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1991 64,000ha Acacia mangium (

) 38,000ha , , Paraserianthes falcataria Becker ( ,
) 8,500ha, Gmelina arborea L. ( ) 8,200ha, Eucalyptusdeglupta BL. (
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, Shorea macrophylum, Swietenia macrophylla 1992
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Table 1-1. Sample logs.
B & B | A& | MR " %
Wood species Age | Number | Length Remarks
ThY7 13 20 4m 1FE 178R,28XF 3K
A. manguim 1st cut wood 17, 2nd cut wood 3
w3 1BE 174,28E SK3BE 4K
=h ﬁK.L\ 12 26 4m |1stcutwood 17, 2nd cut wood 5,
P falcataria 3rd cut wood 4
a—AhY
E degpra | 3 | 20 | 8m
XV
G. arborea B 20 6m
1.2
4m s
4m ) ( )
) b b b ) b b ) (
1-1)
1.3
1-2 1-6
1.3.1
’ ) (1 y 1m )
1.3.2
) ( 1D : ( )
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Table 1 - 2 Characters of A .mangium and P. falcataria logs
(A. mangium ; first cut and second cut wood .P. falcataria ; first, second and third cut wood).

‘E N
o |5 5F e D S pedou wr o _ﬁ_g}g T EE b
ol | ke OB T o Ty o conk e L s e
species nlt;rz f;zgn hight end end pe) g — Number
cm ¢m cm cm cm cm cm cm % cm/m mm mm
5839 1 407 26 22 24 14 14 20 45 136 073 212 85 4
5805 2 410 18 22 15 L1 15 20 434 415 130 13
PAYF (5802 1 410 29 29 24 10 L1 15 03 155 0.77 246 60 14
A mangium | 5817 2 407 18 24 1.1 14 15 1.0 412 583 290 16 O
5845 1 411 30 22 29 15 L5 20 25 100 0.80 332 70 13 O
5836 2 404 23 27 18 19 10 3.0 6.0 480 105 15
5819 1 407 30 26 30 22 782 0.66
5830 2 409 23 26 1.0 00 227 30.0 1 O
5829 3 404 2 A4 00 13 253 590 120 5
5831 I 411 43 38 4l 30 35110 139 126
5840 2 408 36 34 22 40 40 208 @) O
ENVvARL| 5846 3 407 26 38 55 45 2712 550 100 2
P. falcataria| 5842 1 410 34 31 38 1.5 35 306 122
5807 2 407 28 31 12 1.2 20 00 132 215 30 2 O
5804 3 410 23 28 20 107.6 880 180 5
5834 1 410 38 35 41 20 20 360 093 @]
5803 2 412 31 36 20 20 223 O
5813 3 408 32 29 40 15 254
o detected
a t cm / cm
Note  The logs were bucked in the native country a  Thelogsin one frame derived from the same tree b heightofcurve cm /diameter
oftopend cm
1 3 1
Tablel 3 Characteristics of A mangium logs first cut wood
=1 iE DnaEnfx%ter sapwoocf Eccﬁ:"l‘clty gihs Mo Kﬁi&l AO #ME BE
A& Log HE i _—%} mx  Sn 8@h Db e &L
Wood umber 80 I K T 35 T X x Crook ra‘:e % @ End Suface Rings Suinng decay
species | LO from %{Eﬁt "l;ng }3:51 mg Butt Tog Butt M M!mm Number Shake shake shake
TUmer butt G dancer
cm cm Cm Cm cm cm cm cCm % mm mm
5801 1 408 26 19 26 00 30 213 164 496 130 14
5809 1 410 27 23 26 1.5 40 26.1 061 406 70 9 (@]
5814 1 407 24 21 24 10 30 371 074 278 45 12
PhY7 | 5816 1 410 19 23 16 20 35 324 102 393 8 15
A. mangium| 5822 1 410 35 41 17 26 70 30 394 146 463 85 3 o O
5823 1 405 27 34 18 16 25 45 188 912 290 13 O O
5837 1 410 29 25 30 30 25 220 110 366 70 16 @)
5841 1 410 31 24 29 00 10 271 024 233 30 3
o detected

Note  The logs were bucked in the native county

213 1/3
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Table1l 4 Characteristics of P falcataria logs first cut wood

[-F:3 L T T #
£ 3 Diameter Eccentricity unsc 41 Knot AO ME BZ
LI Y L i)
Wood umber ﬁﬁﬁ Toj an Toj an To| BTtt Crook rate % 5 shake sln:(c: shake -
i r u u .
species nLu:Eer fll;::tT hight end end end end end end e 4 “‘:N“b"
cm c¢m cm c¢m c¢m c¢m cm c¢m % cmm mm mm
5810 1 412 35 31 34 30 35 626 0.70
5825 1 409 31 29 29 1.5 35 31.6 0.00150.0 1
5826 1 413 31 30 31 35 25 738 0.12 80.0 1
5827 1 411 31 27 31 20 3.0 453 1.09 550 1
ENVvAhRA
5832 1 415 32 28 34 30 3.0 500 1.45150.0 |
P. falcataria
5835 1 409 29 37 23 30 40 303 1.88 O
5838 1 409 33 35 31 35 1.0 386 098
5844 1 407 38 . 40 4.0
5847 1 408 29 26 28 20 1.0 196 049 388 170 4
o detected

Note  The logs were bucked in the native country
Lol - ‘ R W

i [ 2 5 ra -

1 2

photol 1 Sapwood of A . mangium and stain of Photo 1 2 Stainofthe surface of P falcataria log
the log surface.(cutting face)

1 3 3
4
2 6m 6m
4m 6m
1 3 4
Im
1 3 5
10mm

R HokkaidoFor Prod Res. Inst. No 86
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Tablel 5 Characteristicsof E  degluptalogs  first and second cut wood

(=62 par =y S B 5
Bk EB Diameter Widtho  Eccentricity b b Knot AO HE BHE
WE (&S Lg ME — = = b Taper ¥ BX #in #in bb & Kh
Wood mber LED BgEE K 0t K O K %m Crook ra‘t’e #& @ fgi End Suhee le%s Suining decay
species | LOE  from %{gall’stt I:llg Ellil:l( L?g El'\lttit 'g)g lz::‘t't v Mtioum Numbe shake shake shake
numl butt diameter  diameter
cm cm cm cm cm cm cm cm % cmm mm mm
5868 1 400 300 25 29 1.8 19 1.8 19 17.5 0.66 (@) O
5868 2 405 24 1.5 1.5 17.7 @) O
5869 1 400 37 31 36 22 22 1.0 35 16.4 0.78 O
5869 2 437 29 2.0 1.5 17.2 23.8 30 4 O
5870 1 393 37 34 38 2.0 1.5 20 171 1.14
5870 2 442 29 33 20 14 14 253
5871 1 394 32 34 38 2.0 14 15 119 1.49 O O
5871 2 425 26 36 2.1 19 1.0 1.5 188 O
5872 1 400 37 30 39 27 24 1.0 1.0 244 1.48 O O O
5872 2 444 26 2.6 1.2 32.7 @)
5874 1 401 39 34 35 21 21 00 08 12.6 0.36 O O
5874 2 439 32 2.5 2.0 7.6 O O
5875 1 402 35 29 33 25 21 1.0 3.1 14.6 0.87 O O
5875 2 438 25 2.7 0.0 18.3 o O
12— 5876 1 386 39 31 38 1.4 15 3.0 13.0 1.29
5876 2 452 28 32 25 13 20 643
E. deglupta
5877 1 402 32 31 31 21 20 15 1.0 15.6 0.24 30.0 30 2 O O
5877 2 415 29 2.5 1.5 16.8 @] @]
5879 1 400 35 30 32 26 27 30 22 175 0.66 O O
5879 2 437 27 2.8 25 13.2 O
5880 1 428 33 35 30 42 15 15 6.1 O
5882 1 400 35 31 31 3.0 3.0 20 22 20.00.56 O O
5882 2 403 27 2.5 2.0 26.4 O
5883 1 438 33 28 29 25 20 15 9.0 0.31
5883 2 356 27 27 25 25 18 1.5 8.3
5884 1 403 32 29 31 31 31 10 13 4.9 0.54 O
5884 2 423 26 25 1.5 153 @] O
5885 1 402 33 22 28 17 1.7 1.0 2.0 15.8 0.06 O
5885 2 400 28 1.5 2.1 224 30.0 1 (@]
5886 1 400 29 28 30 23 20 05 1.0 173 0.74 @)
5886 2 409 24 1.6 1.0 52.8 450 75 3 0 @]
o detected

a
Note: The logs were bucked in hokkaido forest products research institute FPRI  .; a):The logs in one cell derived from same tree
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Tablel 6 Characteristicsof G arborealogs first and second cut wood
Bk EE Diaﬁmffter ‘fg‘& Eccﬁ#i\city bt Al K?ot AO ME B
BiE | ES Lg MR _ _ — ) Twer 78 BX #lh Bh DY EE Bh
A LIPS ST - L
gore | Lag o G Top Bt Ty ow Ty o v e o
butt diameter  diameler
cm cm cm cm cm cm cm c¢m % cm/m mm mm
5849 1 389 37 29 36 2.8 45 00 279 O O O
5850 1 401 32 28 34 1.1 45 6.0 279 1.76 263 30 30 O
5850 2 195 24 28
5851 1 393 33 28 34 13 20 40 152 o O
5852 1 200 33 26 33 1.87
5852 2 400 22 27 22 25 15 35 264 O
5853 1 400 30 24 37 1.8 45 3.0 234 203 @)
5853 2 206 24 26
5855 1 207 33 28 35 1.73
5855 2 400 24 28 1.3 25 3.0 482 32.0 45 5 O @)
5856 1 389 26 22 26 14 5 80 768 21.7 30 3
5858 1 211 34 29 41 2.52
5858 2 397 26 26 0.7 2.0 392 350 40 3 0 O O
AUF Tsgso 1 204 32 28 33 179
G.arborea| sg59 2 400 2 26 14 20 30 225 35.0 1 O
5860 1 396 42 33 45 2.1 45 6.0 415 1.69 36.7 80 3
5860 2 197 35 33 O O
5861 1 388 38 29 45 14 20 15 25 192 313 35 O O
5862 1 402 36 29 42 1.7 2.0 2.0 26.1 3.06 40.0 60 O O
5862 2 197 23 29
5863 1 199 40 34 435 3.29
5863 2 402 30 32 15 2.0 4.0 27.2 40 9 O O O @]
5864 1 206 40 33 48 3.50
5864 2 399 27 34 15 20 35 2.0 325 28.8 40 4 O
5865 1 49 1.83
5865 2 432 30 36 09 1.0 55 207
5866 1 401 40 30 38 1.6 50 1.0 199 1.83 30.0 40 3 @)
5866 2 201 27 31
5867 1 207 30 47 4.06
5867 2 397 22 30 14 3.5 6.0 20.0 269 35 9 O O
o detected
a
Note The logs were bucked in hokkaido forest products research institute FPRI  .; a):The logs in one cell derived from same tree

1-3
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1 3
Photo 1 3 Endcheckof G arborealog Photo 1 4 Surface checks of G arborea log
1 3 8
1/3 2/3
10 11lmm
2 2 5mm
6mm
1 39
1.4 Abstract

Observational characteristics of tropical woods were investigated according to JAS (Japanese agricultural
standard). Sample trees were Acacia mangium, Paraserianthes falcataria Becker , Eucalyptus deglupta Bl and
Gmelina arborea L. from the States of Sabah in Malaysia. The items of investigations were length, diameter, width
of sapwood, eccentricity, crook, knot, shake, decay, etc.

The results of investigations are summarized as follows:

1) P. falcataria was greater than the others in crook.

2) For the size of knot, A. mangium and P falcataria were greater than the others.

3) E. deglupta and G. arborea were remarkable for end shake.

4)A. mangium and E. deglupta were remarkable for decay.

Zyunichi KUBOTA)
Fumitoshi YAMAZAKI
Shinya SHIRAKAWA
Naoto NARISAWA
Mitsuo SAITO)
Sakae HORISAWA
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Appendix1 1
B K B I @EFAH & A H
Field note %a*g
HPEH Wood species
Growing district JRAK No.
B Log number
Tree age
(1)E =&
Form
AKX O
Cross section
X 4 ke OMERE T /PR
Diameter Diameter of Eccentricity of
{cm) heartwood(cm) pith(cm)
XK O B N &
Top end Minimum
[ BIECEARE
Maximum
7T O 2 N E
Butt end Minimum
R NMECEARE
Maximum
B)# R cm
Log length
(2)R s
Quality

A) K 0O (KO#Eh, 5l&kiF. BED., Bh, BHEWV, 2R, Ko, $7T)
Cross section(end shake,ring shake,decay,reaction wood etc.)

® 5 ® ® ®

LT O SO R e
a a
Top end Butt end

&) @

B) ## W (4&5. JEEh. M < hEh. RIF, £F. HA. Bh, L. ARE. gh)
0 iuruf;se(ligz knot,dead knot,invisible knot,decay,bark pocket,shake etc.)

