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SUMMARY

I. Title of Research Project

Development of high value-added wood production by bending process

II. Target and Importance of Project

In the middle of the 19th century, an effective technique for wood bending
based on steam pretreatment was established. This technique was introduced to
many countries all over the world and it is still widely used to obtain various
curved parts of furniture, musical instruments, barrels, interior decorations and so
on.

When a wood piece is bent, the convex side of the bend is compressed. The
wood piece softened by steaming can be compressed considerably, but it can be
stretched very little. By fixing the wood piece on a metal strap in such a way
that the strap supports the tensile stress, it can be bent to a great extent, This
technique is called the Thonet-method.

The bending quality (BQ) of wood, however, varies widely not only among the
different species but also within the same species. Considerable Kkinds of
temperate hardwoods have good BQ, while most of coniferous woods and tropical
hardwoods are generally unsuitable for wood bending. Although the BQ depends
greatly on wood species, it relates somewhat to the extent of the extent of
softening of the cell walls and loading modes. Wood is strong and brittle in dry
condition, but the moistening and heating of wood decrease its stiffness and
increase its breaking strain, which results in an increase of the BQ. In transverse
direction, the compression occurs easily by the transverse crushing of the
honeycomb-like cell structure, while in longitudinal direction, the majority of the
cell walls are stressed along their length and the mechanism of their deformation
may depend greatly on the extent of softening.

In this project, the BQ of main Korean wood species is evaluated and the

application method of the wood and bentwood of main Korean wood species is



investigated.

IM. Content of this Project
The main contents of this research projects can be summarized as follows:

1. Examinations of bentwood processing factor
a. Effect of strap thickness and annual ring orientation
b. Thermal softening of wood by steam treatment at high temperature
c. Bending of sonamu wood by microwave irradiation
d. Vapor sorption of super—heated steam treatment of sonamu wood
e. Dimensional stability of bentwood by pre-treatment conditions

f. Dimensional stability of bentwood by post-treatment conditions

2. Bentwood processing property
a. Bending quality of main Korean wood species

b. Most suitable bentwood processing

3. Study on the development direction of the use of wood as a landscape
material
a. Analysis of present condition and use of wood
b. Investigation of case example and application range of bentwood
c. Application method of exterior wood and bentwood as a landscape
material
d. Present condition of domestic wood and consideration of economical

efficiency

IV. Results and Application of the Project

Bending quality of main Korean wood species

Results showed distinctly that the bending quality(BQ) of specimens depended
remarkably on wood species as had been reported. Horn beam, birch, painted
maple and cork oak, which are temperate hardwoods with a high density, had

especially good BQ. Percentages of the number of specimens grouped into A or



B grade for sargent cherry, cork oak, basswood, royal paulownia, which are
temperate hardwoods, were 58, 83, 29% and 8%, respectively. All specimens of
basswood and royal paulownia could not be bent to p= 40 mm. On the other
hand, percentages of specimens of red pine and pitch pine, which are coniferous
woods, were 44% and 56%, respectively. Results of the BQ evaluation in regard
to each radius of curvature and each strap thickness for main Korean species
examined are shown in Table 4 of chapter 4. Open circles (O) and open
triangles (A) represent that the indicated wood species could be bent to the
prescribed radii of curvature without any damage and with slight damage,
respectively, while crosses (x) represent that the indicated species could not be
bent to the prescribed radii of curvature. The effect of strap thickness on the BQ
was not so significant. However, it is considered that the strap thickness may be
related to the drying speed after the bending operation, the thinner the strap
thickness is, the faster the drying speed becomes, Table 5(chapter 4) shows the
relationship between the BQ and densities of wood species in air-dried condition.
Results indicated that the BQ of Korean wood species depended significantly on
the density. Densities of bitter wood, painted maple, horn beam, cork oak and

birch which were grouped into A grade were larger than 600kg/m’.

