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(4F#31E 1. 5~2. 1mm). nual ring of Akamatsu wood (AR=2.1~2.5
mm).

Variation of structural factors within an an-
nual ring of Hinoki wood(AR=1.5~2, 1mm).
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Variation of structural factors within an an-
nual ring of Yachidamo wood (AR=2,6~3.7
mm).
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mi),

Variation of structural factors of Red lauan.
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Table 1. REEEPRFIH  BAHBARE D S48
Averages of correlation coefficients between structural factors
®om | S BLHT B KR B o R T
Range | Ranking of mean correlation coeficients
NH %3 (Momi) 0.838, 7# <> (Akamatsu) 0.837, t / #+ (Hinoki)
>0.80 0.812
LH ¢4 v (Shioji) 0.805
NH ZF (Sugi) 0.788, v # (Tsuga) 0.779, =V = (Ezomatsu) 0. 754,
71 (Kaya) 0.750, ks~ (Hiba) 0.743, t x z2<>» (Himekomatsu)
0. 700,79 0.740, P+ F=y (Todomatsu) 0.738, 35X (Shirabe) 0.711
> : LH  %=77 (Yamaguwa) 0.722, =% ¥,5 (Makanba) 0.717, 7 2 ) &
(Kusunoki) 0.714, »~v=1 (Harunire) 0.708, I X+ 5 (Mizunara)
| 0.704
NH e (Tohi) 0.610
0. 60~0. 69 LH £ (Sen) 0.687, ++ / # (Shinancki) 0.674, 7+ (Buna) 0. 670,
' T 744 (Asada) 0.638, #'v 5 (Katsura) 0.632, ¥ F &% (Yachida-
mo) 0,625
0. 50-0. 59 NH #+175 (Sawara) 0.517
' ’ LH A2 HhET (Itayakaede) 0. 596, ’,T'ﬁ”:\’— (Keyakl) 0.582
| LH Y (Kiri) 0.478, I/ + (Tochinoki) 0,403, %~/ (Teak) 0.287,
kA / F (Honoki) 0.268, < +#=— (Mahogany) 0.254, L v F3
<0. 49 7 v (Red lauan) 0.227, 7 v F v (Apitong) 0.227, 7 #H v (Aka-

|

gashi) 0.226, x7 4 b2 5 v F (White meranti) 0.182, A4 nvF v
b (Walnut) 0.170
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() of structural factors and that of struc-

N RIS BEB R Fig. 19 o k5 iz kb tural factors vs. U.
Table 2. FEFEHCHL & TR & O BUEB DT
Averages of correlation coefficient of each structural
factor vs, abrasive resistance
Woom | I N R R 0 g
Range Ranking of mean correlation coefficients
NH ZF (Sugi) 0.862, Th= fAkamat‘su) .858, 1 /4 (Hinoki)
0.850, #+ (Kaya) 0.846, k A =< (Himekomatsu) 0,842, =/
> 0.8 < (Ezomatsu) 0,831, 5~ (Shirabe) 0.819, I F=> (Todo-
matsu) 0.809, &3 (Momi) 0.802
LH >4 ¥ (Shioji) 0.863, 7 &/ & (Kusunok1) 0. 838
NH v 4 (Tsuga) 0.769, b3 (Hlba) 0.726
0.70~-0.79 LH Y727 (Yamaguwa) 0.794, & (Sen) 0.760, 7+ (Buna) 0.750,
| <7 o8 (Makanba) 0.741, 7+ & (Keyaki) 0,733
| NH #1735 (Sawara) 0.667
Y52 a ). 693, 744 (Asada) 0.689, I XF 5 (Mi-
0. 600, 69 LH 7 2% (Yachidamo) 0 , T4 (Asada) 0.689, . + 5 ((Ml
zunara) 0, 681, /j / #% (Shinanoki) 0.638, s~ =1 (Harunire)
0.635, 4 2+¥ x5 (Itayakaede) 0.631
k |
| NH bk (Tohi) 0,571
0. 50~~0., 59 | . . .
LH 71 5 (Katsura) 0.599, =+ (K1r1) 0. 591
LH b F /4 (Tochinoki) 0.496, F— 7 (Teak) 0.445, 7 &} v (Api-
tong) 0.274, 7 HH v (Akagashi) 0,238, L v F3 7 v (Red lauan)

<0. 499 0.238, “ANF v b
ranti) 0.206, kA ./ F
0.167

(Walnut) 0. 234,

R4 AT YF (White me-
(Honoki) 0,197, —=+# =— (Mahogany)
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EHRET (850 — G7 —

0.83~1.0IETZDIL 22 THL0, BAHIZ8% FTEHT 2, [HEkIC, 0.8~101ET2 CW 2
73%, RD 2 81%, WT 12 71% L1750, CORTIZ U &AM ES S0, s olFicg LT,
TD s v 2L T g,

EEERM OB AT, 0.8~1.0ICET 2 SG OBFIHIZ 17 TH D, AL 3B% Thob. MWHEMER
{EAT% F T AT D, ChlE, MEMOKRTO U 12 2 MHEBEEMD 0.4 IR DO & DREZ N2 T

Hobo WE BIRWIEIHICH O, CW 1d0.7-0.9 TE— 7 Hf

Nze WTIL0.5D7 v 7 &l
N5 TD 1206081~ Wb L, ShoDREhy, UL TRAMELZELTHL &
%, 5C OEBELRNENT LD L, A2 (Table 18, 14) WEHH-1L, -2k 2 U LT 2
SG DF IR RO FREE Tk Lo
5. FEEEBICRETIRRET (2) (RO
JEREA LI

+ 5 A, fiiRRE (N7 OZLIRESET O Z NG U Tn 5 © E AR O]

BRI IR, A OSTEES EIC R » TR I L. COERIGEEE LT, Fiaiick

PrizEZh ol

Sipt it ir, 5O EERIZ I AIEITIZ S OICHORAITIC L ARER LGS 5 L EMNTE

FAVITH, WY ADRNZREOEZLF IO, WEFA S

s=23(ys—bo—buxs —baxaa— -+ -baxan) ® (35)
DB/NTIE A LT, RIA—RbAEDD, LEhi-T, Y OESICEGHELREERERY GGEAHE
HEEE AEENh5. UL, BEH o) MoOBMEOBMEN»S, YTy L THEDOR & WHIINZER
(AP OFEMERHIVNSNCESH D, —T7, YiC UTRRODIDOBIZEEAEE O Eb S il

ENFDT A, CNSFETF « v LIS, IROILBTEERIFTZET - 720

1»

(1) DY
BUEER, ©SG, @CW, ®@TD, @RD, ®WT ZJl, © U OERRSTET - 70 ZHOR

L, 2R O~® #H0N5, EBREIHEGLD @ 0HEHANE, QORBELTO® T3 @00 %A
b0 @@ FhZ @@ NS, WEMSHHG @ /i ® 2N 5,
D DOWETEENMEDN TN L EE, QEHPAT 2EENS OO $/2 OO NS, BED

BAEWER (o035 80) T Lice 20 b, EMBERY, ERERY, FERGESE bk,
UDEMRPOELE KRBT 2 RN bic 24 2) NT GHERT) £E 5484, US4
NFORMEBEBRESARENC EABRETH L, CNICINAT, FEEERCHERTSEELEHEZ LT
A T b, FHERTORIGREO ¢t IEEE 0D, R RRSE R L -, &

ole, UDRHHIIBEMERFCHNTE ANFTHL & REBGRENRTH L) BEEBT S

CEMTEL, TOPAIK - T, EOURSTORRE T Ly, #Y

M2 &R
TCH D

a) UICHT 5 HIRBIERK 0.8 D ko

b) O~®:®DEMRICHENT, UKy s REBEEES 0.5 2L GEBELD, n=201C51 5

5% FEAIL0497TTHDEHPD)

) [RHERE PR BB ERD D

a)~c) I0hEDNT, FMEC Sl SRR T R Table 3 1R, WTRETFES TRT .
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MO1]) CHEMUARTFREMABEEEMS 0.8V ETHL, RHEEEKS 0.6 2 1LEFAE LTHE, R
B2 0.5 IFO b0, 0.5 PLEABOIERT, 0.5 FTRALZ D TH S, () 135 HDEH#E
FREREROBRIMATLA LTINS, chho [1] ORFOEBERBRERDO KX IERRTSE, U~D
HHOREMEEINS, (2] 3 1] 2P ATA2HBETT, [1] €230 T U ~OFEERAEN
bDTH L. L L, MBHHERTHEERED a)~c) O 3&EETNTHE L THIT,

2 DL EORTFETHILICHBEIERSOES, UIKELT, 201 20RFOREEGERSK X E
MORFOUICK T ARMABRIII/NIL LA ENH D, CDLHK, B 20U DHERTHEN ST
WS H 20T, TOYILDOIDRFEMAGDELT = v 7 BT 72,