Torsion degree (X O Topend)
D) finth&EEm om %

Height of curve
E) &%

Grade

HREER :

Primary factor of grade

©) 6)) @ @
¢t O Buttend)

R Hokkaido For Prod Res. Inst. No 86
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4 5
21
2m 21 5cm
21 2 4
21
Table2 1 Description of species used for test of wood qualities
BHEAES &
B & Number of logs RAES Length i %
Species for wood Number of Logs of Note
qualities LOgS
Al 15839 115805 8m I : 1#X Firstlog
A2 15802 115817 8m II : 2% X Second log
ThAIT
X A3 15845 115836 8m
A. mangium
A4 5816 = 4m
AS 5823 - 4m
F1 15819 115830 8m I : 1%X Firstlog
ENVNVARL F2 15831 115840 8m II : 2% X Second log
P. falcataria F3 5842 5807 8m
F4 15834 115803 8m
El 5870 = 8m
P 713 v E2 5871 . 8m
= GERPHPIG E3 5876 - 8m
E4 5883 = 8m
M1 5849 - 8m
A F M2 5851 = 6m
G. arborea M3 5856 - 6m
M4 5861 = 6m
2m
F\q 2 11
< Heart board Sem
- B4 4cm
Pith 9cm
2
yn
50mm
2 1
Fig 2 1 Heartboard for analysis of physical
and mechanical properties
2 1 2
30mm 10mm
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Photo 2 1 A mangium

2 3 2 4
Photo 2 3 E deglupta Photo 2 4 G arborea
DFER AR
—?{ Heart Board 3\ ~ N
/“ M *Dl ) ®
Dz* [
L] . .
o] o jo.
. . I'
] | - - <
<— L2 L1 DR Ri R2
A Heart board
2 2 2 3

Fig 2 2 Sawingofboards andits numbering Fig 2 3 Measurement of the size and length of knots

50mm A B C 3 A
B C

A 20x 20x 50mm T R L

2 5 T R L 3
RH 65+ 5% 20+ 2

R Hokkaido For Prod Res. Inst.No 86



o lm e 1m i
~ B _ &M
RS m R-direction
T-direction ¥ *
.................. S
' A e I
L~direction
20mm
20mm
2 4 50mm
Fig 2 4 Cutting of test specimens(A.B
and C) from heart board for mea- 9 5
surement ij moisture Fontent, Fig 2 5 Cutting of test pieces from test specimen
dens.lty , shrinkage ,})nttle heart A of measurement of moisture content
and interlocked grain. density and shrinkage
B
i £
(£ — — —4 F -—-—- = Base line ‘
PP A——— /%%&Bé§1ﬂl®£f§ﬁ
S A through pith
FAML T NC
C test wood
1054
bark
HEER -
Base line
B
split line
2 6
Fig 2 6 Measurement of interlocked 9rain
105 T R L 3
1S0O3130
1S04469
1% T R L
1S0O3131
15%
B
1 2cm LR
C
5mm 2 6
d/h x 100
d h
2 1 4
2 4 85cm 5cm
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85cm - 100
" = »  ESRBA on

[ I | ] | | Test block for
* r 3/4rr — ] “ hardness test
1/2r

]I/Zr
C I I ]
4
Hn . T ]

\ 30 %30 X 100mm

2 8
2 7 . . .

Fig 2 7 Cutting of test pieces from heart board for Fig 2 8 Cutting of test pieces from heart
measurement of water absorption and boar d for measurement of static )
hardness bending Shearing and compresive

strength
9 7 1/2 A A TP
3/4 30x 30x 100mm T R
12
1SO JIS 72101 50mm oo™
LR 1J RT 4 50mm
1
15 2 9
Fig 2 9 Testpieceforstatic hardness
2 4 100cm
20x 20mm T R
2 8 20x 20x 310mm T
R L 1S0O3149 1S03133

1IS03787 1S03347

29
5cm 50x 50x 50mm ISO3350
LR LT RT
2 1 6
4
SM [SM 6 1S 2B] C
8° L*a*b* HVC
0
2 1 7
L*a*b* 0 1% 2 40g/m?® 1
AE

AE AL* 2 Aa*® Ab* 12

R Hokkaido For Prod Res Inst No 86



2 2
2 21
2 2
480kg/m? 430kg/m? 385kg/m®
279%kg/m?
2m 2 10
+ 500/ 500kg/m?
+ 80%
4
F2 250kg/m?
350kg/m? + 70 800/
2 2
Table2 2 Bulk densiof each s ecies,
A??J:‘/? :EP)R/‘;JfJ*_L\
. mangium (ke/n®) 2 Jalcataria (ke/n)
BIK | i T VEE m it 27l
Number of | Mcasur- Position of height Ave. Nomber of | easur- Position of height Total
logs for wood | yajyes logs for wood( yajyes Ave.
qualities 2m 4m 6m 8m qualities 2m 4m 6m 8m
Max. 567 558 552 571 Max. 326 306 285 307
Al Min. 325 352 362 324 472 F1 Min. 237 202 192 201 258
Ave. 466 470 477 457 Ave. 273 265 240 253
Max. 565 560 582 546 Max. 431 389 420 435
A2 Min. 305 317 325 304 480 F2 Min. 261 218 232 227 326
Ave. 490 469 494 467 Ave. 350 315 313 326
Max. 602 628 560 574 Max. 351 344 350 343
A3 Min. 433 397 321 354 506 F3 Min. 233 219 208 209 279
Ave. 526 511 485 501 Ave. 283 286 273 273
Max. 639 605 - - Max. 344 310 - 321 274
A4 Min. 310 366 - - 503 F4 Min. 193 175 181 177 251
Ave. 499 507 - - Ave. 258 253 258 233
Max. 604 618 - -
AS Min. 315 270 - - 484
Ave. 491 476 - -
2—5 297
E. deglupta G. arborea
(kg/m®) (kg/m?)
BBA it P A B4 -
Number of Me:;'“‘ Position of height Total Nunli(l:; of Me:;'"' Position of height Total
B e T S a4 R S "N TS TR
Max. 448 427 395 475 Max. 490 474 501 -
E1l Min. 276 302 325 349 357 M1 Min. 347 364 372 - 422
Ave. 337 349 356 385 Ave. 416 422 427 -
Max. 491 470 457 449 Max. 439 452 439 -
E2 Min. 328 338 345 356 390 M2 Min. 337 347 368 - 385
Ave. 379 395 388 398 Ave. 378 387 390 -
. Max. 509 472 448 468 Max. 500 482 486 -
E3 Min. 291 318 323 328 369 M3 Min. 395 375 362 - 433
Ave. 360 364 367 384 Ave. 445 437 418 -
Max. 476 411 434 512 Max. 597 548 540 -
E4 Min. 349 336 355 363 404 M4 Min. 369 383 421 - 481
Ave. 410 381 399 426 Ave. 486 469 487 -




ThY7 ENVARAL
A. mangium P. falcataria
700 T | T . T T 600 l T T T T T
. I ~ A i + Y — ! i !
600 - i : i t 500 |- b
o . 500 , %5 > |
g M 00 L Z g 100
S & —o—Al S B \x
= % 300 =t — = % 300 ., o
Ea —a— Al 2
> 200 Yy R . : LQ ﬁf
(kg/m?) L o (kg/m*) 200 ’—-- ! i ey e
100 ’ i cight:2m
1 vights ' :
0 [ j Higiahe:dm 100 l—1l | i
~100 -80 -60 -40 =20 0 20 40 60 80 100 -100 -80 -60 -10 =20 0 20 10 60 80 100
REA aER RER HERM
l.ong radius Short radius Long radius Short radius
B & DA BERE(%) B> & DA PEME(%)
Relative didtance from pith Relative didtance from pith
a—hY AN F
E. deglupta G. arborea
600 700 —
|
500 > g 600 j A
Z "
2% \\ i ' /A/ ™
M o0 3% 500 kowes
S ®E N = & ;
= & 2% [ /.
Z M 300 27100 P ' \‘_“—/-'
| i —o
s/ m¥ ! (kg/m? ) | P ! 1
*e/m )50 i I 300 | e} T e
l —a— 4 | leight:2m ; | . —a w1 [Hcight:2m
100 ' . 200 ‘ | I
~100 -80 -60 —10 =20 0 20 10 6> 80 100 -100 80 =60 —10 20 0 20 40 60 80 100
REA aER RERM aER
Long radius Short radius Long radius Short radius
B & DA% FERE(%) B 5 DX BERE(%)
Relative didtance from pith Relative didtance from pith
2 10
Fig 2 10 Variation of bulk density in relative distance from pith
+ 70 80
2 2
2 2 2
lcm
2 3 2 4
2m
2 3 4 2m 14.0
Tcm 45.5mm
2 3
Table2 3 Number 1lendth and diameter of knots of each species
' EHRE T
Sfe;c%s Numﬁt(ﬂ?lznots Length of knots(Ave.) Diameter of knots(Ave.)
(cm) (mm)
ThI7?
A. mangium 8.8 7.0 45.5
ENVNYAHRA
P. falcataria 6.6 5.8 39.5
2—%Y
E. deglupta 7.5 53 37.4
]
G)(ar)bz;ea 14.0 6.3 35.6

[R. Hokkaido For. Prod. Res. Inst. No.
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2 4

Table2 4 Number length

and diameter of knots of each species

” - T
ag) VEEF IE wg TR T
7Ah ¥7 Nomber of knots of knots I—hY Nimber of knots of knots
A. mangium | ©f knots T, u0 (Ave.) E. deglupta| ©f knots " 0e (Ave.)
(cm) (mm) (cm) (mm)
All 3 2.5 20 Ell 4 2.6 23
Al12 8 7.9 27 E12 7 6.6 44
Al3 12 6.2 29 E13 11 52 31
Al4 15 4.7 31 El4 8 7.9 56
Ave. 9.5 5.3 26.8 Ave. 7.5 5.6 38.5
A21 5 7.4 33 E21 5 6.1 37
A22 11 8.6 47 E22 2 7.8 24
A23 6 9.5 46 E23 7 4.2 54
A24 13 55 44 E24 6 4.2 27
Ave. 8.8 7.8 425 Ave. 5.0 5.6 355
A3l 5 8.8 47 E31 9 9.3 35
A32 10 6.7 66 E32 3 2.5 35
A33 12 7.3 48 E33 5 53 33
A34 8 6.1 70 E34 17 4.0 30
Ave. 8.8 7.2 57.8 Ave. 8.5 53 333
A4l 11 54 37 E41 10 6.1 42
A42 8 6.0 40 E42 11 3.0 37
Ave. 9.5 5.7 38.5 E43 10 5.1 45
AS1 7 13.0 72 E44 5 4.6 31
A52 7 10.1 76 Ave. 9.0 4.7 38.8
Ave. 7.0 11.6 74.0 Total ave. 7.5 53 374
Total ave. 8.8 7.0 45.5
| omam FRRE e B TR
ENVAYRL Number of knots of knots AV F Number of knots of knots
P. falcataria| of knots (Ave.) (Ave.) G. arborea | of knots (Ave.) (Ave.)
(cm) (mm) (cm) (mm)
F11 3 2.5 40 M11 15 6.6 38
F12 7 5.6 28 M12 9.5 54
F13 5 4.8 27 M13 8 8.6 35
F14 5 4.0 34 Ave. 9.7 8.2 42.3
Ave. 5.0 42 323 M21 11 6.5 32
F21 0 0 0 M22 9 5.6 34
F22 5 7.6 42 M23 15 71 24
F23 10 6.9 53 Ave. 11.7 6.4 30.0
F24 6 6.8 33 M31 9 6.1 35
Ave. 53 53 320 M32 10 53 39
F31 2 9.5 30 M33 9 52 24
F32 7 55 33 Ave. 9.3 5.5 32.7
F33 12 6.6 36 M41 38 6.3 32
F34 9 6.4 27 M42 19 6.0 41
Ave. 75 7.0 315 M43 19 54 46
F41 8 3.0 45 Ave. 253 59 39.7
F42 9 53 43 Total ave. 14.0 6.3 35.6
F43 10 54 45
F44 7 6.6 61
Ave. 8.5 5.1 48.5
Total Ave. 6.6 5.8 395

86



2 5
Table2 5 Density and moisture content of each species

O
s SEAME smema THEAK
B & M Density at  Density at air olsture
. easured content
Species values oven dry dry in ereen
(g/cm®) (g/cm?) %'%)
n 150 150 150
PH T Max. 0.71 0.77 124
A. mangium Min. 0.36 0.39 39
Ave. 0.54 0.59 77
n 175 175 175
EIWHRA Max. 0.50 0.53 178
P falcataria Min. 0.18 0.20 28
Ave. 0.31 0.33 58
n 185 185 185
2—HY Max. 0.51 0.54 175
E. deglupta Min. 0.32 0.35 39
Ave. 0.41 0.45 114
n 130 130 130
L Max. 0.55 0.58 210
G. arborea Min. 0.37 0.40 48
Ave. 0.45 0.49 135
2 2 3
2 5
2 11
5
Im 7m 30 60%
5 40 60
100
150%
8cm
135% 114% T7%
58%
2 2 4
2 6 2 12
T R 5 6% 2 3%

[R. Hokkaido For. Prod. Res. Inst. No. 86]



PHYT LI TR IN
A. mangium P. falucataria
160 200
110 ] 180 |- - - -
16() e ® W [resm——
120 10— - - 1
53 100 —%N‘ LFIO\ = 120 b - - |
8 g 80 AN / > B £ i 100 | — A\ ——
5% 60 7 0 a_r_//}—é\n — o g X sof— a /K -
g ~ 10 \° —A—A1-3m ] 3% 60— 4 " —o0—Fi1-im ]
—O—Al-5m S 10 - #4° of I:::::
20 . —O0—A1-Tm 90 = =2 s I S~ g
0 0 |
-10 -5 0 5 10 -15 -10 -5 0 5 10 15
RER HER REM aERN
Long radius Short radius Long radius Short radius
BiH 5 OREME(cm) B & OB M (cm)
Distance from pith Distance from pith
a—%
AYF
£ deglapis G. arborea
200 200 - | l
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Fig 2 11 Variationof moisture content in each species
2 6
Table2 6 Shrinkage of each species
—— Y% Shrinkage(% )
L o/ |- 1
B Measu- LI BARIRIENT S
Species rled From green to oven dry Per 1% moisture content
values
r 1 Volume t r (t/r)
n 150 150 150 150 150 150
+ lcm
PHLT Max. 1.7 6.9 0.90 13 040 0.26
A. mangium | Min. 17 11 000 § 0.07 0.06
Ave. 5.1 24 0.14 8 0.23 0.11 2.1 Im 6%
n 175 175 175 175 175 175 1m
Ehvpans| Max. 77 67 050 12 035 031
P. falcataria | \in, 37 20 004 6 0.16 0.10
, 3 4%
Ave. 59 3.6 0.16 9 0.22 0.15 1.5
n 185 185 185 185 185 185
2—hY Max. 8.1 6.7 0.70 13 032 0.24
E.deglupta | Min, 26 20 002 7 0.12 0.10
Ave. 5.8 35 0.16 10 0.22 0.16 1.4
n 130 130 130 130 130 130
Ay$ | Max. 87 64 o050 13 032 023
G.arborea | win, 24 13 000 7 0.13 0.6
Ave. 65 32 011 10 025 014 18 2 6

86



FPhY7? BEAm
A. mangium Tangential
10 T T T I

9 | | . l 1

;} ! ¢ (From green to oven dry)

