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ABSTRACT

The purpose of this research was to evaluate the vapor permeability of nine different species of domestic softwood

and the vapor permeability evaluation through the production of small wall structures for the developing applications,

utilizing the vapor permeability of wood. In addition, the permeability evaluation was attempted by means of the production
of a small wall structure injected with a waste material, bottom ash, as a moisture absorbent for improving the permeability.

Consequently, the results of the vapor permeability evaluation by means of Sy value are as follows: (1) It was observed

that Abies holiphylla, Picea jezoensis, Ginkgo biloba, Pinus koraiensis and Pinus rigida are permeable to moisture

among 9 species of domestic softwood in Korea. (2) By means of this, semi-permeability efficiency was evaluated

when producing a small wall structure. (3) Besides, improved effects of permeability were evaluated when producing
a small wall structure inserted with bottom ash. As a result, it was confirmed that the Sy value of Pinus koraiensis

turned out to be 1.63, which is superior to other 8 tree species.

Keywords: permeability, Sq value, bottom ash, moisture transport

1. INTRODUCTION

Indoor air quality is deteriorated by harmful chem-
icals such as formaldehyde and volatile organic com-
pounds (VOCs) emitted from indoor building materi-
als and household goods (Kim ef al., 2011). Harmful
chemicals released indoor are not enough to threaten
the lives of indoor residents who spend most of their
day, but long-term lifestyles have many effects on

health, such as decreased immunity (Yoo ef al., 2011).

As interest in indoor air quality hazardous substances
and interest in eco-friendly materials increase, the case
of interior design using wood, which is a natural mate-
rial has increased (Park et al., 2015).

Wood is a material excellent in humidity control,
heat insulation, electrical resistance, sound insulation,
impact resistance, and abrasion resistance, and pro-
vides a comfortable interior by controlling the temper-
ature and humidity of the room (Kim ef al., 2004; Lee
et al., 2014; Yang et al., 2020; Yang et al., 2020).
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Among the characteristics of wood, heat insulation and
humidity control are related to anatomical character-
istics such as micropores and pit of wood. The mois-
ture movement through the micropores caused by the
differences of humidity conditions and water vapor
pressure is defined as wood vapor permeability (Lim
et al., 2006). Moisture permeability can be controlled
indoor humidity due to the difference in water vapor
pressure by moisture absorption in the high water va-
por pressure and dehumidification in the low water va-
por pressure (Lee, 1996).

However, the moisture permeability of wood differs
depending on the species, density, sapwood and core,
and the shape of the pitting, and the moisture perme-
ability differs in the order of three sections of wood:
cross section, radial section, and tangential section
(Siau, 1984).

In particular, the flow of material is more advanta-
geous in softwoods than in hardwoods, and more ad-
vantageous between the bordered pit of the axial trach-
ied in tangential direction. It depends on the capillary
structure of the axial trachied and pit structure in axial
direction and the ray parenchyma help the horizontal
flow. Air flow in the tangential direction is about 130
times less than the axial flow (Petty, 1970; Flynn,
1995). Radial direction liquid penetration is moved by
the ray parenchyma and connected to the conduit ray-
vessel tissue inter-wall to facilitate the radial direction
of the liquid movement (Chun, 2017).

-

Fig. 1. Bio-dryer of Bio Dryer Co., Ltd. in Japan.

Recent government policy has increased interest in
wooden buildings with low thermal conductivity com-
pared to other architectural materials due to the streng-
thening of the thermal perfusion rate of buildings. In
particular, the wooden structure is constructed with a
waterproof paper that makes it possible to prevent the
penetration of moisture inside and outside the structure
member wood and control humidity. As the construction
case of high-rise wooden buildings has increased using
a large wood panel, Cross Laminated Timber, the
study of the permeability, permeability resistance eval-
uation and wall configuration for moisture has been
conducted (Yoo et al., 2019; Jang et al., 2017). In order
to improve the residential environment of the wooden
building made of wood as porous material, moisture
permeability is evaluated using moisture permeance,
permeability rate, vapor resistance, and etc (Lee, 1992).

In addition, Bio Dryer Co., Ltd. in Japan, to mini-
mize drying defects that occur during forced drying, a
bio-dryer (Fig. 1) consisting of a wall made of wood
is being developed and sold. The principle of the
bio-dryer assumes that the dryer is a single large cell,
and moisture transfers from the green wood put in the
dryer to the outside so that it can be dried to less than
10% without drying defects of the wood. Mostly, tree
species such as hard maple, which is difficult to dry,
such as wood for repair of cultural properties and
musical instruments, are dried at 35°C for 1 month

to produce less than 8% dry wood (bio-drywood,
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2018). However, in the domestic situation, studies on
the use of broadleaf trees are being conducted as the
accumulation of broadleaf trees in the country in-
creases, but due to drying defects such as torsion and
internal splitting during forced drying of hardwood,
the sawn yield of oyster oak is as low as 30-40% (Jang
et al., 2017).