BERD L S0, Table 3 @ [1] B U ILROFHSOREVEHUERTTH 253, ZORTOFHNDE

Table 3. SIIERM OFFERE T O RBHBEHRK

Partial correlation coefficient of main structural factor of softwood

t]j r27 Eﬁ%%iﬁ( (HBEEE)
VVVVVV ultiple correlation:
W spontes  [IRBIH] ELIEE R R i ooeitient adjusted.
. Standard . SIgnlﬁcance)
1 x=0~0. 65 Partial regression | Partial | : T&fﬁ’ﬂ AR
< 5 x:0.65»\/1.o> correla- | coefficient correla- | Standard | ,; B
tion) (&R DG tionjregression ij;fn\umL of
coeﬁ‘imenti Sum of SR coefficient |coefficient multiple correlation
ERNE S ® 0.491  0.73 (1.12) ® 0.410 0.32] 0.660 @ 0.947
Hinoki 2 @ 0772 1.28 (2.19) | 0.849 DE@O®® 0.948
¥ 7 F -1 @ —0.521 —0.37 (1.21) [® o 359‘ 0.41 0.722] ®@®  0.856
Sawara 2 @ —0.785 —1.04 (3.17) ® 0.654 1.0l | 0.938 ®~®  0.956
= N -1 @ 0,471 1,48 (2.66) | 0.644 | D@@  0.798
Hiba 2 @ —0.447 —1.43 (2.26) | 0.920| @® 0.937
= I -1 ® o0.551 0.87 (2.08) @D 0.277 0.47  0.638| ® 0.837
Momi 2 @ 0.4220  0.56 (1.31) @ —0.310 —0.28 ‘ 0.954 | @Q@EEG O0.966
P F= Y -1 (@ —0.595 —0.68 (1.18) @ 0.340 0.33| 0.843 O@® 0.888
Todomatsu 5 |4y 526 —0.79 (2.65) @ 0. 420| 0.64 0.973| @ 0,973
¥ 7 N -1 (@ 0.4450 —0.51 (1.23) @ —0.368 —O. 30| 0.863, @®®  0.922
Shirabe -2 1® 0.868  0.80 (1.16) [® 0.30¢ 0.20 | 0.892| @@@®G 0.980
Ty =y -1 @ 0.235  0.44 (0.97) ® 0.188 0.22 0.863| @ 0.911
Ezomatsu @ 0,398  0.30 (1.02) (® —0.312 —0.28| 0.948| O@®@ 0.964
Yok -1 (® 0.511 0.38 (1.00) (® 0.409 0.54 | 0.807 1 D@BG® 0.918
Tohi 2 ® o597 240 (2. 72) @  0.463 1,31
THwy -1 @ 0387 0.3 (1.24) [® 0.234 0.36 1 0.892| @@®® 0.955
Akamatsu | 928 122 (1.77) 0.832 | @@®®® 0.982
ﬁi)‘m;"?'y L © o652 0.5 (1.20) @ —0.333 ~—0.18 0.871 | @~®  0.972
komatsu -2 |® 0.580 0.78 (1.67) @ 0.354 0.53 | 0.901 | ® 0.967
%4 # -1 @ —0.598 —0.49 (1.02) @ 0.291 0.29 1 0.931 @®O®®  0.951
Tsuga -2 (@ —0.594 —0.80 (2.94) (® 0.4 436 0,64 0.834 | @®O~@  0.905
# ¥ -1 |® —0.548 —0.31 (1.09) |@ —0.271, —0.26 | 0.887  @@®  0.943
Kaya 2 @ —0.697 —0.72 (1.74) @ 0. 0.50  0.949 | @®@@  0.965
Z ¥ -1 ©O o 707 0,67 (1.21) |@® —o. 284 —0.18 | 0.93¢| ®®@® 0.976
Sugi 2 ® 0.469 0.4 (1.34) @ —o. 296‘ —0.33 | 0.961 ®® 0.968

AT (Al factors) : @ SG, @ CW, ® TD @ RD, ® WT



AR O MRS & BEFRIRDT (870 - 69 —

{b# (ff% Table 10, 11 @ my) HMORT-EIHD RN EMBTHEINS, FMNOERTD my %L
BRI TERRODT, my 2D X HICEBRT 5,
%, vy (CCTRAT) OfF-1 2R 218284 £, y &9 5L, EHinUR

y—y=1my(x— %) (36)

X, ¥ (7)}\1]21{1&4/% "[.éA Ty Oy <l: [/; X:x"f;‘f”:c &;}"5< '}i, Y éi

=3 :ml-—f—fﬁizml'{«‘”—»'){#r my’ - X (37)

2]

THEDOENL, SREEC 21T, SG~WT O 5 TN T my’ ZEE Uice md QIEMNZTOWD LS

ielsd s o

b/ %=1
SG CW TD RD wWT
My 0. 080 0. 165 —3.716 —4.920 0.699
oy 0.183 0.183 0.183 0.183 0.183
oy 0.018 0.034 1. 027 1.272 0.150
my’ 0.813 0. 888 —0.662 —0.708 0. 853
my’ ONEAL 3 1 5 4 2
b/ %-2
SG CW ™D RD WT
my 0.519 0.674 —7.778 —31.233 2. 095
[ 0.108 0.108 0.108 0. 108 0.108
oy 0. 060 0. 081 1. 236 3.786 0.272
my’ 0.934 0. 898 0. 680 0. 891 0. 832
my’ DAL 1 2 5 3 4

b/ F-1, 2T, m’ OIS, CW & SG OEMNOELAESEL RSN Ebhb, &
EMH OB, SG & CW i3, SG=k-CW XN 2 &L, 2L OWMTHUME &EH73 LTED,
WZIT, b/ FOERNTE SG (CW) MEEHT ~&RTTh s, —F, Table 3 OEAIFHF DR
Th, @CW & ©SG OHMHEE, WAM, BUEEMROERESAE, ULI{BHALTOE, chb

DOFERP S, SG (CW) ZHHENTLFZL L, ST OVT, RCIIWBEREMED L, TNOET &
o REYD, BUHRTEANTZE3DICND, FERTOLMBICET 5 m
DWINLA F v 3 THRT . £ OMBT, BHERTFDO m/ S18TELPE, FHMATELDK S NRT
MUDEAELSBHLTHA T K,

WT @ my % 13T -2 cHilgd 2 &

Wiz Table 4 Tk 3

0.2 IFDHD : /& (0.83), oy (0.86), == (0.8), #+¥ (0.90), 7~ (0.90), b
F=w (0.9D, ¥v 37 (0.91)

0.92PIkodbo =3 (0.92), 7H=Y (0.92), v (0.93), FoE(0.93), txawy (0.94),
2.# (0. 95)

HowaR]iEmy’ THo, 0920 FD s v—71F RD-type b DIZE <, 0.92 Pl Eid SG, WT-type
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Table 4. & 35 4 # © % fk W T © 2 %

Classification of main structural factors of softwood

o R ¥ % % i e
Main factor ‘ Wood opeues of U caused by main factor

[ T— Hmokl 1 (l), -2 ()5 ==y F,zomatsu 1 (1), -2 () fﬁy’z/
SG(CW)-type | Akamatsu-1 (2), -2 (1); 24 Sugi-1 (1), -2 (8); =3 Momi-2 (1); ¥ 3
~X Shirabe-1 (1); k¥ Hiba-1 (3)

F vk Tohi-1 (8), -2 (8); vxa=wy Ihmekomatsu 1 (S), -2 (8); =3

WT-type
ype Morm 1 (2) D A7AN Shlrabe 2 (1)
RD-t er/ > Sawara 1 (3), -2 (1); b F=Y Todomatsu -1 (1), -2 (2); v #H Tsu-
-
P | gal (1, 2 (D3 A% Kaya2 (95 &5 Hiba-2 (1)
TD—type } jyi? Kdya 1 (u)

1y aid m’ @xﬁm Brackets mdlcate the order of mi”

KEW, THbb, SEEMMOEM LD BMICE 2 HEONEDRENST OEICELET 3 T &bk
Do WICEMTECIER TS NEMRLT 50 C CTREMBEREERME, HH, Wik, BERER
T, TD, RD, WT OHfLE w, U OHALZ X10°g-cmjems TH 25,

L F-10 CW, WT i3 U i LTHEAE b KX, RFOMAebEEPLI TS, MEDREEIL
RARTHB. CW & SG OHARIZ0.947°C, &/ +-20 SG Lf4T U OZLETHRIL T2,
20 SG X CW, WT, RD LB 0.9FRET, Ukl LTHIBINE SG-type X755, MUILERE
E WS

(-1)  U=32.141-CW—8.107 (R =0. 947%¥)
(-2)  U=3.570-SG+2.919 (R =0.941%%)

CZIC RIZEMRBEET L ERERKTH 2
F 75 -1 TRINFIHOMBESENDS, 21275 & RD 2duhd UT, MEI 0. 9BEORWEERIC
Phbo CNBUDEINT DA >TINDS, -1IHL -21cBd 5 RD @ my BAEEICE LAY K
o WU mERERI
-D =—0.0645-TD~0. 0932-RD 1. 446- WT +4. 912 (R =0. 856%*)
(-2)  U=-0.294-RD+14.132 (R =0. 938%*)
EN-10 SG iE RD & 0.958 OEWEMMAT, Mo 20 RD EE#ELTH S, RFMEAADE

ZPAThH, RD 3G ENALUELOEMNEL LS. Lch-T, RD-type V2 %
(-1) U =4.846-SG—0.105 (R =0.767**)
(-2)  U=—0.231-RD+6.941 (R =0.920%*)
€1-10 WT R U LoEHE, BEsERT, SG LORMIZ0.885 &E, 2@ SG @ my 38
E o, —FRKE0. BFHOBEE CFE) SBEMTREARTH 5, SG-type W12 5,
(-1) U=1.399-WT—1.736 (R=0.837%%)
(-2) U =12.160-SG—1.236 (R =0.955%%)
b F=v-1, 2T, RD © my DMEBEIC~TREN,



A FimD BRI (A0 — 71 —

(-1) U =4.810-SG+0.520-CW —0.039-RD-+1, 982 (R ==0. 888*F)
(-2)  U=—0.0734 - RD+4, 841 (R =0.973%%)
VI NSl &2 RBLT, SG, WT, RD A U Ry 2, NP HOMBIRED,
(-1) U =12.938-SG+66.535-CW —0. 089-RD+0. 938 (R =0. 922%%)
(-2)  U=-0.251"TD—0,033-RD~+4.657-WT13.188 (R =0.980%%)
== y-1TE, TD RS, ULoliizdad, Thehsds L Tins, Linl, SG 8908

Wl ts D, -2 MM d 5, 212 SG, CW, RD 28K0T, &<z SG otk s - C U KB EH LT

~

-1 U =24.338-5G—5.999 (K =0.911%%)
(-2) U =11.636-5SG+8.002-CW 0. 089 -RD—1. 746 (R =0. 964*%)

PO E-1TE OWT, SG 8 Ucse UG, fitd, By <, -2 Tlid U g bnis <184 72w, 4
FORMITEL 5. WHEHOHM CFED) IR0, HIOREL VRIS AR V0 E D

(-1) U =11.398-5G+1.853-CW —0,011-TD+1,321-WT—4.786 (R =0.918%%)
They-1THE, CW, 8G 28 Ui LT, fid, Binlssimosy, IN-Eiaepi s s, ool
b Ui LTl 60 WFMoBEE CRE) MRRTh s, 2T SG 228 UIIfEHL, 2o