7 \ Py ! i
;:c ] 6 >< \-/j\ ol o A
< > ~o =0—

= I 2 N\ o] ~oA
= v N
L A SR s ]
—~ \A —0—Al Im
% 3 g —a— Al B
~ 2 —0—Al 5m___|
—0—Al Tm
[ f
0 |
-8 -6 -1 -2 0 2 1 6 8
RER EERN
Long radius Short radius
B 5 OFEME(cm)
Distance from pith
ENVARLAL BRAmE
P. falcataria Tangential
10 : : T
1 ] ¥

9 ¢ * :

8 ofe sl & e s ]
g2 Z 1 T (I'rom groen “:Mm dry)]
= Iz ~o
K -
Ex .< -

~ —O—F1 Im —0—F1 5m
% 3 —m0—F1 3m == Tm ]
2 oo 5 Hil pa—
1
1 S L o e
0 |
-15 -10 -5 0 5 10 15
REM SEEM
Long radius Short radius
D 5 OFEME(cm)
Distance from pith
a—#hY wRAE
E. deglupta Tangential
10 : I .
9 —— i : ; -
[ ]

8 T (From green to oven dry)”
g2 7
g 6|——

M 5

wE
% i
= 3 1

2 f

1 I

0

=15 -10 -5 0 5 10 15
RERA aEm
Long radius Short radius
i & O EEME(cm)
Distance from pith
AYF BRAR
G. arborea Tangential
0 j I !
: },\ : (IFrom green Lo oven bdry)
I ’ !
A=
JE iy 6 = e N oMl tn
cfE 5 s =Ml 3m -
f % P — - __—DO—-Ml5m_ |
R |
2
| : —
0 -
=15 -10 -H 0 5 10 15
REM EERA
Loong radius Short radius
D 5 OFERE(cm)
Distance from pith
2 12

Shrinkage
(RBRBSH

Shrinkage
(92 F3=14

Shrinkage

YRS

N

(

Shrinkage
()RS

FhYP FEHWA
A. mangium Radial
0 T T
’ T
8 (From green to oven dry)
7
6 —o0—Al 1n™
5 - —a—Al 3m_|
) N —o—Al 5m
4 —0—Al Tm—]
3} \\ //A
P = PENS
l - ! R
0 i | i i
-8 -6 -4 -2 0 2 4 6 8
RER BEM
Long radius Short radius
B & DFEME(cm)
Distance from pith
ENVARA EEHME
P. falcataria Radial
10
9 |- R I
8 I—
T7F — . 2l
. - |
!
4 (IFrom ircun Lo oven dry)
P [Epe— N .Y . !! 1 y
3 ) E ?%%—o—m Im’
2 —&—F1 3m ...
—0—F1 5m
[ e T =1 Tm ]
0 i
-1 -10 -h 0 5 10 15
RER EER
l.ong radius Short radius
i & DFEME(cm)
Distance from pith
2—=7nY EHE
E. deglupta Radial
10 , :
= (IFrom green to oven dry)
8 i y
7 I 5
) — —0—E2-1m —O—E2-5m ___|
——E2-3m —0—E2-7m
5 - — N S H
) I
= =4=1
3 1 0 <
2 T
1 ; |
! ; |
0 L
-15 ~10 -H 0 5 10 15
RER mEA
l.ong radius Short radius
B &5 OEEME(cm)
Distance from pith
AYF EHE
G. arborea Radial
10 T
e b | !
8 - -
7 [
6 5
. (IF'rom green to oven dry)
4F e o1 0=—0 -
&
3k — o @(""\{Cﬁ/ .
2t . —O—Mi-lm __
—f— M! -3m
1+ S —O—M1-5m —]
0
-15 -10 -5 0 5 10 15
RER EER
Long radius Short radius
B S OFERE(cm)

Distance from pith

Figl2 12 Variation of shrinkage from green to oven dry
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2 7
Table 217  Appearance location of slipline and occupied ratio in radius
LRIINT D
o Bk RE B 5 ORERE ZY w754 DG
Speci #%5 Radius Distance from pith (cm) Occu.pled l:atlo of slipline
pecies No. in radius (%)
(cm) ~1 ~2 ~3 ~4 ~5 ~6.~7 ~8 ~9 ~10
A1 12 - @ © O @ © - - 78
Al2 12 © © © - - - = - - - 25
A2-1 12 - O - - - - - = = = 17
A222 11 © - - - - - - - - - 9 o
A mangium | A32 15 © - - - - - - - - - 7 n
A1 12 6 O 0O O - - - - - - 34
A2 10 @ © 6 © - - - - - - 40
A51 16 © © - - - - - - - - 12
AS-2 16 - ~ - - - - - - - = 8
F1 18 © © 6 ¢ ¢ ©¢ - - - - 33
F2 1 ©® © - - - - - - - - 13
F21 19 © ¢ 6 ©¢ ©¢ - - - - - 26 \
EywhzxA|F22 19 @ € @& - @ 0 0 - - - 38 Tfa?zfge
P, falcataria | F3-1 19 © © 0 - - - - - - - 22 29.6 ’
F32 14 © © 0 - - - - - - - 30
F41 21 @& ® © © e @@ 0 0 o0 - 44
F42 16 © & @@ 0o o - - - - - 31
El1 18 - - © O O © O O - - 44
E2-1 16 - © 0 o0 - - - - = = 25
a—AhY E2-2 15 - © O - - - - - - - 13 T(ffa?zisve.
E. deglupta | E3-2 15 - 0o oo - - - - - - 27 8.8
E4-1 17 © - - O - - - - - - 24
E42 15 © @ @ 0O e O - - - - 40
Mi-1 15 O - - - = = - - = = 7
M1-2 13 = = = = = = = = = - 15
M2-1 16 o O - - - - - - - = 13
AF M2-2 14 © - - - - - - - = - 7 Tfaﬁi?e
G. arborea | M3-1 14 - - - - - - - - - - 0 8.0 )
M3-2 11 - - - - - - - - - - 0
M1 23 - - - - - - - - - - 0
M2 18 O O - O - - = = = . 22

HO@BERRV v 74V HERBHLNZHD,0: RV v 754 v BERDONZHD,0:BMRR) v 754 U ERBLNZHD,—: ) VT
L% L 1))
Legend: @:Slip line could be confirmed conspicuously with a microsccpe (by object lens of ten magnifications),
©:Slip line could be confirmed clearly with a microscope (by ofject lens of ten magnifications),
O:Slip line could be confirmed slightly with a microscope (by ofject lens of twenty or forty magnifications),
— :Could not be confirmed.

3cm

30 1% 11 5%
15%
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Fug.2 13.Variation of grain in each species.
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Table 2 81 Maximum degree of interlocked grain of
each species

e WA BARME R
Species Measured . Max. degree of 0
values interlocked grain (%)
n 30
PhHY 7 Max. 234
A. mangium Min. 4.5
Ave. 11.5
n 32
ENYHRAL Max. 285
P. falcataria Min. 6.6
Ave. 13.9
n 32
2—HY Max. 57.7
E. deglupta Min. 19.7
Ave. 30.1
n 24
AYF Max. 36.2
G. arborea Min. 7.4
Ave. 18.6

12(}9'0 140

2
160 180 0.39g/en

1/2

3
0.073g/cm?

15

0.24



2 9
Table2 9 Amount of water absorption of each species
%K &
W AEBHE SKE Amount of water absorption (g/cm?)
BE Position Density Moisture
species of in content AOHE A E‘E wE E
specimens air dry erss Rad'lal Tange'nnal
(g/cm?®) (%) section section section
hy P I 0.61 14.6 0.258 0.049 0.033
A. mangium o 0.71 143 0.259 0.044 0.030
ENYARL I 0.35 153 0.248 0.050 0.039
P. falcataria o 0.41 15.1 0.245 0.088 0.038
2—h) I 0.47 17.1 0.178 0.031 0.030
E. deglupta o 0.49 17.0 0.184 0.031 0.029
Ay F I 0.51 16.8 0.073 0.040 0.029
G. arborea o 0.53 16.2 0.073 0.042 0.024
w1 AR o EBALo: 4 il D BB AL
Note: I :Inner part,0:Outer part
0.50 AROE
s Cross section
2040
2% 030 . - o &P
2 W ‘ .
E ﬁ ) 3 oAq""A ° - -.. 8%
8 0.20 ] -, A,2h AO
$ o0 * 2 WA
(g/cm?) », 0 %0 ** ©
0.00 : . . : 4
0.20 0.30 0.40 0.50 0.60 0.70 0.80
REAHER/cm?)
Density in air dry
_ fEE @
= O.1a Radial section
§_ °
g . o
: % 0.10 o %p
s & L © L] '1- o
= 0.05 1 3 ® o u ®og °§
5 o o3 o o A o g
Cren Ba 0% @ Sk
0.00 . . .
0.20 0.30 0.40 0.50 0.60 0.70 0.80
SELAHE(/cm?)
Density in air dry
H 0.10
E ®E&E
g % 0.08 ‘T'angential section
; 7# 0.06 |
é o. .?6’ a " u
L 004 F () e ®o o [a] a
(g/cm? o0 L S l-ﬂ: oo 5
0.02 ° AA‘\'%"x“z\io a
0.00 . h ' + * y
0.20 0.30 0.1) 0.50 0.60 0.70 0.80
REARER/cm?)
Density in air dry
2 14
n (I) O (0) o (D)
° (0) a (D) (0)
(1) (0)
I (0]

Fig. 2-14. Relationship between density in air and water absorption.
Legend: m A . Mangium(I) O A.Mangium(O) e P falcataria(I)
o P falcataria (O) A E.geglupta (1) E. geglupta(O)
G . arborea(]) G . arborea (O)
Note: I :Inner part;0:Outerpart
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Table 2 10 Resull s of several mechanical tests

Bl SBSHE  akE S e on
B Measured Density Moisture
Species values (at air dry) content E, c, o,
(g/cw’) (%) (tonf/cw’)  (kgf/cm?) (kgf/cn?)
n 108 108 109 109 108
Fhy7 Max. 0.80 15.5 169 1586 656
A. mangium Min. 0.45 12.5 81 524 336
Ave. 0.62 14.2 125 1076 511
n 163 163 176 176 163
ENVHRA Max. 0.53 172 127 963 466
P, falcataria Min. 0.20 11.8 33 228 150
Ave. 0.33 13.7 80 557 272
n 175 175 164 164 175
a2—AHY Max. 0.61 213 133 914 404
E. deglupta Min. 035 14.5 46 442 229
Ave. 0.45 179 82 609 313
n 105 105 109 109 105
A F Max. 0.62 21.1 133 1154 531
G. arborea Min. 0.42 11.3 45 426 243
Ave. 0.51 14.7 102 759 395
E, Oy 0.
Note E, Young’s modules in staticbending ¢, Bendingstrength ¢  Compressive strength parallel to grain
AN
B iE HIEH Shearing strength R Hardness
Species Measured — fEH e A0 FEH E]
Radial Tangential Cross Radial Tangential
(kgf/en?)  (kgf/enr) (kgf/mn?)  (kgf/mn?)  (kgf/mnr)
n 108 108 52 52 52
FPhi7 Max. 145 122 2.6 13 15
A. mangium Min. 50 52 1.6 0.6 0.8
Ave. 97 92 23 1.0 1.1
n 176 176 80 80 80
FENVHRA Max. 79 90 1.9 0.8 1.1
P, falcataria Min. 24 39 1.0 03 03
Ave. 49 62 1.4 0.4 0.6
n 163 163 76 76 76
2—HhY Max. 93 92 23 13 13
E. deglupta Min. 34 31 15 0.5 0.4
Ave. 62 56 1.9 0.7 0.7
n 104 104 47 47 47
FOES Max. 128 112 23 1.0 12
G. arborea Min. 52 39 16 04 0.6
Ave. 88 76 1.9 0.7 0.8

2 1 8m
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2 11
Table2 11 The color of tested woods
e
Bhap OIS Color of wood =K
Tested Wood Name of color
L* a* b* H \% C
a—h) STHEWEN
73.7 40 204 95YR 72 32 Pale yellowish
E. deglupta orange
A F STHEEWEWN
809 13 229 14Y 80 33 Pale yellowish
G. arborea orange
W h 3 STHEWEN
Bl A K.L\ 798 20 16.0 02Y 78 24 Pale yellowish
P. falcataria orange
ThAY7
A. mangium
Bams . JR k%%
Dark color part 543 37 118 01y 53 28 Light grayish brown
FEDYLREBES PR
Light drayish part 655 16 208 LFY 64% 30 Pale light brown
HEDORERS PER:S
Light yellowish part 62.3 13 257 25X &l 37 Pale light brown
L*a*b* L* a* b*
HVC H C
Note L*means lightness in L*a*b* color system a* means chromatics index in L*a*b*
color system b* meanschromatjc s index in L*a*b* color system