In this study, in order to localize the bio dryer used
in Japan, the evaluation of the moisture permeability
of domestic softwood was conducted. In addition, in
order to promote the movement of moisture generated
in the wood drying process to the outside and improve
the moisture permeability, the evaluation of the mois-
ture permeability of a small wall filled with bottom
ash, which is a coal ash emitted after coal combustion
in a thermal power plant, was conducted. Through
this, it is intended to improve the moisture perme-
ability of wood by selecting the optimal species and
using absrobent.

Bottom ash used in this study is classified into fly
ash and bottom ash according to the specific gravity
of the remaining ash from coal burned in the thermal
power plant ad bottom ash a coal ash that is collected
in the boiler lower reservoir (Maeng et al., 2014).

Bottom ash is generated as little as about 15-20% of

the total ash generated and difficult to recycle (Kim
et al., 2009). It contains compounds such as SiO, and
Al,O; which is as remarkable in moisture absorption
ability as diatomite and when bottom ash consisting
of 50% SiO, is in contact with moisture, a small
amount of SiO, gets rehydrated with CaO, which
forms a hydrate on the surface to be used in where
required adsorption adsorption performance is required
(Moon et al., 2012).

2. MATERIALS and METHODS

2.1. Testing materials

2.1.1. Tree species

According to the pit structure of the domestic soft-
wood in Korea, nine tree species that has such types
of pit as piceoid, window-like, taxodioid, cupressoid,
pinoid were selected as an testing tree species.
Selected species are Larix kaempferi, Pinus densiflora,
Abies holophylla, chamaecyparis obtusa, picea jez-
oensis, Cryptomeria japonica, Ginkgo biloba, Pinus
koraiensis, Pinus rigida and the form of pit shape of
the species and the distinction between the heartwood

and the sapwood is shown as Table 1.

Table 1. Each species density and classified heartwood, sapwood

Heartwood(H)/Sapwood(S)

Chamaecyparis obtusa

Cupressoid

Species Pit shape
Radial section Tangential section
Abies holophylla Taxodioid H H
Pinus koraiensis Window-like H H
Picea jezoensis Piceoid H H
Pinus rigida Pinoid H H
Ginkgo biloba Cupressoid H H
Pinus densiflora Window-like H H
Cryptomeria japonica Taxodioid S(21.7%)+H(78.3%) S(24.3%)+H(75.7%)
Larix kaempferi Piceoid, Cupressoid H H

S(35.3%)+H(64.7%) S(44%)+H(56%)
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Table 2. Particle size and composition components of bottom ash

Composition components

Particle size
SiO2 Al203 Fe203 CaO MgO MnO
5-10 mm 559 % 2417 % 7.77 % 1.01 % 1.34 % 1.53 %
Used specimen was cut down in YoungDong re- .., ., , , jSample H\
search forest, Chungnam Univ. and its surface was [//// /////////\_Ci?lam Tere I8 ‘
processed and tailored in the size of 100 mm (W) x incup - KCI |1

100 mm (L) x 15 mm (T) to make radial section and
tangential section be large section. The specimen in
air-dry condition with the percentage of moisture con-
tent, 11+0.3% was apportioned. The tailored specimen
was used to measure its curing and weight until the
temperature and humidity conditions reach the order
of 24-hour period for moisture uniformization of the
specimen in 35°C and 55% temperature and humidity
conditions. Pre-treatment of it was completed at the
point of reaching the constant weight and it was used
as an testing material for measuring permeability

resistance.

2.1.2. Bottom ash

Bottom ash was selected as a material for improving
the effect of the permeability of the testing material.
The bottom ash used at this time was used after drying
until the time to reach the amount using a forced air
dryer of 100+£5°C with the water content 31.5%. The
component and particle size of the bottom ash is

shown as Table 2.

2.2. Test method
2.2.1. Wet cup test

For evaluating the performance of permeability of
moisture generated inside to the outside, the perme-
ability evaluation was processed according to types of
species and cross section based on wet cup test, "ISO
12572 Hydrothermal performance of building materi-
als and products—Determination of water vapour trans-

mission properties (ISO, 2001),.

35°C; 55% RH

r

Fig. 2. Wet-cup test set-up model.