RFD mey’ ST LD K &N

(-1)  U=4.705-SG+3.242-CW —0. 040-RD--1. 769 (2 =0. 951%*)

(-2)  U=15.429-SG—1.944 (R =0.979%¥)

eAawy-l, -2THE, UkMds WT OFHE, BEOBKE0s, m' i3 5G, CW ZiZEALN

HBICi %
(-1)  U=1.318-WT—0.213 (R =0.952%%)
(-2)  U=0.947-WT—1.400 (R ==0.967%%)
-1, 2428, RD pEERTIC 48, -1 ¢ld CW, -2TiE SG, CW & & 0.9 FRE DB

CThsr. WE 135G, CW & 0.9ED

Bliciz 525, RD-type 12 SG-type 23E S » T be Lr L, RD O oy {LEFRICILAS & AKS0 D
T, RD 2FE RO T N&ETH D,
(-1)  U=13.219-CW—0. 111-RD+3.550 (R =0. 953%%)
(-2)  U=-—0.0504-RD+6.700 (R =0.834%%)
#¥-17TiE, TD, WT, RD, -2°C, RD, SG o U cil3 4 i, sk s, SIKT—Ekc

(-1)  U=-0.163-TD~0.071-RD+1. 100- WT 47,030 (R =0.943%*)
(-2)  U=-0.715-RD25.533 (R =0. 948%%)
RF-L T SG, ~27CH CW @ U iz 3 454, EESAkE0, COWTO m bREVF VIIC
D, RD SFiBA T &7 - T A, O XD 734 Uk LTINS SG-type 1275,
(~1) U =7.649-SG-+8.890-CW —0.0344-RD—1. 368 (R =0. 976%%)
(=2)  U=9.720-CW—0.177-RD+6. 669 (R =0.968%*)
FEA U=myx+mg ((3 Table 10, 11) 37 Lo Fiic e UTHEMRT 2 Uit —F, U-H
FOEMMFBRNL, £ D—RNICE - T, HloFimich Ml Ts %
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(2) ERESPoBE

BHERE LT, ©SG, @WF (=1-V, V 3EEEXE), @CW, @TD, ®RD, ®WT %H
WT, @U OEMBESIT AT U LTRAEHM O~® 20 5546 & BUF O & 51Tl a2 3
ZHABEDEDZBAECOVTHE Lic, 74bb, WRLALEREER»L O, ©itibs b0 @06,
B @O B EEAVS, X5, MEERICEENRTANA LD @O, AESHELEEOD
@0, ODHETEEFELEE, ThEHPATE LD DG, /2 OR@® 2E0BA%E K
ENRORS

IR O F 1% KO U T 2 7 T O BRI SHEEMIC T R DR DT, M
TR R T AR 5 72 ORISR D EEAHE L 7o,

a’) U i3 5 BAEE R 0.7 KL,

b), o FHIEMMEIEL,

BREIC K > TR, EREOZHOVTNrBIELENTNE S, THITIRS DO TRB L7z, Table 5 @
[1] cHE L bOBIERFT, [2] BMBNERTTH 5, [1] © () FHEHEFERARORT
THB

Table 5 OFMEOBFERFE45 &, -1 & -2 THUERTFHRIZESONH 50 CNITERAT, U
NOFEOWRERBT 2, MEMTR, F—72KR<E, -1 & -2 FREHRIGHCEEICOT b0
T, EEMO XD BFEREE ORI EERHLT O TR,

~1TiE, SG & WF HMb 20 EMETHERT I s b0, TD el e UTRIERTFICE S &
D, BECHTOND, 2T, SG it CW & WT HEIELEANEN, EHEBLTHSZE, BIL
Table 5. [EIERH OB LR T O RAHRMEH

Partial correlation coefficient of main structural factor of hardwood

c 1 [2] W (HIEEL
b W - - = Multiple correlation
Wood species D e I 5 coefficient adjusted
WMHI%%QX W%@ﬁgﬁ?%x RARBI R ERE ‘imil . in D.F. (111% Tevel of
/ ; Zizggﬂfo Partial regression Partial ' Slg;?;;g?fgéci/
(-1) S ¥—=0-—q, 4 |correla- coefficient  |correla- | Standard |, S ”)\ i >
\ = ) tion, (&FHOEET tionregression o g =
(-2) 2 #=0.4~1.0 coefficient| Sum of SRC) |coefficient [coefficient RD Maximum of
- T multiple correlation
= v (1) |® —0.862 —0.67 (1.21) ® 0.573 0,20 0.968| @@®® 0.982
Sen (-2) @ 0.625 1.0l (2.45) (® 0.435 0.321 0.717 | ©@@@®® 0.843
I XF 5 -1 (D 0.467] 0.42 (1.55) (@ —0.470 —0.35 | 0.917 | D@®® 0.957
Mizunara 5 g 04770 0.78 (1.97) |® 0.220 0.27 OO 0, 556%
Ye s U ((1) @ 0.564 0.52 (1.23) @ 0.471 0.38 | 0.960 (@D~®@  0.961
Yamaguwa 5y imy 3680 0,56 (1.03) @D 0.207 0.20] 0.855 | @D@®  0.878
¥ F L& E -1 @ 0.606 0.93(1.40) @ 0.260 0.23 0.940 | @ 0.973
Yachidamo _, ;‘@ 0.418  0.59 (2.26) (©® 0.322 0.58 | 0.666 | @@®® 0.779
v o F V(D@ 0.597 0.63 (1.79) {@ 0. 403 0.51 ] 0.969 | @® 0. 969
Shioji (-2) ® —0.629 —0.73 (2.21) [® 0.472 0.49 | 0.900| @®~®  0.941
A= (D)@ 0743 065 (1.12) “@ 0. 423 0.31 1 0.953] O®®  0.973
Harunire oy ‘@ 0.339,  0.64 (2.02) D 0.263 0.47 | 0.492 | @® 0. 492%
oY % (-1) @ 0.877 046 (1.12) ® 0.416 0.25, 0.882 | @® 0.920
Keyaki @ o0.479 0.47 (1.28) |® —0 254 —0.27 | 0.862 ®®®  0.870




B
Wood species

0 x=0~0.5

-2 1 x=0,5~1.0
(1) 1 x=0~0.4
(-2) 1 x=0.4~1.0/
A2 HTT -1
Itayakaede )

=y VA S |

Makanba

-2

P S

Asada .
v

oy 7 -l
Katsura .,

7 + o~
Buna

-2

FF D
Tochinoki -2)

7 A/ F -1
Kusunoki

-2

RoA /A -

Honoki

-2
F J
iri

v/ F (D)
Shinanoki -2)

TRy -l
Akagashi
UA NGy b -l
Walnut 2

DR =0 VA
Apitong
PR
Red lauan
F7A b |

AZVF

White -2

meranti

Fo— 7 -l
Teak -

<R = ]
Mahogany

Partial
correla-

_ tion
coefficient
‘® 0.474
@ —0.727
(& —0.809
® 0.551
@ —0.696
® 0.642
@ —0.613
@  0.650
® 0.617
@ 0.672
@ 0.619
@  0.635
@ 0.576

|

@ 687
@ 609
@  0.497
@ 0.752
@ 0.644
@ —0.866
® o 378}
@ 0.399
&) 0.577
@)r —0. 547|
® —0.464
® 0.418
@) —0. 560
©) 335
o) 465
@ —0.723
@ 0.812
® 0.542
) 0,302

A BRE

i [ R 3K
Standard
regression
coefficient
(ERB O
Sum of SRC)

0.61 (1.
—1.12 (2.
(2.

46)

12)

(1.
(2.
(1.
(2.

~ o~

g (1.

(.
(1.

(.
5 (2.
.

0.61

0.33

53) |

. 79
3 —

| AR (FhE L)

Multiple correlation
coefficient adjusted
in D.F. (1% level of
significance)

Partial s oy o
Y s AP A
correla- | Standard U vs | %%ﬂi i ‘}jﬂ{'ﬁf‘ <
_ Honregression RD N{foirlnumhof
coefficient coefficient multiple correlation
@ —0.274 —0.21 0.878 | DE®  0.912
f } ! | @@®® 0.797
@ 0.655 0.46 | 0.857 | O~@®  0.928
@  0.544 0. 40
@ —0.330 —0.29 0.751 @O@@® O0.889
®  0.449 0. 42 @@E® 0.745
@ 0.523 0.30  0.825 DO@@D® 0.959
| , . g
i 0.614% D@@E® 0.779
®  0.540 0.39 O@@® 0.914
@ —0.308 —0.39 @@E® 0.809
@ 0.265 0.39
@ 0.490 0.34 O@@E 0.974
@ 0.352 0. 26 i 0.718 | @® 0.776
| P0.682 0 @ 0.814
@  0.431) 0.3 0.822 @D~®  0.920
® 0.458 30
@ —0.648 —0.25 0.959  D@@DE® 0.990
|
® 0.728 0.48 | 0.706 | ®~®  0.89
@  0.598 0. 45 |
®  0.456 0.381 0.785 @DO®®  0.875
@  0.744 0.48  0.907 @O@@® 0.978
® —0.210 —0.40 @G 670
® —0.379, —0.31 ;o 517% DE® 620%
@© 0.280  0.30 |
| |
(&) —0.434 —0. 36 @@®E® 0.611%
@ —0.297, —0.26
® —0.322 —0.39
!
@ 0.317 0.29
® —0 159‘ —0.54 | @O~®  0.672%
@® 0328  0.34] |
i
@  0.5239 0. 40 | DO@@®® 0.784
D 0.344 011 0.938  @DO®@® 0.953
% &/
| |
@ 0,249 0.34

* HIIEEAKEE 5% Mark ( *) indicates 5% level of significance
2KF (All factors) : @ SG, @WF, ® CW, @ TD, ® RD, ® WT
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Table 6. K ZE Bl # © & ¥ K

ABIBTIEES #0208 5

T O 5 H

Classification of main structural factors of hardwood

-1

SG-WFE-type TD-type

- 2
SG-CW - WT-type

(#BF# Ring-porous wood)