H means hue in HVC color system
C means saturation in HVC color system

V means lightnes in HVC color system

2 12
Table 2 12 Iron stain of tested woods
HKBBHAERDOME EEOES
B Wood color with chemical coating Grade of color change
M 0@ s %
Tested Wood before after e BRE t’:,iﬁ‘
o a* b TR Calculated Expression
a—h) . Rwiz
E. deglupta 741 3.8 209 674 18 15.1 9.1 Much
AYF Ehic
G. arborea 753 -1.0 243 748 -12 249 0.8 Slight
ENYARAL , AT
P, falcataria 76.6 26 196 71.6 -04 156 7.1 Much
S, 7 e
Ll e 548 28 242 503 1.8 228 4.8 H lL.’)
A. mangium Appreciable
0 1%FeC13 0
AE  AL¥ZIAa*2IAb*Z  1/2
Note As coatingchemical 0 1% FeCl  solution was used Color difference was calculated by
followingequation AE {AL*? Aa*? Ab*3}?
2 29
2 11 L* Vv
H R
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Table2 13 Key to grading of physical properties and grading of physicl properties on each species
Y B i) 3 {ff A %8
Grading standard of physical propeties
-PN ]
LW AME BHBEY e K
B8 ikl £l chy L8 M % 88 B (R E @)
Grade Density Shrinkage Ratio of bulk ~ Max. degree o, bsorption
(at oven dry) (from green to oven dry) density® - mg-;li?l‘:ked in tangential
®H HEH
(g/em’) Tangential Radial (R20%/R80%) (%) (g/cm’)
I ~0.35 ~ 6.2 ~2.6 ~0.70 ~ 7 ~0.01
I 0.36~0.51 6.3~ 8.0 2.7~3.8 0.71~0.90 8~14 0.02~0.05
I 0.52~0.67 8.1~ 9.8 3.9~5.0 091~1.10 14~21 0.06~0.09
I“; 0.68~0.83 9.9~11.6 5.1~6.1 1.11~1.30 22~28 0.10~0.13
0.84~ 11.7~ 6.2~ 1.31~ 29~ 0.14~
LE TR i
Physical properties
SHAME S UTHE % ammgn  BERE ok p
sﬁ Iy Density Shrinkage Ratio fbulk Max. degree  wuorooel )tion
pecies (at oven dry) (from green to oven dry) aclizn(;ity:'l) of in;;li?lcked in tangentli,al
®H FEH
(g/em’) Tangential Radial (R20%/R80%) (%) (g/em’)
Fh 7 A m I I 1I 1I II
A. mangium N = - — — - —
ENwhirs A I I 11 1I 1 1I
P. falcataria N I I I 1 m —
1—HY A I I I II A 1I
E. deglupta N 1 Il i II I\ I
AYF A II II II il II II
G. arborea N I m m 1I I\ II
A N * 20% 80%

Note A  Aarethe grades which are based on this test N N are the grades which are based on the report2 1
*  Ratio of bulk density at 20% relative distance from pithto 80%

2 2 10
2 12

5cm
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Table2 14 Key tograding standard of mechanical properies and grading of mechanical properies
on each species

GERE A YA L HE
Grading standard of mechanical properties
PR EREshT FOEERE AN W
Grade Static bending Compression Shearing Hardness
E, o, o, Radial Tangential
(ton/cn?) (gflcn?) (kgffcn?) (keffcn?) (kef/mi?)
I ~ 175 ~ 600 ~310 ~ 65 ~038
II 76~105 601~ 840 311~440 66~ 95 0.9~1.5
I 106~135 841~1090 441~570 96~120 1.6~2.5
v 136~165 1091~1330 571~700 121~150 2.6~38
v 166~ 1331~ 701~ 151~ 3.9~
SR RO R
Mechanical properties
il CET REERE A w=
Static bending Compression Shearing Hardness
E, o, o, Radial Tangential
7h 7 A I v I I II
A. mangium N — — — = —
EWvhARL A II II I I I
P, falcataria N I I I I I
a—hy A I II II I I
E. deglupta N m | I II il
AYF A I II II I I
G. arborea N m II II II iii

A

Note A A are the grades which are based on this test

N N are the grades which are based on the report **

5cm
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5cm 2cm

2 2
2 10
30mm 10mm
2 2 3
2 3 2
2 4 2 5
1S04469 ISO 3130 3131

25 26 2 12

lcm LR
2 7
8% 20 30%
2 6
d/h x 1000/0
d h
2 13 2 8
ISO 2 7 JISZ 2101
2 9 2 14
1SO3133
3149 3787 3347 3350 2 8 2 9
2 10 2 15
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L*a*b* HVC

2.5 Abstract

As basic characteristics of four wood species, physical and mechanical properties were determined.

Prior to the tests the logs were numbered as shown in Table 2-1.

All of the test pieces except for the knot test were taken from the board including the pith (heart board)
(Fig.2-I). Water absorption was tested only about the heart board ofa butt log. Bulk density was tested with the
disk taken from the top end of each cut log.

1) Bulkdensity

Thickness of the disk is about 5cm. About each disk, the specimens with 2cm in thickness were taken
continuously from pith to bark.

According to the position of height, bulk density of each species is represented in Table2-2 to show in
considerable difference. According to relative distance from pith, bulk density is represented in Fig.2-10 to

show an increase toward bark.

2)hot

The boards of 3cm in thickness were cut from each log continuously along to the heart board (Fig.2-2) and
drawn up (Fig.2-3). After the knots over lcm in diameter were selected, measurement was done on number,
diameter and length.

The results are shown in Table 2-3 and Table 2-4. The largest numbers of knots are observed in Gmelina

arborea L. , Acacia mangium was superior to other species in length and diameter of knots.

3) Density, moisture content and shrinkage

Test pieces for density, moisture content and shrinkage were cut from the heart board, as shown in Fig.2-4.
and Fig.2-5.

Density at air and oven dry was calculated according to ISO 3131. The result of density is shown in Table 2-5.

Moisture content in green was calculated according to ISO 3130. The results of moisture content are shown in
Table 2-5 and Fig.2-11.

Fig.2-11 shows the variation of moisture content in radial direction of stem. The moisture content ranged
from 58% (in ParaseriathesJTalcataria Becker.) to 135% (in G. arborea L. ). Moisture content decreased

toward bark in Eucalyptus deglupta Bl. and G. arborea, Acacia mangium had different moisture content
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according to the position of height.

According to ISO 4469, measurement was done on shrinkage from green to oven dry at the three directions
(tangential, radial and axial).

The result of shrinkage is shown in Table 2-6. and Fig.2-12. The rate of shrinkage was almost same among

each species. There was no large difference in positic,n of height.

4) Brittle heart part
Range of brittle heart part was estimated by determining whether there is any slipline under polarized light
microscopic observation on the L R surface of the test pieces, which were taken from specimens continuously
at every lem from pith to bark.
Appearance location ofslipline and the occupied ral[io of slipline in radius direction are shown in Table 2-7.
G. arborea had the smallest occupied ratio of slipline in radius (8.0 ), while other three species ranged from
20t030%.
5) Interlocked grain
The test pieces, exactly 30mm thick by 5.0cm wide, were taken from heart board continuously from pith to
bark. The test method was shown in Fig.2-6. The slot)e Ofgrain at each measuringpoint is calculated as follows:
slope of grain at the point (r) = dnl X 1000/.
where, d is distance between base line and split line in cross section.
h is thickness of the specimen in fiber direction.
The representative patterns of interlocked grain from pith to bark for each species are shown in Fig.2-13.
The results of the maximum interlocked grain of each species are shown in Table 2-8. As shown in Table 2-
8 and Fig.2-13, E. deglupta had the most severe interlocked grain. Other three species had medium interlocked
grain.
6) Water absorption
As shown in Fig.2-7, test pieces were cut from th.e part of the one half and three-quarters of the heart board
in the radius direction. After seasoning in air dry, they were prepared into the size of30 X 30 X 100mm. These
test pieces were used for measurement of water absorption onto each surface of cross, tangential and radial
direction. Test was done according to JIS Z 2110 because of lack of the method in ISO.
The results were shown in Table 2-9 and Fig.2-14.
In cross section,A. mangium and P. falcataria had relatively lager amount of water absorption than that of other
species, while G. arborea had the smallest amount of water absorption.
7) Mechanical properties
Measurement were done on modulus of elasticity in static bending, bending strength, compressive strength
parallel to grain, shearing strength and hardness, according to ISO 3133,3149,3787,3347, and 3350, respectively.
These test pieces were taken continuously from pith to bark (Fig.2-8 and Fig.2-9).
The results are shown in Table 2-10. Variation of bending and compressive strength in stem is shown in
Fig.2-15. Values of bending and compressive strength tended to increase toward bark in each species, to show

the same tendency as bulk density.
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8) Color of wood
The color oftested wood species was determined with L*a*b* color system and HVC color system. As a
result, it was found that tested wood species had reddish yellow and low saturation, G.arborea and P .falcataria
had high lightness,and so on.
9) Degree of stain in contact with iron
Degree of stain in contact with iron was determined by coating of ferric chloride solution E. deglupta and
P falcataria showed violent stain to suggesta necessity of cautious handling in wood working process G.arborea

showed poor possibility for iron stain.

21 No 277 P 96 97 1975

HisashiAKUTSU
Takaaki FUZIMOTO)
Syu MORIZUMI)
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31
31
3 1 Table3 1 Wood species and marks of log used forthe test
20 B HERAES
Wood species Marks of log
x 20% 20mm A2
A7rZJar:me A3
A5
3cm : E1l
—H1
; degjiu;ta E2
E4
R F2
2 fleataria F3
60% F 4
)+ M1
G.)(arborea M3
M4
3 2
JISZ 2101 o, JISZ2119 g
3 21
JIS 3
Tyromyces palustris FFPRI 0507
Coriolus versicolor FFPRI 1030
Pycnoporus coccineus FFPRI Pslh
3 2 2
500ml 120 30
JIS
PAD PDA
¢ 4mm
26 10
3 2 3
60 48
1 3 26 60
9
3 60 48

R HokkaidoFor Prod Res Inst No 86



ARAEB LT
4 1E Fl a8

(73
BEHDE (%)

i IE
"HEHDE (%)

i 3 Eb

ABRIEKD
BEBVEDOTFIIE (%)

(ABREiEE) — GARRER)

(HBRAEE)

100 — (EEERELDR)

100 — (HBHOBEERE D XK)

X100

i IE A BRI D
HERDEOTHE (%)

3 2
Table3 2 Percentage Weight loss caused by Tyromyces palustris on the specimens
SEAME WMLHEREDE Ratio of mﬂeﬂ ﬁszy durability
BEAA %HR* y  Specific gravity in Cogected_ : YD
Wi &S hLiEi air dry percen k%eswelgm THIRLT #LC -
Wood species Marks  Position (gfenr) (%) Against Against
of of o E crenata P. jezoensis
log  specimens*) E35) w5 F3) B3]
Ave. Ave. Ave. Ave.
A2 S 0.57 9.2 0.8 0.8
A3 S 0.59 0.58 11.8 114 0.8 0.8 0.8 0.8
7Ho7 | AS s 0.57 13.4 0.9 0.9
A. mangium | A2 H 0.58 4.6 0.8 0.8
A3 H 0.63 0.60 15 34 0.8 0.8 0.8 0.8
AS H 0.58 40 0.8 0.8
E1l S 0.39 9.2 0.8 0.8
E2 S 0.46 0.43 10.1 124 0.8 0.8 0.8 0.8
2—51y | E4 s 0.43 17.8 0.9 0.9
E. deglupta | E1 H 0.32 139 0.9 0.9
E2 H 0.40 0.38 139 13.5 0.9 0.9 0.9 0.9
E4 H 0.43 12.5 0.8 0.8
F2 S 0.41 22.2 1.0 0.9
F3 S 0.33 0.37 26.8 259 1.0 1.0 1.0 1.0
ENVvHARAL| F4 S 0.38 28.6 1.0 1.0
P, falcataria F2 H 0.37 194 0.9 0.9
F3 H 0.31 0.33 232 224 1.0 1.0 1.0 1.0
F4 H 0.31 24.7 1.0 1.0
M1 S 0.49 17.8 0.9 0.9
M3 S 0.50 0.51 95 10.2 0.8 0.8 0.8 0.8
A F M4 S 0.54 34 0.8 0.8
G. arborea M1 H 0.45 3.6 0.8 08
M3 H 0.45 047 0.9 1.8 0.8 0.8 0.8 0.8
M4 H 0.50 1.0 0.8 0.8
S 0.54 25.8
7F = S 0.53 0.54 243 25.2 . . - —
E crenata
S 0.54 25.7
oW S 0.42 26.2
. . - S 0.40 0.41 232 25.0 - o = =
P. jezoensis
S 0.41 25.7

* g

Note *

H
s Sapwood H Heartwood
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3 2 3 4
10% 31
10% 2.7 4.9%
10 20%
3 2 313 3 4 0 396%
0 25.6%
3 3
Table 313  Percentage weight loss caused by Coriolus versicolor on the specimens
it 45 e
gtk ﬂ% Speid%:%i % in ﬁﬂ%ﬁ%ﬁ? * Ratio of the decay durability .
e B m? ) air dry percent?ogs:tswelght FHIH LT :r.;é'\ljz Iz
Wood species Matks.  Posifion (g/em’) (9 g gl et Against
of of %) F crenata P egzao onsis
log  specimens¥) 5 F33) R3] F]
Ave. Ave. Ave. Ave.
A2 S 0.57 8.3 0.8 1.0
A3 S 0.60 0.58 109 10.0 0.8 0.8 1.0 1.0
FHLP AS S 0.58 10.8 0.8 1.0
A. mangium A2 H 0.61 45 0.7 0.9
A3 H 0.61 0.61 4.3 4.9 0.8 0.7 09 0.9
AS H 0.60 58 0.7 09
El S 0.38 15.8 0.8 1.1
E2 S 0.45 0.43 18.5 18.9 0.9 09 1.1 1.1
d—HY E4 S 0.45 223 0.9 1.1
E. deglupta El H 0.33 17.0 0.8 1.1
E2 H 0.41 0.39 15.7 16.4 0.9 0.8 1.1 1.1
E4 H 0.43 16.4 0.8 1.0
F2 S 0.42 19.0 0.9 1.1
F3 S 0.34 0.37 20.2 21.1 0.9 0.9 1.1 1.1
ENWVVARA F4 S 0.35 24.1 0.9 11
F. falcataria | F2 H 0.36 182 0.9 1.1
F3 H 0.30 0.33 15.8 18.3 0.9 09 11 11
F4 H 0.34 21.0 0.9 1.1
M1 S 0.49 7.6 0.8 1.0
M3 S 0.50 0.51 72 6.4 0.8 0.8 1.0 1.0
A1) F M4 S 0.54 4.3 0.7 0.9
G. arborea M1 H 0.44 0.5 0.7 0.9
M3 H 0.44 0.46 0.2 0.5 0.7 0.7 09 0.9
M4 H 0.50 0.9 0.7 0.9
S 0.53 29.5
E 7 = S 0.52 0.53 26.9 294 - — - -
\ crenata
S 0.54 31.7
S 0.41 9.9
At - S 039  0.40 87 107 - - - -
P. jezoensis
S 0.40 13.6