Specimens were prepared to dissolve the concen-
tration of KCI (potassium chloride) aqueous solution
to 85% and each 300 g of them was added to the glass
cup. For comparing the permeability of the exposed
section per species, the test sample was placed on a
glass cup as shown Fig. 2 and sealed with mois-
ture-proof tape in the area where the side of the speci-
men and the glass cup are attached. Moisture through
the wood specimen was allowed to move in only one
direction, and vapor generated inside the cup did not
leak to the outside. The weight of the cup in a 24-
hour period was measured while maintaining the con-
dition of temperature 35°C and relative humidity 55%
and the moment when the weight was changed by 5%
than the initial was set as the moment to end the ex-

periment, and the experiment was repeated three times.

2.2.2. Small wall test

For the application of domestic wood to bio-dryer
walls, the top five species of test results in 2.2.1 were
used to construct a small wall structure in the size of
100 mm (W) x 100 mm (L) x 50 mm (T) with interior
space of 80 mm x 80 mm x 30 mm to measure the
permeability of each species (Toyoshima and Suzuki,
2013).

- 835 -



Joon Ho KIM - Seung Min YANG - Hyun Jae LEE - Ki Hyung PARK - Seog Goo KANG

U S S U S . : . ~—Bottom Ash — -
Wm ' */?,—Sample —y
? ) ) ) 4§ |4 Sample / ~—Sealant Tape 2
4 v A N L L ¥Z2Sealant Tape /K/
L/—m—[[ﬂ%f Cup AT /f/ J,l Cup
incup - KCI 4 incup -KCI 1

35°C, 55% RH

35°C, 55% RH

| R e | s

T

Fig. 3. Modified mock wall wet-cup test model.

If the moisture in the wall is not discharged easily
to the outside in the process of wood drying of green
wood condition, the moisture is condensed in the wall,
which causes microorganisms such as mold in the
bio-dryer wall to be propagated. By putting bottom ash
into the internal space as a way to increase the dis-
charge rate of moisture, changes in the permeability
was measured. By applying the specifications of
ISO-12572 used in experiment, 2.2.1, the test in regard
with temperature, humidity, saturated aqueous solution
was conducted in the same way.

The weight of the cup in a 24-hour period was
measured while maintaining the condition of temper-
ature 35°C and relative humidity 55% and the moment
when the weight was changed by 5% than the initial
was set as the moment to end the experiment, and the

experiment was repeated three times.

2.2.3. Moisture—permeability calculation of the
permeable air layer and a permeable
resistance factor

For analysis on experiment results, the calculation
formula specified in the ISO 12572 specification was
utilized. Through the mass change rate of each per-
meable cup, a permeability resistance factor (n, water
vapor resistance factor) was calculated according to
the tree species and cross-section. The formula for
the calculation of permeability resistance factor is

shown as in the equation (1). At this time, J,, is hu-

midity penetrability in the air 5°C, which is applied

to by a constant. _t
Y > 15x100°
0,
= — 1
n=-5 ey

1 : Water vapour resistance factor (-)
6, : Water vapour permeability of air (kg/m-sPa)
6 : Water vapour permeability of sample (kg/m-sPa)

The moisture penetrability of the measuring materi-
al, § was calculated using the equation (2) for the hu-
midity penetrability of the equivalent air layer accord-
ing to the saturated water vapor pressure (5,630 Pa)

of the temperature condition satiated 35°C.

j=_Gd @
A Ap,
G : Mass change rate (kg/s)
A : Exposed area of sample (m)
Ap, : Water vapour pressure difference across
sample (Pa)
d : Thickness of sample (m)

The initial G (mass change rate) and the one after
moisture absorption were calculated through the equa-
tion shown in (3) with the time (#-#,) that takes up
to a difference of weight (m,-m)) and a 5% increase

in weight.
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- 777.2 - 7n1
G= 7% = 3)
m, : Mass of sample at time, ¢, (kg)
m, : Mass of sample at time, ¢, (kg)

t,,t, : time taken to change to 5% weight (s)

Water vapor pressure difference inside and outside
the wood test specimen (Water vapor pressure differ-
ence across sample) was calculated in the condition
of the experimental temperature and humidity (35°C,
55%) and through the equation (4).

17.269 <6

¥ 237.3+0
Ap = ——X b5 X
D, 100 610.5Xe “

¢ : relative humidity (%)
0 : temperature (°C)

The permeable resistance coefficient value derived
through the equation above is the value relatively
compared to the permeability resistance of the floating
air layer of the same thickness at the same temperature
and the degree of permeability of each material was
evaluated with Sy (equivalent air layer thickness) val-
ue, which multiplies the thickness of the specimen
used in the test to p value.

In this study, according to 'KS F 2607 : 2007 per-
meability measuring methods of building materials,
revised since 2007 based on the local circumstances,
Sq value was calculated with the equation (5) and the
permeability of materials was evaluated with three
standards, Permeable, Semi-peremable, Impermeable.
It is determined that the smaller Sq value as the resist-
ance value is, the greater the permeability is and vice

versa.

