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Species selected for Principal Component Analysis

iy IO AR s (8

L

A,

5 N Ex # e Species selected for P, C,
Spﬁ:;ifzs Common name Botanical name Locality, Case 1Case 2Case EfCase 4iCase 5ICase 6
U by v 20%—2 | Campnosperma Sol, OO0 0000

brevipetiolata ‘ ‘
2 | ZRYITR Spondias sp. NG OO D0
3 7z taT Alstonia sp. NG|l Olo o]0l 0o 0O
4 Yanty Dyera sp. Kal. | OO Ol0O 0O
ST H TR Agathis sp. Kal. O O ‘ O O
6 | Ay Canarium sp. N, G. ; C OO0
7ol Aty T Terminalia sp. NG | O O oo
8  He3iFYT ” NG O | O o O
9 lx 1y Octomeles sumatvang | N.G. | O | O O 70
W vy s Awnisoptera glabra Cam, O @)
IREEREE A S Cotylelobism sp. Kal. 9] O ) C
ERRE A R Y Dipterocarpus sp. Phi, O O ) O
18 | 9 o F el Dipterocarpus alatus | Cam. O | O | O
VL F oa F N | Dipterocarpus Cam. | O o @] O
insularis i
[ O/ VA G4 Dipterocarpus sp. Kal, ‘L O O
16 |y gy " Kal, OO0 O 1010
[ NAN A VA V4 Z Mly. O O O O
8 s o4y w Mly, O O | O O
19 1B B - Dyyobalanops sp. Sab, O O
20 H oA - s Sab, .
21 | e YA Hopea piervei Cam, | O O |
22 | v Shorea albida Swk, D O O l O
23 | vy Koy Shovea negrosensis Phi, O O O ) O :
24 | 54 vrw F | Shorea (Rubroshorea) | Kal. O OO O O
AT VT sp. i
25 | kw4 bASVF ! Shorea (Anthoshoren) | Kal, O O C
| sp.
26 | = Shorea hypochva Cam, O O O
27 | Axu—x5vF | Shorea (Richetivides) | Swk, | O O O O O
Sp. !
28 L NVETA4 Shorea (Shorea) sp. | Kal O O O O
29 N B " Kal, O O G Q
30 805 0w ” Kal O oo
TR AV o Kal, O O O
32 | vy s Vatica sp. Kal. O O O O
33 | maFoT Endospermum NG | O O O O O @]
INAG w ¥ medullosum
34 | RWik A A~ Quercus sp. | Kal. O O O
3 | maem YT VR Nothofagus sp. N. Z Ol o & Q
-
3 | = A ” N.Z O O O o
e
3 1w 5 = Homalium foetidum N, G. O O O O




5 e A : %
Species - Common name Betanical-name alityje oo
No. sase |
701 v Gonystylus bancanus al. ®, O
39 L dw 7o A Calophyllum sp. Sal, O O
40 L H vy Cratoxvion Smit, O
arbovescens
41 oy Eusideroxylon Kal, . O O o
zwaAgert
47 VoW oL T Litses sp. N. G. ] O - ) J '
43 7 futsia sp. N. G.
14 2 Koompassia excelsa | Kal O
= v Parkia strepiocarpe ‘ Cam, O O
46 | RS Y e Psendosindore | Bwk. O o ) O O O
palustvis i
A7 Michelia sp. . Kal. O O
48 Dactylocladus Swk, ) O O @ O O
stenosiachys
4G | A b Artocarpus sp. o Kal O &
50 | A A L b Eucalyptus deglupla N. G, O O -
51 0 A& T w b Fugenia sp. Kal, @)
w Tristania sp. Cam, | O | 0
53 | AT e Ju T N s Dacrydivem elaium Cam, O O
54 0% 7 3 Anihocephalus NGO O O O O
cadamba
BE Lo Powetia pinnata N, G. O @ O O
Falaquium sp. Sol. O D O O
Planchonella sp. N, G - O O
- Ailanthus sp, NG OGO O O O O
59 7o 4 Prevocvmbinm N, . ] o @) O
| beccarii
FIVIEE S S I Tarrietin sp, Kal. O O 9.
3 K% A Aquilarie malaccensis | Kal, ¥ )] O
Celiis sp. N. G. O O O O
Gmelina sp. NGO O O O
Tectona grandis Bma. Oy O
B Total 61 1 49 45 36 28

(Bolomon Islands), M. G. = 7 (Mew Guiner), Kal # 1+ % (Kalimantan),
y (Cambodia), Phi. 7 4 ) ¥ Philippines), Mly. = 7+ (Malaya), Sab. 4% (Sabah),
Swk. ¥ %77 (Sarawak), N.Z = a—~Y~ 3V F (New Zesland), Smi, X7 b 7 (Sumatra), Bma, &

