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岩手県産アカマツ材の青変防止と建築用内装材としての利用技術

Research on technology used as preventing blue-stain and interior material for construction 

of Akamatsu-wood produced in Iwate Prefecture

Hironori  TANIUCHI 

LVL

SUMMARY
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第 2章　アカマツ材内部への青変菌   
　　　　の伸展と青変拡大
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Fig.2.1 To collect the material under test district
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Leptographium wingfi eldii, MAFF

MAFF : Ministry of Agriculture Forestry and Fisheries Gene 

bank,  
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L. wingfi eldii
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ESPEC BNR M
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?2.1 @9A� B!";<#$CDEFGH<IJ
Table2.1 Isolated blue-stain fungi from In-canopy placed logs

=> EF0 EFK LMNLOPQRIJ EFST(%)

Sampling

location

Isolation

date
Source Species of ophiostomatoid fungi Frequency

Leptographium procerum 3

Ophiostoma spp. 36

2003.5.23

U6*VW
Blue-stained sapwood

QXYZ[\]^
T.piniperda

Leptographium koreanum 14

2003.5.23
Z\_`Z[\]^
Cryphalus fulvus

Ophiostoma piliferum 2

2003.6.6,

2004.6.29

U6*VW
Blue-stained sapwood

QXY]XaZ[\]^
Ips acuminatus

Ophiostoma ips 15

�
Iwate

��
Yahaba

2002.5.31
U6*VW
Blue-stained sapwood
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L. wingfi eldii
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Aw

L. wingfi eldii Aw

L. wingfi eldii

b

c

defQXg6h 30i30i60mmj
Freshly cut Japanese red pine wood block.

d*Vklmno
Measurement of blue-stain area.

dpq0rs5t10t13t17t200
Incubation for 5, 10, 13, 17, and 20 days.

d*Vuv Blue-stain volume w XiYiZ

d*Vx Rate of blue-stain (%) =
57yuvWhole volume of sample

*Vuv Blue-stain volume
i100

dz{|I
Fire-sterilization

d}~���WB�I
Inoculation of the test fungus on the center of

tangential surface.

X:��� Longitudinal direction ( 0 - 30mm )

Y:���� Tangential direction ( 0 - 15mm )

Z:���� Radial direction ( 0 - 30mm )

�

32.2 *Vxmnot����
Fig.2.2. Measurement procedure of rate of blue-stain.
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Fig.2.4. Effects of oxygen concentration on mycelial
growth of Leptographium wingfieldii (�) and

extension of blue-stain area (�) on 2%MA
plates incubated at 25˚C.
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Fig.2.5. Changes in rate of blue-stain and moisture content of
Japanese red pine wood incubated with L. wingfieldii
at 25˚C.
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Legend:Initial moisture content is�: more than
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¾: 150% to 160%.
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第 3章　合理的な青変被害防止の試み

BAM

WEL

¿À0r
Storage period

(day)

�ÁÂÃr
Caught bark beetle

(Number/m2)

�Är
Gallery system

(Number/m2)

*VÅÆr
Blue-stain

(Number/m2)

0

14

28

42

57

74

85

106

0 – 0 – 0

3 – 38 – 108

3 – 56 – 130

107 – 185 – 282

38 – 116 – 163

25 – 111 – 267

– – –**

– – –

0 – 0 – 0

6 – 17 – 38

13 – 32 – 61

64 – 109 – 159

53 – 93 – 119

87 – 109 – 121

80 – 95 – 119

87 – 96 – 106

0 – 0 – 0

0 – 0 – 0

0 – 2 – 6

0 – 46 – 74

8 – 78 – 119

16 – 74 – 119

80 – 95 – 119

87 – 96 – 106

Min.–A.V.–Max.Ç Min.–A.V.–Max. Min.–A.V.–Max.

* Min.–A.V.–Max.�ÈÉÊ��ËÊ�È�Ê
Min.–A.V.–Max. : Minimum – Average – Maximum of blue-stain index

**ÌÍÎ
Not researched

Relationships among storage period, number of caught

bark beetle, gallery system and blue-stain on sapwood

surface of untreated logs

Table3.1

?3.1 ÏÐÑ>m6�BÒÓ´¿À�°»*VÅÆrÔ�Är
»�ÁÂrm¼½

¿À0r
Storage period

(day)

0

14

28

42

57

74

QXYZ[\]^
(Blastophagus

piniperda)

Z\_`
Z[\]^

(Cryphalus fulvus)

QXY]Xa
Z[\]^

(Ips acuminatus)

ÕmÖ
Other sp.