¥ < /7 Yamaguwa
(SG: 1, WF)

¥ 5 & = Yachidamo
(SG:1, WE)

v Z ¥ Shioji
(WF :2, SG)

N Jv = L Harunire
(SG: 2, WF)

I X &4 5 Mizunara
(SG:5, TD)

v & Keyaki
(WF:1, CW)

{#FL#4 Diffuse-porous wood)

b ¥ / F Tochinoki s v 5 Katsura
(WF:2, CW) (TD: 1)

7 A s F Kusunoki + A4 / & Hoénoki
(5G:3, CW) (TD : 5)

ES I} Kiri v+ / #F Shinanoki
(SG: 4, CW) (TD: 3, WF)

7 A # v Akagashi 4 2¥Hxy Itayakaede
(WF .6, RD) (CW : 3, TD)

< v sy Makanba
(RD:6, CW, TD)

I X F 5 Mizunara
(CW :6, WT)

Y = 779U Yamaguwa
(CW :2, SG)

+ F & & Yachidamo
(WT:3, SG&)

N v = L Harunire
(CW : 3, SG)

+ v Sen
(5G:2, W)

v A4 ¥ Shioji
(RD:3, WT)

7 Y% 4 Asada
(WT:1, SG)

71 v 5 Katsura
(SG: 5 WT)

F 9 , % Tochinoki
(SG: 1)

s A4 / F Honoki
(SG:1

T h ﬁ' s Akagashi
(WT:6)

7 ¥ & Asada v + Buna
(TD: L, WD) (NV} 2, SG)
+ Buna £ Uy Kiri
(WT 6, TD) (8G:1, CW)
< #1 v sy Makanba
(WT :1, TD)
2 2 / F Kusunoki
(SG:1 )
v + s #% Shinanoki
(CW : 4, TD)
F — 2 Teak "J/f/l/ﬂ‘/ b Walnut R4+ A5 vF  White
(TD:1, S&) (TD: 2, RD) meranti (SG:1, CW)
vy F7 7 Red lauan <7 =— Mahogany
(TD: 2, RD) (CW :2, WT)
7 ¥ b ¥ Apitong
(WT : 4, RD)
v F Keyaki
(WE :3, RD)
+ v Sen (RD:3, WT)

J1y Ak CEYERT - me” OWIAL &)
Brackets : (Main factor : order of m1”, subsidiary factor)

A4 Z¥HxF Itayakaede
(TD: 4)
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(2]
|

A B D SRR (A -

Mci3 SG ELEED, -1 TR EICWE S, BEOERE) ORBNEHIL-»THh5E, il
T, SG (GEER) #5928 B D
R4 O PR D4

Mo Bf, BEDENS L, LA E L HRT
T, ML L - TREANTREDLIL TS, s % Table 6 1I0E 2N TRT . K

SR E TR0 DS, BRI ey O I AT

PR Do Bezid m O TH 5o 81
FED I S AR 72

/-1 ORPEINF RD i SG, WE S OB G WiFo m’ Ol e 1, 2007CH 50 AL -2

PN o - A 3
8o T B o IRICHA

ORMINTCdh 5 SG L2 s, SG AL T 4 CW & WE UM~ T/hsnhbic, U
BREV CW O my, ey’ OWER, K THOMMRENEN LTS Lo s bl

-1 U=2.162-WF—0.150-TD—0.581-RD--1. 204- WT +16. 989 (& =0. 982%%)

(-2) U=14.921-SG—1.009 (R =0.812%F)
HTld, 9SG BAOCMONYS U SMEsk0, WT GEE T H
bo SLEATRUDZEANDII3D, EONFEOMBEGIE 05,

D U =11.043-SG+1. 041 - WF —0, 245-TD+1.396- WT —0. 142 (R =0. 957%%)

TS 51D

(-2) U =2.059-WEF+43,710-CW +3, 855 (R =0.557%)

T/ TORATE U OB GEL) B <, hTh $G, WE, CW 2thind 155,
(-1 U =10.577-WF—0. 379-RD+5. 033 (R =0. 960%*)
-2) U =4.426-5G+5,601-CW —0,014-RD--4. 243 (R =(. 878%%)

YF L1 T, SG, WE e CW, TD 28 U & 0.8 L EolfHiciiy, 27T 5G ¢ WT
B > T Do (LBHEICIANT, ~1Tid WE & HAHLMEIDT <, -2 TRARDY
DTH B, WT OHIICE T U Ak < LTS,

- U =27.464-5G~7,606 (R =0.973%%)
(-2) U =10.474-SG+3.455 (R =0.710%%)

HHONERC IOV NES

VAYO U GHBNARE L TRE S, ~1 DA ML SG, WE ZBRL, KEWEMEICE - T
WhHo DIONTIEATIE, RD & WT &KL, HEMASO UIKEZ, HFRNT, FRFHEOHE
M, £NFE U EORMBREOOMEET

(-1) U =8.934- WF—0.401-RD-9.508 (R =0.969%%)
(-2) U =2.456-WF —0.956-RD-+25.800 (R =0.899%*)

o= L-1dD SG, WE, TD | U & BMEBKE, -2ciss s, UL WT Gfho

K-F& HBEMEL 730, BRSNSV bR
(-1) U =21.876-SG+5.037-CW —0.130-RD—5. 156 (R =0. 973%%)

B4,

-2) U ==5.644-SG+4. 817 (R =0.501%)
i -1 CH, EFEOBRIIEOHHOMEAE S D, ZoVER/INS», Lk, Ukkds WE,
CW, SG @i, 0.895, 0.801, 0.867 &:AE <, WMUBHMHEMICIE S, LB U VNS0 DiF
L O SIS B O CTRESN TV b, ZOBKRE 2 THERD
wltnsl, WE ohRs 21 {8ins, T/, WTHOMES @ m-1T %,
(-1)  U=3.755-WF+9,577-CW —4.,878 (R =0.920%%)
(-2)  U=3.315-WF+2,761-CW —0.055-RD+1,461 (R =0.870%%)

WE O/pNEN/cdT
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4 2¥Hr5-17TE, CW-WF OB 0.901, CW-WT {30.868, CW-U 120.830 &7 - T, CW
DL ETS B BOEBEMIT/NE D, 2T, U DELbDL, KRERFLRBLERNLRT»S, B
H0.751 @ TD 5k - THMETICHE > TN, COURRIE, FERNTEH—RAMTILENLZDT,
—DOOBEENL S, 2B ZABRNEZHYTROOT, HKT 5,

(-1) U=15.179-SG+12.985-CW —0. 070-RD—9. 106 ( R =0. 912%*)

~H/3-17THE RD B L, CW, TD SHINASIERZ T %, -2 Tk WT 2ERFIGES< &
JBELT, UXBAKIETOS, Fimisim » BT E BB, WMERRIE, &2 ITEM

CEE) ©0.717, UEIZHEM CHE) 0.741 TH 555, &MEORTHEIIDPP L TH S, SG bk
Epb, UbK&Ws 5 2ICiss,

(-1) U=0.125-WF+2.787-CW —0. 167-RD+11, 752 (R =0. 908*¥)
(-2)  U=15.968-SG+0.295 (R=0.777%%)

7Y &-1Tld, TD-U OB —0.718, TD-RD ONAEA 0. 818 T, AMSHEDE 1% & IR TN,
TD @ my ZHAL-TAKEL, FFMTOEMIZIMNTH S, 27T WT BEET 20T, Ulkkbz
DEEPEN G

(-1) U=16.919-SG—2.077 (R =0.528%)
(-2)  U=13.557-SG+7. 948-CW —0. 259-RD—0. 259 (R =0. 934%*)

A7 7-1THE, Wi U U EoMoBMEILE,, 727, TD-RD o5 0.875C, TD » U
BT B 24 FICIR B, THHED my RENENL, 20TH 5, WHD my OBMBEMHONE, ThZ
N6AMIESAT, ol dkE, LrL, 2KNIc U LOHEBEBEL, -2 TIEERF s SG ichb

(-2) U =5.567-SG+0.674 (R =0.883%%)

TF-1TRE, WT-SG, TD-U OBERENEN0.7RETHEEL, HHORTHEEERFEORSH
ECAT, INETAHIEEDREN U A2¥XZTW0WE, 2T WF O m/ 81L& -T, SG, WT
iz Uiclgs 5. L L, FRBEICINECATS, HEQHANEZ WAL, URLEICHREY
INED,

(-1)  U=5.500-SG+1.636-CW—0.054-RD+1.120 (R =0.603%)
(-2) U=12.997-SG+5.471-WF—0.055-TD+0. 486- WT —6. 365 (R =0. 974*%)

b F-1 T, WPEOMBIRELS, U iz WE, SG ORMMRLRHAE D, 2Th, SG-WF-
UOHENETH 5.