ey (Burma).
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A ¢ Apparent specific gravity in oven dry (g/cm?®), B: Bulk density in green weight and volume (g/
cm?), C: Green moisture content (%), D: Axial shrinkage (%), E: Anisotropy of shrinkage (t/r),
B Shreinkage (1+1) (9), G @ Volumentric shirinkage (%), H : Youne's modulus in bending, parallel to
grain, air dry (= 10%kg/cm?), 1: Modulus of rupture in bending, parailel to grain, air dry (kg/em?),
T Modulas of rapture/Youne's modulus, in bending, parallel fo grain, air dry, K : Compressive strength,
parallel to grain (kg/cm?), L Absorbed energy in impact bending (kgem/cm?), M ! Shearing strength,
radial surface (kg/em?), N Hardness, tangential surface (kg/mm?2), O You modulus in bending,
perpendicular to grain, green (< 10%kg/em?), P Modulus of rupture/Youns’s modulus, ie bending, per-
pendicular to grain, green, Q¢ Interlocked grain (%), R Water absorption, end section (g/24hrs=cm?),
5 Water absorption, tangeutial ssction (g/24hrsecm?), T Fiber length (mm), U Fiber width (o),
V1 Cell wall thickness (1), W a-celluiose content (%), X @ Lignin coutent (%), ¥ © Solubility in ether
(%), Z : Solubility in acelone (%), &7 : Solubility in w-hexan (%), B’ ! Solubility in methancl (%), ¢/
Solubility in hot water (), D' ¥/ 42+ A+ B, B Drying time of 27mm thickness lumber (day), ¥ :
Deformation by drying (grade 1~7), ' Block shear strength, uvrea resin (kg/em®), H @ Catting force
in longitudingl cutting (kg/om), 1V 2 Curing time of unsaturated polyester resin vanish, 20°C (hr)), 7
Weight loss by Coriofus olor (%), K’ : Depth of lathe check (9%, L/ Guality of veneer surface
(grade 1~5), M’ Iirying time of Lrom thickoess veuneer {mum), N’ @ Stacking height of 50 sheet of vensers
of SUcm square {cm), O : Gluing ratio of shear strength of species to that of Red-lavan (Shorea neg-
rosensisy, P Yield of unbleached pulp (%), @ Roe-number, B’ Brightness of unbleached pulp, 8¢
Tear factor of unbleached pulp, T’ ! Bending strength of fiber board (kg/om?).
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Fable 4. ZWoM T i
Eigen value, contribution and cumulative contribution for each component

28]

R 5 O

¥ B 4 Component
Case g
Zy Zy ‘ Z3 4
H i S
#H ! 6,253 1,312 1,019 0, 794
1 & (%)% 56,8 1.9 3.3 7.2
B o%H (G yHse 36. 8 68,8 78,0 85, 2
] H 8,991 1. 465 1. 034 0, 845
2 ® B (%) 59,9 9,8 6,9 5.8
2 ¥ F 5 B (B 59,9 69,7 76,6 82,2
] ] 4,343 2,533 2,135 1,276
3 & i 29,0 16,9 14,2 8
2 29,0 45,8 | &0 68, 6
i i 5, 499 3.013 1,622 1,359
4 e i 34, 4 18, 8 0.1 8,5
% | 34, 4 538, 2 63.3 71.8
t
[ \ 7,046 3,034 1. 648 1,349
5 2 % 39, 1 16,9 9,2 7.5
# ‘ 39.1 | 56,0 i 65, 2 72,6
il | 6. 146 4,203 | 1,863 1,602
|
6 o | 30.7 21,0 1 9.3 8.0
et 30,7 51,7 | 61,1 59,1

* Eigen value
** Contribution
¥ Cumulative contribution
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B,

i L -
U)LLAM (Case 1, Z1-23)
Comparison of properties of high strength species belonged
to the quadrant 1 and to the quadrant IV (Case 1, -2y

| o | o . Tﬁtﬁi?g !{ ‘Eéi‘i?
; g b e E I A A odulus ¢
R . fae g F g g i ’ {
Q’i‘;dw i i zﬁﬁig%frof;izLéf Volumety Degree of rupture in
vant Species shrinkaye shrinkage deformation | bending parallel
) a8 (% by drying to grain
(kg cm?)
E S 11 1.83 17,78 7 1,517
i g oAV 17 1.82 21,80 [¢] 1,383
P 18 164 19, 25 6 1,345
[T} B 52 1.33 20,10 3 2,240
SE ¥y Average 1,66 ‘ 19,73 ; 5,5 1,621
9 A A 4 21 2,65 14,42 2
EA T v} 30 2.56 14,39 2
v o 31 1,97 6,41 3 , 761
VR, | 1,94 17,03 2 1,561
v 7 A 37 1.69 15,14 1 1,411
gy 41 1,84 12,54 ] 1886
S Average | 2.11 14,99 .8 1,645
T B S e ! oo "7
Average of 61 species | 2.06 18,17 | g 1,029




VG

b 2 D HL Y,

T8

i, IV R

VY

VBT v
P
G
B s

-3

1A 46% Pl d
WIVE

A WY A (44), v T e (82), Tveud (59), FI 4 v (60,

Sl 6

e S, s

TS RN (1), THFR(E), Tvetuad (B9), 74 Y F (63),

I e § & R TP A ,

b fﬁ,

Kz éj Frdnds l; s

- LT E

2 S

G5,

W Fig, 3-3




(High strength)
(Low strength)

(Low durability)
64

¢ (Large deformation
by drymg)

e HTEA PR A * oy
mrga deformation sk ae
by drying 32, 81

# ok (Large shrinkage)
/ * 37, 38, 40

A w99, 44

G
f ERT R
A

%R (See Fig. 3)

Fig. 3-4 Zp-Zy 8o+ 2 (Case 1)
Scatter diagram of wood species for Zi~Zp plane (Case 1),