Effect of strap thickness and annual ring orientation

The relationship between the BQ and the strap thickness for Korean red pine
is shown in Table 5 of chapter 4. In radii of p= 70 and 90 mm, the significant
difference in the BQ was not recognized except in the case of t=0.4mm. So and
Chai investigated the wood bending of black locust using microwave heating to
produce curved parts of furniture and classified the BQ into four grades, 1)
without failure, 2) minor compressive failure on the concave side, 3) remarkable
failure, 4) broken. In this study, however, the BQ was grouped into three grades,
because such damage as breakage did not occur in the concave side of all bent
specimens. Table 4 and 5 of chapter 4 show the bending quality of Korean red
pine as a function of strap thickness. It is considered that specimens of Korean
red pine to A or B grade can be used for materials of the wood bending. Under

the same experimental conditions, the BQ was better in the strap of t=1.0 mm



than in t=0.4 mm. It seems that there are no significant differences in results of
the BQ for flat—grained specimens and specimens with intermediate annual ring
orientations. However, a careful examination showed that the BQ of specimens
with intermediate annual ring orientations was slightly better than that of
flat-grained specimens in straps of t=1.0 mm and 0.4 mm. Both flat-grained
specimens and specimens with intermediate annual ring orientations could be bent
without any damage in the strap of t=0.6 mm. Interlocked-grain was observed on
the concave surface of some specimens with bad BQ. These results suggested
that the annual ring orientation in specimens is one of important factors to
improve the yield rate of wood bending. Tables 3 and 4 in chapter show
compressive strains of bent specimens grouped into A and B grades. Since the
BQ of flat grained specimens bent using straps of t=0.8 mm and 1.0 mm and
that of specimens with intermediate annual ring orientations bent using straps of
t=0.4 mm and 0.6 mm were grouped into C grade in the case of the form radius
of p=70mm, results of compressive strains were eliminated from Table 4 in
chapter 5. These results suggested that the appropriate selection of the strap
thickness according to the annual ring orientation In specimens was Very

important to improve the yield rate of wood bending.

Bending of sonamu wood by microwave irradiation

The effect of microwave irradiation on wood bending was investigated. The
specimens irradiated with microwave were bent around a form by using
pedestal-steel and clamps. The specimens, korea red pine (350mm(L)
x20mm(R)x10mm(T)), for this test were water-soaked for 78 hours. Saturated
specimens were boiled in water for an hour. These pecimens were heated by
microwave of 2450MHz. The most suitable time for microwave irradiation seems
to range from 60 to 90 seconds. Wood moisture content decreased remarkably
with the increase of irradiation time. When a softened wood piece is bent, its
convex side was stretched while the concave side was compressed. It can be
compressed considerably, but stretched very little. Therefore, the failure will be
governed by the tensile breaking strain and occur mainly on the convex face. So

we obtained results from three different bending process methods as follows :



(D When bending with a pedestal-steel, convex face had not tensile breakings,
but concave face had compression fails.

@ When bending with a clamp, bending time increased more than pedestal-steel
and occurred tensile breaking.

@ Bending with a pedestal-steel and a clamp was found to be the most

excellent operation method in this study.

Thermal softening of wood by steam treatment at high temperature

This study deals with shear strength test for Pinus densiflora and Pinus
radiata treated at above 100C by heat steam. Treatment conditions of this
experiment were operated at regular intervals of 20°C at temperatures up to 20
0C for 5, 10, 20 and 30 minutes by using the steam-explosion apparatus.

It was examined, at high temperatures, degradation of some compounds from
wood composition could lead to reduced the shear strength through heat steaming
processes and play a large part in the plastic process of solid wood materials. It
could be estimated that the shear strength of woods were gradually reduced by
heat steaming time. Remarkable reduction of shear strength of woods was
observed with increasing steaming temperatures above 10 minutes steaming time.
Furthermore, this phenomenon shows a tendency to increase with higher

temperatures.

Dimensional stability of bentwoods by treatment conditions

This study was carried out to know dimensional stability of bentwoods by
treatment methods such as steaming, paint coating, and polyethylene glycol(PEG)
treatment. Bentwood processing was operated on bending-jig with only 4cm
radius of curvature(ROC). The species were used to bitter wood(Picrasma
quassioides), painted maple(Acer mono) and birch(Betula schmidtii). Bending
property of these woods were very excellent for bentwood production(Jung et al.,
2001). The treatment bentwoods repeated temperature and humidity at room
temperature[20C, RH 80%(12 hours) and 40T, under RH 10%(12 hours)]. For
estimation of dimensional stability of bentwoods measured radius of curvature

and end distance. The result were as follows:



D The best treatment was PEG treatment in this study. Steaming treatment was
very poor treatment.
@ In properties of the species, dimensional stability of bitter wood was excellent.

@ The steaming treatment was unsuitable for dimensional stability of bentwoods.

