic regime to which the chamber was regulated.

Material Properties
Relevant physical properties of the materials used in
the experimental sets are provided in Table 1, and
Figures 2 to 5. Values for the absorption isotherm for
OSB board are given in Figure 2, whereas Figure 3
provides the absorption isotherm for sheathing
membrane VII. Figure 4 provides values for the liquid
diffusivity of OSB in the x-direction (i.e. across the
thickness of the board). Values of liquid diffusivity for
membrane VII remains constant and is equal to 1.0 x
10-16 m2•s-1. Values of vapour permeability in the xdirection are given in Figure 5 for OSB; the
corresponding values for membranes VII remains
constant and is equal to 6.08 x 10-13 kg/m•Pa•s.
MODEL IMPLEMENTATION AND
SIMULATION ASSUMPTIONS
A model of the sheathing board flanked on either side
with a “layer’ of sheathing membrane (i.e. 3 layers:
membrane, OSB, membrane) was implemented using a
rectangular mesh. This mesh was comprised of 20
nodal points along the height of the specimen (ydirection) and 16 nodal points across the depth (xdirection) 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, having a thickness
of 11.5-mm, had 10 equidistant nodes. In the case
where the response of the OSB alone is 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/m2•°C
whereas the moisture transfer coefficient along the
principal planar surfaces of the specimen was
4.6 x 10-7kg/ m2•s•Pa and at the top and bottom of the
specimen was 7.4 x 10-15 kg/ m2•s•Pa. Though the
experimental data provided boundary conditions at
every 2 minutes, in the present investigation the time
step used in the simulation was 60 minutes.
The simulations were conducted under the following
assumptions:
• Liquid transport through the building paper was
not modelled; it was modelled as a vapour
diffusion control element.
• The contact between the membranes and the OSB
sheathing was assumed to be perfect
i.e. no interstitial airspace between components).
The initial moisture content (MC) of the membrane
was set to 0%.
INITIAL AND BOUNDARY CONDITIONS
The OSB specimens were immersed in water bath for
up to 5 days in order to saturate them. Specimens were
then stacked one upon the other with aluminium angles

of 1-m length used to separate individual boards from
one another. This insured the water was in contact with
all surfaces of OSB specimens and that the process of
saturating the samples was hastened.
After this period of time the water in the bath was
drained and specimens then remain in the bath for
another two days to allow moisture to re-distribute
itself evenly within the OSB. Care was taken to
prevent the boards from drying out by sealing the bath
lid with adhesive tape. Following this two-day period,
each board was removed and the moisture content was
determined with a Delmhorst moisture meter. Hence,
the initial MC at the start of the experiment was
assumed to be uniform throughout the thickness of the
material for each test specimen.
Boundary conditions for the experiment are provided in
Figure 6 and shows the recorded temperature (T) and
relative humidity (RH) in the climatic chamber as a
function of time conducted over a period of 30 days.
RESULTS AND DISCUSSIONS
For this study, hygIRC was used to estimate the drying
response of three specimens of OSB, of which results,
given below, are for two of the OSB boards alone
(Figures 7 and 8) and the third for an OSB board
covered with a sheathing membrane (Figure 9).
As was mentioned previously, OSB boards were
immersed in water for 5 days and then allowed to
stabilise in a sealed tank. Thus for the simulation, it
was assumed that at the start of the experiment all
specimens had a uniform MC through the thickness of
the material as determined from MC measurements.
Figures 7 and 8 show the change in MC as a function of
time in the OSB board (per 0.8 meter of specimen
width) as simulated and measured for two specimens
respectively.
Figures 7 and 8 also shows that for the OSB faces
directly exposed to the surrounding air (i.e. “free
surface”), the simulated drying rate is in good
agreement with the results obtained in the experiments.
In a simulation, the most critical node in the calculation
is the initial one. Particularly if the surface is saturated
and in contact with air. In this instance, the mass
transfer at the boundary layer is very sensitive because
the very thin layer of air at the surface represents a
certain resistance where a high rate of moisture transfer
occurs. The closer the calculation node is to the
surface being simulated, the more accurate the result.
Results of experiment and simulation for the first OSB
board in given in Figure 7. The first 5 days of drying
show the highest difference between the results
obtained from experiment and the simulation; i.e. 3%
less MC. It can also be observed from this figure that
an Equilibrium Moisture Content (EMC) of 5% is
reached after 30 days.

Figure 8 shows a comparison between simulated and
measured total MC of the second OSB board. The total
MC in the system initially is ca. 58 % and after 30 days
it reaches a value of 5%. These results indicate a very
good agreement between results of simulation and
those derived from experiment.
Comparative results between simulation and
experimental drying of an OSB layer wrapped on both
sides with sheathing membrane (VII) and exposed to
the surrounding environmental conditions within the
climatic chamber (provided in Figure 6) is plotted in
Figure 9. In this experiment, the weights of the
specimens were monitored continuously using load
cells whose signals were captured through a datalogging system (Figure 1 shows weighing system).
The initial MC of the OSB is 87%. As can be observed
in Figure 9, the EMC is achieved after 30 days (6%);
the simulation is in good agreement with the
experimental data. In general, the drying process is
governed by the vapour permeability of the membrane.
The higher the vapour permeability the faster the rate
of drying in a given condition.
CONCLUDING REMARKS
Experimental work has been done to help benchmark
an advanced hygrothermal model called hygIRC. This
paper reported on experiments undertaken under
symmetric drying conditions - i.e. both major surfaces
of the test assembly were exposed to the same
environmental conditions. Additional experiments on
one-sided drying conditions will be reported in the
future. This will further enhance confidence towards
the implementation of hygIRC to undertake broader
parametric studies.
The overall agreement between experimental and
simulated results is very good in terms of the shape of
the drying curve and the time taken to reach
equilibrium moisture content. A mean set of material
properties alone is used in this preliminary
investigation. Other material property data on hand at
the Institute suggests that the properties can vary within
a range. This will be investigated further and reported
at a later date.
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Figure 3 Sorption curve for sheathing membrane VII–
MC as a function of % RH.
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Figure 4 Liquid diffusivity of oriented-strand-board
(OSB) and membrane VII.
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Figure 8 Total moisture content as function of time of
OSB layer – specimen 2 (Experiment / Simulation)
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Figure 6 Boundary conditions for the experiment
showing the recorded temperature (T) and relative
humidity (RH) in the climatic chamber as a function of
time conducted over 30 days.
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Figure 5 Vapour permeance (x-direction) of orientedstrand-board (OSB) and membrane VII.
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Figure 9 Total moisture content as function of time of
OSB layer wrapped on both sides with membrane VII
(Experiment / Simulation)