ARG DI im b &7, BNZRUABEE S v — 7 s P N AL LT, wvzab=7 (3), ¥

2V by (4), 4=32FYT (7)), YV a7 (42), Ra—ng 3,nn B3, 725 (6B3) bHb,

Fh AvEdd 7 (3L, T a—P—F v F—F (35) 13 E
- UTHAT 2B 60 Lok

OHBES 2 0 TR0 B 0O

BATRAIT B ipd 6

Ve VG E T A, Fig. 3-1

FETT 12BN S - & S RO
EREE S U

Case 1 T Zi-Zs BT DINTOR SPELT o To R

&y Zi-Zy Tk

LTnds LiaL, I
VIH?:UCA’AQ/ L’/Jli’

BT 5 ok
T X

AT PRSI KA L 7

(2) Case 2 [LDOVTOHHWEREL L UEE

Case 2 DEA1E, Table 3127 VT T - e b DT H ABHS, Case 1 T|O L0
S GEEHE A, FEREEo

IV DR IB S

B v —, g AW

SOOFVEAN, $i Case 1 TH 2

AN LT 145 S O etk o4

i+ Table 2 Lz 48
MR TH B,
Case 2 10BN,

BRI S W
BEOETH L, Table 910 Case 2 THLY 13 75

w413 Table 4
SSEN

R U 4 ERS T

REWO T,




Table 8. Case 2 0t 2

S

H 118,

1 Q36, &

ks e Ch 2 ) Lo

, Table 10 104

i

FL TR S48 70 - 7

FEPEAE D]

TN Dy 8

VTN,

Lz Component score

g1, M2




|
-3
S
i

Table 10. Case 210 B ¥ 2 8 ¥ E B o 8 8

Correlation matrix of variables in Case 2

% E A H K | L I M N | J ¢ ®B |G H 1'|F|E

E  —0.207)—0, 162—0. 131/~ 0, 089]-0, 171|~0, 1950, 203i—0, 066 0. 107] 0.057—0.153/—0.010, 0,035 ~0. 134 1.000

i1 0.727) 0.702 0.666/ 0,362 0,651 0,533 0,466—0,210—0, 339 0.529 0.493 0,471 0.108 1,000

1’ 0,121—0.047, 0.0170 0,023 0,012 0,091 0,013}—0.312—0, 0671 0, 268—0, 064/—0, 125 1,000
i #® H 0.577, 0.540, 0.5500 0,590 0.833 0,623 0.516—0,270i—0, 4911 0,523 0.565 1.0007 7 7
s HOGRM, =97 G’ 0.731 0.716 0.746) 0.669 0,793 0,778 0.794/—0.301—0.503 0.558 1,000
oK B ORED jold 0.794) 0.616/ 0.7150 0.682 0,709 0.633 O©.636—0.567—0,559 1,000
ml e AR C 0. 665—0,593—0, 663—0, 611i—0, 684/~0, 615{—0, 6441 0.551 1,000 S
WO s ar) I/ =0, 430~0, 3040, 368/—0, 400l—0, 397|—0, 364|—0. 378, 1,000 - b4
7 7z & (HBED N 0.873 0,778 0,859 0.775 0.889 0.7%7 1.0000 éé
A N % GFEE) M 0,861 0,782 0.845 0,770 (.87 1,000 =
X o (RE, W) 0.930 0.963 0.835 1,000

i
BRI = R v — I
HAE RS on GiEAED K 0,935
YV EHEE N e
S, ) H G, 862
o | A 1,000

[




gy CRE - AR — 7h -

kv (Case 2)

variable in Case 2

i

4ok 4y Component

| 3,000~ 0,107
— 0,244 | - 0,156 | — 0,041
- 0, 344 0,790

Q230 — 0,054 —~ 0,113

0,302 1 — 0.146 ; — 0,008

- 0,078 | —

----- 0.066 | ~ 0,004
|- 0,010 0.078
|- 0,082 | — 0,082

oy (Zy, Zg, Zg) &P

Relation between principal componeat (Zy, Z,, Z3) and
loading factor (Case

2).

DT LT
g Case 1 & Case 27
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PR RALHOT, PO Ll s Uik Table 3 0iRd XD, &
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i, SMBERKET A ES XU v, T o A N— R FOBLS S A0 DS IS S
T, SEWTISHHETH L. SR, WO LB Table 2 WRLZ 5 TH L, Case 3 10k
FAEELERSPOE 4 PP ETOF 0D, AT AT - 72
6D OAFTFE » L BENEARL TS,

Table 12 C&IFIEET &2, WD L 45 MOV Sl s LR
MBI R,

BEELMTY v IR B L (THR), WLy v 7B o BBER SO, £ ofl
OB <, BHITHRDERE, AR O BBy, i i B A SR O MBI IR IR O,

15 BVEEDH 1~ 3 BRI 4 AA N2 bovd Table 1417, Fig. 6 1H 1, 42 Flkodds
RS A RO W T AT BEE R T, B 1 B IR S SRR A
B p &, FEWE, MUY S EE IR (THR) 840, ohd sEMoEBiEd, 74
A - FOMIRE, RSB ROEMEES NI D SN T b, 2 ERSIE L TRED S
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D& UTARMOM R IC G 38, Fo
7248, Case 2 10kt B2 R IR E
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{3 Table 4 R4