Spg=p e d %)

w: Water vapour resistance factor (—)

d: Thickness of sample (m)

3. RESULTS and DISCUSSION

In this study, in order to localize the bio-dryer that
is used in Japan, through evaluation on the vapor per-
meability of domestic softwood in Korea and the per-
meability of a small wall discharged with bottom ash,
improvement of vapor permeability of wood is at-
tempted to improve by selecting the optimal tree spe-

cies and using absorbent.

3.1. Comparison of permeability
according to radial section and
tangential section per species

The result of analysis on permeability by classifying
into radial section and tangential section per species
is found in Table 3, Fig. 4, and Fig. 5. Abies hol-
ophylla, Picea jezoensis, Ginkgo biloba, Pinus densi-
flora, and Pinus rigida whose Sq value is 1 or less
than 1 showed as permeability and Larix kaempferi,
Cryptomeria japonica, Chamaecyparis obtusa with a Sy
value of 1 or more than 1 showed semi-permeability.
In the case of Pinus koraiensis, Sq value of its radial
section showed permeability and its tangential section
showed are Sy value radiation cross-section is perme-
able, tangential cross-section showed semi-permeability.
In the case of two species, Ginkgo biloba and
Cryptomeria japonica, it was shown that their tangen-
tial section was more permeable than their radial
section. In general, the radial section is known to be
superior in permeability than the tangential section,
but the permeability varies depending on the density
of the wood, the ratio of the heartwood and the sap-
wood, the closure of the pit due to changing heart-
wood. The permeability of the wood varies depending
on the density and water content of the wood, the
composition of springwood and latewood. In the case
of Chamaecyparis obtusa, the permeability rate of
portion of the springwood and the latewood shows
three times more than usual (Lee and Kim, 1992). The
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Table 3. Each section of species permeability (n) and Syq value

Radial Section Tangential Section

Species - : - -
Density (g/cm) n Sq Density (g/cm) n Sq
Abies holophylla 0.379+0.002 19.31 0.29 0.388+0.003 36.61 0.55
Pinus koraiensis 0.438+0.002 29.29 0.44 0.552+0.009 70.29 1.05
Picea jezoensis 0.417+0.002 34.45 0.52 0.470+0.003 38.2 0.57
Pinus rigida 0.474+0.001 46.24 0.69 0.472+0.001 40.86 0.61
Ginkgo biloba 0.439+0.001 56.68 0.85 0.445+0.002 28.81 0.43
Pinus densiflora 0.456+0.001 60.59 0.91 0.555+0.004 62.76 0.94
Cryptomeria japonica 0.38140.001 92.48 1.39 0.400+0.001 109.82 1.65
Larix kaempferi 0.521£0.002 103.36 1.55 0.445+0.002 351.44 5.27
Chamaecyparis obtusa 0.497+0.002 292.86 4.39 0.479+0.001 73.22 1.1
114 11 1
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Fig. 4. Radial section of Sy value.

bordered pit pair of sapwood portion serves as a chan-
nel for moisture, but the pit of the heartwood portion
doesn’t make the movement of moisture smooth due
to the displacement of the torus (Kang et al., 2008).

The increase in the heartwood ratio among heart-
wood and sapwood ratio (Table 2) of the specimen
makes difference in permeability despite the same tree
species, and it is determined that in the case of using
a bio-dryer wall, methods of sawing and the composi-
tion ratio of heartwood and sapwood should be con-

sidered.

Fig. 5. Tangential section of Sy value.

3.2. Permeability results of small walls

3.2.1. Small walls per species

The walls of bio-dryer actually are manufactured for
a wall structure made of the outer wall and the inner
wall, and the permeability of the small wall was eval-
uated to compare the difference between the species
according to the inner air layer. For smooth discharge
of water vapor inside the dryer, the moisture perme-
ability of small walls was evaluated with five species

of high moisture Abies holophylla, Picea jezoensis,
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Table 4. Each mock wall permeability (1) and Sq value

and Tangential Section of Domestic Softwoods

Radial Section

Tangential Section

Species S S
n d H d
Abies holophylla 52.72 2.64+0.35 97.9 4.89+0.2
Picea jezoensis 84.62 3.61+0.25 146 6.2+0.06
Pinus koraiensis 89.32 3.81+£0.67 76.1 5.27+0.61
Pinus rigida 91.37 4.57+0.38 85.7 9.79+0.13
Ginkgo biloba 80.39 3.43+0.12 39.2 1.67+0.14
. 11 1
. o
L. =L s A
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84 8
74 g 74
T 6] § 6 A .
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24 24
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Fig. 6. Radial section Sy value of Mock wall.