(-1)  U=9.953-WF+10.283-CW —6. 971 (R =0.775%F)
(-2)  U=5.790-SG+2,408 (R =0.814**)

7 A F1TR Ui LT, G, CW, WT pthinTdH 505, SG B— R b, -2 TS SG ¢
Ficngh, thé U BIOCMATEOBHES 0.7 EE7EE, SG @ my BB OH TR AT
Bo 7 A FEEMOUIRATOHEESDILL, RBMHOPK /NS VI V=T 103508, BRIhDT
Do FRFUCIT E WT ML T, U b R&i25,

(-1)  U=7.473-SG+2.707-WF—0.080-TD+0.257-WT —1.023 (R =0. 918%%)
(-2) U =8.544.SG+1.828-CW —0. 465-RD+6.386 (R =0.981%*)



AW SR DR & BRI (B840 = 77—

A R U TAET- OIS <, RN A8E S TISE 7L @ TD AR T &

FUYTCE, SG & U ofEBEEd Dk, <1, -27T0.767, 0.882 TH %, MDKTFD U & 2013 HM
HOBEMIZ/NZOEDOME, FY13 WE k&0, U /hsn, ahi CW, WT 2VNTh D,
TD, RD 8 kTHh 2 LHKRT 2 L5 TH 5,

D U =20.286-SG—3. 334 (R =0.748%*)
(-2)  U=12.731-SG+3,730-CW —0. 044 -RD—1.164 (R =0. 875%%)

v/ F T, WE, TD, RD, CW B EMHEEE LT U EONHT 0.7 12E LD, -4
BICHIE LT, -1 TR TD »HERTICE - T b ¥/ F0 WT, CW /AT, RD & TD 75k
EOOT, U E9R0/NERsL, F0 50 CW A5k, BUNRERE 0,

(-1) U =3.959-WF—0.103-RD+4. 822 (R =0. 907*%)
(-2)  U=0.067-WE+4,277-CW+3.037 (R =0.653%%)

THAYONTFH, U &0 MRS TED,. -2 T WL OFBESASOONRFRINE S5,
U BAkE0oold, WE, CW, 974b 5, SG kxncd, TD, RD V), JEd#ifes U 2Hhs
LAMMCTER LTV s,

(-1)  U=18.096-SG—0.465 (R =0.614%¥)

TANF w pCH, TD, RD & U LoMBENEL, ki, 20 Uoaiiang, ABliHomt

DD RE B L T2,

D U =3.240-WF—0.263RD+9, 486 (R =0.426)

TERNYO UK SG, WT M ERERERBEET 50, WA, U oMo shoTERY, T
MM LT %,

Ly F57v-27T1, UMNgddsEhDNFEH~ksDTHs, SG, WE, CW, WT 7o &4
WAL, TD ofiind 20 &L TN 5,

RUA P AZVFO UBERTLECHELIR, UDo0ilddsE AT SC ERGEERD G
RS TED,

F— 7 IR ASEE SN D AL TR L 223U T
CW, -2 0EENWKINCHrH D E AT WE 5BRT 2, WE & U ORIKIZ0.946 TH 2,

foo TR, U Eofilol

WENET A TIE, SG, TD,

-1 D%

-1 U =25.093-5G—11.650 (R =0.406)

(-2) U =6,347-SG+2.996- WF —0. 015-TD+0. 286- WT—2. 855 (R =0.953%%)
v =T, SbH e S CW 58 U ZHBESEY,
FEM T, F—~27%k<&, SG, TD, RD gsdup Lo T U IR T 50 CHURERE

OB

OBEAEBUTO S, EHEMDONTFOIRS D, WERILMOERNICET 2RTORES DS LD AR

Vo TDt, MM OR-FIRIOBEAMNIIHD TR E DT - T Z,

Table 3, 5 TiZ, U & RD OFEMIERENE KT ORLA G4 2t G Ol KD FAIE R 18Y

oo *HOH2DE B FETHY, MAB 1% HELEDT .

TV R 2 1 Ca, x) OLEEHIL Flld oL THEL (¥ AEHNEED,
y=3+b1(x0— F1) + Doz~ %a) (38)

B &
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y & ox E om THMT S, TOHERERE

Y(x) =5+c(r—%) (€1))

Xo(x1) =Zg+d(x1—%1) (40)
E3D, ¥y & ox LOEER

y—Y(x) =4y 4D

Ko— Xg(a1) = 43 (42)

E B, TS

dy=by-dxy  by= 2;2 jiiz, (43)
149 A%y

. P 44

VT S Ay an g 0

TTIC rywy 13y & 2 ORMEEARTH 2, u BEEOHFTERZ—ETHLE, v it Ea. 38 O
by BRI THMTEL, COMMTD v & xg OBMBERE DS vy, TS DITI D, ZOHIZE E X
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TN—FID T b,
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RD 37.6~43.2(n) 33.0~37.8(w)
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(1) 130.656, (2) 130.886 755, (1), (2) #&0 i s WTCX 3 TERSITO # &, 15
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16 8 0 2 % 2 28 30 FOWHEMERREAEODLD, UDEAE KL
MEREE = WT (W
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Came vaon, T ek sre approximaiely 6. MEFEIEILC RS SIRRET (3)
Fig. 23 MORTOZENEN & & O B 5 (AFn#HEe93R)
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E’rég nciow: . , o(z;% o o ::ig. Lo e
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and cell wall thickness (WT) of fiber ‘ ’ P
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'
Table 7. Fig. 24~29 @ K1 B £ ¥ & [ i &
Correlation coefficients and regression coefficients on Figs. 24~29
. S ‘ . | .
5 5 SG / 3 | N Ra 31,
E G WE_ew |LID | RD G WT R
See each Fig. 24, 27 28 25,28 | 26,29 | 26,29 @ 2529 -1
! 7 0, 895 0.800 | —0.080 | —0. 456 0.848 | —0, 208 0. 059
S B Al |
&F ZE B M PR 70 ] —0 07 —0 10¢ 1 05 — ele 59
Softwood b 1 16,473 13. 842 0. 026 0.108 1,959 0. 0908 0. 059
1 a —2.567 \ ~ 1,799 4,310 i 7.246 | —1,590 2. 843 5, 363
v 0. 543 0. 466 i 0.396 | —0,681 | —0.421 0. 321 j 0. 567 0. 409
(0.856)I( 0.528)/( 0.442)[(—0.376)/(—0.546)|( 0.371)( 0.524)|( 0. 443)
IO M b i 11,892 8.761 7.409 1 —0,394 —0.219 0. 849 0.270 0.219
Hardwood | |( 18.631)I( 9.515)|( 9.479)(—0.222).(—0.313)|( 1.213)/( 0.255)|( 0.244)
| a 0.047 | —0.250 1.958 13.294 10.673 4,231 1. 665 4, 000
(—-3.312)(-~O.576)1‘( 0.998)|( 10. 326)(( 12.447)|( 8.660)|( 1.800)|( 8.914)
U=bE+a E=SG or WF (CW, TD, RD, WT, Ray)

riE & U OB
C) s [HEREHD A

Correlation coefficient of £ vs. U
Japanese hardwood only
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Table 8. & E R FE N o R F 0 F 5
Mean value of each structural factor within an annual
ring of softwood

W & RARIBIC B 2 EEE Mean values in each range

Wood species G CW | TD (W | RD W |WT (» Ray %] U
Lo/ F - 0. 306 0. 323 27.7 | 0.4 1. 84 5.9 2.29
Hinoki -2 0. 414 0.515 25,1 22,4 2.45 " 4,39
A | 0. 230 0, 249 30,5 41.3 1,77 41 1.64
Sawara -2 0.370 0.430 |  28.5 28.3 2,64 ” 5.79
= N - 0. 305 0.391 | 25.1 24.9 1.78 3.8 1.37
Hiba -2 0. 462 0.558 23.6 16.3 3.02 ” 3.15
£ T -l 0. 277 0, 324 37.3 40.6 2.56 7.4 1.84
Momi -2 0.572 0.555 3.8 | 27,6 4,14 ” 5,72
PN Ty -l 0. 226 0. 224 41.3 45,6 1.70 6.3 1. 41
Todomatsu 0. 405 0. 437 38.0 30. 2 3.10 ” 2.61
AR 0. 305 0. 290 37.9 42,3 184 4.9 3.02
Shirabe -2 0. 457 0. 448 35. 4 .2 | 307 ” 7.56
b A 0. 336 0. 346 30. 2 40, 1 2.23 8.8 2,18
Ezomatsu 0. 504 0.613 28.2 24,1 3.92 p 6.87
Foowoe -l 0. 399 0. 393 30.0 44,6 2.76 3.8 3.81
Tohi -2 0. 545 0. 537 31.0 26. 3 3.77 " 5.81
T oAh ey - 0. 328 0. 335 36.5 39,6 2.07 5.1 2. 80
Akamatsu 0.583 0. 630 34.0 28.0 3.78 " 7.05
EXxawy -l 0. 356 0. 343 29,3 37.3 2,25 4.3 2.75
Hlml?(_)matsu -2 0. 498 0. 560 27.4 25,8 3.86 ” 5.06
4 -1 0.310 0. 301 43.1 44, 4 2,26 7.8 2. 61
Tsuga -2 0. 537 0.506 | 39.1 26. 4 3.78 ” 5.36
# ¥ -1 0. 384 0. 374 30.8 36. 4 2,94 4.8 2.65
Kaya -2 0. 523 0. 557 28,0 24,8 3. 86 ” 7,78
Z F -1 0, 281 0. 294 34,0 40,2 2.00 5.5 2.00
Sugi -2 0.522 0. 483 31.3 25,5 3.61 | " 6. 84
U: x108-E53

Table 9. [REM FE W N o R T ¥ E
Mean value of each structural factor ‘Nlthlrl an annual
ring of hardwood

1 I BHRRICEY 20 HE  Mean values in each range

Wood species g6 | wr CW | TD (W|RD (» ‘WT (W ‘Ray%): U
4 AP HTT -1 0.591 | 0.835| 0.575 14,9 9.7 173 17.2 5.96
Itayakaede ., | o405 o.861| o0.656| 13.2| 172 213  » 7.02
+ Voo 0.482  0.511 | 0,314 20.6 21.1 2,49 1.0 5,72
Sen -2 0.601 | 0.665| 0.501 17.6 17.7 3.14 | ” 7.97
2 B v o8 -l 0.654 | 0.820| 0.623 18.5 18. 5 1.78 13,9 10.50
Makanba -2 0.668 | 0.880 | 0.660 17.7 16.9 ‘ 2.86 | ” 10.98




AR R O MR & BRI (8D — 83 —
it & } EARBIC BT 5 E Mean values in each range
Wood species | s | wr | CW |TD (W |RD (0 |WT (0 Ray(%)| U

