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ABSTRACT

In this study, a new apparatus for measuring the air permeability of wood-based panel
specimens without using water displacement was developed with the aim of decreasing
the influence of variation in atmospheric pressure on permeability measurement.
Validation experiments were conducted using plywood, oriented strand board (OSB),
particleboard, and medium-density fiberboard (MDF) panels and a control specimen
sealed with an epoxy resin. The background (leakage) flow of the apparatus was evaluated
based on the experimental results of the control specimen. A methodology for the
determination of air permeability based on Darcy’s law for gases and the evaluated
background flow rate was proposed. The results of the current study were compared with
those obtained in a previous study, indicating that the new method provides valid
measurements for wood-based panels with high and low air permeability. No significant
influence of variation in atmospheric pressure on the experimental results was observed,
suggesting that the proposed method is suitable for a long-term continuous experiment
for evaluating a specimen with extremely low permeability.

Keywords: MDF, OSB, particleboard, plywood, pressure measurement.
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INTRODUCTION

Several methods for measuring the air permeability of wood have been developed (Resch

and Echlund 1964; Choong and Fogg 1968; Petty and Puritch 1970; Perré 1987; Siau

1995; Perré 2007; Ai 2017). Using these methods and similar methods, the air

permeability of various wood species in various directions has been determined (Resch

and Echlund 1964, Choong and Fogg 1968, Comstock 1970, Perré 1987, Matsumura et

al. 1994, Fujii et al. 1997, Lihra et al. 2000, Rayirath and avramidis 2008, Tanaka et al.

2015, Poonia et al. 2016, Taghiyari and Avramidis 2019).

The Rising-Water Volume Displacement method, which has been introduced as a simple

apparatus for student use by Siau (1995), is suitable for woods of high and low

permeability. Because of its simplicity and versatility, the method is employed not only

for wood but also for several wood-based panels (Tanaka 2014). During the experiments

for woods of very low permeability using this method, however, a long-term experiment

is necessary in order to decrease the difficulty in measuring a small increase in water level

inside a transparent glass tube before and after water displacement. Here, according to

the author’s experience, variation in atmospheric pressure during the experiment is quite

influential on the readings of the water level inside the glass tube.
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In this study, a new apparatus without using water displacement for measuring air

permeability was built from common lab instruments with the intention of decreasing the

influence of variation in atmospheric pressure on permeability assessment. Validation

experiments were conducted using several wood-based panels, and the methodology for

the determination of air permeability based on the experimental data was proposed. The

determined air permeability was compared with the results obtained in a previous study

(Tanaka 2014) and the validity of the proposed method was verified. The influence of

variation in atmospheric pressure on permeability assessment and suitability for a long-

term continuous experiment for the evaluation of specimens with extremely low

permeability was discussed.

MATERIALS AND METHODS

Sample preparation

Seven cylindrical wood-based panel specimens 21 mm in diameter (Table 1) were

recalled from the previous experiment (Tanaka et al. 2014). All specimens were bonded

with an acrylic tube 21 mm in diameter using an epoxy resin adhesive (Quick Set 30,

Konishi Co. Ltd., Tokyo) (Figure 1) and had been stored in a climate room at 20 °C and

65 % relative humidity. In the present study, an acrylic tube with a dead end with adhesive

tape and epoxy resin was made as a control specimen (Figure 2).
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62 Table 1: Testing panels.
Panel Specimen Thickness | Diameter | Ply | Air Permeability &
(mm) (mm) (102 m*/m s Pa)
(Tanaka 2014)
Plywood A (Cryptomeria japonica) | 11,68 21 5-ply | 1,29
Plywood B (Larix kaempferi) 12,69 21 S5-ply | 0,76
Plywood C (Larix gmelinii) 12,35 21 5-ply | 0,88
OSB U (made in EU) 9,6 21 - 67,9
OSB N (made in North America) 11,34 21 - 156
Particleboard 12,07 21 - 1780
MDF 12,08 21 - 23900
21 mm Cylindrical panel specimen
Acrylic tube
21 mm Cylindrical panel specimen
) 30 mm ” Epoxy resin adhesive

63 Figure 1: Schematic and photograph of the wood-based panel specimen.

64
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Acrylic tube Adhesive tape

21 mm

N
y

30 mm - Epoxy resin adhesive

Figure 2: Schematic and photograph of the control specimen.

Experimental

A new air permeability measurement system was built with two absolute pressure meters

(Testo 511), a diaphragm vacuum pump (KNF Japan, N86KN.18), a needle valve, and

rubber vacuum hoses of 6-mm and 25-mm internal diameter in a climate room at 20 °C

and 65 % relative humidity (Figure 3). Each specimen was mounted to the end of the

measurement system, and the vacuum pump was operated with the needle valve open.