Pinus koraiensis, Pinus rigida, Ginkgo biloba through
the moisture permeability evaluation result according
to the previous wood species. The results are shown
in Table 4, same as Fig. 6 and 7. Small wall manufac-
tured for the wall structure showed the decrease of
permeability regarding 5 tree species due to the in-
crease in wood thickness as the wall structure, al-
though the air layer inside did not affect the perme-
ability resistance. Wall structure consisting of radial
section rather than tangential section made it easy for
the moisture to move and showed the permeability of
tangential section turned out to be about twice higher
than that of radial section. High permeability of radial
section was shown in the order of Abies holophylia,

Ginkgo biloba, Picea jezoensis, Pinus koraiensis,

Fig. 7. Tangential section Sq value of Mock wall.

Pinus rigida. High permeability of tangential section
was shown in the order of Ginkgo biloba, Abies hol-
ophylla, Pinus koraiensis, Piecea jezoensis, Pinus rigida.

Among them, Ginkgo biloba showed higher moisture
permeability in the tangential direction than in the
radial direction, and it was believed that it was due
to the mixing of the radial section and the imbalance

of the wood material during the sawing.

3.2.2. Bottom ash filing wall for improving
permeability

Through the small wall test, the moisture perme-
ability decreased due to the increase in the thickness
of the wood and the moisture permeability was eval-
uated by filling 100% of the bottom ash inside the
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Table 5. Each mock wall permeability (1) and Sy value added bottom ash

Radial Section

Tangential Section

Species
N S 0 S
Pinus koraiensis 1.14 1.63+0.21 44.21 2.21+£0.48
Picea jezoensis 1.63 1.9+0.18 38.07 1.9+0.61
Abies holophylla 2.28 2.21+0.34 50.76 2.54+0.22
Ginkgo biloba 2.98 2.54+0.65 32.63 1.63£0.12
Pinus rigida 5.71 2.98+0.53 59.59 2.98+0.24
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Fig. 8. Radial section Sy value of Mock wall added
Bottom ash.

small wall for smooth discharge of vapor inside the
dryer. The results are shown in Table 5, Fig. 8 and
Fig. 9. The permeability of the radial section was im-
proved by 36.4% on average and in particular, the per-
meability of Picea jezoensis was improved by 54.8%,
and that of Pinus koraiensis was improved by 50.1%.
The permeability of the tangential section was excluded
as the improvement effect of the Ginkgo biloba wall
is as small as 2.4%, the permeability of four species
was by 61.5% on average. Tangential section is known
to make the moisture movement inefficient, but the
fluid adsorption force of bottom ash as moisture ab-
sorbent is greater than the internal water vapor pressure
by the wood anatomical structure. Particularly, the per-
meability of tangential section was improved, which
is why it is determined to show the similar results as

the radial section.

Fig. 9. Tangential section Sq value of Mock wall added
Bottom ash.

4. CONCLUSION

In this study, in order to localize the bio-dryer that
is used in Japan, through evaluation on the vapor per-
meability of domestic softwood in Korea and evalua-
tion on the permeability of a small wall discharged
with bottom ash, it was attempted to select the optimal
tree species and the results are as follows.

1. Abies holophylla, Piecea jezoensis, Ginkgo biloba,

Pinus densiflora, Pinus rigida whose Sq value is
1 or less than 1 out of nine domestic softwoods
in Korea showed permeability and Larix kaemp-
feri, Cryptomeria japonica, Chamaecyparis obtu-
sa with a Sy value of 1 or more than 1 showed
semi-permeability.

2. In an attempt to make the discharge of water va-

por inside the dryer easy, the small walls were
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evaluated using 5 wood species that showed per-
meability. As a result, the increase of the thick-
ness of wood due to the wall structure showed
semi-permeability and in order to improve the
vapor permeability, it was attempted to put bot-
tom ash in, which resulted in the improvement
for radial section, 36.4% on average and tan-
gential section, 61.5% on average (except for

ginkgo biloba).

Through evaluation on the permeability of the same
thickness of wood, small wall, moisture absorbent
with small wall, and through the improvement effect
by means of permeability per species and moisture ab-
sorbent, Pinus koraiensis and Picea jezoensis were de-
rived as the optimum species for the wall of bio-dryer.