0 – 0 – 0

0 – 3 – 6

0 – 0 – 0

0 – 0 – 0

0 – 0 – 0

0 – 0 – 0

0 – 0 – 0

0 – 0 – 0

0 – 3 – 9

0 – 12 – 21

0 – 0 – 0

0 – 0 – 0

0 – 0 – 0

0 – 0 – 0

0 – 0 – 0

0 – 1 – 4

0 – 18 – 36

0 – 8 – 24

0 – 0 – 0

0 – 35 – 102

3 – 53 – 122

104 – 171 – 261

38 – 98 – 145

25 – 103 – 243

Min.–A.V.–Max.* Min.–A.V.–Max. Min.–A.V.–Max. Min.–A.V.–Max.

* Min.–A.V.–Max.�?3.1×Ø
Min.–A.V.–Max. : See Table 3.1

?3.2 ÏÐÑ>BÒÓ´Z[\]^mÃr (Ã/m2)
Table 3.2 Number of bark beetles caught from untreated logs (Number/m2)
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PCP

ambrosia beetle

bark beetle

bark beetle

£Ù§Z[\]^B³´�Äh140Aj
(1)Galleries of a bark beetle (14days)

£Ú§�ÄÛÜCDVÝh270Aj
(2)Discoloration near galleries

(27days)

£Þ§�ÄBßàá*VW�â�
h420Aj
(3)Extention of blue-stain along

with galleries (42days)

ãä3.16�BÒÓ´Z[\]^m�ÄÔ*Vm
â�mRå

Photo 3.1 Extentions of blue-stains and of galleries of

bark beetles on sapwood surfaces

QXYZ[\]^
(Tomicus piniperda)

QXY]Xa
Z[\]^
(Ips acuminatus)

Z\_`
Z[\]^
(Cryphalus fulvus)

1mm

1mm

1mm

ãä3.2efQX#$CDÁÂGH<Z[\]^J
Photo 3.2 Bark beetles caught from Akamatsu logs

ãä3.3#$æ�m*Vh420Aj
Photo 3.3 A blue-stain of a log section(42days)
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Fig. 3.1 The time course of numbers of blue-stain and gallery system.
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N

MC

MC

BAM

��
N.o of

gallery

system

��
N.o of

blue-stain

���
Cont. � � � 8 22 10

1 50 6.0 10 0 1

100 3.0 10 0 1

200 1.5 9 1 0

500 0.6 10 3 3

1000 0.3 10 8 6

3 25 32.0 0 0 0

50 16.0 0 0 0

100 8.0 0 0 0

200 4.0 10 6 3

500 1.6 10 17 11

5 5 47.0 0 0 0

25 9.4 10 0 0

50 4.7 4 2 0

100 2.4 2 2 1

800 0.3 10 22 12

6 30 6.7 0 7 0

100 2.0 0 15 2

200 1.0 0 20 10

500 0.4 0 19 7

1000 0.2 0 16 3

7 100 7.0 0 23 4

8 100 8.0 0 32 10

9 100 7.5 0 10 0

1+6 30+50 12.7 0 0 0

100 5.0 0 0 0

200 2.5 0 4 0

500 1.0 2 0 0

1000 0.5 1 6 1

2+10+11 	 7.7 0 1 0

4+10+11 	 1.7 0 17 6


��
Fumigation 12 � � 10 6 0

N.O

���
+��

Insecticide

+Fungicide

��
Insecticide

���
Fungicide

�3.5����������
Table 3.5 Blue staining damage of inner bark and cross-cut surface.

��������

���/��
Surface under the

inner bark�number/��

 !"#

$ %
Active

ingredient

content

(g/L)

&'

�(�
Conc.

(-fold)

�������

���)*+,�
No. of log

blue-stained

on the cross

section area

/10 logs1)

��
Treatment

	-�3.3, 3.4./(Show table3.3, 3.4)* : 3.3, 3.4 (Show table3.3, 3.4)
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BAM＋

NCS

012�3��45
Machine operator,

pesticide spray

3 1,550 3 13,950

�3.6 6�45789:;<=>8
Table3.6 Labor costs pesticide spray

?@AB
Work

=�
Total number of

people working

CD�E�
Hourly wage(¥)

CF(hr)

Time

8G�E�
Total costs(¥)

��
Treatment

HG6�

Used chemicals

&'�(�
Conc.
(-fold)

 !"#$ %
Active ingredient

content (g/L)