* s

Note *
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Table 314  Percentage weight loss caused by Pycnoporus coccineus on the specimens
SEAME WIEE R * M4 L
#R Ak FLEY Specific gravity Corrected Ratio of the decay durability
K &S {ﬁ@* _in percentage THIRLT I%E‘%C:
Winod speciss Marks Position air dl’sy Welgglt loss FAgamst Against
of of (g/cm’) (%) - crenata P. jezoensis
log specimens R3] B3] R3] BRG]
Ave. Ave. Ave. Ave.
A2 S 0.57 8.7 0.6 1.0
A3 S 0.59 0.58 104 8.8 0.7 0.7 1.0 1.0
FHLT A5 S 0.58 7.2 0.7 1.0
A. mangium A2 H 0.59 3.4 0.5 0.9
A3 H 0.62 0.61 3.6 2.7 0.6 0.6 0.9 0.9
AS H 0.62 1.2 0.7 0.9
El S 0.39 16.6 0.6 1.1
E2 S 0.46 0.43 27.3 22.8 0.8 0.8 1.2 1.2
2—H E4 S 0.44 24.6 0.9 1.2
E. deglupta El H 0.33 13.8 0.6 1.0
E2 H 0.41 0.39 11.1 9.1 0.7 0.7 1.0 1.0
E4 H 0.43 2.3 0.7 0.9
F2 S 0.43 24.6 0.7 1.2
F3 S 0.33 0.38 27.1 24.1 0.8 0.8 1.2 1.2
ENWVHR A F4 S 0.37 20.5 0.8 1.2
F. falcataria F2 H 0.37 24.9 0.7 1.2
F3 H 0.31 0.33 20.7 22.0 0.7 0.7 1.1 1.2
F4 H 0.32 20.5 0.8 1.2
M1 S 0.49 15.3 0.6 1.1
M3 S 0.49 0.51 13.5 10.7 0.7 0.7 1.0 1.0
A1) F M4 S 0.54 34 0.7 1.0
G. arborea M1 H 0.44 1.1 0.5 0.9
M3 H 0.47 0.47 0.8 0.8 0.6 0.6 0.9 0.9
M4 H 0.51 0.5 0.7 0.9
) S 0.52 47.9
F Zr;ata - S 0.54 0.53 41.0 41.3 - - - -
S 0.54 35.0
. . S 0.40 10.5
lee); ;‘:n; ol - s 040  0.40 93 9.3 - - - -
S 0.40 13.6
* s H
Note * s Sapwood H Heartwood
4 20%
21 26%
35 5
3 5
0 5 2.5
4 ()
3 6
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Table3 5 Grading standard of the decay durability

B R R*) g(|= °§1)
Percentage Weight loss*) % it
WRETE? | AAUXIS 0BT hSH (%)
- efndy Service lives
the decay durability Caused by Tyromyces Catl:)s/ed \ears
palustris Coriolus versicolor
and Pycnoporus coccineus
I BX
Very durable 3V 3 29
II X
Durable 34 3V T3
I th
Tngidias . 4-14 4-12 5-6.5
v I
Non durable 15-25 13-20 3-45
vV
Perishable 261 g 25+
C
Note Adopted the large value in case of the different value among the fungi  Classify class I and
according to results of the stake test
3 6
Table3 6 Grading by the decay durability on specimens
Bttt
mgfssoo%ﬁ Specimens BHA AR
- IOFF Py Japanese wood Tropical wood
the decay durability Heartwood Sapwood
il ¥y
. N
I * XY F Torreya nucifera Cotylelobium sp.
aovyvex -
Very durable G. arborea Sciadopitys )
verieillata Tectona grandis
e/¥ TIwY
I * Chamaecyparis  Anisoptera glabra
Ducabl obtusa FaF—IWsr a4
© [<PA Dipterocarpus
Thujopsis dolabrata insularis
s A=y .
Ph7 ; . )% 8%
m o ThY7 A. mangium Larvc}l_:;;;olep 'S Dipterocarpus sp.
Intermediate A. mangium A Crypoineria HT—)
G. arborea japonica Driobalanops sp.
]
<=y Fagusjj;enata Ozjor)n::es
v E. deglupta 1—AhY N
2 Ko NZA sumatrana
Non durable EBIWVVARAL E. deglupta 31
P ful : Betula IFU7
- Jalcataria maximowicziana Terminaria sp.
ey 0}:; vy
vV gB/h EIVVARL Picea jezoensis ran:z?d':‘lle
Perishable P falcataria b ke Py
. - IVF R
Abies sachalinensis ;
Celtis sp.
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A AT
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Fig. 3-1 Antifungal activity of acetone extracts from G. arborea against wood decay fungi.
Legend :TP : Tyromyces palustris; CV: Coriolus versicolor ; PC : Pycnoporus coccineus; SL : Serpula lacrymans
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3.5 Abstract

The decay durability of Acacia mangium, Eucalyptus deglupta Bl., Paraserianthes JTalcataria Becker and
Gmelina arborea L. were investigated. The decay durability of these trees were determined by the decay
resistance test. The wood blocks (20 x ~20 x ~ 20 mm), Which were separately taken from the sapwood and the
heartwood in each tree, were exposed to wood decay fungi, Tyromyces palustris, Coriolus versicolor, and
pycnoporus coccineus, respectively. After 60 days exposure, the abilities of decay resistance were evaluated with
weight losses caused by the decay fungi. The heartwood in G. arborea had the highest ability of decay resistance
among all tree species against all of fungi tested. The sapwood and the heartwood inA. mangium, and the
sapwood in G. arborea had also high durability, however their abilities of decay resistance were not as high as that

of the heartwood in G. arborea, P. falcataria and G. arborea showed less abilities of decay resistance.

18 No 254 p 146 1973
19 No 262 p 142 1974

No 294 p 1 1977
No 299 p 23 1978
28 3 p 108 1973
3 6 4 7 No 329
p 73 1984

317 6
No 299 p 23 1978

Mitsunori MORI
Mayumi OKUMURA)
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4
4 1
4 1
3cm
2cm 10cm 20cm
100 105
3
4 2
8 6
4 1
No 5 D
No 4 4 No 3
No 6
No 3
No 1
No 4 No 2
No 1
2 Tcm 4 2
2 Tcem IF 10%
4 2
4 2
4 1 4 2 2 lcm
Table4 1 Results of quick drying test Table4 2 Estimated drying condition
BEORE (thickness of lumber 2 7cm)
KtE Grading of defects fsi & ht:%ﬁ:
: timated drying I FRIgG %=
Species ?}]ﬁjﬂ]h WEER  AEkEh conditions C10% T
checking Deformation Honeycombing V% % kmE T57-00H
SRy g MR MR ER B
R . N 5 ng time
2—H) dry-bulb wet-bulb dry-bulb h
E. degﬁp)ta. No.3 No.6 No.4 tempera- depress- temper- 1YP€ kiln dryer
ENVARA R i
‘y OC °C QC
Rfalcataria No.4 No.1 No.1 g ( ) ( ) (
ThY
: 53 3.0 82 10
VT | Ned Mot No.1 A mangium
a—AhY
. 8 E. deglupta 49 33 73 10
by I
Notes : Initial and deformation was classified into 8 ;E?)fal}czj:ia 55 3.6 83 6
grades , and honeycombing was 6 grades . Large grade
was more defective. A1)+ :
G. arborea 55 3.6 83 9

86



25

4 3
2 Tem
4 4 3
4 3 2 Tem
Table 4 3 Dryingschedule Thicknessoflumber 2 7cm
TATT (D24,W24) 2—hY (D25,W35)
A. mangium (D24,W24) E. deglupta (D25,W35,)
ELES WEKRE  ERREREE ELES WK RERKEREE
Moisture Dry-bulb Wet-bulb Moisture Dry-bulb Wet-bulb
content temperature  depression content temperature  depression
¢)) (*C) (°C) (%) (°C) (°C)
H:~50 50 3 H~T0 50 4
50~45 50 4.5 70~60 50 5
45~40 55 4.5 60~55 50 7
40~35 55 7 55~50 55 7
35~30 60 9 50~40 55 10
30~25 60 12 40~30 60 13
256~20 65 16 30~22.5 65 18
20~15 70 21 22.5~20 65 23
15~ 75 30 20~15 70 23
15~ 75 30
BV AR L (D42,W33) A F (D42,W25)
P. falcataria (D42,W33) G. arborea (D42,W25)
=KE WEKEE  ERKEREE EES WIKEE  OERKEREE
Moisture Dry-bulb Wet-bulb Moisture Dry-bulb Wet-bulb
content temperature depression content temperature depression
(%) (°C) (°C) (%) (°C) (°C)
H~50 60 4 H~60 60 3
50~45 60 5 60~50 60 4
45~40 60 7 50~40 60 6
40~35 60 9 40~35 60 9
35~30 65 12 35~30 65 9
30~25 70 16 30~25 70 14
25~20 75 21 25~22.5 75 14
20~15 80 30 22.5~20 75 20
15~ 85 30 20~15 80 20
15~ 85 30
D w

4 2

Note: Values after each names show dry-bulb temperature schedule unmber as D
and wet-bulb depression schedule number as W*2,

R Hokkaido For Prod Res Inst No 86



4.3 Abstract

To investigated drying properties of species, carried out the quick drying test(100° test)*? with the clear
specimen of each species of 2cm thick, 10cm wide and 20cm long. According to this result, presumed the
suitable drying schedule.

Defects during fast drying test were observed.Initial checking in Acacia mangium was shightly severe,
cross sectional deformation (collapse) in Eucalyptus deglupta Bl..was relatively severe and honeycombing in
E. deglupta was slightly severe.Deformation ancl honeycombing of Paraserianthes Jucataria Becker and
Gmelina arborea L. were not observed.

According to test results, the drying condition for lumber of 27mm thick of each species were estimated
as shown in Table4 2. And presumed suitable drying schedules forA. mangium, E. deglupta, P. falcataria,
G. arborea are shown in Table4 3, for example.

According to these presumed suitable drying schedule, dried the lumber of about 5 m3 of each species,
and investigated drying defects. As a result of the investigations, judged that presumed drying schedules for

each species were suitable.

No 20 p 216 1965

B~
DN

No 340 p 121 1986

Tadaaki TAKIZAWA



5 1
5 1 1
4 7 27Tmm
50mm 30mm
5 1
600mm 2
H K1 2 9mm
61° 125mm
46° 1Imm
15° 5200rpm
5 1
Table5 1 The out line of sample lumber
HE akE
. . Moisture content ME MeE
szzis Spesific gty (%) Thickness Width
B/AME EISE BARE B/MVE EHE BKE (mm) (mm)
min. ave. max. min. ave. max.
:r;,)l/ V7 *.L\ 0.29 0.34 0.45 114 10.9 123 27 50
? falcataria
a—hY
E. deglipta 0.40 0.49 0.64 13.2 13.7 14.6 27 50
Gx V7 0.46 0.54 0.61 114 12.6 15.0 27 50
. arborea
:73 7 | 054 062 067 104 1.6 123 27 30
mangium
0 200 500 800
1500m 10 10
A
B
C
D
E
A B C D
E / x 100 %
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500m
%

500kg 1 5mm/min
45mm 4 5mm

22mm
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5 5 5 6
22mm
03 09 51
0 5
50 -
X
: W
3 °
g &
= X
s
= f#
=
kgi/em) 20
0 0.66
r=u.
e 0 .
y=46,2%-3.1
0 . . ; i N
0.20 0.30 0.10 0.50 0.60 0.70 0.80
2
Specific gravity
5 5

O X °

Fig 5 5 Withdrawalof nail

Legend P falcataria O E deglupta A G arborea x A mangium e The value by the formula
200
180
3 160
=
33l
Z X 140
2 %
=& 12
g{é 100
= 80
(kgt/cm) 60
40 /
® r=0.96
20 y=332.6 X-12.6
0
0.20 0.30 0.10 0.50 0.60 0.70 0.80

ke =
Specilic gravity
D X °

Fig 5 6 Withdrawal bearrln9 Stress Of wood screw
Legend P falcataria E deglupta A G arborea x A mangium e The velue by the formula
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5.3 Abstract

cutting properties with rotating knife were examined for the tropical plantation-grown wood. The test

condition using one effective knife of a planer was as follows :

Material of knife H-K
cutting angle 61°
sharpness angle of knife ~ 45° «
Rake angle 15°

Feed per one knife 2.9mm
Diameter of cutter-head 125mm
Depth of cut 1mm
Cutter-head speed 5200rpm

The obtained results by species are,
1) paraserianthesfalcataria Becker.
Cutting properties was not so good (Fig., 5-I).
2) Eucalyptus deglupta Bl
chipped grain occurred much on the radial surface of board owing to the interlocked grain (Fig. 5-2)
3) Gmelina arborea L.
cutting properties was not so good. Althc-ugh it was very fine, a few internal checks are observed
(Fig.5-3).
4) Acacia mangium
This species could be smoothly cut without any remarkable defects (Fig. 5-4).
The tests on the withdrawal resistance of nails and wood screws were performed.
The withdrawal resistance was obtained using the following formula:
Withdrawal resistance (kgffcm)=P /1
where, P is the maximum load of withdrawal ; I is the depth of penetration of the nail or
wood screw(cm).

The nail or wood screw was drawn at a constant rate of 1.5mm/min.

The results are as follows :
1) The withdrawal resistance of nail was correlated to the specific gravity, the denser species
offered greater resistance than the lighter ones.

The resistance values of these tropical species seem to be the same as those of Japanese hardwood

R HokkaidoFor Prod Res Inst No 86



Fig 5 5
2 The withdrawal resistance of wood screw was highly correlated to the specific gravity Fig 5 6

1 5 4 p 439

2 3 11 5 p 734
Takashi TAGUCHI)
Masatoshi YONETA)



6
6 1
4 JIS  JAS
6 1 1
2 JAS
6 1 2
4
JIS JAS

6 1 6 2 6 4
6 5
6.2

6.2.1
6 2 6 3 6 1 6 2
2 JAS 4Kg/em?®
3
0.65 0.59 0.69 0.40 0.33 0.44
0.44 041 0.52 0.55 048 0.63 Vs
6 1 6 2
20% 3%
6 1

Table6 1 Coating strength test and criterion of the test

BHREROHBARMBAKBOFES >R ARRICRES
ARFOREHARICIFP20mmOESAEROEKETR2ETI2EB2Y 7
J77VV— P RBERMEACTEEL, ABEICEMICETZRIOYD &
T220:%, ARAFBICEEBEFry JICEAEL, BEAELHADS
B A IS HZ600kgfA TOMEREE TSI o], I MHEZIRBRICBIS
Method BAHEEZNET .