The valve was closed when the internal pressure of the system (p) reached approximately

700 hPa. The internal pressure (p), atmospheric pressure (p.), and time (¢) were recorded

every minute until ¢ reached 15 min. The experiment for the control specimen was

repeated 20 times over four days (Day 1-4): five runs on each day. The panel specimens
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were tested on a day after two test runs using the control specimen. Here, the #-p curves

of the MDF and particleboard cannot be recorded because of the excessive permeability

to air.

Vacuum

pump

Experimental sample

Needle valve
:@ Air flow
e Rubber hose
Pressure meter 1 Pressure meter 2

Figure 3: Schematic and photograph of the measurement system.

Additional experiments with surge tank

For the measurements of highly permeable panels (OSB, particleboard, and MDF), an

additional surge tank (a conical flask with a capacity of 3000 mL) was installed between

the needle valve and the internal pressure meter (Figure 4). All the panel specimens were

tested on a day after two test runs using the control specimen.
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Experimental sample

:@Air flow
Rubber hose
Pressure meter 1 Pressure meter 2

Needle valve \

Vacuum

pump

Figure 4: Schematic and photograph of the measurement system with a surge tank.

Long-term experiment of control specimen

The control specimen was placed on the apparatus without the surge tank. The vacuum

pump was operated with the needle valve open. The needle valve was closed when the

internal pressure reached approximately 700 hPa. The internal and atmospheric pressures

were recorded for 60 h.

RESULTS AND DISCUSSION

Control specimen experiment results

Figure 5 shows the relationship between the internal pressure of the experimental system
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(p) and time (¢) under the control specimen experiments on Day 1. The internal pressure

of the system rapidly increased for the first few minutes of each run. Thereafter, the

pressure increased, gradually decreased and became almost constant before # = 10 min.

Similar results were obtained on days 2—4. The results suggest that the pressure increase

during the period from ¢ = 10 to t =15 (d) provides an indication of the leakage flow into

the experimental system. Furthermore, the pressure increase in the first run on any day

was significantly larger than that in the 2nd-5th runs (Figure 6). Although the reason

behind this phenomenon is unclear, the result of the first run on each day should be

rejected as unsuitable for evaluation.

704
703
A
/ d
L 702 —
=}
E 701 —e—|strun
é 2nd run
a W) - 1
- 700 / 3rd run
g / 4th run
= 699 —e—5th run
698
697
0 2 4 6 8 10 12 14 16

time, ¢ (min)
Figure 5: Relationship between time (¢) and the internal pressure of the system (p) in

the control specimen experiment (Day 1).
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Figure 6: Influence of the repetition (1st-5th runs) of the control specimen experiment

on the internal pressure increase from ¢ =10 to # = 15.

Evaluation of the leakage flow rate
As mentioned above, the cause of the internal pressure increase of the experimental
system during the control specimen measurement is considered as the leakage flow into
the experimental system. Assuming that air is an ideal gas, the amount of air leaking into
the system during the period from 7 =10 to = 15 (n) can be calculated using the following
equation:

(100d)V; = nRT (D

Solving for n,

(100d)V;
n=-—————

RT @)

The leakage volume of air under atmospheric pressure Vix is determined by the following
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ideal gas equation:

(1005;) Vi = nRT 3)

Substituting Equation (2) into Equation (3),

(100d)V;
o _RT T _dh @
(1005) B

The leakage flow rate Qi is obtained by dividing Vi by the period of time:

ok dV;
~(604t)  (60At)p,

Quk (5)
The leakage flow rate of each run was calculated using Equation (5). The average leakage
flow rate from the 2nd to the 5th runs over the four-day experiments and the standard
deviation was successfully obtained:

Qi = 0,000000000063 (6)

o =0,000000000011 (7)

Determination of air permeability of testing panels
From Equations (4) and (5), the volume of air flow into the system V and the average

flow rate Q are determined by the following equations:

_

V=— (8)
Pa
dVi
°~ G, ©

10
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Figure 7 shows the relationship between the time and internal pressure of the system
during the panel specimen experiments. These increases in the internal pressure shown in
Figure 7 resulted from both the air flow through the panel specimen and from the leakage
of the system. Assuming the leakage flow rate is constant regardless of the specimen
material, the air flow rate through the panel during the period of time from r = 10to ¢t =
15 (QOpanel) can be evaluated by subtracting the average leakage flow rate from the total
flow rate during the period of time from ¢t = 10 to ¢ = 15:

Qpanel = @ — Qik (10)

Air permeability can be calculated using Darcy’s Law for gases (Siau 1995):

L(100p,
k= Qpanao(o ) %2100—) (1D
A(100Ap) Lo
The pressure differential across panel Ap is calculated by subtracting p from p,.
Ap=Pa—P (12)

Substituting Equations (10) and (12) into Equation (11), the following equation is

obtained:

_ Q-7
A100(p; — P)(a + P)

(13)
Here, the lower detection limit of Qpanel is chosen to be Q) + 3o. Thus, the air

permeability is determined using the following equations:

11
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2L(Q — Qud) Pa
158 k = < <kfa > 0,000000000096 14
A100(p; — p)(Pa + D) (@ ) (14)

2L (Qi + 30) P2
159 k < (Quc + 30) pa Q < 0,000000000096) (15)

21000, —p) o+ 0) ¢

160  For the analysis of the well-permeable panels (OSB, particleboard, and MDF) using a

161  surge tank, the following equation is used:

2LQp,
162 k= — (16)
A100(p, — P)(Pa + P)
163
680 » | ( |
164 Figure 7: Relationship between time and the internal pressure in the panel specimen

165  experiment.