6�8G
Chemicals

price(¥)

=>8
Labor
cost(¥)

I8G
Total

cost(¥)

��JKL
Treated cost

(¥/m3)

50 6.0 120,000 133,950 1,288

100 3.0 60,000 73,950 711

200 1.5 30,000 43,950 423

25 32.0 89,600 103,550 996

50 16.0 44,800 58,750 565

100 8.0 22,400 36,350 350

5 47.0 153,360 167,310 1,609

25 9.4 30,672 44,622 429

30 6.7 36,000 49,950 480

100 2.0 10,800 24,750 238

200 1.0 5,400 19,350 186

500 0.4 2,160 16,110 155

1000 0.2 1,080 15,030 145

LMNOP
Top-jin

4,760 (¥/kg)
100 7.0 13,328 27,278 262

QPRS
Maneb

1,740 (¥/kg)
100 7.5 5,220 19,170 184

30+50 12.7 156,000 169,950 1,634

T100 5.0 70,800 84,750 815

T200 2.5 35,400 49,350 475

�3.76���JKL
Table3.7 Cost of chemical treated

6�UV
Chemicals bid

��
Insecticide

WLXYPNZM[K
Ethofenprox

15,000 (¥/L)

(¥/L)

2,700 (¥/L)

13,950

K\]^P
Pine Su-mi

5,600

K\]^PMC

Su-mi Pine MC
1,917 (¥/L)

���

+��
Insecticide

+Fungicide

N2_`PBAM+WL

XYPNZM[K
Ethofenprox+BAM

PUREZARIN

���
Fungicide

N2_`PBAM

BAM PUREZARIN
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MC

BAM

N

BAM

BAM

LD
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A

B

BAM

WEL

A

�RMLa
Covered with a fly screen

Kbca
Covered with leaves

def��a deg��a
Covered with 30L bark Covered with 60L bark

hi3.4�j��
Photo 3.4 Coverd process
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A B

A

B

A B

A B

���
Covering or treatment

���
Control

�����	
���
Ips acuminatus

������������
Chemical treatment

�����	
���
Ips acuminatus


���
���
Cryphalus fulvus

�����
Covered with a fly screen

��������
Shirahoshizo insidiosus

 !��A�30L�
Covered with 30L bark

��������
Shirahoshizo insidiosus

 !��B�60L�
Covered with 60L bark

��������
Shirahoshizo insidiosus

���
���
Tomicus piniperda

"#$��
Covered with leaves

��������
Shirahoshizo insidiosus

%&'() )*+,-./012���34567819:�
Table 3.12 Capture insect in Akamatsu logs after 2months keeping.

 !;<9:81=�
Insects of inner bark

>? !;
���@9:A
Gallery system of bark beetle

B?���@CD
Pupal chamber of weevils

E?���@9:A
Gallery system of weevils

(FGG

H
I

J

J

J

H

KL&'M 2��� !;@�N
Photo 3.5 Insects of inner bark
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第 4章 内装材としてアカマツを利用 
 するための表面改質技術

LVL

L R T

MPa

LVL

R

R

W

MHA JIS Z

AG TD JIS 

Z

AG TD

JIS Z

]^
Top coat

]^_�`
Types of top coat

ab
Abbreviation

cde[
Evaluated by pencil

scratch test

fgh_�`
Hard type

UV-H 4H

ij�_�`
Soft type

UV-S 2H

kVl_�`
Oil modified type

U-O H

mneo_�`
Moisture curing type

U-M F

pqrgs_�`
Polyol curing type

U-P B

tuveow
Ultraviolet curing

polymer coating

pq�x_y z
Poly urethane resin

%{'( ]^_�`|ab}cde[
Table.4.1 Types of top coat and their hardness evaluated by pencil scratch test
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MPa

MPa

MPa

MPa MPa

MPa MPa

LVL

LVL

LVL

LVL

LVL

5mm 3mm 2mm 1mm

©[�ª«¬�
Density(A.V)

0.52 0.52 0.58 0.61 0.60 0.67

®¯°
Standard deviation

0.020 0.020 0.026 0.012 0.019 0.016

¡q�se/�ª«¬�
Brinell hardness (A.V)

13.8 13.4 17.3 18.7 18.9 21.8

®¯°
Standard deviation

0.55 0.18 0.38 0.43 0.44 0.43

LVL±²³´µ¶�·/
Veneer thickness and its variation

%4.2 2���LVL@©[(g/cm3)|¡q�se/(MPa)

Table 4.2 Density of Akamatst LVL and brinell hardness
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LVL

MPa

MPa

MPa

LVL

LVL

LVL

LVL

UV H

Non-coat

u.c.* n. u.c.** u.c. n. u.c. u.c. n. u.c. u.c. n. u.c. u.c. n. u.c.