7 4 & 1| osm| o073 o062 17.0 18,5 205 20.2 7.69
Asada 2 | o0.635| o0.872 0.676 14.5 14.8 | 3.06 | ” 9.88
By 5 - 0.426 | 0.521 | 0.571 23.6 25,6 2,29 14,4 2.93
Katsura -2 0.473 | 0.591 | 0.640 19. 3 19.8 ‘ 2.90 | ” 3.30
v ¥ -1 0.511 | 0.503 | 0.747 15.6 19.3 ‘ 3.35 14,9 4,11
Buna -2 0.599 | 0.668 | 0.810 13.3 16.5 | 3.78 v 6,19
7T oH A v -l 0.780 | 0.868 1 0.735 12,7 12,2 4.21 246!  9.75
Akagashi -2 0.79 | 0.897 0.784 12.5 ol a2 » | 10061
T X F 5 -1 | 056 0604 0.545| 17.6| 21.2| 2.23| 2.3  4.98
Mizunara -2 0.674| 0.912 | 0.676 L12.3 167 2.64 | » 824
(S S S 0.425| 0.573| o0.517 | 15.2 17.8  1.54 12,1 4,06
Tochinoki 2 0.508 | 0.762| 0.525' 13.9 167! 1.83 ” 5.35
VAT NV 0.338 1 0.793 | 0.526 181, 18.4,  1.78 12.0 2.65
Kusunoki -2 0.482 | 0.821 0.661 | 13.2| 13.7 248 ” 5.33
R oA F -l 0.435 | 0.648 | 0.472 165 20.5 2.98 10.6 4,65
Honoki -2 0.462 | 0.711| 0.490  16.5| 18.5 3,06 ” 5,07
¥ o= 79 -l 0.506 | 0.746 | 0,429 | 13.7 15.6 1. 16 14,2 6.98
Yamaguwa ) | C.891 | 0.903 | 0.543, 110 12.1 127 ” 9.72
¥ F 4 ® -1 | 0.514| 0,505| 0.531 . 23.4 24,1 2,26 9.76 6.51
Yachidamo 709 | 0,963 | 0.651 |  17.3 18.8 3.76 " 10. 88
vooA Yo 0.412| 0.582| 0.443| 217 21.6 218 12.8 6.06
Shioji -2 0.533 | 0.906 | 0.626 19.7 18.8 2.75 | ” 10.01
F -1 0.238 0.781 0. 311 25.3 30. 1 1.22 | 4.7 1. 49
Kiri -2 0.294| 0.876  0.365 23.9 26.8 Lol ” 2.77
V2 R . 0.414 | 0,593 | 0.390 29,4 31.0 1,07 | 9.2 3.98
Shinanoki -2 0.430 | 0.830 | 0,447 24.8 25.0 151 | v | 5,00
AN = L=l | 0,417 | 0.416 | 0.580 14.3 15.3 L4l 1201 4.89
Harunire -2 | 0.585| 0.683| 0.683| 10.9 13.2 1.83 | vl B2
;oo % % -1 | 0,402 | 0.552| 0.704 ‘ 13.6 17.0 2.30 17.6 ‘ 3.94
Keyaki -2 | o552 0.869| 0.746 1.7 13,7 2,68 v | .64
GAnd s b -1 | o.s49| o0.845| 0598 196 21,7 2,73 17.8 | 6.52
Walnut 2 | o.s65| o0.846| o0.607| 19.3 17.5 | 2,97 s | 762
T Y b v 0.646 | 0.706 | 0.896 24,1 25.5 5. 08 19.6 | 7.63
Apitong -2 0.671| 0.725| 0.894  23.3 24,9 4.95 v 7.9
Loy K57 - 0.507 | 0.766 | 0.499 | 22.5 27,6 2,55 4.7 5.76
ﬁeg f‘;an -2 | 0.483| 0.767 | 0.465 22.4 28.7 2.43 v 442
AZVF -1 | 0449 0.797| 0510 18.6| 237 1. 61 17.8| 6.9
Whlfmranti -2 | 0.432| 0.800| 0.498 18.1]  23.8 1.63 | # | 665
F — 5 -1 | 0e01| 0.677| 0.695 9.0 23.5 3.02| 23,17 3.44
Teal 2| oeos| 0834 o7u| 173 28.4| 28| 4 | 404
7k~ H = - ‘ 0.496 | 0,787 | 0.548 16.0 | 149 2,82 214 } 3.54
Mahogany 1 0.481 | 0.796 | 0.522 17.1 7 ‘ | 332

U: x108-850
cm
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No. 1, No. 4, No. 8: Spring wood
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Variation of frictional coefficient of
Shinanoki wood.
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Variation of frictional coefficient of
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Variation of frictional coefficient of
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NMAREBRRIE 200 FETHY, BRIEREERT S, LRI, LEE p L95&, U=ty &
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72, HIREBERETOBRBAEMNOMNETRIZZOT, UbELT s

(2) A Erilg 2 720, « LIV (g-ecm/em8d) 585 Uiz, FAOMEBIOR D RIE A5k
Frid A N /NI 2 U D T ERIC X » TIEM Uic, JIESRMTH, MK $180 MR 1] I O w8
29, AFOEE S, BESNOT O TR 200p Bl i i v E b o7,

PhER A ICHS ST, ROET, ANTBHMEO IR, MlaREOIE E, MlEEER, BEEURE, AHEE
e EOERNHER A FBRRTED Lic, ESEDT, Cho2RT &5,

(3) HHaNORFHEEF/RU EOBKREEFEDOSOTH 5, SIEEMM TIIE, figkEEDOH
WML, UDEALESIGT 4, BAM CRIALBEICE T 2 £ KFHE & UOHBEBEY,, #ELH TR
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Relation between the Structural Features of Wooden Surface

and the Abrasive Resistance
Masaharu Suvzuxi@

Summary

The resistance of abrasion on wood differs with each part of the surface of wood. In
practical wear, there are many kinds of peculiar appearance changes and some distribution in
the abraded depth. It is necessary to clarify the effect of inhomogeneity due to wood tissue on
the abrasive property.

The test of abrasion has been conducted using small specimens which were made 40 mm
longitudinally, 7 mm tangentially and 200pm radially (in thickness) from each position within
an annual ring. It is clear that the abrasive property of the small specimen presents that of
the wood tissue in its part.

On the other hand, a theory to systematize the complicated phenomena in abrasion has

been investigated. The removed volume V by abrasion is given by

()i @

where p is the inside pressure induced by the contact action of the abrasives, & is the cohesive
energy of wood substance, ~ is the frictional force and L is the length of friction. Abrasive
resistance U is defined as the amount of the work which remove a unit volume from wood.
The Eq. 1 finally becomes a simplified form by introducing a variable ¢;

U=tp (2)
where p is specific gravity. As a result, the abrasive resistance is in proportion to specific
gravity. If we have some assumptions on the dimensions of the tracheid element of the soft-
wood, Eq. 2 becomes

U =28 po- (L +1) W (3)

R T

where po is the specific gravity of the cell wall, R or 7 indicates the radial or tangential diam-
eter of the tracheid, and W is the thickness of the cell wall. From Eq. 3, the abrasive resist-
ance is proportional to the cell wall thickness, and in inverse proportion to the cell diameter.
In the case of hardwood, a similar equation is derived in approximations;
b p w

where g’ is a constant and F is a parameter related to per cent of the vessel element. The

U8 po P

dimensions of the structural elements of 32 kinds of wood species were measured under the
microscope (magnification 900X).

The apparatus for measuring the abrasive resistance is outlined in Fig. 2. A small spec-
imen is wound round the attachment and slid on the abrasive paper (#180) which is 80pm
in the grit size and 104 degree in the edge angle. The frictional force is successively recorded

and the end of abrasion is detected by the break of the specimen. As the volume removed

Received July 15, 1977
(1} Wood Technology Division
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is constant (1.8 mms3), U can be calculated from +-L/V, where - is 130~140 gF" to every spec-
imen. The effect of thickness on the abrasive resistance is shown in Fig. 5, and U seems to
be constant above 200pm in thickness.

The variations of the structural factors (such as cell wall thickness and the diameter of
the fiber etc.) within an annual ring are expressed in the linear equation (¢ =mx+my, x=0~
1: relative distance within an annual ring). The regression coefficients on each of the wood
species are listed in Tables 10 and 11. '

The correlation coefficients between the structural factors of each wood are listed in Table
12. Some instances of them are shown in Figs. 8~18 which illustrate the variations of the
structural factors across the growth. In these figures, the correlation coefficients above 0.75
are pointed out.

Tables 1 and 2 present the averages of the correlation coefficients of the structural factors
in each other and those of each structural factor vs. U. It is clear from Fig. 19 that the
mean correlation coefficient to U of each wood has a tendency to increase with the increase
of the mean correlation coefficients of the structural factors.

The specific gravity contributes more strongly to the change of the abrasive resistance
(Figs. 20~22). The relations between the specific gravity, the cell wall thickness and the
abrasive resistance in Figs. 24 and 25 present a good agreement with the theory above men-
tioned. The plots of the abrasive resistance against the diameter of the tracheid and the fiber
are not basically different from the theoretical prediction (Figs. 26 and 29). The increase of
the ray volume of the hardwood presumably contributes to increasing of the abrasive resistance
as shown in Fig. 32.

A changing profile of U across an annual ring is fairly influenced by the intrinsic behavior
of a structural element (major structural factor). From the analysis of the partial correlation
coefficient, the major structural factor of each wood is decided and listed in Tables 3 and 5.
The values in the column 1 of the tables indicate the major structural factors whose partial
correlation coefficients are quite large compared with other structural factors.

The major structural factors of the softwood are classified into the specific gravity, the
radial diameter and the cell wall thickness. The wood species belonging to each of them are
listed in Table 4. The major structural factors of the ring porous wood are mainly the spe-
cific gravity and the vessel element. Those of the diffuse porous wood are in variety by wood
species and the specific gravity is effective in the late part of these annual rings.

