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Abstract
A weighing system was devised to conduct drying experiments on wood based
products that could be used to compare results with those derived from simulation. The
experiments were designed to retrieve data on the change in weight of specimens
continuously over time from which the hygrothermal response of the specimens could
then be determined.  Specimens consisting of saturated wood sheathing board products
of approximately 0.8-m by 1-m size and weighing 5-kg, were wrapped in different
types of sheathing membrane and subjected to uniform environmental conditions in a
climate chamber. A description is provided of the development of the weighing
system, requirements for load cells and their calibration as well as technical features of
the data acquisition system.  Additionally, an example of a typical weight-in-time plot,
obtained from one set of experiments, is given and compared to that derived from
simulation.  Experimental results are also provided that show the moisture content
distribution within the sheathing board over time.
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Introduction

Recent research on assessing hygrothermal response of wall systems and components
has focused on either laboratory experimentation or hygrothermal modelling, but less
work has been reported in which both aspects are combined.  Such type of studies can
potentially offer useful information regarding the benchmarking of models.

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.

Results from related benchmarking exercises recently have been reported by Maref
[Maref et al. 2002a, Maref et al. 2002b].  This paper provides information on the
development of an automated weighing and moisture sensor system to conduct drying
experiments on wood based products.  The system is devised to collect data that can be
used to compare results with those derived from simulation.  The experiments were
designed to retrieve data continuously over time on the change in weight of specimens
as well as the moisture content of wood-based components.  These specimens
consisted of saturated wood sheathing board products of approximately 0.8-m by 1-m
size, wrapped in different types of sheathing membrane.  Using this data, the drying
rates of wood sheathing alone or in combination with several sheathing membranes
were systematically measured.  Results from these experiments are compared with
those derived from hygrothermal simulations and subsequently used to help
benchmark the model.

Approach to benchmarking trials on mid-scale specimens

Mid-scale experiments were used to assess the drying rates of saturated oriented strand
board (OSB) sheathing in contact with, or in proximity to, other OSB sheathing, and in
contact with various water resistive barriers when subjected to controlled
environmental conditions.  These results were then compared to those obtained
through simulation with the use of an advanced hygrothermal model, hygIRC, such
that predictive capabilities of hygIRC could be ascertained.  A description of the
model and its capabilities have been provided in [Maref et al. 2002a, 2002b].

The mid-scale experiments were carried out in controlled laboratory conditions on
panels and assemblies having nominal dimensions of 0.8-m (W) x 1.0-m (L).  This
size was deemed a reasonable compromise between small (0.15-m by 0.15-m) and
full-scale experiments (2.43-m by 2.43-m).

The experiments were conducted in a closed chamber providing a steady state and
controlled laboratory environment.  Drying rates were resolved based on gravimetric
analysis for which a set of nine “weighing systems” was devised.  The bulk moisture
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content of at different locations on the specimens was determined using moisture pin
pairs.  Continuous monitoring of the temperature and relative humidity in the chamber
as well the bulk moisture content of materials being evaluated was undertaken using
various devices, including self contained and autonomous data loggers as well as
computer controlled fully automated data acquisition (D/A) systems.

A typical experiment consisted of assessing the bulk dry density of the panels,
following by preconditioning the specimens such that they reached a state of
equilibrium at a known moisture content.  They were then assembled according to the
requirements set out for the specific experimental sets (i.e. coupled to other panels or
brought into contact with water resistive barriers) and then placed in the test chamber
in which the weighing systems were located.  Moisture pins and other sensors were
then attached to the specimens and linked to the D/A system.  Changes in moisture
content, temperature and relative humidity were recorded as a function of time.  Test
series were conducted until moisture contents of the OSB panels reach pre-set
equilibrium conditions.

Equipment

A description of the equipment to carry out the benchmarking trials is provided below
and includes information on the automated weighing system and load cells, data
acquisition and control system, moisture pin sensors and their calibration, and the
environmental chamber.

Weighing system and load cells
Three weighing systems were fabricated (Figure 1), each consisting of an A-frame
structure across which rested a support beam.  To this beam were affixed three load
cells each accommodating a specimen. The automated operation of beam insured that
weight changes could be recorded over extended periods of time.  Hence the weight of
a total of nine different specimens could be simultaneously monitored from which a
gravimetric analysis on individual specimens could then be completed.