"
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£, Table 13 A MEEM

Table 12, Case 3 KB 2 HHHEOTFAE S L OBHEER
Mean value and standard deviation for each variable in Case 3

ke s Y : E ST Jird Wiy

% Varlif;b'le i Medrf vﬁ?le é?;iﬁi?gg
K OB E A 0.60 | 0.20
W o % (T+R) i 13, 51 3.52
Yo U EBREE (&, D H 129.8 42.5

e N 1,63 0, 85

4 E O U 31,4 10,7
W oMo g v 8. 46 2,49
- b T A A W 46,0 5.7
yyr=v X 29.6 3,9
b 2 Y 1.03 1,48
A ol B LoD’ 6.77 4,67
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Kol s s .8’ 134 28
T A o8 Gy T ) 8920 100, 3
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Table 14. #F T d B~ by (Case 3)
Eigen vector for each variable in Case 3

¥ i Pk 4y Component
NEERE

LA 0.452 0.087 | — 0,130

% (T+R) ¥ 0, 309 0,081 1 — 0,448

G H 0,409 | 0,100 | — 0.25

T — 0,120 1 0,491 - 0,025

U ~ 0,303 0.308 | — 0,039

A% 0,228 0,401 | — 0,211

W 0,039 0.148 | — 0,324

X 0,120 0,221 0,362

Y 0,298 | - 0.143 0,123

D’ 0 - 0,189 0,292

B’ -0 0,028 | — 0.386

0w E i Q7 0 0. 350 0,335

f»’ﬂ /L; i RS -0l - 0,329 1 —~ 0, 207

" s 57 — 0,101 0, 356 0. 109

T — 0,298 0,033 | — 0,143

of /

Fig. 6 Fksr (Zy, 2y, Zs) SR ;
Relation between principal voxnpongnt (Z, Z 2, Za) and
loading factor (Case 3).

I std 552 Table 3 18R Y.
Symbol for variable was shown in Table 3.

BRI oA, 3L

Fig. 7-1, Fig. 7-2 Iy |

B 3 ERAMICK LT oy b L, ST BIOY v A4 = R P, BT A E
v Tl EADT 4 N A b DERNT . AT Okk

LT, S BRI AR S 7 OB 48T LU, 7 v A4 ri—H— | 1% 78.6% LI N OBG %
FHAENEED 7 v — 7 AEEN 1.0 LR, v~z 6 L Lo =R

AR E LTS L, QoS TV DNTDOETH D 7 7 - PO i



25
¢85, 4.25)

A
179, 294)

o e
e 1~ s
</\
s ~ 7 v f A = y
% /Loiv» o ! (Low bhending strength of

:a/ of puls 4 CZ\ Py s fiber board)

Bl s ' § G, riding - strength B4 49

. LT % . of fiber board L, o B

4 e s 16, 42
3 5 oo A
2 : A

5 Low
] 85
o
ot .
€3
[s]
Fig, 7-1

gh
number
/ .

-1/

(Low vighl of fiber board)
* 39, 41, 51

{(Low  brightness
old 29, 38, 41, 46, 50
yield " :
fiber board ;

Scatter diagram of wood

-
w
&
"
2
»

Case 3)

Zy plane (€

I

ig, 72 Ey-dg
tter diagram of woord

R
yield

BRIV
i

(Low vield of pulp)

. * 12, 59, 49, 56

VIS S (Low pulp yield)

[BE

o (Low

of pul'p')

1,05 07 8 08, 15 17

brightness

TR
for -7y plane (Case 3).



W 4 0T 300 kegfem? BUR O Hoem FEREDMEL 70— TIZA L2

Dy Zy WO LTSRS 7 0w F LA, THF2 (5) BEUY Y v (A1) o 2 s, &bk
SRR AEIC vy P &, Z-Zp ST ABGICE Y U Y WD oflie, B+ U v s (8)
AR BB TN D .

Fig. 7-1 kT, #

Gy BEF IR R AR LIcDiE 7 9 4 28~ FOBESIC DT %I 123

&TC, 77 A4S PO ORGSR R I 1 Rl S VRSO TAR LT G, T
T, g4y (168, V¥ vy (B, FurAA -~ (34 DT v AR FOMTREE

VRO DH LT, LDV~ TIHENTND, UL, SHEMY 4 XOBAT, 44 JUBETT -

TR TBELTHELLE, INOOMEA—ELTEALTHRSERMECELE SN EDEEL LN
Lo Tk, REMSRE TR oy FENRTAY ) v (1) O RE EoRE iy

DIvsM, Fadr (15, 17, 18) $HMDTHLLE, 7 5 A ¥~ F— FOilf

) AN S SIS S X ) IKBL S,

2 IpfRie
Yo FIfARE
DT =T 5 EdL
DRSSO EL, 2F0THFR (B), £4—3F YT (7)), 59 (29, Hhuv s 39, ¥
v (4L, T a—t (46), H AL (50) BOHEERARTEAR G 5Y

GENTHELY, BV vary B ODEAEBIFTHLN, HHAECR]

ViR Lte & 9Dk
=T EN, LI NTORRICh-TED, WY
FROBMIONTS, 1, PHRRICHEEDOR

DRI

g

S o & D

%o
FOAh, ez, ooV TROE, LT O i
o
B Case 3 1B 5

k7w b LR, Zo-Zg OB G
B s K adviEdnh “Hetie Linb, 172y
HMOBGICELTDARIEh oo — 2, 774 vt—#— NI, X433
HHBETCH YARYAR | R AR A S MY k-