The frictional coefficients in process of abrasion are influenced by the conditions of the
scratched and crushed wooden surface. The profiles of the curves of the frictional coefficients
are mainly classified into three styles as shown in Figs. 33, 37 and 38. The wood species of
the decreasing type are Akamatsu, Hinoki, Sawara, Shioji and Mizunara. The increasing type
are Buna, Itayakaede and Walnut. The unchanged type is Makanba which denotes strong

resistance to abrasion.
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i+ =x Appendix-Table 10. $IERIFIRNORTOEEZ R T EBRA
Experimental formula of each structural factor within
an annual ring of softwood

-1 | -2

i iR %Y Lo e [ R REY |

m E %ejgrt%é%n x DFEH ?}Ho%'gr{flijf [jRéerﬁS_éﬁn ¥ OFEIH éfjﬁfiiﬁlifi
Wood species coeficdent | pange I oefficient | Range oot "
my mg of x ficient, Mg of x | ficient

SG | 0.080 0281 0-0.63 | 0.90 0.519 —0.014 0.68~1.0| 0,968

CW | 0.165 0.272 0~0.63 0.951| 0.674 —0.042 0.63~1.0 | 0.935

./ % TD| —03716 28.86 0~0.63 | —0.714 —7.778 31.60| 0.65~1.0  —0.704
Hinoki RD | —4.9200 382.01 0~0.63 | —0.762 —31.23  48.27| 0.63~0,98 —0,922
WT | 0.699] 1.628 0~0.63 0.917| 2.095 —0.719| 0.65~1.0 | 0,861

U 5.697|  0.522 0~0.6 0.970] 1.892 2.834] 0.6 ~1.0 | 0.933

SG 0.099 0,200 0-~0.73 0.964  0.965| —0.428 0.73~0.95  0.914

CW | 0.044 0.235 0~0.70 0.493  1.326| —0.667] 0.7 ~1.0 | 0.921

¥ 7 5 | TD | —0.706 30.8l 0~0.65 | —0.170] —0.429  28.93| 0.68~1.0 | —0.044
Sawara RD | —8.108] 43.85 0~0.70 | —0.684 —75.23 90.58/ 0.7 ~1.0 | —0.952
IWT | 0.900 1.491] 0~0.70 0.875 4.916| —1.421 0.75~1.0 | 0.951

U 2.225 0,955 0~0.70 0.828  24.09 —14.13 0.7 ~1.0 | 0.977

'sc| o 171, 0,252 0~0.55 0.946 0.390 0.140 0.55~1.0 | 0.975

ICW | 0.250 0.314] 0~0.65 0.955| 0.614] 0.051] 0.7 ~1.0 0,901

e N TD | —2.002  25.77] 0~0.63 | —0.691| —2.593  25.77 0.65~1.0 | —0.400
Hiba RD —9.03¢ 27.76| 0~0.6 | —0.915 —26.63 38.40 0.6 ~1.0 | —0.986
WT | 2,079 1.090 0~0.63 0.955 1.462 1,811 0.68~1.0| 0.898

U 0.8861 1.099 0~0.6 | 0.787 6,306 —2.059 0.6 ~1.0| 0.935

'sG | o0.149 0.233 o0~0.63 0.983  1.333 —0.530 0.65~1.0| 0.974

CW  0.156 0.276 0~0.68 0.911| 1,255 —0.484 0.68~1.0| 0.974

E 2 | TD | —5.007 38,93 0~0.68 | —0.711 —15.02 46,28/ 0.7 ~1.0 | —0.798
Morni RD | —9.257 43.50 0~0.65 | —0.907 —57.38/ 75.10| 0.65~1.0 | —0,977
WT 1.582 2,069 0~0.55 0.919  4.174]  0.694 0.55~1.0 | 0.953

U 2,279 1.137| 0~0.63 0.801 17.01| —8.347 0.65~1.0 | 0.98I

sG | o0.09d 0.199 o0~0.6 0.854] 0.719 —0.190 0.65~1.0 | 0,989

CW | 0.143 0,180 0~0.65 0.853 0.932| —0.333 0.65~1.0 | 0,969

FF = ¥ | TD | —6.674 43.40| 0~0.65 | —0.546 —8,052 44.68| 0.65~1.0 | —0.794
Todomatsu RD | —18.98 51.57| 0~0.68 | —0,902] —75.72| 92,92/ 0.7 ~1.0 | —0.979
LWT | 0,482 1,556 0--0.65 0.617]  7.013 —2.695 0.65~1.0| 0.948

U 1,328 0.9990 0~0.70 0.930 5.584 —2.003 0.7 ~1.0| 0.959

sG | 0,151 0.259 0~0.55 0.953 0.357 0.161] 0.60~1.0 | 0.801

CW | 0.163 0,240, 0~0.70 0.876] 0.808] —0.219 0.70~1.0 | 0.936

v 5~ | TD /| —5.941 39.81 0~0.65 | —0.674 —7.082 41.35 0.7 ~1.0 | —0.716
Shirabe RD | —12.42] 46.19] 0~0.63 | —0.854 —40.43  64.73 0.65~1.0 | —0, 664
WT 1.842] 1,273 0~0.65 0.925 3.558 0.130/ 0.7 ~1.0 | 0.939

U 4113 1.746 0~0.63 | 0.897 19.45 —8.529 0.68~1.0 | 0.947

SG | 0.181 0.280 0~0.65 0.972  0.637] —0.023 0.65~0.95 0.978

CW | 0.254 0,265 0~0.68 0.927| 1.198 —0.378/ 0.7 ~1.0 | 0.960

T o = Y TD | —6.021 32,11 0~0.63 | —0.727) —3.765 31.38 0.65—1,0 | —0, 341
Ezomatsu | RD | —23.98 47.58 0~0.65 | —0.946 —74.02 85.41 0.7 ~1.0 | —0.940
WT 1,787 1.680 0~0.6 0.898 3.362 1.138 0.65~1.0| 0.897

U 4, 650‘i 0.741 0~0.7 0.935 23 76% —12.78/ 0.7 —1.0 | 0.957
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oodseden oA | pange | MmNt pange o0
my 22 ficient! w1y My ob x ficient
SG | 0182 0.343 0~0.6 0.964 0.395 0.219 0.6 ~1.0| 0,987
CW | 0.136 0.351 0~0.63 0.900 0.543 0,089 0.63~1.0| 0,950
P % b |TD| 38.644 28.90 0~0.63 0.741, 1,931 29.46 0.65~1.0| 0,166
T'ohi RD | —16.97] 49.94 0~0.63 | —0.862 —61.85 77.53 0.63~1.0 | —0.971
WT | 0.992 2,452 0~0.63 0.867  3.643 0.759 0.65~1.0 | 0.970
U 3.589  2.699| 0~-0.6 0.899 1,484 4.589 0.65~1.0 | 0.408
SG | 0.277  0.243 0-0.63 0.972l  0.741] ~0.030 0.65~1.0 | 0.981
CW | 0.257 0.255 0~0.63 0.968|  0.876] —0.094 0.63~1.0 | 0.980
7 h = Y TD | —2.738 37.43 0~0.7 | —0.655 —12.80| 44.69 0.7 ~1.0 | —0.838
Akamatsu RD | —14.30] 44.13 0~0.6 | —0.844] —38.34 59.78 0.6 ~1.0 | —0.914
WT | 2,055 1.437 0~0.7 0.944 6,784 —1.827 0.7 ~1.0 | 0.959
U 2.7920  1.938] 0--0.63 0.954 11,44 —2.417/ 0.7 ~1.0 0,962
SG | 0.139 0.313 0~0,63 0.946) 0.492 0.092 0.63~1.0| 0.994
CW | 0.228 0.274 0~0.70 0.927| 0.883 —0.170 0.7 ~1.0| 0.983
E 4 3wy | TD | —2.824 30.20 0~0.63 | —0.486 1.890 25.85 0.65~1.0 | 0,301
Himekomatsu | oo | 15 550 42,14 0~0.63 | —0.912 —50.89 67.98 0.7 ~1.0 | —0.960
WT | 1721 1.721] 0~0.70 0.915 6.956 —1.888 0.7 ~1.0 | 0.977
U 2.465  1.993 0~0.6 0.950| 6,796 —0.56C| 0.6 ~1.0 | 0.977
SG | 0.146 0.265 0~0.55 0,782 0.673 —0.019 0.55~1.0 | 0,949
CW | 0.167 0.249 0~0.55 0.811 0,530 0.068 0,55~1.0 | 0.957
> 7 ITD | —6.523 45.17) 0~0.65 & —0.880 —8.395 46.09| 0.65~1.0 | —0.624
Tsuga 'RD | —23.79 51.80 0~0.7 | —0.933 —60.82 76.78 0.7 ~1.0  —0.975
CWT | 1,266  1.867] 0~-0.63 0.828  5.425 —0.709 0.63~1.0 | 0.967
U 5.076.  1.034] 0~-0.6 0.901 3.152 2.756 0.65~1.0 | 0.849
'sc| 0171 0337 o0 58 0.949 0.326 0.254 0.586~1.0 | 0.994
CW | 0272 0.290 0~0.7 0.944| 0.657] 0.014 0.7 ~1.0 | 0.955
bl ¥ | TD | —5.089 32.47 0~0.65 | —0.762 —6,335 33.34 0.65~-1.0 ~—0.525
Kaya RD | —20.50 42.83 0~0.75 | —0.937 —42.30| §9.82 0.75~1,0 | —0,931
WT | 0.940 2.653 0~0.73 0.796| 4.717] —0.036 0.73~1.0  0.935
U 3,444 1 586/ 0~0.7 0.955| 32.42| —19.03/ 0.73~1.0 0,950
SG | 0.323 0.181] 0~0.65 0.967|  0.729 —0.081 0.65~1.0  0.973
CW | o0.115 0.258 0~0.65 0.871] 0.928 —0.284| 0,65~1.0 0.951
A & | TD| —5021 3565 0~0.63  —0.691 —3.957 34,63 0.63~1.0 | —0.479
Sugi RD | —15.89 45.17] 0~0.7  —0.937| —60.59  75.56 0.7 ~1.0 | —0, 956
WT 1.443? 1.552] 0~0.63 0.963  5.985 —1.339 0.63~1.0| 0.985
U 4154 07200 0~0.65 | 0,971 20,14 —9.820 0.68~1.0 | 0.961
1) ¢p=mix+mg -
X AEIA O XIEEEE Relative distance within an annual ring ¢ : [K7 Structural factor

Hifir (Unit) : TD, RD, WT:p U: x100-E50
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Appendix-Table 11. KRN DR F DA ZR T EEN
Experimental formula of each structural factor within an
annual ring of hardwood