Study on the development direction of the use of wood and bentwood as
a landscape material

The main purpose of this study was to propose the development direction and
application method of wood as a landscape material by analysis and investigation
of the present condition and characteristics of wood, which is a quite interesting
natural material for its beauty as an exterior material. This study is based on
the relationships between the establishment of development direction and practical
use of exterior wood as a landscape material. The research method used was
fieldwork and data analysis.

The findings obtained in this study can be summarized as follows.

@O On the analysis of the present condition of wood utilization, it was
investigated to need of complement of a design aspect, use method, the limit of
use type, and use range.

@ The direction of a durable design for the practical use of exterior wood as
landscape materials was established.

On the use of exterior wood, first, the characteristics of wood have to be
understood. Then exterior wood can be used while preserving its safety and
beauty over a long time by adequate physical and chemical treatment.

At the same time, an application plan for the practical and effective use of
wood as an outdoor landscape material, we concluded that future research in
design aspects is needed in consideration of physical, chemical, and structural

properties of durable wood materials used in outdoor facilities.
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Table 2. Relationships among grain angle of Fraxinus rhynchophylla, change of

curvature, and a rate of deformation.

Grain
angel(, )

Curvature of
tool(mm)

Curvature after
bending(mm)

Rate of
deformation(%)

MOE
(GPa)

MOR
(MPa)

30

40

45

60

60

80

90

100

40
60
84
100

21.9
14.7
14.2
11.0

8.719

3.7816

1.6027

1.085

1.2849

about 1/4~1/10
time of MOE

note) Value of MOR caused from formula (5).
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Table 1. Diameters at the breath height (DBH), tree ages (TA), moisture contents in air dry

condition (MC) and the array of pores (PA, DP : diffuse-porous wood, RP : ring-
porous wood) for logs of ten kinds of Korean species from which specimens for
the wood bending were prepared

. sargent | bitter | horn . painted | cork | bass red | pitch royal
Species birch ) . .
cherry | wood | beam maple | oak | wood | pine | pine | paulownia
DHB(mm) 250 180 200 | 180 170 230 240 200 350 180
Agelyear) 40 40 20 45 50 35 35 40 25 10
MC(%) 15 18 20 17 18 20 17 16 13 11
PA DPW | RPW | DPW |DPW| DPW | RPW | DPW - - DPW

oHE 2 02
5 AT RS U4 mgor Agsgon,

A o, &Nl wEk 4em, 6cm, 10cm
AR T itk HEe & nAHS 9 FHEZE AT dES 7
of wel 0.6mm, 0.8mm T 7FA= FE39aL, Aol F&RbAE A o2k ZF2F 30em, 35
em, 45eme] 37FA 2 A st Al e A= FAE 10mm, F2 20mE3SFTh 1
il FUbES dEY nAS A FEFol AtolE SdEA nBAE F e

A E AA A Zete] AFEsEA T

Fig 1. Apparatus for bending process
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AR E5E ATl B TRE 47 A8 FAAUE S FEADE 4A
HUL, 548 AR vdBos DR AP ARAA(TAFIHE 1245M0)°)
g0 & BFHEAE ANSD ¢ F BAFEL AASA

ot Al Fe) dx % 7hEA Hot

713" AHE gAY &Folg 2YHE A F dH FaAd N2 EF
84 AZ71B0T)NA < 24177 F AZ2E AA3A

HAFHE AHY o5 W ¥y wet {4 Hoez FEIUL, MHo] A
AE A ASH, g9 Nagol oy dAntddez 4A AAL + de A
& BEHE, AHY Egoz dHe Yol 1F o AT AL o
2 BRAHE T, 2000).

2

R : ROC of secimen after bending
Ro : ROC of bending plate befor bending process
Note) ROC: Radius of curvature

20] 8 &(p)= L“Loi”'— %100

L: Length of specimen before bending
Lo Length of specimen after bending
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Fig 2. Moisture content of saturation

Note) ROC: Radius of curvature
Legend) A: Sargent cherry B: Bitter wood C: Corn beam D: Cork oak E: Birch
F: Palnted maple G: Basswood H: Red pine I Pitch pine J: Roval paulownia

-70_

2= 220 st DEJF 2TAMA D= /| 2=



V. Z
AR

G

F

Specimen

2
I

Y ROC(4em)
M ROC(6cm)
ROC(10cm)

A B C D E

Fig 3. Moisture content of after heating

Note) ROC: Radius of curvature

2713 A

D

A7k ek

3}

TR

He

A

Faek Al

S

TolA Hx

ol

()

#R(1985)2] ATl M= e v

=)
Hr

—
file)

Hr
)

eyl
=

B
o
._Iryl

A
N

x40 vhz



Table 2.

percentage of the number of specimens (A+B) to the total number of

The evaluation of the bening quality

(A :

no damage, B : slight damage, C :
sever da mager) at the indicated strap thicknes (t) and form radius (p) and

specimens(A+B+C) for the kinds of main Korean wood species.