EAEL LRI, BHEKSOBENSH5 L,
LK ORE S JURSEN & & 5% 0 RIS HEREREN T
(4) Case 4 LV TORATHERELUEE
Case 4 7% Table 3 T4 L 512, AB o BN
REBEOMTAE BT 5 &, DB S84
KM O EBRE A B B 4R, B B A4

b R TR Table 2 100k
RBROE 4 ERETTOR
Case 4 12 B WTHE Y 172 54 K8
(A

AT o Fo T DAL

-ge )

AR O TR TT - T

TiE Case 1~Case 8§ ThA LN LDIT,

AL, BURMIMEE TR b vEIRE, A F S —dl

ENMERELNTO D, R EEROR
DOMBAMHIL DL, FNE0 0,892, 0.699




DHETRT

b 0,440 T

DB & D TS,

Py (22

1, W2, W3RN

Mo s ML, W

WL G S AL component score

Hofilds Fig. 9-1 (Z-Zy), Fig, 9-2 (Zp-Zy), Fig. §-3 (Zy-Zp) 10

FTable 15, Case 4 (12

Mean value and standard deviation for each variable in Ca

Koo g | ¥ 1 i
! Mean value |

Standard
deviation

G, 64

2,08 0,39
3. 53
41,2




[
w
3

Table 18,

Correlation matrix of variables in Case 4

=] I

5 o I
[ —
- & 5
[ . .

86i-C, 1851-0, 187

@
o0
[ [
o s N
(I
T
uwy o
= N O
[ S Y
i i T
ot = 78]
o 4
- it =
o . .
< < <
T T i
el O (so]
o I~ et
» & m o
A
R S
[ e
@ o
(i EI
<
o] L3
I~ iig)
— o
oo o
g L
S
i <
o
< =
(S d d d d Jd d g o d o o -
1 i i
<t o B~ N [o 8 N < W <t [o )} [ [] [ %)
2 o o < ~f O (.\‘) o e8] [l [ee] jrel o D @
€3] D e e ™ NI T - TS TS TS S A < B
' o S o o 8 d o 3 3 o d d Jd g g
T i i 7
~ o N ‘ . g -
Qo om ™ o D e e o [

L T

~

[N

&~z T —




Table 17. bov (Case 43

Eigen value for each variable in Case 4

ik 4y Component

ok i
Yariable

(T/R) B -
(T+R) ¥

X 0,072 — 0.08] 0,253

524

P

7

)

~

Relation between principal component (Zy, 7y, £3) and
foading factor (Case 43,

BAEHEHIC 5 5

Table 3 i

Symbel for variable was shown in Table 3
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Table 18. Case 5 28175

Standard
deviation

0. 28

30,3
"o
4

O 09
0,39
> G4
25,4
[N o8
0,03
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Table 20. Case 512 & 1+ %
Correlation matrix of

3ny p .,rk /lﬁ
Variable

1
]MEL N Q

P
e

n #

D)

~d

ok
BB WL oy
HANRE LB
o/B (L, Righ)

), 239 —0, 368 -0, 284 —0, 201 —0.276 —0.240

-0.158 —0.

L6790 0,465 0,795 0,662
L3877, 0,055 0
-0,004 0,314 0,21

JB160 0,874 0,913 0,739
0.764 0.223 0

L, 783 0,471 1

L0013 1000

YV OEME G, B 000
B OB @
Table 21. Case 6 |7 8B I} 4
Correlation matrix of
woow m 3 |
’ Variable " ‘ ‘ R ! 5 ‘ H L
R ] | 0,647 —0, 119 0. 20 o 0. 658
) ; 0.1 069 0,126 © 0, 005
0. 0220 —0.252) 0 0. 060
0. 290, 0.368 © 0.102
—0. 4440 0,574 —0 0, 057
-0, 0. 087} —0, 029l 0. 0. 041
; 0. L3070 —0,059  0.¢ 0. 634
3@[}][}‘]/}@1&%{5‘2{4 0, 175 0,220 -0, 0. 161
"éf, : 0. L1387 0,365 0.1 0,129
0. . 473 —0.603 0.3 0.363
0, L4730 0,842 0.2 0. 391
0. 0,169 —0, 286 O, 0. 209
0. 004l —0, 346) O 0.636
T 1 A o2 2R b e .010, —0. 349 0, 1.000
HAMTRE GEBEED -0,030{ 0,394 0.622 0.528 1,000
ofE (E8, M) L2389 —0, 411] —0,
Y SRR (B, b L 026) -0, 257t 1,000
Wk B

%ok
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variables in Case 5

B 0 P | D G D M N K | L 0’

-0, —0, 011 0,514, ~0, 147, —0.157 1. 000
~0. ~0, 184 ~0, 422

0,132 0,211
Q0C[

0, 2000 0,272 0,299

—0,086 0,502 1 ooo;‘"’ T
0. 168 Looo T
1, 000" o
i

o fE M oo 4 3

variables in Case 6

N’ K’ % L’ O’

0,425 0,463 0,335 0,196 0,477; 0,033 0, Oé?‘ 0, 3320, 24(3?«0. 0671 1,000
0, 3400, 167 0,043 0,160 0, 140:—0.092] O, 2141E 0,298 0. OSA}i Locor T
V0, 436 0, 2640, 300{-0, 394 —0, 149 -0, 15 0, 5340, 328 " T
0,371)--0, 201 0,367, 0.567, 0.283 0,254 0.245 1,000
0,779--0,455 0,005 0,268 0,239 0,131 1,000
~0, 0280, 118 0,154 0,099 0, 06 1,000
0,569 0,002 o