Sawn lumber produced in Korea is mostly for flat
sawn with high yield rate because of the issue of yield
problems resulted from types of sawing and sawn as
flat sawn and quarter sawn. In order for flat sawn to
be applied for bio-dryer, it is determined that opti-
mization studies on the elements such as moisture ab-
sorbent type and input ratio, wall thickness for the per-

meability improvement are needed.
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APPENDIX

(Korean Version)

252 Q7E 2A9 BHAS TET SEALS 5 T4 DA% o) 230 ot B

X shaal shiTh B3, S44 AL 95 A4 bottom ashE E4A 2 =4

stol R4S Bokshalch 1 A S, gl o 44 B A3 ke 2ok O 34 W4

97 =% F Abies holiphylla(BHU5:), Picea jezoensis(7V2BUT), Ginkgo biloba(:2-3Y %), Pinus koraiensis(ArU5-)

and Pinus rigida(®) 7|tk £UR)E B A& ekl 2S SHleloith @ o) olgste] WA 72 A% Al ut

E&S A%S eEdS 971519t @ E3L Bottom ashs §£¢3 49 84 125 AFste] BS54 A ads
o 7}3k 734, Pinus koraiensis(Zrri)2] Sy 7ko] 1.6302 ek, 87 EF ~FH} 43S Fel5tqtt.

il O_\.
oft,
N
o

o 1E

-151_

LME

Ao} A5AA o SO RRE WEEHe ZEYHE =Y F1EA £713=(VOCs) S 22 frafateta ol <fs)
AWE 7148 o] oSt th(Kim ef al., 2011). Aujo] TAH = fefjdletad e otF § i AtE Hule AdAFAEY
AL IR At ohlAu 4717 el wole] st 5 Aol B 4R 71tHYoo e al. 2011). AYE7)A
el tet TAETE woAHA W2y ol thet WA=} ok AL glom HA Az EAE o] 83 AL Qg o]
AHE AH7E Z718kaL Qiok(Park et al., 2015) B 2G4, T9A, A7|ATA, A, WEEA, YotrA So] 943k
Azoln AU &&= 248 Folo] FAsH AUE A53cHKim ef al., 2004; Lee et al., 2014; Yang et al., 2020; Yang
o al, 2000). 5409] 54 5 st 259E Kol AET, WE S 0L ool S4B B gl ed il

$5719F Aol qlal WAIRHE nIAIBTE B 48 o] 5L %) F4loleh HoTTHLIm e al, 2006). FHAL $571%
Z}Oloﬂ ofaff 57190l &2 Hollde F5 A B2 Hollde €5 eE Ay Sexd0] 7Hsdtth(Lee, 1996).

e B THUE 53 U W U4, 43 9 S et el 2 320 999 Bie D4
202 Bouo] tht(Siau, 1984). 55| SRt A7t B9l 58l felh BATIAL ShEbeasl
5 Ao 5 WS AN U F20] BAT S SIS LA S SEG Hth B
37 B 5 U T3 oF 1304] H: AT(Petty, 1970 Flynn, 1995). AP A4 HE= A2 28 o]5H 0
SRR 33t A oAl AR oS §olst RrkChun, 2017

2 g5 o] A5EY duFE 3= EPE A2 o Hlg) dAEE7t Fe m2dsa et =7}

A&E2 ¢-rXH7P AR et YR & HES WAl E2H0] 7T FEUaA 52
th NS ERASE ASAETE S71sHEA i SA9d ¢l Cross Laminated Timbers ©]-83tef 4=<2of
d A5k W7k @ WA A Ak Azl A3 vF YrYoo ef al., 2019; Jang et dl. 2017) o2 Agol
EAE Eold 52 A& FASAE MRS Slst] 2 Fd dis F5A, F5E, 5 A% 55 ol8skL
71k QUthLee, 1992).

EG A EARAlAME FANE Al B EE A2AE Faskey] flsto] ZAE o8sto] MAZL FE vlol ez
7|(Fig. DE 7 2 dufjsia Qlok vloleAdzr] dele Ax71E shue] 2 A2 7hgste dxr] e Fd8 AA
Aeo] BAERE SRz S8 olEAA BAjel AXAT glo] 10% olsie Ax) Jhseltt 2 Boly nag 2,
oF7] § Ax7E ol JE wolE T 4FE 35TA 1/4E F3 1xste] 8% olsl AxEAR AYAkstar gk
(bio-drywood, 2018). Z12{L} %LH e U Y5 48 SAF STkl wet %ﬁ-’Fﬁ’J o] gt A7 e
Qo Beis AR A HIEY, e Bo) A% 2ROR Qste] FHURY 49 AARo] 3040% HEE Hekang
et al 2017).

ATollAle GEolA AMEAL Sl Blol ez A 8l =4t AAeEe] FE4 Bk SA A2 BelA
wa SRS ORE oF Sl B44 S 918 Seaac] A ok F ulEE ARSI bottom ashS 7%
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s So4 WS Be) A7 SEE A4 FHAS ogsio] 2] BHAL ANeTA Tk

=4 :rloﬂf\i A& bottom ash(HFE o 4l)= SHPALo| A A Bl 91 E2 3R 02 8|50 whet fly ash(Eeto]of4)
9} bottom ash@ F-E%| ™ bottom ashi= H A2 3} A4 EFE+= AErs]o]tMaeng ef al., 2014). bottom ash+=
WA ek slate] 1520% AR o] 1 Aekio] ofALhKim e al, 2009). F4 HEo] Foluk FRES} B
Si0,9} ALOs9F 22 SRRkEs okl Qlal SiO7} 50% /% Bottom ashi= 52t H & Al WY Si0,7} CaO%} 423}5}o]
FHo|| $35 Bt FEAES atote 2ol AREEAL lth(Moon ef al., 2012).