¢ Grade
Species (mm| A p(mm) B p(mm) C p(mm) 1OO<A+I?Z()A+B+O

) 40 | 60 | 100 40 | 60 | 100 40 | 60 | 100 Each | Average
06 | 1[0 2 4 12| 4 36| 2 54.1

sargent cherry 58.3
08|14 5 311 1 4131 2 52.5
06 | 54| 6 314 2 -1 -1 - 100

bitter wood 100
08|77 7 1|1 1 -1 -1 - 100
06 | 8| 8] 8 - -1 - -1 -1 - 100

horn beam 100
08| 8| 8] 8 - -1 - -1 -1 - 100
06 | 8| 8] 8 - -1 - -1 -1 - 100

birch 100
08| 8| 8] 8 - -1 - -1 -1 - 100
06 | 8| 8] 8 - -1 - -1 -1 - 100

painted maple 100
08| 8| 8] 8 - -1 - -1 -1 - 100
06 | 4|5 7 01211 4 (110 79.2

cord oak 83.3
08 3|5 8 31210 21110 875
06 |01 1 01| 6 86| 1 375

basswood 29.2
08100 2 00| 3 88| 3 20.8
06 |0 1] 7 113]0 71411 50.0

red pine 43.8
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Table 3. Relationship between bending ability and thickness of metal-strap(T.M.S)

as a function of radius of curvature
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Table 4. Evaluation of Bending property for group
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Table 5. Bending property for specific gravity
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TMS
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Species

Note) A: sargent cherry B: bitter wood C: horn beam D: cork oak E: birch F: painted maple

G: basswood H: red pine L:pitch pine J: royal paulownia
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Fig 5. Strain of bentwood on 6¢m ROC

Legend) A: sargent cherry B: bitter wood C: horn beam D: cork oak E: birch
F: painted maple G: basswood H: red pine I: pitch pine J: royal paulownia
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Fig 6. Strain of ROC on 10¢m

Legend) A: sargent cherry B: bitter wood C: horn beam D: cork oak E: birch
F: painted maple G: basswood H: red pine |- pitch pine J: royal paulownia
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Relationship between Young’'s Modulus and radius of curvature after bending

Table 1.
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Fig 1. Relationships between radius of curvature after bending and
thickness of bending strap steel
Legend : A: Flat grain specimen at radius of curvature on 7cm,
B: Half-edge grain specimen at radius of curvature on 7c¢m
C: Flat grain specimen at radius of curvature on 9cm
D: Half-edge grain specimen at radius of curvature on 9cm
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Table 2. The evaluation of bending ability in Korean red pine by microwave heating

Thickness | Number of Flat Number of Half- Grade of Number of | Number of total
of grain Specimens |edge grain Specimens|Bending Ability | gpecimens specimens
metal-strap|  7¢m | gem Zem 9em A | B | ¢ |(A+B Grade)| (A+B Grade)
1.0mm o , 2 2 , 4 41418 16 (8)
0.8mm o , 2 4 2 6| 2|8 16 (8) 64
0.6mm 2, 2 0o, 2 6|0[10] 166 (30)
0.4mm 2 , 2 o , 4 21618 16 (8)

Note) A: Excellent B: Possible C: Fail
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Table 3. The number of specimens(A or B (A+B+C)) at the indicated strap thickness(t) and form radius
(p) for flat-grained specimens and specimens with intermediate annual ring orientation of Korean red pine

Flat-grain p(mm) Intermediate annual ring orientation p(mm)
Grain
t (mm)
70 90 70 90
0.4 2 2 0 4
0.6 2 2 0 2
0.8 0 2 4 2
1.0 0 2 2 4
Note) A : excellent, no damage, B : good, slight damage, C : fail, severe damage



Table 4. Compressive strain of bent specimens grouped into excellent (A) and good (B) grades and

moduli of elasticity in air dry condition(MOE) at the indicated strap thickness () and form radius (p) for
flat-grained specimens and specimens with intermediate ann-ual ring orientations of Korean red pine

Intermediate annual ring orientation p(mm)
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Table 1. Amount of absorption on each equilibrium moisture content(EMC) state of wood
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Table 1. Index of sample trees.