0. 336|~0, 196

0, 13510, 102
T B

T
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(5) Case 5, Case 6 LSV TORWERL LSRR
Case 5 B LT Case 6 T, 1S TR DR THC LA HINE LbDTH
Lo WY Rvf UETRIC AT koM,

N Case 6 T3 Case 5 TIRD Evf i SRS IC Bukik B O Bk
HMA Tz q
Case 5 B .10 Case 6 1T A &4 AR Y |

18, Table 19 IKiRY . TS, WD Lol
6 TlL 28
BTtz L TN S,

Table 20, Table 21 1, Case 5 78 Case 6 THY | 18 s TN 20 H i o MR
RO BT IE Case 1~Case 3 ThA LN LT, &
UAF i f%@fr’xmﬂ} LAL5 A3, Case 6121085 LT Case v, ORI R A0
HAEO M, BB &R B GO ERN T 0. 60,8, RUR OB & A ZRORR 7 0. 705 (Case
5), 0.779 (Case 6) & 2-0WNEAFTRIZNE, BRI (& ldss, B, mmd Oy
M, B OD) LbOBSHEMOMBEITE <, R8s, 4
DM OB RIS/ E D,

Table 22, Table 23 2 h 274 Case 5, Case 6 1TBINT, 71 ~8 § BEAFIC ST B KA O
DEF ZyZy, Zy~Zy

1 Table 1 105k,

R DR DL

(g, Case 6 10 BT AH

2%

oy povk, Fig. 10, Fig, 11 2+ nFno Case [KBWOT, &S

Table 22, VIS AEHE~2 v (Case 5)

Eigen vector for each variable in Case 5

g W i ' F % 4 Component
Variable | ! A i 3

A 0,368 | ~ 0,006 | — 0,018

B 0.178 0,401 | — 0,164

; D - 0.039 0. 334 0. 421
.q;(mggjjg{ (T/R) E |- 0, 103 0., 144 0,117
OB IR G 0. 260 0,237 | — 0.098
Y7 4’“‘*%11@) H 0.327 | 0.060 | — 0,106
ofE (&R, HERD J 0.145 | — 0,283 0,271
R IR = AL L 0,313 0,023 0,008
A MR & M 0.356 | - 0. 007 0,182
N 0,355 | — 0,026 0. 037

O 0,321 | -~ 0,188 | = 0, 058

P — 0,132 0, 201 0, 422

C 0.056 | — 0,092 G, 563

K’ 0,060 | - 0,380 0.043

L’ 0,181 0.141 | — 0,059

M’ - 0,087 0,423 — 0. 270

N’ 0, 086 0. 369 0. 291

O’ 0,817 0. 053 0. 071
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SPITIC & A

Table 25 Case 6 (o

Eigen vector for each variable in Case 6

JoE% 9y Component

L

Variable

Fig. 10 EIRkGr (£y, Zo, 2o ST bR (Case 5)

Relation between principal component (7, Zp, Z3) and
loading factor (Case 5)

% i iz Table 2 12
Bymbel for variable was shown ta Table 3.

o
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‘. Fig, 11 ks : :
Relation b(,twecn prmcmal Lomponcmt (Zl, L{ 2 Zg) zmd
loading factor (Case 6).

IO 280802 Table 3 10RY
Symbol for variahle was shown in Table 3.

LT oy + LinbOERRd,
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¥ v v R
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BRIET 54

Case 5 B XU Case 6 W2T, D RSz £
(Zo) FMNC LT 7wy b L, BAWNIE,
Fig. 12, Fig. 13 1R, HEBEUIMEE LT s @320 L od
RO B & USRS LR
DA ETT - 120 RAWELT oL, Case T

[ A

Hrovye Fo vkl
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Table 24. &

5 #: (Case 1~Case §)

X

&
Result of the posezbﬁxtv for grouping of species =
(
Case | Case 7 Case 3 E {mse 4 Case 5 Case 6
: } I i ; P i} S
Eyiy | ZyZy | £y ; ZyLy ? B2y | ZZy Ey-Zy | ZyZs | Zidy | Iy
i i R | ;
ks B (For solid wood)
B 8 (High strength) - C G AN AN
(Low strength) O O O o O O
i
¥ AN I} I A e y A
/Large dcf@rmaﬁon collapse by drying) - ~ - ~ /
(Long drying time) @] @ O I O O
(Low gluability) O G O @
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Grouping of Tropical Woods in Accordance with the

Utilization by Principal Component Analysis

Sadaaki Oura™ and Nobuyuki Kwvosuira®™

Summary

In this present report, the authors intended to apply the Principal Component Analysis
(P, C. A) as a method for a more accurate estimation and for a classification of tropical woods
related to the different end use requirements. At the same time, the accuracy of grouping of
species depending on wood quality and the extent of information were examined in application
of P.C, A, It is convenient for prediction of the utilization of unused tropical woods for in-
dustrial purposes that the weods be classified into some group, graphically.

During the last ten years, the investigations of fundamental characteristics and applied
researches for wood industry have been carried out on tropical woods. In the above investiga-
tions at the Wood Technology Division and the Forest Products Chemistry Division (Govern-~
ment Forest Experiment Station, Japan), 195 variables were examined for 67 species (27 families,
47 genera), and the species were ranked from I to V in accordance with the value of charac-
teristics, Among 195 variables, 46 variables were chosen in accordance with the subject of
this study, and P. C. A. was carried out on six cases. The species chosen in each case were
shown in Table 2 and variables selected were shown in Table 3. Relative frequency of specific
gravity for species chosen in each case was shown in Fig. 1. Generally, the species with low
specific gravity showed high frequency with the exception of case 1 and case 4.