The need for intermittent weighing of specimens was brought about by the expected
“zero drift” of load cells if subjected to continuous measurements over periods
exceeding a few days.  Given that the anticipated drying periods for these tests could
extend to several days, if not weeks in certain instances, it was decided that to mitigate
the possible load cell effects a system would be devised that permitted weighing
specimens on an intermittent basis.  This was achieved by having the specimens
engage and disengage from the load cells at predetermined time intervals through the
action of servo-controlled, time-actuated, pneumatic pistons.  The pistons, placed at
either end of a support beam, regulate the movement of the beam to which the load
cells are attached.  Each support beam is equipped with three variable resistance load
cells having a nominal capacity of 50 ± 0.2-kg.  Changes in weigh are recorded from
load cell measurements on the D/A system.
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Each individual load-cell was calibrated against an Instron type UTM by taking
simultaneous readings of tensile load and voltage measurements from the load-cell
using a digital multimeter.

Data acquisition and control system
The data acquisition (D/A) and control system (Figure 2) consists of three basic
hardware modules.  A command module, a data multiplexer and a digital mulitmeter.
The command module is housed within a modular power supply unit.  The command
module transfers software instructions from a local computer (central processing unit -
CPU) to the automated data logging multiplexer to collect and measure data on the
digital multimeter.  Readings were taken every 10 seconds and directly downloaded to
the hard drive where access to the data could be made on a continual basis.

Outputs from each of the load-cells (Figure 2), affixed to the central beam, are
connected to a multiplexer unit (HP-E1476A) that is linked to a timer relay; this relay
activates the upward and downward motion of the pneumatically driven central beam.
The relay signal is connected to the D/A system such that the readings are only taken
when the timer relay is activated and the load-cells are under tension. The relay timer
was set such that the load cells are operative for 20 minutes of every forty minutes and
when operative, the load cell outputs are scanned and recorded by the D/A every two
minutes.

The software program is used to collect data from both the moisture pins and load-
cells.  It also permits the configuration of operation parameters such as the frequency
of acquisition cycles, the duration of the test, file name were the data is recorded.

Data loggers were used to acquire the temperature and relative humidity profile of the
chamber.  The data was reconciled with the gravimetric and other sensor data
following the completion of an experiment.  The data was acquired every 10 minutes
and held in the local memory until retrieved by downloading to another computer.

Moisture pins
Moisture pin pairs, DELMHORST type, were used to assess the bulk moisture content
of wood-based materials (Figure 3).  Calibration techniques used to determine the
moisture content as a function of material resistance are described below.

Calibration of moisture pin sensors
The procedure for determining the moisture content in OSB specimens calibrated to
readings taken from electrical resistance measurements using moisture content gauges
is described this report.  The procedure essentially consists of saturating a series of
specimens of known size and weight and thereafter slowly drying these such that
moisture contents based on weight changes can readily be correlated to corresponding
measurements using moisture content (resistance) gauges.
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Figure 1 — Automated-weighing system for mid-scale specimens showing load cell support
beams, load cells, pneumatic pistons and specimen holders.

Figure 2 — Schematic of the Data Acquisition set-up
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Specimen Preparation — A series of 15 specimens of nominal size 11.5 x 150 x 150-mm
were cut from a standard sheet of 1220 x 2440-mm OSB.  Note was taken of the
orientation of strands on the surfaces of the specimens such that moisture pins could
subsequently be oriented in the direction of the strands, as required for the test
procedure.  The initial thickness of each specimen was then measured at its four
extremities, 12-mm from the outside edges, to the nearest 0.001-mm using precision
callipers.  Pairs of insulated moisture pins of 28-mm length were then inserted into
pre-drilled holes spaced ca. 25-mm apart (Figure 3).  The holes were bored to varying
depths.  One specimen was instrumented with moisture pins inserted to ¼, ½, and ¾
specimen depth and the remaining 15 specimens instrumented with moisture pins
inserted to ½, and ¾ specimen depth.  Each pair of pins was located on the specimen
such that the line between pin pairs was parallel to the principal strand (wafers)
orientation in the layer to which they were subsequently inserted.

Calibration procedure — The specimens were weighed and the laboratory conditions
recorded (i.e. temperature and relative humidity) such that the moisture content could
subsequently be determined.  (Note that this weight is not necessarily the equilibrium
MC of the material at these conditions).  The specimens were then immersed in water
to achieve saturation insuring that all free surfaces were completely immersed.  An
initial three-day immersion period was used following which confirmation that
saturation has been attained was determined by monitoring the weight change of
several specimens at 4-hour intervals over the fourth day.