DBH(em) | Age MC(%) S.G. Porosity
bitter wood(Picrasma quassioides) 18 40 15 0.63 Ring-porous
painted maple(Acer mono) 17 50 15 0.7 Diffuse—porous
birch(Betula schmialtii) 18 45 15 0.93 Diffuse—-porous
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E 1242 JHEH SO 24A 72 ETE A0 JHM SiFTETS
LH Al A/ Wy 7|A 21 g9 ST 24M| 2t 5T
HS IRHZT HE S&3F3 HER AR | AR
(mm) (glem®)
1 R1-74h AR 0.361 0.343 6.61 q=H 0.093 0.096
2 Ri1-1s & %Y 0.368  0.361 5.07 qd=H 0.327 0.316
3 T1-51h A 0.381  0.360 6.60 = 0.102 0.104
4 T1-75s & xH 0.349 0.333 5.99 =M 0.336 0.321
5 T5-18h AR 0.559 0.529 4.00 =M 0.231 0.236
6 T5-86s B XY 0.567 0.536 3.76 = 0.521 0.495
7 R5-36h AR 0.563 0.534 6.67 qd=H 0.125 0.128
8 R5-89s & %Y 0.517 0.489 3.21 q3=H 0.750 0.700
9 R2-3h A 0.415 0.377 5.00 d=H 0.142 0.148
10 R2-1s & % 0.351  0.320 5.00 qd=H 0.340 0.362
1 R3-77s &4 X 0517  0.467 2.60 PSRt 0.435 0.452
12 R3-81h ShN| 0519 0.470 q=H 0.201 0.219
13 R4-74h SPY| 0.368 0.336 4.45 qd=H 0.163 0.175
14 R4-62s &4 XH 0.358 0.334 5.00 qd=H 0.364 0.371
15 T2-21h A 0.401 0.357 5.89 =M 0.235 0.234
16 T2-19s & xH 0.495 0.448 3.10 =M 0.476 0.484
17 T3-1h AR 0509 0.466 3.03 mH=EH 0.216 0.228
18 T3-47s B XY 0565 0.524 2.81 = 0.624 0.638
19 T4-29h AR 0244 0.229 3.36 = 0.240 0.248
20 T4-51s & %Y 0.359 0.323 3.70 = 0.610 0.603
21 1-16h AR 0.417  0.379 5.66 ™ 0.102 0.106
22 1-40s & xH 0.380 0.353 ™ 0.292 0.228
23 2-33s & xH 0.540 0.499 3.30 A ™ 0.398 0.386
24 2-93h AR 0.393 0.357 5.11 A 0.096 0.099
25 3-27s B XY 0.403 0.479 2.65 M ™ 0.364 0.345
26 3-85h AR 0586 0.527 4.18 M 0.178 0.184
27 4-8h ISP 0.321  0.306 5.91 M ™ 0.234 0.238
28 4-42s & % 0.348 0.340 5.00 ™ 0.478 0.453
29 5-43s & xH 0.604  0.559 6.17 A ™ 0.258 0.250
30 5-73h AR 0527 0.476 2.79 ™ 0.140 0.147
31 C1-4h Sh 0.377 0.339 6.77 i | 0.662 0.693
32 C1-97s B4 X 0.384 0.380 5.48 2k 4214 3.951
33 C2-2h Sh 0.440 0.403 6.50 &k 0.651 0.751
34 C2-25s B4 H 0542 0.492 2.70 2k 1.668 1.761
35 C3-76h AT 0564 0.513 2.52 = | 1.775 1.812
36 C3-2s & XY 0.568  0.455 278 2 6.192 5.812
37 C4-93s B XY 0369 0.335 3.30 20 1.601 1.701
38 C4-34h A 0.399 0.376 3.20 2k 5.528 5.020
39 C5-4s &4 X 0569 0.518 3.45 2k 1.746 1.862
40 C5-68h S 0.616  0.556 5.30 2k 1.816 1.871