The purpose of case 1 analysis was to obtain the grouping of species for solid weod, ply-
wood, and pulp, The variables in relation to wood mechanical properties, wood deformation,
wood drying properties and wood durability were selected. The purpose of case 2 analysis
was similar to that of case 1, but the variables were somewhat different from case 1. In case
2, the variables such as compressive strength, shearing strength and abserbed energy in impact
bending associated with the wood mechanical properties, and the variable associated with wood
deformation, such as shrinkage (T + R), and wood gluing, curing time in painting were added
to the variables in case 1. The purpose of case 3 was to obtain the grouping of species for
pulping mainly, and the variables in relation to fundamental characteristics, anatomical pro-
perties (fiber structure), solubility of wood, wood chemical composition and guality of pulp
were selected, In case 4, the purpose was to obtain the grouping of species for solid wood,
pulp and fiber board. The variables of fundamental properties of wood (mechanical, chemical
and anatomical properties) were selected., The purpose of case 5 and case 6 was to obtain
the grouping of species which were suitable for plywood manufacture, The variables related
to the basic properties of wood and to the properties of veneer peeling, drying and gluing
were selected, In case 6, the variables related to water absorption were added to the variab-
les In case 5,

Because the unit was different in each variable, the analysis was based on the correlation
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matrix that was shown in Tables 6, 10, 13, 16, 20 and 21, The calculated eigen vector was

shown in Tables 7, 11, 14, 17, 22 and 23 for case 1 to case 8, respectively. The result of eigen
valae, contribution and cumulative contribution for the first to the fourth principal component
were shown In Table 4. The loading factor plotted for the first (Zy) and the second (Zg)
principal component or the first (Zy) and the third (Z3) principal component were shown in
Figs., 2, 4, 6, 8, 10 and 11 for sach case, respectively.

Grouping of species for solid wood, plywood, pulp, and fiber hoard was conducted by the
following criterions,

For solid wood :

Group of high strength species : higher than 1,331 kg/cm? of modulus of rupture in static
bending, parallel to grain. Group of low strength specles @ lower than 600 kg/em?® of modulus

of rupture in static bending, parallel to grain, Group of large shrinkage species : larger than

9.99% in tangential, 5.1% in radial direction, from green to oven-dry. Group of species requir-

ing long drying time : longer than 156 days, 27 mm thick lumber by suitable schedule with

internal fan type dry kiln, Group of species with large drying deformation : larger than the
grade IV, where the species were classified from grade I (very small deformation) to grade
VII (very large deformation). Group of low gluability species : lower than 110 kg/cm? in block
shear strength, wrea resin adhesives. Group of low durability species: larger than 13% in
weight loss, Coriolus versivolor, JIS 7 2119-1958,

For plywood :

Group of low guality venser surface species : larger than the grade of 1V, where the
species were classified from grade I (high quality) to grade V (low quality)., Group of deep
lathe check species : larger than 46% in ratio of lathe check depth to veneer thickness in per-
cent,  Group of species requiring long time In veneer drying : longer than 6.8 min, of 1 mm
thick veneer at 140°C temperature, Group of species large warp of veneer : higher than 159
cm in stacking height of 50 sheets dried veneer of 30 cm square. Group of low gluing veneer
species ; lower than 113 in ratio of shear strength fo that of Red lauan (Shorea negrosensis),

For pulp:

Group of high pulp yield species: higher than 45% in vield of unbleached kraft pulp,
Group of high Roe-number species : higher than 5.6 in Tappl standard T 202 os —61. Group
of low brightness (post color number) species : lower than 19.0 in unbleached pulp, defined by
Gierty, Svensk Papperstidn, 48, 317, 1945,  Group of conspicuous pitch trouble species : larger
than grade IV, where the species were classified from grade I (not conspicuous) to grade V
(conspicuous).

For fiber board :

Group of low fiber board yield species @ lower than 78.6% in asplund proce

Group of low fiber board bending strength species : lower than 300 kg/cm? in non-sized
fiber board.

The results were summarized as follows:

(1) Among six cases in this report, the highest value of cumulative contribution (from
the first to the third principal component) was obtained in case 1 (78.0%). The cumulative
contribution of case 2 (76.6%) was almost equal to that of case 1. In cases 8, 4, 5 and 6,
values of cumulative contribution were given lower (approx, 60%) than case 1 and case 2. In
those cases, the value of contribution for the first principal component was given at very low

level (about 309 to 40%), but the value of contribution for the second principal component
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was higher than the values in case 1 and case 2,

(2) Considering the characteristics of principal component (Zy, Zg Z3) in each case by
the loading factor shown in Figs, 2, 4, 6, 8, 10-and 11, it was apparent that the wood strength
properties such as specific gravity, Youve’s modulus, modulus of rupture in bending and so
forth would influence the first principal component with the exception of case 3. In case 3,
as the variables affected the first principal component largely, specific gravity, Youne's modulus
in bending, shrinkage (T -+ R), bending strength of fiber board and solubility content of wood
were given. It might be difficult to explain the characteristics of the first principal component
by the above variables.