A metal block with 20x20mm of cross section bonds to coating wood surface with
cyanoacrylate adhesive, and then the surrounding of the adhesive layer is cut. Load
is applied in the vertical direction of the adhesive layer at 600 kgf/min for this

D
H

specimen.
HEHE AP BMLEKRFOBEENOFEHEH4ke/c2A ETHBZ L,
Criterion The strength of more than 4 kgf/cm?2

R HokkaidoFor Prod Res Inst No 86



6 2

Table6 2 Coating process and conditions

TR N
Sanding before #2409 > K X—)N—THE
; #240 sandpaper
coating
A LA YrF— BHE
Base resins  Curing agents  Extenders Spreads
T ALy 18
Under coating Polyurethane resin 100 50 20 ~126g/m?
ZI)FP7NVFwE 114
Aminoalkyd resin 100 1 30 ~124g/m?
s —BRGRE, #3208 0 FR—)—CHE
Sanding Sanding with #320 sandpaper after drying overnight
ES- A Y- BhE
. Base resins  Curing agents  Extenders Spreads
D KyumLy: 119
Intermediate - - 100 25 25 .
coafing Polyurethane resin ~140g/m
Z7I/JTFPNVFYE 100 10 25 129
Aminoalkyd resin ~138g/m?
Wt & —BEREBRE, #3209 FR—)\—CHE
Sanding Sanding with #320 sandpaper after drying overnight
ES. BALA YrF— ZmE
Base resins  Curing agents  Extenders Spreads
L&y AYBL Yy 129
Sanding after Polyurethane resin 100 & 30 ~131g/m?
i
it PI)FNEYEK o] 10 0 129
Aminoalkyd resin ~136g/m?
. 3 —BEERE, 20°C - 65% CLAMU LAB L, BREEHHRIC
Aging Conditioning at 20°C and 65% RH after drying overnight
6 3
Table6 3 Coating Strength test for various tropical woods
RrIoLvy PI/)TIVFYER
Polyurethane resin Aminoalkyd resin
BKE BR/IME FHE BRRE R/ME FHE
Max. Min. Ave. Max. Min.  Ave.
W
FPhHSP Strengths keffcm® 38.6 13.3 21.0 26.9 114 19.0
A. mangium PRE S
Wood failures A 50 10 20 30 0 7
;-3
FE)NwhiRA| Strengths keffcm® 13.8 2.7 8.0 26.2 8.8 14.0
P. falcataria FRE S
Wood failures k 70 0 27 100 0 85
W
a—AhY Strengths kgticat 17.2 6.2 11.0 20.4 10.4 14.0
E. deglupta X E S y
Wood failures 100 10 57 100 10 68
R
AYF Strengths kgffont’ 17.7 33 9.0 28.7 10.6 19.0
G. arborea P RTES
Wood failures A 30 0 3 40 0 1
10%
100% 30% 40%
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Fig.6-1.Relationships between coating strengths
and specific gravity for various tropical
woods coated with polyurethane resin.
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6 4
Table 6 4 Adhesion conditions for various adhesives
B B A B B x &
Adhesives Adhesion conditions
x A:®E b FlY:E & A
Base resins : Curing agentsa) : Extenders
EALE . .
UF—Dn 4 K50 mixing ratios 100 : 5 : 10
Urea-formaldehyde resin ?iﬁ 3 250g/n?
preads
FE , 2415
pressing 10kg/cm for 24 hr
B & \
PVAc CH-131 Spreads 2508/
Polyvinyl acetate emulsion  |FF 2 24558
pressing 10kg/cn for 24 hr
¥ AH: # 1 A
Base resins : Curing agents
[ A=y .
API KR-120 mixing ratios - 100 : 15
Water based o 7
- 2
polymer - isocyanate Spreads 250g/m
P ) 2415
pressing 10kg/cm for 24 hr
E A:®E 1 A
Base resins : Curing agents
D
RF75 4 4—7 =z 36000 | MAL 100 : 15
. mixing ratics
Resorcinol - formaldehyde A
i 2
resin Spreads 250g/m
i \ 24R5 ]
pressing 10ke/cw o for 24 hr
a 10% b
Note a  10%NH Clsolution b  Wheat flour
100 50 100
¢
- 80 404 - 80
2 ] o
s —6()3;,_.; =% 30 —Goég
22 23 =
AT|F10% 3 7277 20 G Ag 10 % £
+ = (kgf/cm?) [P 17‘4 3
|,+ E G l 20 104 L 20
T T T T 0 0 T T T T T T 0
0.45 0.5 055 06 065 04 045 0.5 055 06 0.65
L 9 2 -
Specilic gravity Specific gravity
6 2

Fig.6-1.Relationships between coating strengths
and specific gravity for various tropical
woods coated with aminoalkyd resin.



6 5

Table6 5 Shear strength test

UF 29 7 BiEAM
BEA
Urea-formaldehyde resin
(JIS K 6801)

B EMEANMBRERS

Dry test; shear strength test under air-dry condition

kK ; ABRA 12 260£3COBKPICIFBBLTE W =,
ZROKFILIDZETRL, hEEEORBTHET 2

Water proof test; shear strength test in compression after immersing in hot
water at 60%3 °C for 3 hr and then cooling in water at room temperature

PVAc BB E =)V Bifig
NV arv
R & E A

Polyvinyl acetate emulsion
(JIS K 6804)

B EMEANBEARY

Dry test; shear strength test under air-dry condition

A ; XBRFI2ZE230CEICOKPIZIBMBLTE WL

#®, 201 COZRBOKFPICIOAERBL, hhExEORBTHZE
73

Water proof test; shear strength test in compression after immersing in
water at 30%1°C for 3 hr and then cooling in water at 20%1 °C for 10 min

APl K¥ESF
AVIY7Rx—bMbR
K& & A
Water based polymer -
isocyanate
(JIS K 6806)

B, EREANBEERS

Dry test; shear strength test under air-dry condition

RBEROEBEL; KBRFE2HBAKPICIBEBLTILS, 6023CO
ZRTRBMERLBTCER KD ICANHET. CONEE, £
BOKFIZSIHEETCRT. WhEFEORBTCHET S

Boiling test; shear strength test after drying at 60%3 °C for 20 hr after
boiling for 4 hr and then cooling in water after boiling again for 4 hr

PF 7 x ) —)VKifg
Rt A
Resorcinol -
formaldehyde resin
(JIS K 6802)

HE EMEANMBEEARY

Dry test; shear strength test under air-dry condition

ABBROEL ; KB 2HBAKPICIBHEBLTHL S, 60°Cx3C
DERTRMER LBUTHBKDPICIREET., CONHEE,
ZBROKPIZIDZETCRT WhE=FTORETCHET S

Boiling test; shear strength test after drying at 603 °C for 20 hr after
boiling for 4 hr and then cooling in water after boiling again for 4 hr

6.2.2
6 4
S50 -
CH 131 -
KR 120 -
6000 -
6 2 2 1
6 2 2 2
6
6 1
6 5 6 8

12

86



8 8
6
S £
g 37
E S o4
o S L
2 S0
4 52
2 R E
SE
0
UF PVAc AP RE Lr PVAe APL RE
6 3 6 4
P E G A 6 3
UF PVAc API
RF

Fig. 6 4.0Oozingof adhesives from side secting

of a adhesive layer during pressing.
Fig. 6-3. Oozing of adhesives from side secting Note : Symbols are show in Fig.6 3.

of a adhesive layer during pressing.
Legend :A A. mangium,; P: P. falcataria; E: E. deglupta;
G:G. arborea; UE :urea-formaldehyde resin;
PVAc : polyvinyl acetate emulsion , API : water
based polymer-isocyanate ; RF: resorcinol-formal-

160 160
40 » 140
é 140 A ] |
:é 120 . s 120 A
£ #* G % H+
o A 1004 g A 1004 .
Z W , T L G
S # 8o L, ° % iﬁj 80
c = £ 2 ~ t
3 601 ¢ *+ Fi 60 *l: #
35 3 >
) 107 ( . /em?) w0p
R kgf/cm?
(kgf/cm?) 56 20 ? +
0 I T I T T T 0 T T T T 1 T
0.4 0.5 0.5 0.55 0.6  0.65 0.4 0.45 0.5 0.55 0.6  0.65
e =# e &
Specific gravity Specilic gravity
6 5 6 6
P E G A 6 5
u L]
Fig 6 6 Relationships between shear strengths
Fig 6 5 Relationships between shear strengths under dry condition and hot water immersion
under dry condition and hot water immersion condition and specific gravity for varios
condition and specific gravity for varios tropical woods bonded with PVAc
tropical woods bonded with UF Note : Symbols are showin Fig.6 5.

Legend: P: P. falcataria ; E ; E . deglurta ; G : G . arborea,
A:A mangium;m drycondition e wet condition.

60 80kg/cm? 100 130kg/cm? JAS
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D 80/o 50%
10% 28% 32%
6 9 6 12 ]
6 9 12 °
JIS 6 4
6 6
Table 6- 6 Shear strenclths test of tropical woods bonded with various adhesives
PVAc UF API RF
BK B/ EY BXK BN VY BKBMNEH BX BN EYH
B & & £ E fH T #E & & E f&
Max. Min. Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. Ave.
AR ES %{fﬁi kgffem® 142 77 97 142 101 120 122 87 98 144 111 127
Drying .
PhLP test WF % 40 0 8 80 30 50 30 0 10 100 60 87
4 .
ANBHT ot KRB *fflﬁ}i kgffem* 60 43 49 108 84 95 55 27 38 102 86 94
Water KA
proof test s % 0 0 0 20 0 4 0 0 0 100 60 88
HHEIRER ﬁfﬁ kgf/em® 87 59 78 83 67 74 87 68 80 93 63 75
Drying A%
ENvAF  test WE % 100 60 94 100 40 89 100 30 94 100 100 100
2 BEGS
P. falcataria 5 st ge Strengths kgflem® 33 19 28 64 51 58 51 39 45 48 38 44
Water KA
proof test WF % 30 0 7 100 80 96 9 60 77 100 80 94
EREIRER *ffﬁhi kgf/lcm* 66 51 60 73 56 62 95 62 78 80 50 65
Drying AR ‘
et 1] test WE % 50 20 28 100 8 98 100 60 8 100 90 98
E. deglupt.
CEUPIT kR *ffffs keffcm? 34 16 25 63 50 ST 52 22 36 56 40 47
Water AR
proof test WF % 10 0 1 100 9 98 30 0 13 100 70 88
#REEBR %f:z:: kgffcm® 85 62 73 110 82 9 113 91 103 113 54 91
Drying KA
205 test WE y 60 10 32 9 60 74 100 60 71 9 60 82
G. arb
AIDOTER KRR %ﬁﬁi keffe® 78 64 72 98 77 92 67 44 55 93 77 83
Water
proof test *&* Y% 30 0 13 100 70 85 50 0 11 100 10 50
WF UF PVAc API
RF

Legend : WF : Wood failure, UF : urea-formaldehyde resin, PVAc : polyvinyl acetate emulsion, API : Water

based ploy , er-isocyanate, Rf : resorcinol-formaldehyde resin.



Adhesive shear strengths

G B>

60 +
w0l ¢
(kgf/cm?)
20
0 T T T T T T
0.4 0.45 0.5 0.55 0.6 0.65
e B
Specilic gravity
6 7
6 5

Fig 6 7 Relationships between shear strengths

under dry condition and hot water immersion

condition and specific gravity for varios
tropical woods bonded with AP1

Note : Symbols are show in Fig. 6 5.

Wood failure

(SHEE>

100 T TT

80 4

P L G A
0 -l
40 4

20 l

0 T 1 T i T T
0.4 0.45 0.5 0.55 0.6 0.65
B
Specilic gravity

6 5

Fig 6 9 Relationships between shear strengths

Note : Symbols

dry condition and hot water immersion
condition and specific gravity for varios
tropical woods bonded with UF

are showin Fig. 6 5.
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160
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=l 140+ +
5
2 20 A
% # 120
5 % 100 G
) v
:u ; ¢
g & 8-
7
2 ] E
3 60 ,>,+
(kgf/cm?) 107
20
0 T T T T T T
0.4 0.45 0.5 0.55 0.6 0.65
b H
Specific gravity
6 8
6 5

Fig 6 8 Relationships between shear strengths

under dry condition and hot water immersion
condition and specific gravity for varios
tropical woods bonded with RF.

Note : Symbols are show in Fig.6 5.

Wood failure

6

R)HF>

100
80
B4 p g G A
40
20
0 T * T T T A4
0.4 0.45 0.5 0.55 0.6 0.65
k B
Specific gravity
10

6 5

Fig 6 10 Relationships between shear strengths

Note : Symbols

dry condition and hot water immersion
condition and specific gravity for varios
tropical woods bonded with PVA

are showin Fig. 6 5.
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100 + IOO-FT
80 80
Ex | ® 1 rE
=% “1 Ir E G A iz ® G A
2% 32 i
2~ 404 : ‘ $% 40 -
204 20 -
0 T | i T T T T 0 T T T T T T
04 045 05 055 0.6  0.65 04 045 05 055 06  0.65
k K k =
Specific gravity Specific gravity
6 11 6 12
6 5
6 5
Hg 6 12 Rdaionshipsbetweenwood falure
Fg 6 11. Rdationshipsbetween wood failure under dry condition and hot water
under dry condition and hot water immersion condiition and specific
immergon condition and pecific gravity for variostropical woods
gravity for variostropical woods bonded with RF.
bonded with AM Note: Symbols ae showinFHg.€ 5.

Note: Symbols are showinFg.6 5.

F  PVAc

.UF: PVAC API 61
) RE: Photo.6-2. E. deglupta (Dry)
Photo.6-1. P. falcataria (Dry) Legend ; Symbols are shown in Photo. 6-1.

Legend ; UF : urea-formaldehyde resin ; PVAc : polyvinyl
acetate emulsion ; API : water based polymer-
isocyanate;RF:resorcinol-formaldehyde resin.