ª«(A.V) 13.4 17.3 15.0 15.8 15.0 17.4 16.3 18.2 16.6 14.4 17.6

®¯°(S.D) 0.18 0.22 0.20 0.21 0.22 0.19 0.24 0.20 0.17 0.13 0.19

ª«(A.V) 17.3 21.8 ºº*** 19.0 17.3 20.9 20.2 18.7 15.7 21.4 20.2

®¯°(S.D) 0.38 0.47 º 0.49 0.38 0.44 0.48 0.41 0.33 0.49 0.42

ª«(A.V) 18.7 20.0 20.6 20.0 20.8 21.2 19.0 20.1 18.8 19.9 21.2

®¯°(S.D) 0.43 0.39 0.38 0.36 0.45 0.38 0.41 0.33 0.33 0.42 0.45

ª«(A.V) 18.9 18.6 18.3 20.5 17.1 20.7 17.9 20.8 16.4 22.7 18.2

®¯°(S.D) 0.44 0.38 0.39 0.48 0.32 0.48 0.41 0.47 0.36 0.47 0.38

ª«(A.V) 21.8 24.9 22.4 24.5 23.6 23.2 22.8 21.5 23.3 21.2 20.6

®¯°(S.D) 0.43 0.41 0.36 0.51 0.40 0.47 0.42 0.44 0.42 0.43 0.41

*?u.c.;;]£»£(under coat)}**?n.u.c. ;;]£�8(non-under coat)}***: ¼½¾ (no data)
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d number
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¹��
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²³�X
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]�¿ÀCoating
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%{'& ]�}��¿À|¡q�se/Á���Â
Table4.3 Coating, laminating conditions and Brinell hardness
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第 5章　アカマツ材の防火処理
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��Ã��ÄÅW�\�
Moisture content before

treatment

Amount of chemical in wood Total heat release at 10min

ª« ®¯° (n) ª« ®¯° (n)
AV. SD. AV. SD.

0 173.4 7.1 (10) 5.3 1.0 (4)

1Ó30 73.8 24.8 (10) 16.1 ÔÔ (2)

30Ó70 56.3 20.9 (38) 19.7 6.5 (6)

70Ó100 37.8 17.9 (12) 30.6 Ô (2)

>100 36.4 13.9 (20) Ô Ô (0)

0 166.4 4.1 (10) 4.9 Ô (2)

1Ó30 157.3 3.0 (10) 6.8 Ô (1)

30Ó70 128.5 18.3 (22) 19.3 11.7 (7)

70Ó100 63.4 22.5 (25) 34.2 6.6 (7)

>100 49.0 15.2 (13) 28.7 2.2 (3)

2���É�
Akamatu sapwood

��Ä»Æ(kg/m3) (FX,ÎÌ@ÊËÌÆ(MJ/m2)

"#Ç�
Sugi heart wood

 Õ
Species

%5.1��ÃÄÅWÖ��Ä»Æ|�×lØ�ÊËÌÆ�<ÙÚµÛÜ
Table 5.1. Effects of moisture content before treated on amount of chemical in wood and total heat release.
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MJ

L R T

OK

hPa

MPa

Ý[
Conc.

Þ[
Temp.

ßàÏ,
Hold time

A.V S.D (hrs) (%) (á) (hrs)

15 É�
Sapwood

0.42 0.03 96 3 11-55 25 24

É�
Sapwood

0.47 0.04 20 2 16-55 25 24

Ç�
Heart wood

0.47 0.04 96 2 16ââ55 25 24

É�
Sapwood

0.44 0.01 12 1 55 25 24

Ç�
Heart wood

0.47 0.03 12 1 55 25 24

10

4

ãä Cold bath process

%5.2 Þãäå@¿À
Table5.2 Condition of hot-cold process

�·(mm)

thickness

ÇÉ�
Heart and

sap wood

æçè�
Number of

samples

éê
Density

ëìÏ,
Hot bath

process time
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L R T

OK

Wb Vb Wa Va

Wa 

Va 

Wb 

Vb 

JIS A

td

SUGA

JIS K

E

SUGA

JIS K

td

td

td

]�û
Coating terms

]^
Coating types

]YÆ
(g/m2)