The characteristics of the second principal component were different in each case. The
variables which affected the second principal component in case 1 were anisotropy of shrinkage
{T + R), volumetric shrinkage and deformation of lumber in kiln drying. These variables
were considered to he related to the properties of wood deformation. In case 2, anisotropy of
shrinkage, curing time in painting and durability had a large effect on the second principal
component. It was difficult to clarify the characteristics of the second principal component
(#3) by the above variables, In case 3, the influence of fiber structure and variables related
to pulping appeared largely on Zg. In case 4, Zp seemed to be affected by the solubility con-
tents of wood, Almost similar variables were selected in case 5 and case 6, Although, it was
difficult to explain the characteristic of Zy in case 5, Zy in case § seemed to be affected by the
properties concerning the moisture content of wood.

With the exception of case 4, the characteristics of the third principal component could
not be distinguished. In case 4, the third principal component was considered to be affected
hy wood cell structure,

(3) Figs. 3,5,7,9, 12 and 13 showed the results that the component scove of species
examined were plotted for the first (¥y) and the second (Zy) principal component or the first
(7)) and the third (Zg) principal component, and the grouping of species which had almost
the same properties for factors, such as strength, drying properties, durability or the like by
the criterions described hefore,

Considering the grouping of species in case 1, the group of species belonging to high
strength group was made in the guadrant I and IV, as an individual group. When the pro-
perties of species belonging to the above two groups were compared with one another, aniso-
tropy of shrinkage was higher in species belonging to the guadrant IV than to the quadrant
1, but volumetric shrinkage and deformation by drying were higher in the quadrant T than
in the quadrant IV, as shown in Table 8. Especially, the difference of properties between the
species belonging to the quadrant 1 and to the guadrant IV was evident in the deformation
by drying. It was evident from Fig. 3-1 that the species belonging to the low strength group
showed the low durability and low gluing. In general, the grouping of species for each factor
concerned to the soild wood seemed to be possible pretty well, But, the following species which
should be included in the group were not included, namely (38) (species No. shown in Table
3) for high streagth group, (10), (18), (50) for low gluing group, (1), (19) for large deforma-
tion group, (35), (38), (64) for low durability group.

The results of grouping of species for plywood and for pulp were shown in Fig. 32 and
Fig. 3-3 respectively, Comparing to the grouping of species for solid wood, the accuracy of
grouping for plywood and pulp was given at low level, In this case, in spite of deep lathe
chack of (7), (8), (44), (B2, (69), (60) and (B4), low quality of veneer surface of (1), (6},



(59), (63) and (64), low pulp vield of (33, (4), (73, (42), (63) and (63), these species were not

included in each group. On the other ham;'l, 7 (4"’) and (68) were included in the group in

spite of small warp of vencer. Grouping of %px.(; es which would require the longer drying

time of veneer was not difficult in case I Fig, 3-4 showed the grouping for Zy—7%y plane of
case 1. The accuracy of grouping for solid wood seemed to be nearly egual to the accuracy
in Zy—"e.

In case 2, the accuracy of grouping of species seemed to be higher than in case 1, The

considered to be small,

l\

difference of the grouping accuracy hetween case 1 a

1 species

because the species :;m:lyzed were fewer in case 2 (49 3y than in case 1 (¢

factors related to the pulpiog such

It was difficult to make a group of species for son

as Roe-number, pulp yield and tear strength of unbleached pulp in principal component %y — 2y,

but it became possible 1o some extent in principal component 4y %y, in case 3, n i group-
t Ay

The authors

plane, the accuracy of grouping was fairly low.

sitermnpted to group the species for solid wood, pulp and fiber board

uracy of grouping for dry

g time, deformation by drying, durability and g

was nearly equal to that in case 1. The extent of distribution of species grouped in high and

fow strength groups became wider than that of distribution in case | ¢ In case 4,

the extent of distribution of species grouped by the factors related to Imlpm wers

for

the accuracy bhecame very low, Although the grouping of speci

groupir

in painting and pitch trouble was attempted, it was di to make a group, \’\/in n the

compared in Zy—%y and in ©; 7, the

distribution range and the accuracy of grouping we

result in the former seemed to be better than that in the latter,

fn case 5 and case 6, the grouping of species for plywood was attempted,  In case 8, it

For other fac

wag difficalt to group the species which showed the deep lathe ors

tedd to plywoad such as veneer surface quality, drying ti

species were grouped as shown in Fig. 12 sod Fig. 13 for case b and case §, res

acouracy of grouping were low in both oz

Table 25 showed the lts of component score calculated by equation 4 for

gravity

(specific g v, Youne's modulus in bending, modulus of rupture in bending, green molsture
content, anisotropy of shrinkage, volumetric shrinkage and deformation of wood by dryving)
chosen from 11 variables in case L. The variables chesen showed higher value of eigen vector
than that of other variables for the first and the second prim:ipml component, When the com-
ponent score calewlated by 11 variables and 7 variables weve compared, the difference of com-
ponent score was not particularly large. From these results, it would be possible to estimate

the utilization of unused tropical woods to some extent to obtain the value of seven variables

thent,
As a conclusion for the grouping of species, it seemed to be possible to group the species
)

for solid wood by case 1 and case 2 most exactly, in thiz report.  As for the groupir

spec for plywood, pulp and fiber board, the accuracy of grouping was low in every case.

However, it was cansidered to be possible to group the species for plywood by case 1 and 5,

tor pulp and fiber board by case 3 to some extent.