API
6 3 6 4
6 1 6 1
Photo 6 3 G arborea Dry Photo 6 4 A mangium Dry
Legend Symbols are shownin Photo 6 1 Legend Symbols are shown in Photo 6 1
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6 1 6 1
Photo 6 5 P falcataria wet Photo 6 6 E deglupta wet
Legend Symbols are shown in Photo 6 1 Legend Symbols are shownin Photo 6 1

l i

UF PVAc API

6 7 6 8
6 1 6 1
Photo 6 7 G alborea wet Photo 6 8 G Amangium wet
Legend : Symbols are shown in Photo 6 1 Legend : Symbols are shown in Photo 6 1
6.2.2.3
6 7 6 8 6 9
0% 10%
0%
64%
68% 45%
0%
51% 17%
0.65
0.55 0.40 0.44
vs 6 13 6 14

[R HokkaidoFor Prod Res Inst No 86]



6 7

Table6 7 Conditions of delamitation test, boiling test water , and the
criterion on Japanese Agricultural Standard for bonding strength.

FARDP S ROWETEEZZOE F L LERS TomD b D2 3HE 3

i;;\:iifﬁffj% specimen OfERT %
p 75 mm in the longitudinal direction with the original cross section
S =T B

Delamination test in cool
water

BRICBENI D S5BRVK S IC U TISKMEEZRT S

Drying at 40+3 °C for 18 hr after immersing in water of room temperature

Fubi < mEAER
Delamination test in
boiling water

HERF &2 WK PICOR ISR & L, S 5ICEROKFICIRERR
¥ELUEE, 60+ COEREZMBRBICAN, BPIEBENCHLR
WS IC U TIBKHFZART %

Drying at 60+3 °C for 18 hr after boiling for 5 hr and immersing in cool
water

X BERDOHIE
Delamination ratio of
adhesion layer

AHERF OMAOEICBIT X HORE H3mmbl LD DIZDNT
HET S

measuring delaminated parts and calculating by the following equation
LR = (X< MORI DA/ (BEEEDORS DH3EH)*100
The ratio = ( the sum of delamination length)/(the total length of adhesion
layer)x100

HARCEICBIT 2 EEFI0NLUTTHD, POE—EHEIC
BII2EMORIM, ZhZ2hORPSIDI/IUTTRIFNER

e A4t 3
Soreion 550
The ratio < 10 % and the delamination length < one third of the total length
of adhesion layer
6 8
Table6 8 Results of delamination1 est for various tropical woods bonded
with Urea formaldehyde resin
/
delamitation lengEh . / . lel_l_gth of adhesion layefr
A
Bar
Aol A2 Total D‘e;fafni'fafon
No. Cross section 1 Cross section2  delamination .
ratio
length
mm/mm mm/mm mm/mm %
A-U1 0/120 0/120 0/240 0
PhHY TP A-U2 0/120 0/120 0/240 0
A. mangium  A-U3 0/120 0/120 0/240 0
Ave. 0
F-Ul 0/120 0/120 0/240 0
Ehwhzxas FLU2 0/120 0/120 0/240 0
P, falcataria  F-U3 0/120 0/120 0/240 0
Ave. 0
E-Ul 0/120 0/120 0/240 0
a—hY E-U2 0/120 0/120 0/240 0
E. deglupta  g-U3 0/120 0/120 0/240 0
Ave. 0
M-Ul 120/120 120/120 240/240 100
AVF M-U2 94/120 0/120 94/240 39
G.arborea M-U3 69/120 89/120 158/240 66
Ave. 68
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Dckamination ratio

6

6 9
Table6 9 Results of delamination test for various tropical woods bonded with water based polymer isocyanate
/
(delamitation length)/(length of adhesion layer)
|\ T T ST OIS TSI AT TP TS T TesT e et 2y Tty
aF
=8
A0 1 Ar12 Total Dgafmﬁfm
No. Crosssection1 Cross section2 delamination .
. ratio
length
mm/mm mm/mm mm/mm %
A-K1 95/120 89/120 184/240 77
Thy7? A-K2 73/120 54/120 127/240 53
A. mangium A-K3 22/120 33/120 55/240 23
Ave. 51
F-K1 0/120 0/120 0/240 0
EF)vhizs FK2 0/120 0/120 0/240 0
F. falcataria F-K3 0/120 0/120 0/240 0
Ave. 0
E-K1 0/120 0/120 0/240 0
2—hY E-K2 0/120 0/120 0/240 0
E. deglupta E-K3 0/120 0/120 0/240 0
Ave. 0
M-K1 8/120 0/120 8/240 3
FRIE M-K2 53/120 28/120 81/240 34
G. arborea M-K3 13/120 21/120 34/240 14
Ave. 17
100 100
80 80
£
,g * 2t
P 60+ % éﬁ 60+ A
3 » A E ES
% 404 £% 10+
204 G 20 G
[
P P 3
0- T T * 0-—me—meo- T — -
0.4 0.45 0.5 0.55 0.6 0.65 0.4 0.45 0.5 0.55 0.6 0.65
e = k =
Specilic gravity Specific gravity
13 6 14
p: <K G ” P: JE: ,G: A
°: |
o [ ]

Fig. 6-13. Relationships between delamination
tatios and specific gravity for variouls

Legend : A:A.mangium,P:P:falcataria,E:E.deglupta
G:G.arborea e :UF,m

6

3

R HokkaidoFor Prod Res

tropical woods bonded with UF and

PVAc

Fig.6-14. Relationships between delamination
tatios and specific gravity for variouls
tropical woods bonded with UF and

PVAc RF
Legend : A:A.mangium,P:P:falcataria,E:E.deglupta
G:G.arborea e :APIm RF
JAS
Inst No 86



JAS

6.4 Abstract

Adhesive and coating properties on tropical woods were examined by tests according to JAS(Japanese
Agricultural Standards) and JIS(Japanese Industrial Standards). Wood specimens were prepared from
Paraserianthes JTalcataria Becker, Eucalyptus deglupta Bl., Gmelina arborea L. , Acacia mangium.

For bonding strengths of coartings between polyuretane and aminoalkyd resins and woods, all specimens
satisfied the criterion of JAS. Adhesive propertiesJf bonds of urea(UF), polyvinyl acetate emulsion(PVAc),
water based polymer-isocyanate(API), and reso.rcinol-formaldehyde resin(RF) were evaluated by shear
sttrength tests under dry and wet conditions. The strengths under dry conditionshad the same dependences
upon the specific gravities of woods, while those under wet conditions had small values for specimens

bonded with PVAc and APL.

A. mangium bonded with PVAc and API and G. arborea with PVAc, UF, and API did not satisfy the

criterion of JAS in the delamination tests.

Takato NAKANO)
YasushiH ABAYASHI)
Yu HASEGAWA)
Yuki MOTOTANI)



7
1
4
7 2
72 1
4 25mm
20 30
22 40
00
3 83mm 90%
1 28mm 30%
96cm
71 1m
3 4
20c m 1
71
Table7 1 Logs for Test
B &
diameter ExX Bt
Bt s *0 ; = age A, LA OME
species butt A ength (£E) colour of sapwood and heartwood
. top diameter  (m)
diameter (en) (year)
(CIII) cn
X i, OB, e
Ji,); lj ﬂt*.A 40x35 31x30 4.0 12 sapwood not differentiated by colour from
- Jaccalaria heartwood, light red-brown
1] TH : AR, LH : SR e
39x35 32x32 43 13 sapwood:dark-brown, heartwood:light
E. deglupta
red-brown
20 3TH - B, O : BRE
53x47 34x30 43 13 sapwood:brown, heartwood:light red-
G. arborea
brown
AW YEE, O BBETHED
3 H>
A7i7 /.7 49%x49 35x35 40 13 sapwood:light yellow, heartwood:dark-
mangium

brown streaked with darker coloured
layers

R HokkaidoFor Prod Res Inst No 86



7.2.2

20  RH65%
1
72.3
96cmx  105cm 10
150 3m/sec 1 2 4m/min.
1 1
10% 60% 10%
100cm
8
10 4
7.2.4
72.4.1
0.8mm 4.25mm
3
JAS
7
30x 30cm 8
7.2.4.2
0.8mm 4 4.25mm
7.2.5
7.2.4.1. 8
5
‘ BESROES —REROES (85D TFLH)
BEHH (%) = X 100
WHEROEZ (8/RDFHMHE)
7.2.6
5.5mm 0.8 425 0.8mm 90cm 180cm
10

2
16



100
90 [~ B it mofsre cotem t 1096 =
6 80
§§~ 70 mmo*z}“wtnnm
§7k 60 to
2 E 5
22 40 i
g 30 s
20
10
0 i \k
0 4 8 12 16 20 24 28 32 36 40 44
HIRES M (5)
drying time(min.)
71
Fig 7 1 Drying curve from initial mist tent 71
& tor(})’\]:;i-dly 1al misture conten Photo 7 1 Methodofmeasurln9foraccumlation
' height
7 2
Table7 2 Manufacturing conditions of Plywood
BERIEE RGN
adhesive manufacturing conditions
(=) Big hEW . Kk A
mixing ratio  resin : wheat : watel : hardner
()
100 : 15 ¢ 15" ¢ 1.5
(part)
= -
L) 7l EHE o6 28g/900cH?
urea resin glue spread
BEE .
cold pressing 12kgf/cn? —2Zhr.
RE oC— 2_
hot giressing 115°C —8kgf/cm2 —30sec. /mm
(M=) il - hNEW . Kk B
mixing ratio  resin : wheat : water : hardner
(#8)
100 : 20 : 10 : 1.5
(part)
25 3 VRE B R :
melamine resin glue spread 32~34g/900cw
B >
cold pressing 12kgf/cn? —2Zhr.
R oC— 2
fion, rossiog 120°C —8kgf/cm*—45sec. /mn
[y s hEw . RAN o BbREER K
mixing ratio  resin : wheat : calcium carbonate : accelerator for cure . water
((;iﬂrz) 100 : 12.5 : 4 : 4 : 2.5
. = 2
phenol resin e spread 32~34g/900cm
WHE .
cold pressing 12kgt /cn’—2hr.
FAHE o0 2
- 140°C —8kgf/cm?—60sec. /mm
7.2.7
12mm 1.8 35 1.8 35 1.8mm
15 JAS
7 2 150cm
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7 2 7 3
Photo 7-2 Method of measuring for modulus of Photo 7 3 Test method of poor setting of concrete
elasticity
7 3
Table7 3 Lathe check of veneer
ENWYAHRL E—oy ] A+ PSR

E4)hNo. P falcataria E. deglupta  G. arborea  A. mangium
lognumber A\ WA HAE WA HAE WA NE AAE

outer inner outer inner outer inner outer inner

1 70 52 62 w72 82 80 92 89
— 2 61 55 66 79 78 < : 83 88 91
N et 3 69 55 68 70 79 82 84 95
raitio (%) 4 — — 54 62 78 82 — —
FHE 67 54 63 71 80 82 88 91
Ave.
1 39 35 49 47 42 43 34 30
W R 2 32 34 43 39 43 47 39 36
number of 3 435 3D 44 35 41 42 36 3.0
toihe check 4 Y SE S0 8 BAL 4T et -
(#/cm) T
. R 48 43 40 44 3651302
Ave.
4kg 20kg “ ”
7.2.8
7 3 12mmx 4ecmx 15.5cm
0.35 200C RH90% 2
5 1 11
7.3
7.3.1
7 3 80%

50 60%
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2 60 70%

3 5 /em
1
2
3
4
4
10 150C
4.25mm 0.8mm 1.8mm 3.5mm 0.8mm
1.8mm
7.3.2
12% 7 4
3
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7 4
Table7 4 Specific gravity of veneer
EWVVAHRA a—AvY A7 FhHAY7
Et1 Y #No.| P falcataria E. deglupta G. arborea A. mangium
lognumber SE AR AE  AAE SE AR SE AR
outer  inner outer  inner outer  inner outer inner
1 039 033 047 040 041 037 0.59 0.60
2 035 032 044 038 048 0.40 0.61 0.59
3 035 032 036 033 044 041 0.60 0.60
4 - = 043 034 045 039 = -
qut?efE 036 0.32 043 036 045 0.39 0.60 0.60
2 EE ;
All Ave. 034 0.40 042 0.60
75
Table7 5 Shrinkage from green to oven dry
R (%) FE R (%)
Shrinkage in width Shrinkage in thickness
?ﬁﬁgg' BVIRR aemy xur wavy VPR a—ay o xur o oravy
mutbier | B fudzotaria E. deglupta G. arborea A. mangium P. falcataria E. deglupta G. arborea A. mangium
1 43 6.0 52 6.0 5.2 6.2 4.7 5.7
2 4.1 53 5.1 6.5 52 6.6 40 5.0
3 42 51 5.0 72 53 6.1 39 6.9
4 42 53 51 6.5 54 6.8 4.6 32
5 4.2 6.0 52 6.4 4.7 7.2 4.8 49
6 44 5.8 50 5.6 54 5.8 4.5 40
7 4.5 55 53 50 4.5 6.0 40 38
8 4.5 5.8 4.6 6.7 43 5.7 44 50
9 44 54 47 7.1 4.5 6.4 40 6.0
10 43 5.6 49 54 40 6.4 53 4.8
LIl 43 5.6 50 6.2 49 6.3 44 49
Ave.
7 7
2—hY l °
6 E. deglupta 6 —hY
g ° FThYT 2 E. deglupta
H L] A. mangium £ E
= 5 Ty g5 ° °
L] S |y ENYARL o PHLT
EES ® G arborea = P. fulcatari :
2% "t ENVARL s . falcataria 3 1) 5 A. mangium
=t P. falcataria _g % G. arborea
Ty £ 3
2 —_— 2 . . .
0.2 0.3 0.1 0.5 0.6 0.7 0.2 0.3 0.1 0.5 0.6 0.7
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specific gravity of veneer specilic gravity of veneer
7 2 7 3
Fig 7 2 Relgtion b(?twe(?n specific gravity of veneer Fig 7 3 Relation between specific gravityof veneer
and shrinkage in Width and shrinkage in thickness
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Table7 6 Drving time and Initial moisture content
ENWVVARA a—hY
P, falcataria E. deglupta
P2k % PRSIk ER
HBUNo.| >10% go g0 FIMEKE o S10% g g NMEAKE
specime | initial m.c. initial m.c. initial m.c. initial m.c.
number —>10% =>10%
(min.) (min.) (%) (min.) (min.) (%)
1 21.2 16.2 926 33.1 15.9 145
2 244 15.4 113 323 16.7 139
3 21.0 13.5 109 294 18.4 113
4 21.2 13.6 115 294 16.4 126
5 14.4 12.7 74 33.1 15.9 148
6 17.8 13.6 91 33.1 15.4 152
7 15.3 12.7 80 26.0 18.4 100
8 18.3 17.6 64 29.8 20.9 111
9 18.3 18.0 61 27.4 17.6 104
10 17.6 16.9 64 29.1 17.6 102
qui?:.@ 19.0 15.0 87 303 17.3 124
XY F THhST7
G. arborea A. mangium
IS K E S KR
BN, >10% g g0 HIMEIKE 210% - gospy PMIEAKE
specime | initial m.c. initial m.c. initial initial m.c.
number ->10% m.c.—>10%
(min.) (min.) %) (min.) (min.) (%)
1 40.0 15.6 172 331 19.4 102
2 38.1 19.7 147 33.8 20.0 105
3 394 17.2 159 33.8 19.7 107
4 40.0 19.4 151 30.6 18.4 98
5 42.2 17.5 174 31.8 21.9 95
6 40.6 194 155 323 20.1 102
7 40.6 16.3 1M 30.5 20.6 96
8 41.3 17.2 164 33.1 222 100
9 41.9 17.2 170 303 19.4 106
10 41.3 16.3 182 322 20.6 100
E!ZAtiJef‘ﬁ 40.5 17.6 166 321 20.2 101
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Table7 7 Accumulation hight of veneer after drying 2
o 20
Bzl | EVYARL I—AY A F o
neasuring | F falcataria  E. deglupta  G. arborea : E 181 °® A. mangium
int = A =AY
pol (mm) (mm) (mm) = % 161 < E deglupta
1 116 128 E5 141 ENVHRL
< P. falcataria
2 98 105 12
3 107 108 10 — v
0.2 0.3 0.4 0.5 0.6 0.7
4 75 124 MK
specific gravity of veneer
EF:? eﬁé 99 116 7 4
: Fig 7 4 Relation between specific gravity of veneer