Amount of

coating

��Ä»Æ
(kg/m3)

Amount of

chemical in wood

�]�
Paintless

g 0 0 � 302

�ü]�
KIHADA
coating

2�qs�gý�pq¡_

þ�y
Acrylic beads+Poly

butadiene resin

48 � 151 0 � 275

�x_y]�
Poly urethan

resin coating

2�l�x_y
2 part urethane resin

48 � 151 0 � 251

���g]�
Nitrocellulose

lacque coating

����s�g"��
�g

Nitrocellulose lacque

37 � 122 0 � 257

%M'{ ]�¿À
Table5.4 Coating conditions
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第 6章　総　　括
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SUMMARY

1) Introduction

 This study is Japanese red pine (Akamatsu, Pinus densifl ora 

S. et Z) interior material as demand focuses on the high value-

added manufacturing technologies for the development of 

the current challenges and the extraction solution-related 

research.

2) Mycelial growth of the fungus and the extension of blue 

stain in Akamatsu wood

2.1) Blue-stain fungi isolated from Akamatsu in Iwate

 Iwate Prefecture in 12 districts of Akamatsu, pine pile 

insect damage trees, forest trees in the logging and sawmill 

lumber yard three conditions logs obtained from the blue 

staining wood, the bark beetle using fungus separation. 

As a result, the blue staining wood, bark beetle, mainly 

Ophiostomatoid fungus are nine varieties of segregation in the 

district, the conditions in the survey period, each separated by 

Ophiostomatoid fungus distribution is different. Those from 

the blue staining damage were caused by Ophiostomatoid 

fungus it has been confi rmed.

2.2) Effects of temperature, water activity and oxygen 

concentration on extension of blue-stain caused by 

Leptographium wingfi eldii in Akamatsu wood

 Leptographium wingfieldii Morelet causes blue-stain of 

Akamatsu wood. Effects of temperature, water activity and 

oxygen concentration on mycelial growth of the fungus and 

the extension of blue stain were investigated culturing the 

fungus on 2% malt agar (MA) medium and Japanese red pine 

wood blocks. The largest mycelial extension was observed 

at about 25°C on 2% MA medium. Increasing water activity 

enlarged mycelial growth and blue-stain while oxygen 

concentration of less than 5% arrested blue-stain. Blue-stain 

extensions in pine wood blocks were observed between 50 

and 180% initial moisture content (MC) . The largest rate of 

blue-stain was observed at a stage that MC of wood blocks 

declined from 150-180% to 120-150%. No blue staining 

was appeared at less than 50% MC. From the above results, 

it is assumed that blue-stain of Japanese red pine caused by 

Leptographium wingfieldii extend between 50% and 150% 

MC of the wood which may secure enough oxygen and water. 

The blue-stain is suppressed at more than 150% MC by in 

suffi cient oxygen concentration and at less than 50% MC by 

in suffi cient water supply. 

3) Rational blue staining prevention technology

3.1) Effectiveness of a fungicide and an insecticide on 

preventing blue-stain of Akamatsu in a forest

 Preservative efficacy of a fungicide and an insecticide 

against blue-stain in Akamatsu logs was investigated in 

relation to mechanisms of fungal propagation in a forest. We 

observed the two major routes of fungal invasion in logs-blue-

stain. One route is through cross-cut surfaces stuck by fungal 

spores the other is through the bark surfaces with fungal 

spread by bark beetles. The latter is the dominant cause of the 

logs-blue-stain. The blue-stain through the cross-cut surface 

was prevented with the fungicide and that through the bark 

surfaces was prevented with the insecticide.

3.2) Efficacies of an insecticide and a fungicide for 

preventing blue-stain of Akamatsu logs 

  We examined blue-stain fungi on Akamatsu at 3 forests 

and 2 saw mills in Iwate Prefecture, Japan. The isolated 

ophiostomatoid fungi were Leptographium  sp.  and 

Ophiostoma sp. There were 3 routes of the blue-stain; 

fungal growth from the spore or hypha stuck on the cross 

cut surfaces, fungal spread through the inner bark by bark 

beetles and fungal invasion around whorled knot. The larger 

extensions of blue-stain in summer and spring seasons were 

mainly caused from infestations of bark beetles. Effi cacies of 

an insecticide and a fungicide for preventing blue-stain were 

also evaluated. For preventing blue-stain through the year, 

it was required to treat logs with the insecticide against bark 

beetle attacks and with the fungicide to inhibit fungal growth 

on the cross cut surface.