Moisture measurements were taken on all specimens (Figure 4) and the differences
between the ¼ depth readings and the core moisture readings examined to determine
evidence of any significant moisture gradient and hence to verify if the specimens have
achieved a uniform moisture contents.  If a gradient was found to exist, then more time
was required for the specimens to reach the desired conditions, otherwise the
calibration procedure could proceed as shown in Figure 4.  Under conditions of
uniform moisture content, specimens weights are determined, and moisture content
values (using Delmhorst meter), and the resistance of each moisture pin pair was
obtained.

The calibration curve, for which moisture content was correlated to resistance
measurements, was derived using 15 square OSB specimens of the same type and
thickness as that used in the mid-scale experiments.

Chamber —
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.
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Figure 3 — Moisture pins inserted in OSB sample Figure 4 — Calibration of the Moisture Pins
on the OSB

Figure 5 — Cross section of immersion bath Figure 6 — Locations on OSB board where
moisture measurements are taken
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Assembly of mid-scale specimens

Pre-conditioning — Specimens were immersed in a water bath (Figure 5) for a period
of 5 days in order to saturate the specimens.  Aluminum angles of 1-m length are used
to separate the stacked specimens from on another and from the bottom of the
immersion bath to insure that water was in contact with all surfaces of the OSB
specimens.  This helped hasten the process of saturating the samples.  Given that the
fully immersed specimens had a tendency to float, bricks were placed on the upper
most specimens to weigh these down and insure that these were kept submerged.

After five days, water in the bath was drained and the specimens then remained in the
bath for another two days to allow moisture to re-distribute itself evenly within the
OSB.  The boards were prevented from drying out by sealing the bath lid with
adhesive tape.

Following this two-day period, each sample was then removed and moisture content
measurement taken with a Delmhorst moisture meter.  Weights as well as specimen
thickness were recorded for each specimen.  The readings were used to determine if
the moisture distribution in the specimens was reasonably uniform.

Specimens would, upon removal from the bath, immediately start to loose moisture to
the surrounding air.  Hence in order to maintain specimens at close to saturated
conditions and minimise the loss in moisture prior to the start of the experiment,
specimens were assembled as quickly as possible.

Specimen assembly, in instances where results were being sought for OSB in
combination with any of three membrane types, consisted of wrapping the sheathing
with the membrane, setting the moisture pins to their predetermined locations (Figure
6) on the board, affixing the specimen to the load cell and thereafter, connecting each
pin pair to the D/A lead.

Comparative results between experiment and simulation

Nominal results for these mid-scale experiments are provided in Figures 7 to 10.  They
include environmental conditions (provided in Figure 7) to which the specimens were
subjected as well as the weights of individual specimens together with resistance
measurements taken across each pair of moisture pins as a function of time.

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.

For this study, hygIRC was used to estimate the drying response of nine specimens of
OSB (see Table adjoining Figure 10).  The total moisture content as function of time
of the nine (9) specimens, as determined by gravimetric analysis, is provided in Figure
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8.  Results for one of these specimens (No. 5) in which the hygrothermal response to
drying at different pin pairs located in a single sheathing of OSB board in given in
Figure 9.  Figure 10 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 (specimen 5).
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.

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.

In a hygrothermal simulation, the boundary nodes are critical to the analysis in
particular if the surface being modelled 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 results shown in Figure 10 suggest that for OSB sheathing
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.

Concluding remarks

These results obtained from gravimetric analysis derived from experimental work
indicate a very good agreement with those obtained from simulation.  As well, the
results obtained from moisture content changes as monitored by the moisture pins
pairs is consistent with that observed for the loss in weight over time.
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Conditions in the Guarded Hot Box
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Figure 7 - 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.

Figure 8 - Total moisture content as function of time of 9 test specimens as
determinded by gravimetric anlaysis

Figure 9 - Drying distribution Specimen 5 Figure 10 - Total moisture content as function of time of OSB layer – specimen 5
(Experiment / Simulation)
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Spec.
No.

Combination of Materials
Membr. – OSB – Membr.

1 VII + Wet OSB + VII
2 III + Wet OSB + III
3 V + Wet OSB + V
4 Wet OSB + MP @ ½ D
5 Wet OSB + MP @ ¾ D
6 Wet OSB + NO MP
7 VII + Wet OSB + VII
8 III + Wet OSB + III
9 V + Wet OSB + V
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