2, Mz 3

2.1, ZAAR

211, BA &%

A AH4E 2 ¥y Exof wek 7HEH| 3 (piceoid), AAYE (window-like), A3 (taxodioid), & (cupressoid), AL
F(pinoid) HEL 71 9714 $E& FA] 202 XA h AAH $28 AR JAAUT Larix kaempferi), 22U Pinus
densiflora), AUE(Abies holophylla), AW(Chamaecyparis obtusa), 7]—5’—H]L]-—,—(Plcea jezoensis), AU Cryptomeria
Jjaponica), ->-3YUTH Ginkgo biloba), A5 (Pinus koraiensis), 2]7| TtV Pinus rigida)2 5%9] B3 e} Az LS
Table 13} 2}, AFS-E] A3 WL Zutjsha o Esta o)A mzﬁo}oq 9 7k 9100 mm (W) x 100 mm (L) x 15 mm
(T) 2712 YA} FAdHo| W2 dHo| Hes sl e %‘—’F% 1120.3%¢<1 7)) Al weFrgret. Aed
APHEE 25 21 35T, 55% 235 ZAA *]?\5:.45—4 B AUSHE Yl 24417 272 gl =EE uf 71K
FY 9 S S gl EEcte AR AXEE SRS BEEAY S At FAARR AFESH

2.1.2. bottom ash

FAA RS EH5AS aTE JA5H7] Yot AR Z bottom ashS XA TE o] AFE-E bottom ash= 358 31.5%=
100£5°C9 7”110%*4 Ax715 ol &sto] o] =g of 714 2% F ARE-SISIT]. bottom ash®] A& 9 YJAA7|=
Table 22+ Zth

2.2, Ag I

2.2.1. Wet cup test

Yo A dAEE $ES R BELsle A5ErE 98] SO 12572 Hygrothermal performance of building materials
and productsDetermination of water vapour transmission properties(ISO, 2001); Wet cup test 71-g0l we} 454 2 chgy
i HHE ASlSIch AL KOs 28) $-8909] S8 8% G Alzsto] F2l4iol 2 300g4 Fslsich
0 wtio] B4 S 98 Fig 29 2o] it 9lo) ABHE Lol AR Qeist felo] bt H9IE
HEHlo|Zg Waetgieh B4 AJHS F3 7o) TE WFO RNt o] 55| skl om F UjRelA H““ﬂ )‘57]7} oFR
A SR FAEUL 2 35°C, AUEE 55% Fods 2AL 9X|5le] 24A)7F 27|12 Ao ZHe 2AsIYon]
27luch Fp0] 5% ek A9e e 2 AHOR Agsigon 38 weel Assich

222, A% w3 A

Hol & A7) Aol 4k BA AE-L Slstel 2219 MY AT AFS] 57 £5L olgate] W E7F 80 mm x 80 mm
30 mn ZH 100 mn (W) < 100 mn (1) 50 mn (1) 57249] 2 2 Aoiel 54 #itke st
(Toyoshima and Sunki, 2013), $45)o] 57) A2 el WA S-2o] ol Aol = o WAl v
Gpto] SAElo] wlol o Ax] WAo] Fgo] o] o] WASA Hrl. o] wiE SES FH717] SR HetoR
W $209] Botiom ash® Falste] £4419| kS Z4sieich A 22,1904 0|§8 10-125729) 4% S85te] o,
S, Eo} 2890 5 A B FUAs stk L& 35°C, ATGE 55% LS 2AS §AI5H0] 24417 F7]2
9] ok SRegon 27|mek Fuol 5% WalEl AHS Y FR AHoR Asidon 33 wuste] Adsla

223. ES5AAAS A 571 37159 57 B4 Ak
A% A B4l IS0 12572 2o PAH AXAS
&3 A9=(u, water vapor resistance factor)E AFE3510H
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0o B7] 5°CoA9] 7] Fapgor

1Jx10°

M

ofx‘so"

1 Water vapour resistance factor (-)
0, : Water vapour permeability of air (kg/m'sPa)
¢ : Water vapour permeability of sample (kg/m-sPa)

§o ZAARE L7 RTAL oA 35C ] EBHEZ7](5,630P)] THE Ht BY|Z0] HYETAL
A )2 ol g3te] A,
. Ged
= o ap @

a

G : Mass change rate (kg/s)
A : Exposed area of sample (m)
Ap, : Water vapour pressure difference across sample (Pa)

d : Thickness of sample (m)