166

167  Figure 8a shows the air permeability of the panel specimens except for plywood,

168 indicating no significant difference between the results with and without a surge tank. The

169  use of a surge tank makes the proposed method suitable for a wood-based panel of higher

170  permeability. Moreover, there is no significant difference between the results determined

171  with the proposed method and the conventional method (Tanaka 2014). This indicates

12
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that the method proposed in the present study can evaluate the air permeability If well
permeable panels as accurate as the conventional method (Siau 1995).

Figure 8b shows the air permeability of the plywood panels. No significant difference
was observed in Plywood A between the results determined in the present study and in
the previous study (Tanaka 2014), whereas considerable differences were shown for
Plywood B and Plywood C. In a previous study (Tanaka 2014), a 6-mm inner diameter
measurement tube was used, and 10-minute multiple measurements of the control
specimen were conducted to determine the background flow rate due to leakage. However,
variation in atmospheric pressure during measurement influences the readings of change
in water level. According to the Japan Meteorological Agency (2020), the average
atmospheric pressure changes every 10 min in a city on a day was 0,13 hPa. Considering
1 mmAq is equal to 0,1 hPa, atmospheric pressure variation during a 10-minute
measurement in the previous study caused an average change of 1,3 mm in water level.
This amount of change in water level is the equivalent of 0,000000000061 m?¥/s
volumetric change (3 x 3 x 3,14 x 1.3 mm?/600 s), which is much larger than the Qix
variation determined in the present study (Eq 7). This consideration leads us to conjecture
that the method proposed in the present study is less affected by the atmospheric pressure

variation and thus provides a more precise evaluation for wood-based panels with very

13
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Air permeability,
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Figure 8. Air permeability of the testing panels. a) results of OSB, particleboard and MDF

b) results of plywood.

Robustness of the proposed method against variations in atmospheric pressure

Figure 9a shows the changes in the internal pressure of the system and the atmospheric

pressure during the long-term experiment of the control sample. Figure 9b shows the

relationship between the atmospheric pressure change rate and the internal pressure

change rate. The coefficient of determination R? was low, indicating that there is no

influence of variation in atmospheric pressure on the precision of the proposed method.

This robustness against atmospheric pressure change leads to precise measurement in a

long-term continuous experiment for the evaluation of specimens with extremely low

permeability.

14
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Figure 9. Relationship between internal pressure and atmospheric pressure. a) changes
in the internal and atmospheric pressures b) relationship between atmospheric pressure

change rate and the internal pressure change rate.

Overall, the proposed method is more versatile in different wood-based panels than the

conventional method (Siau 1995). It is probably applicable to solid wood and non-wood

materials as well.

CONCLUSIONS

In this study, a new method for determining the air permeability of wood-based panels

without using water displacement was proposed. It is as valid as the conventional

method for measuring air permeability in materials over a wide range of air permeability.

It also provides a rigorous measurement against variation in atmospheric pressure,

suggesting that the proposed method is suitable for a long-term continuous experiment

for the evaluation of a specimen with even lower permeability.

15
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LIST OF SYMBOLS

A: panel area (m?)

d: the internal pressure increase during the period = 10 to # = 15 (hPa)

k: air permeability (m*/ m Pa s)

L: thickness of panel (m)

n: the leakage amount of air during the period of time from 7 = 10 to r = 15 (mol)

p: internal pressure (hPa)

p: average internal pressure during time ¢ = 10 to # = 15 (hPa)

Ap: pressure differential across panel (hPa)

Pa: atmospheric pressure (hPa)

D, average atmospheric pressure during time ¢ = 10 to t = 15 (hPa)

Q: flow rate into the system under atmospheric pressure during the period t =10tor =15
(m?/s)

Q: Average leakage flow rate into the experimental system (m¥/s)

Qu: the leakage flow rate into the system during time 7 = 10 to £ = 15 (m?/s)

R: gas constant (J/mol - K)

T: temperature (K)

t: time (min)

At: time from ¢t = 10 to t = 15 (min)

V: the volume of air flow into the system under atmospheric pressure during the period ¢
=10to =15 (m?)

Vi: internal volume of the system (m?)

Vik: the leakage volume of air under atmospheric pressure during the period t = 10 to ¢ =
15 (m%)

o: standard deviation of the leakage flow rate (m>/s)

18