and drying time

7 4 7 5
Photo 7 4 P falcataria veneers after drying Photo 7 5 E deglupta veneers after drying

P

PR
- AR PO

ke ':»’; —

Sl
g «

7 6 77
Photo 7 6 G arborea veneers after drying Photo 717 A mangium Veneers after drying
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Table 7 8 Result of hot and cold water immersion test Urea resin adhesive
EWVVAHARL a—AhY AT ThHYT
RER P falcataria E. deglupta G. arborea A mangium
A NO- BANRE AR VANRS ABE TANRS ABE AR KR
specimen | shearing  wood shearing  wood shearing  wood shearing  wood
number strength  failure strength  failure strength  failure strength  failure
(kgfem) (%) (kgffen?) (%) (keffen?) (%) (kgfien?) (%)
1 92 100 13.0 100 92 40 23.6 50
2 88 100 13.4 100 9.8 40 20.0 10
3 10.2 40 14.2 80 9.0 20 18.0 30
4 84 60 12.2 70 92 50 220 20
5 94 100 10.0 60 16.0 50 13.2 20
6 84 70 10.0 50 14.4 20 10.0 10
7 10.2 70 10.2 60 14.4 10 15.0 10
8 9.0 90 8.6 100 14.4 10 8.8 60
9 7.6 100 82 90 84 60 13.4 50
10 8.8 100 84 100 94 20 16.4 60
11 104 90 8.0 100 10.6 10 18.6 30
12 10.0 100 84 100 8.8 10 17.8 70
13 9.0 40 = - 14.8 40 14.0 60
14 114 50 — - 14.0 60 17.4 80
15 92 40 - - 12.2 50 184 60
16 9.2 50 - - 12.4 90 16.2 20
79
Table 7 9  Result of cyclic boiling test Melamine resin adhesive
ENVVARAL 2—AhY A+ ThY7
HEx P, falcataria E. deglupta G. arborea A mangium
H‘NO- BAMRY AR FANRE AR TANKBRS KRR SANRS KExR
specimen | shearing  wood shearing  wood shearing  wood shearing  wood
number | strength  failure strength  failure strength  failure strengh  failure
(kgflem) (%) (keffen?) (%) (kgffen?) (%) (kgffen?) (%)
1 88 100 8.0 100 94 10 11.8 0
2 10.0 90 8.0 100 104 10 13.8 40
3 84 90 10.8 100 10.6 10 124 50
4 8.8 100 10.2 100 10.2 10 120 60
5 7.8 100 10.8 100 124 20 11.2 10
6 8.6 100 9.6 100 14.6 30 14.4 10
7 84 100 114 90 14.6 20 11.8 10
8 9.0 60 10.0 100 13.0 30 15.2 10
9 7.6 80 6.6 100 12.8 10 14.6 10
10 84 100 72 100 9.6 0 14.2 10
1 6.6 90 84 100 10.2 0 14.8 40
12 8.6 60 9.6 100 132 10 154 10
13 8.8 100 7.8 100 84 0 16.8 0
14 8.2 100 9.2 100 10.8 30 16.4 20
15 8.0 100 8.8 100 9.8 0 16.0 0
16 6.8 100 80 100 10.8 60 15.8 0
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Table7 10 Result of cyclic boiling test Phenol resin adhesive

EIVYAHARA a—HhY AYF ThYT
A BR P. falcataria E. deglupta G. arborea A. mangium
FrNo. [BAMIARE ABE VAMKBE AHE BANKE AEEX TANBE AHE
specimen | shearing  wood shearing  wood shearing  wood shearing  wood
number strength  failure strength  failure strength  failure strength  failure
(kgflem) (%) (kgffent) (%) (kgffen®) (%) (kgtien?) (%)
1 84 40 7.0 40 94 10 10.6 10
2 84 90 6.8 90 11.0 80 10.0 0
3 6.2 80 74 60 12.2 90 9.6 0
4 9.0 100 6.2 40 9.2 90 9.4 10
5 9.2 80 9.8 100 10.8 70 9.8
6 10.6 100 10.8 60 13.2 50 11.6
7 12.4 90 9.2 80 16.2 80 15.6
8 82 50 10.4 20 12.0 70 14.8
9 12.0 100 8.6 50 10.6 100 9.0 10
10 12.2 100 8.8 10 54 100 10.2 10
11 13.0 90 8.8 100 72 100 9.2 20
12 12.0 80 6.8 70 10.0 90 7.8 10
13 8.4 70 11.2 70 13.4 0 11.8 10
14 8.0 60 10.4 10 11.0 30 14.2 0
15 9.6 50 10.0 10 13.2 0 13.4 0
16 9.4 70 10.2 20 122 100 11.2
7 11
Table7 11 Resultof hot and cold water immersion test Birch DIvwoodl
ENVYHRA a—hv AU F ThAY7?
E P. falcataria E. deglupta G. arborea A. mangium
FNo. [#ANME Kk VAMBS KR TANKRS KEE BANARS Ak
specimen | shearing wood shearing wood shearing wood shearing wood
number strength failure strength failure strength failure strength failure
(kgflem) (%) (kgf/en?) (%) (kgfen?) (%) (kgf/en?) (%)
1 13.2 80 6.6 100 11.8 70 15.8 20
2 10.2 80 6.6 100 14.6 60 16.6 40
3 12.8 80 72 100 12.8 60 16.8 20
4 1.2 10 6.2 100 15.6 60 14.8 10
5 18.2 20 9.2 80 15.4 70 15.2 10
6 15.0 20 12.2 60 17.8 70 14.4 20
7 15.6 10 11.6 100 14.8 80 12.4 30
8 13.4 10 8.8 100 14.4 100 14.4 20
9 8.8 100 7.8 90 16.0 40 16.6 40
10 10.0 90 7.6 100 15.6 60 13.4 20
1 10.6 20 6.8 100 15.0 30 10.8 20
12 12.0 100 7.8 100 14.2 20 15.2 30
13 14.0 10 12.6 100 14.8 40 16.6 10
14 14.0 70 12.2 100 13.8 30 16.2 10
15 13.8 10 12.0 100 16.2 40 17.4 10
16 11.6 20 11.8 100 15.4 60 17.0 20
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Table 7 12 Result of hot and cold water immersion test Basswood plywood
ENWVVARA a—hY) AVF ThY7?
AER P. falcataria E. deglupta G. arborea A. mangium
FNo. [BANTARE ABR BANAS ABER BANKBRS AEE CANKRS AR
specimen | shearing  wood shearing  wood shearing  wood shearing  wood
number | strength  failure strength  failure strength  failure  strength  failure
(keffem) (%) (kgfien?) (%) (kgffem?) (%) (kgffen?) (%)
1 9.8 70 5.6 100 7.0 60 9.0 100
2 9.4 60 4.6 100 6.8 30 9.8 100
3 11.4 70 6.2 100 7.2 80 11.2 100
4 104 80 6.4 100 5.8 60 11.0 100
5 12.2 10 9.2 100 10.8 30 11.0 20
6 10.8 10 8.2 100 10.2 20 11.6 20
7 12.0 30 104 100 82 20 13.0 40
8 15.2 50 12.0 100 9.4 10 11.2 70
9 10.6 60 7.6 100 7.4 90 7.4 100
10 10.0 80 8.2 100 7.0 100 8.4 100
11 13.0 30 10.4 100 8.0 80 11.6 100
12 13.2 50 11.0 100 8.0 80 10.0 90
13 14.4 100 6.6 100 13.0 50 10.6 50
14 144 100 6.0 100 13.0 40 9.6 40
15 11.8 100 58 100 12.0 100 10.8 100
16 134 100 52 100 13.8 70 11.4 30
7 13
Table 7113  Thickness Ioss dueto hot pressing
ek ENY AR
BmER No. -5 A+ PhHAYT
adhesive plywood P falcataria E. deglupta G. arborea A. mangium
number
(%) (%) (%) (%)
1 3.7 2.6 2.1 34
2 4.2 3.2 2.8 29
2 7B 3 4.0 3.6 2.7 2.8
urea resin 4 3.8 3.9 25 3.4
5 4.2 3.7 2.5 2.4
5 4.0 34 25 3.0
Ave.
1 57 5.7 4.8 4.4
2 54 5.6 4.6 49
253U RE 3 5.6 6.4 4.5 51
melamine resin 4 5.1 6.4 4.1 53
5 5.6 5.2 4.1 5.2
5 5.5 5.9 4.4 5.0
Ave.
1 7.3 6.9 51 55
2 7.9 55 7.8 5.0
=) — VBl 3 15 5.6 8.1 4.7
phenol resin 4 6.1 53 3.4 45
S 5.8 6.0 4.7 4.2
¥
Ave. 6.9 5.9 5.8 4.8
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Table 7 14 Warping of Plywood

EWVARAL a—hvY
P. falcataria E. deglupta
e | MEEE WEER
B | immediatery 1ERBE® 10 AMES  immediaery 1ERINESR 15 AKER
No. after after lweek  after 1month after after lweek  after Imonth
p]l):rwnb 0od | production production
number
(mm) (mm) (mm) (mm) (mm) (mm)
1 1.7 12 13 23 5.1 28
2 15 23 13 21 4.5 1.8
3 1.7 1.7 18 29 2.0 22
4 1.8 36 1.6 3.6 4.5 2.0
5 21 1.2 1.0 32 21 25
6 15 1.0 0.9 3.0 4.1 2.1
7 15 13 0.9 22 1.8 25
8 1.8 1.9 12 4.6 6.6 4.7
9 12 12 0.6 2.7 1.6 1.5
10 22 32 14 32 4.6 2.1
¥ 1.7 1.9 12 3.0 3.7 24
Ave.
XY+ FThY7
G. arborea A. mangium
Atk BOEE S BLEER
No. | immediatery 1:ERME®E 1HAKESR immediatery 1BEMKESR 1 HAKER
plywood after after lweek  after lmonth after after lweek  after 1month
number | production production
(mm) (mm) (mm) (mm) (mm) (mm)
1 25 1.0 0.7 1.7 1.0 0.9
2 23 1.0 1.0 1.6 1.0 13
3 2.0 12 0.8 1.9 12 0.8
4 15 3.0 1.0 2.1 3.0 1.0
S 1.8 0.6 0.8 23 0.6 1.1
6 14 23 0.8 1.8 23 12
7 1.6 1.6 0.7 2.4 1.6 1.1
8 12 19 0.9 1.8 1.9 11
9 13 1.0 0.8 21 1.0 0.6
10 1.8 2.2 13 23 22 1.8
B 1.7 1.6 09 2.0 1.6 1.1
Ave.
3 6
7 14 8
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Table 7 15 Modulus of elasticity

&#No. |ENVYARL  2—AY AN+
plywood P. falcataria  E. deglupta G. arborea
number (tonf/cm?) (tonf/cn?) (tonf/cm?) 5mm
1 56 59 65
5 6mm
2 56 65 70
3 53 69 67
: 3mm
4 55 64 66
5 52 66 64
6 52 60 64
7 49 63 63
71
8 47 62 60
9 51 64 67
10 54 59 68
1 50 63 69
12 53 63 69 73T
13 52 67 67 715
14 52 65 -
15 52 71 —
fiﬁ 53 64 66
Vve. J AS “ ”
7 16
Table 7 16 Poor setting of cement TOton. cm2
HES LN, [ BNV YR L 2—h)) A+
specimen | F falcataria  E. deglupta G. arborea
number (mm) (mm) (mm)
1 0.32 0.02 0.03 2 Omm
2 0.04 0.01 0.05
3 0.04 0.02 0.02
4 0.70 0.01 0.04
5 0.04 0.02 0.03
B 0.23 0.02 0.03
Ave.
7 3 8
7 16 0.3mm 72
5 2 3
5
7 4
4

2mm
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7.5 Abstract

In this section, plywoods were manufactured from 4 species test logs. We evaluated the suitability of 4
species for manufacturing of plywood. It is concluded that 3 species (Paraserianthes falcataria Becker,
Eucalyptus deglupta Bl. and Gmelina arborea L.) are technically suitable for plywood manufacturing but,

Acacia mangium has not so good suitability because of poor peering property.
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