Glmass change rate)= 2719} & F F%0] AHmom )2t S 5% Z7P7H] 2QEE A7) 02 T
4 (3)2 Bl Auksiech,
My — 1My
G=—"—— €
t,—t )
m, : Mass of sample at time, ?; (kg)
m, : Mass of sample at time, ¢, (kg)
t,,t, : time taken to change to 5% weight (s)

2 AEH W-9H o] 4227]9 X}o|(water vapour pressure difference across sample)= A3 5% Z7A(35C,

55%) 4] (45 B3 A4S
17.269 <0

A :7>< e 2373+0
P, = 057 6105 @)

¢ : relative humidity (%), 0 : temperature (°C)

A AE SOl BEEle FEATAS g2 B2 R4 22 FAY BE 3715 F5 A A vast
FrO A w kol Aol AHEE AHAHY FAE Foto] Su(E7t 3715 FA) R 7T QRS BHEAY A=E
Hbstolth B Ao Al S Ao uro] 20074 o] HAE KS F 2607 : 2007 A= AR EsA =4

_'E'E__

>

) o Wt A (5)S £3) Se 3hS AlAESEe] E<5(Permeable), HHE<5(Semi-peremable), & (Impermeable) 37}
A 7|22 AR BH5AAS BIIekeh 8¢ 2 AR AS4E BEA0l £ov S48 5540 Hrka
e & gtk

S =ped )

w: Water vapour resistance factor (—),  d: Thickness of sample (m)

AL A ojazo] BELM Bl bottom ashS
o 2454 el e A7 s,
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3.1 45 WA, WA 42 44 HE

S5 e QRO R TEsll B4 BAT A3Hs Table 37} Fig. 4, Fig. 59 2tk S, @ol 1 o[a)
AU, ZHZHIUR, AU, AU, e)7|chiu i 545, S o] 1 o419l QEQIZUER, B, ARl BHESAS ek
o AR Sl ARRE S, PATRE wRse] AukE Uehyon Lo Wl 27 5L agnc
AARRO] F540] 7 btk QubH o waithro] AR Bk Egalo] $4stchn dreld glout Baje] W,
AR 1%, AR QIg wge] Ha) ool uhet GebT. BAlY £AAL BA) Lok 348, FAR FA% LA
wel £58 thEch Ao A9 ZARG 2R REEE oF 3u) Aol LehthLee and Kim, 1992). BAR0)

SAuFE S8 20 TS AW AN P melne] Helw A Fel Hof 8 ofFo] U gt
(Kang et al, 2008). A|742] 41404] Hl(Table 2) 3 414 ¥l 57 o] 271 Qlstel 5o Sgolohs 24l
ol LIERS 2= 1o o]t tholo A27] WAl At Al AR W AL 4 Hhie Teistolo} Bt Ao WeHec

of>

iy
X

3.2, 4% w0 £54

32.1. =5 AY BA

“Zﬂ Hhol @ A7) ¥Al= ¥ n} o] EAst= tﬂiﬂ? 2 Zihﬂ“ﬁ i 371380l w2t 5 1

3 HAY B54E Bk A7) R 5719 dg3t viES flste] Hd A %o wE
£ 2010l . A, ATk, e lehath, AT, SRS S ~E0 A8 A EOAE Hinon
71 A= Table 4, Fig. 6, 73 7t}

HAFRE Az 23 HAe Wi 37152 FE5AT Al 93k nAA A ¥AtxE 52 A St
flofel 74 S5l IS o] dlich FaHC RAHEOR PR M el ool goloh
& Addo] AR oF 2uf =2 ATRE el WARHS AU, 23U, ZHERUHR, XHIP—r, 2|7]cka
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P/\]-

10 o
ol

w2 O
ri.L

3.22. E&A4 /AL €3 bottom ash &3 HA|

2% 94 AdE ot 51 FA Z7}°ﬂ o2 F54do] AstE|glon Ax7] YR 35719 dEd HiEE $isto]
% B4 el bottom aShE 100% ZFR1ete] 545 Bkt en 1 Ak Table 5, Fig. 8, 99t Zrh WA H]
/go] Ht 36.4% 7HAE| 3 53] 7HZHIUHE 54.8%, ZHHE 50.1% F5Ad0] FRAEISITE AT B542 23y
Al A8 Bt 24505 ok Ao 4 A5 A 6 B Ae] AL, SRS 8 oI5
SRR orhal defA glout B et gz ot i #=F7|YET F5A4 bottom ashe] FA] F2EHo] A
AR F54o] A=l MAbdHT fARE 235 Uehd AR ddHch

° _IE: Iy

A olo o m l—>

Ol
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