3.3) Efficacies of physical barriers for preventing blue-

stain of Akamatsu logs 

  This study deals with field trials on physical barriers to 

prevent blue stain on Akamatsu logs using a fl y screen, bark 

and leaves of Japanese cedar as covering materials. These 

barriers arrested blue stain and bark beetle attacks to low 

levels than control for 1 month except covering with a small 

amount of bark. Covering with the fly screen and a large 

amount of bark permissibly suppressed blue stain for more 

than 1 month. The fl y screen will be enough for practical use 

to prevent blue stain of pine logs.

4) Surface harding techniques for softwood products for 

interior use

 To improve the surface hardness of softwood products, a 

new technique combining softwood veneer lamination and 
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coating with urethane-base resin was investigated. Akamatsu 

has a high decorative quality, however, its soft surface due 

to low-density earlywood restricts the interior use such as 

floor and tabletop. In this work, Akamatsu veneers were 

laminated so that glue lines appear in parallel on the product 

top surface, which enable the earlywood to disperse and help 

surface hardening by glue lines. Also this structure would 

provide the coating film of the top surface with enough 

rigidity.  Therefore, the product surface would be expected 

as firm as hardwood by this technique. Akamatsu sliced 

veneers with thickness from 1 to 5mm were laminated with 

aqueous vinyl polymer solution-isocyanate by a cold press 

(pressure; 0.98MPa, time; 12 hours).  The undercoat used was 

a urethane-base resin specially developed for softwood.  The 

hardness of the topcoat used was varied from 4H to B.  The 

hardness of the material was evaluated by Vickers hardness, 

Brinell hardness and partial compressive strength.  The results 

obtained are as follows: 1) The types of coating was more 

effective than veneer thickness on the improvement of Vickers 

hardness; Vickers hardness of the product surface increased 

by about fifty percent compared to Akamatsu solid wood 

similarly coated.  2) In contrast, the veneer thicknesses were 

more effective than coating on the improvement of Brinell 

hardness; Brinell hardness of the product surface increased 

double compared to Akamatsu solid wood similarly coated.  3) 

The partial compressive strength was increased when thinner 

veneers were employed, though it did not depend on the types 

of coating.

5) The development of fi re retardant wood 

5.1) Effects of species, moisture content before treatment 

on amount of chemical in wood and fi re performance

 For development of the fi re retardant wood corresponding 

to the revised Building Standard Law, three kinds of softwood 

were treated with the phosphoric acid based medicine, and 

the effects of species and moisture content before treatment 

on impregnated amount of chemicals and fire performance 

were evaluated. Results are described as follows. 1) In the 

process using vacuum pressurization impregnated equipment, 

the higher the moisture content before treatment, the lesser 

the impregnated amount of chemicals in wood. 2) In order to 

develop fi re retardant wood, sugi (Cryptomeria Japonica D. 

Don) required 100kg/m
3
 or more of impregnated chemicals, 

whereas Akamatsu needed 120kg/m
3
 or more. 3) In order 

to obtain quasi-noncombustible fire performance, sugi and 

akamatsu required 140kg/m
3
 and 150kg/m

3
 of medicine 

respectively.

5.2) The Development of Fire-Retardant-treated wood by 

Hot and cold bath process

 Dry Akamatsu sapwood, undried wood using a cold 

bath, hot baths, hot-and-cold bath process when using the 

chemicals for impregnation. In addition, over-the-counter 

chemicals phosphorous, using hot-and-cold bath process of 

treatment to make sure the chemical concentration, heart 

and sapwood of amount of chemicals and thickness is to 

discuss the infl uence. The samples were tasted in accordance 

with "Grade 3 Incombustibility" of the flammability test 

prescribed in JIS A-1321-1975. As a result, the thickness of 

10 mm to Akamatsu wood can use incombustible material 

to manufacture. In addition sapwood use only if the quasi-

noncombustible materials manufacturing also.

5.3) Effect of coating process on light stability resistance 

and moisture proof for fi re-retardant wood

 As the part of development of fire-retardant wood, the 

coating process for chemically treated wood was studied. 

The Japanese red pine samples were dipped in the fire 

retardant chemicals by the hot-and-cold bath process. And 

then the materials were coated with poly-butadiene resin 

type, polyurethane resin type, nitrocellulose lacquer and 

fire retardant paints. The coated samples were evaluated by 

characteristic of photo-refl ection, light stability resistance and 

moisture proof. Poly-butadiene resin coating was the most 

effective for discolor among these treatments.
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