E 2 ALRA O 2 AHO UM sS4 EFASE

UHHS [ AHEH DFHS K a b r

1 R1-74 0.018 0.046 0.235 0.978
2 Ri-1s 0.063 0.081 0.427 0.991
3 T1-51h 0.019 0.049 0.236 0977
4 T1-75s 0.308 0.075 0.459 0.984
5 T5-18h 0.046 0.074 0.365 0.985
6 T5-86s 0.091 0.189 0.303 0.988
7 T5-36h 0.024 0.050 0.294 0.981
8 R5-89s 0.122 0.357 0.212 0.930
9 R2-3h 0.026 0.078 0.200 0.982
10 R2-1s 0.067 0.131 0.320 0.993
11 R3-77s 0.083 0.164 0.319 0.995
12 R3-81h 0.037 0.095 0.247 0.987
13 R4-74h 0.031 0.082 0.240 0.973
14 R4-62s 0.071 0.110 0.383 0.996
15 T2-21h 0.040 0.126 0.195 0.998
16 T2-19s 0.091 0.156 0.357 0.996
17 T3-1h 0.041 0.096 0.273 0.981
18 T3-47s 0.117 0.229 0.323 0.997
19 T4-29h 0.047 0.072 0.391 0.998
20 T4-51s 0.107 0.258 0.267 0.997
21 1-16h 0.019 0.048 0.253 0.988
22 1-40s 0.048 0.157 0.190 0.999
23 2-33s 0.063 0.235 0.156 0.978
24 2-93h 0.017 0.044 0.252 0.988
25 3-27s 0.058 0.165 0.232 0.985
26 3-85h 0.032 0.084 0.247 0.998
27 4-8h 0.042 0.099 0.276 0.999
28 4-42s 0.073 0.282 0.149 0.926
29 5-43s 0.042 0.133 0.199 0.970
30 5-73h 0.026 0.068 0.246 0.994
31 C1-4h 0.121 0.401 0.174 0.958
32 C1-97s 0.735 1.158 0.385 0.992
33 C2-2h 0.136 0.339 0.251 0.971
34 C2-25s 0.334 0.618 0.330 0.980
35 C3-76h 0.343 0.640 0.328 0.977
36 C3-2s 1.000 2.652 0.246 0.968
37 C4-93s 0.327 0.588 0.334 0.963
38 C4-34h 0.913 1.638 0.352 0.982
39 C5-4s 0.356 0.644 0.334 0.972
40 C5-68h 0.337 0.815 0.261 0.991
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0.302
1.839
0.135
0.386
0.126
1.886
0.322
0.313
0.097
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0.090
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0.202
0.189
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0.097
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M A 2 bal ZAMEf 100C | Z54AE] 20T M AEl
~ = o = 8 (cm) =88 (em) | FEHHE(cm)
12 6 41 12 6 - 4| 12 6 4
= & HF(Quercus grosseserrata) O O o|Oo o o X  x x
L E|L R (Zelkova serrata) O O oOo|Oo o o©o x x X
&Lt (Umus daviana var. japonica) O o oo o o x X x
5 & L2 (Liriodendron tulipifera) O o o|lOo o o X ox X
U & 2t} 2 (Faguscrenata var. multinervis) O O O O x x x X X
THA LR (Quercus myrsinaefolia) O o A X x X x % X
2L (Pinus densiflora) O x x X x X x  x  x
™ 84 (Chamaecyparis obtusa) O x x O x x x % X
Ol e} 2| == Z 2{(Populus euramericana) A x X A XX x  x x
o| EFM| F o] of(Metasequoia glyptostroboides) | & x X A x X X x ox
2L (Crytomeria japonica) A x X x  x X X x X
2 AHOchroma spp) A x X X  x x x  x X
2tC| ol Et LR (Pinus radiata) X oxoox X oxoox X oxox
=} (chamaecyparis pisifera) X oxoox X X X x o x X
Z It = (Quercus glauca) x % X X oxoox x ox X
o =2 = A (Magnolia kobus) X oxoox X ooxoox X oxox
ek Aa 5 a3
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2. Exterior Wood¥] 7f &} 3}

Exterior Wood7} o] €53 = AlglA] ZAFATY BAARE 2AR o R
RFN ALEEHE HEAMFELA, F Exterior Woodel /MEaks AA4s] ww
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