-1 -2
£t & ] R GR BV - A T !mi%%ﬁ LR QN v [P ERER
. Regression * ORE |Correla Regression * ORI (Correla-
Wood species coefficient tion coefficient | tion
Rafnge coef- || Range g
my my orx ﬁcient‘ my | Mg of x ‘ ficient
SG 0.055 0.578 0~0.5 | 0.686 0.033 0.581] 0.55~0.1 | 0.553
i i 1
WF 0.080 0,816 0~0.45 | 0,692 0,060 0.816 0.5 ~1,0 0,586
CW 0.152] 0.539 0~0.5 | 0.836 0.152 0.543 0.5 ~1.0 0,824
ftaé;gf{fejg TD | —6.959 16.61 0~0.43 | —0.879 —2. 447, 15,09/ 0.5 ~1.0 | —0. 697
RD | —5.950 21.18 0~0.5 —0.886] —5.266 21.13/ 0.55~1.0 | —0.852
WT 1.348  1.409] 0~0.45 0.862 0.926 1,443 0.5 ~1,0 0.736
U 3,529 5.107] 0~0.5 0.952| 0,459 6.682 0.5 ~1,0 0. 417
SG 0.605 0.356 0~0.33 | 0.955 0.124 0.516 0.35~1.0 0. 899
WEF 0.786,  0.347, 0~0.35 . 0.944 0.116 0.585 0.38~1.0 0. 693
& Y CW 0.291 0,253 0~0.43 | o 842‘ 0.5600  0.112 0.45~1,0 0. 961
Sen TD | —7.458  22.23 0~0.4 —0.786] —4,625  20.85) 0.43~1.0; —0.749
RD =—12.84 23.81; 0~0.4 —0.914 —3,557| 20.17| 0.4 ~1.0 | —0.772
WT 1,082 2.266 0~-0.35 0.568 2.092] 1,691 0.4 ~1.0 0. 890
U | 11.52 3.303 0~0.33 0.9611 2,087 6.524| 0.35~~1.0 0.828
- — |
\\ SG 0.056 0.641 0~0.4 | 0.955 0.045 0.635 0.5 ~1.0 0. 840
|WF 0.189  0.774 0~0.45 0.864 0,110  0.798 0.48~1.0 0.811
AN CW | 0,151 o 586‘ 0~0.4 | 0.787) 0.11¢] 0.574/ 0.5 ~1.0 0,910
Makanba TD | —2.020 18.95 0~0.45 = —0.765 —2.247 19.38/ 0.5 ~1.0 | —0. 690
RD | —3.254 19.28 0~0.5 | —0.765 —2.314 18.63/ 0.53~1.0 | —0.732
WT | 1.278 1.476] 0~0.53 | 0.826] 3.218 0.469 0.53~1.0 0,947
U 1.021  10.25 0~0.50 0.829] 1.060 10.18/ 0.50~1.0 | 0.892
Ye 0.088 0.556] 0~0.55 0.724  0.272, 0.434 0.6 ~1.0  0.907
‘WF I 0.122| 0.744/ 0~0.5 0.534  0.259 0,680 0.5 ~1.0 0. 843
5w o CW 0.089] 0.591] 0~0.5 0.547,  0.202 0.527, 0.5 ~1.0 | 0.775
Asada TD | —9.442) 19.34 0~0.48 | —0.916 —2.977 16,80 0.5 ~1,0 | —0.606
RD | —10.09 21.03 0~0.5 —0.866] —4.416] 18.16, 0.53~1.0 | —0.776
wWT | 1,114 1,778 0~0.5 | 0712 3.0000 0.831] 0.5 ~1.0, 0.913
U | 2.734 7,028 0~0.50 | 0.757| 6.546 5,012 0.50~1.0 0. 860
SG \ 0.043  0.416 0~0,45 0.565 0.138] 0.371 0.45~1.0 0.711
WE | 0,135 0.489 0~0.5 0.627, 0.155  0.477 0.5 ~1.0 | 0.664
5 v 5 |CW. 0,159 0533 0~0.6 0.722]  0.223 0,474 0.65~1.0 0. 807
Katsura TD | —11.21 26,36 0~0.5 —0,926| —5,473  23.371 0.5 ~1.0 | —0.836
RD | —12.89 28.78 0~0.5 —0.922| —8.850] 26.44 0.53~1,0 | —0.902
WT 1.570, 1.911 0~0,45 0.823 1.338 1.905 0.5 ~1.0 0.748
U | 0.600 2785 0.734/ 1.076] 2,508 0.5 ~1.0| 0.885
SG | 0.106 O 485‘ | 0.879 0.278] 0.393 0.53~1.0 | 0.968
WFE | 0.161]  0.463 0~0.5 0.735 0.459 0,328 0.5 ~1.0 0. 946
- 5 | CW 0.121  0.717 0~0.5 0.738] 0.133 0.711 0.5 ~1.0 0. 836
Buna TD | —7.287  17.36] 0~0.35 | —0.834 —3.22 15.77/ 0.5 ~1,0 | —0. 704
RD | —5.265 20.63 0~0.5 | —0.858 —5,94  20.92 0.5 ~1.0 | —0.861
WT 0.877]  3.143 0~0. 45 0.694 1,397 2.748/ 0.5 ~1.0 0. 836
| U | 1.423 3.764 0~0.5 0.865  7.027 0,971 0.5 ~1.0 0.984
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) Regression * DL Corrda»% Regrmslon x D Correla-
Wood species coefhicient i tion coefficient } tion
| } — | Range £ ; T Range of
1 of x coel- | of x [©P¢
1111 Mg ’ ﬁcwnt‘ my my ‘ ficient
SG  0.026] 0.774 0~0.5 0.220 0,029 0.774 0.5 ~1.0 0. 259
WFE | 0,031 0. 86! o 0.169 106/ 0.818 " 0.625
| |
CW | 0.154 0.698 ” 0.630 0.117)  0.697 ” 0.582
T o Y] N aa e
Akagashi I'D  —2 442 13, 31 ” ~0, 358 —1.993 3.99 ” —0. 440
RD } —2.155  12.70 ” -0 3@91 —1.179  12.84 ” —0. 288
WT 0.778 4,022 ” 0.380; —0.302 4,549 ” —0.189
U | 0.707 9.578 ” 0,299i 0.487 10,24 ” 0.314
SG | 0.447 0,408/ 0~0.58 0.836  0.105 0.596 0.58~1.0 | 0,820
WF 1.077|  0.342] 0--0.48 0. 960| 0.783 0.48-1.0 0.796
CW | 0.457] 0.434] 0~0.45 0.914 0.563 0.48-~1.0 | 0.736
B 7 F 7 ’ —18.7¢ 2217 () A8 0 954 —4 069 < a1l 0 48 ‘ — ;
Mizunara D 18.70 22,17 0~0. 48 0. /\)4‘ 4,069 15.41) 0.48~1.0 | —0.807
RD @ —18.06 .69 0~0.43 | —0.967] —4,095 19,75/ 0.43~1.0 | —0.749
WT 0.944]  2.000] 0~0.5 0.660 1.032 1.876| 0.55-41.0 | 0.767
| |
U ‘ 12.99  1.816/ 0~0.48 0.977, 0.881] 7 588‘ 0. 48~1,0 ‘ 0. 581
sG | o115 0402 .43 0.797  0.235 0.345 0.45~1.0 0. 950
WF | 0.343  0.502 0--0, 4 0.772, 0,398 0.486 0.4 ~1.0 0,935
CW 0.109] 0.495 0--0.35 0.493  0.047,  0.493 0.4 ~1,0! 0,446
Tg‘ch{mg TD | —2.224 1575 0~0,4 —0.410 —1.897| 15.23 0.43~1.0 , —0.618
RD | —2.466 18.34 0~0.4 —0.424 —2,061] 18,02 0,45~1.0 | —0, 496
WT 1,233 1.285 0~0.35 0.636/ 0.681 1.365 0.38~1,0 0. 540
U 6,109  2.777 0~0.35 0.922  1.267] 4.473 0.35~1.0 0.729
e _ A . . i 1 R
SG | 0.135 o 305| 0~0.5 0.9200  0.452  0.146 0.5 ~1.0 0. 491
WFE | 0.104 0,768 0~0,45 0.817 0.073 0.767 0.5 ~1.0 0.613
s oz, % |CW 0.269  0.461 0~0.5 0.9100  0.188 0.522 0.55~1.0 0.599
Kusunoki | TD | —13.87 21.47 0~0.5 —0.955| —4.096 16,30 0.5 ~1.0 | —0,616
RD | —1i.41 21.23 0~0.53 | —0.920 —6,835 18,78 0.53~1.0 | —0.919
WT 1,024  1.532 .5 0.660, 1.942 1.043 0.5 ~1.0 0.877
|
U 2,754  1.980 0 5 0.848] 7.621 —0. 33\% 0.5 ~1.0 0.973
SG | o‘oni . 437 | 0127, 0,08 0,402 0.5 ~1.0| 0.678
W 0.032 0,640 ” 0.185 0.142  0.605 o ' 0.610
s 4 5 % [ CW 0.102  0.448 I 0.547  0.030] 0.468 v 0,197
Honoki | TD 0.027  16.46 p 0.008 ~—1,702 17.78 ” —0.413
| RD 5.460 21,82 ” —0.676] —2.561 20, 38| ” —0.394
WT | —0.011 2,984 o I —0.007 0.213 2 904 ” 0. 206
U 0.202) 4,601 ” 0,112 )‘ 0,976/ 4.343 ” 0. 490
sG 0619 0.363 0-0.4 0,979 0.275 lo.4 ~1.0] 0.956
WF 1,533 0.131] 0~0.55 0.966 0,109 0. 0.55~1.0 0. 508
v 5 4 & CW 0.507|  0.408 0~-0.40 0.940 0,114  0.566 0.43~1,0 0. 654
Yachidamo | TD 13.74 26,75 0~0.5 —0.904] —6.045  21.88 0.55~1.0 | —0.825
RD | —10.78 26,74 0~0.5 —0.860 —13.13  28.61 0.55~1,0 | —0.922
CWT 1,909 1.803 0~0.5 0.829  3.769 0.959§ 0.5 ~1.0| 0.884
U 17.26] 2,307 0~0.40 0. %7} 3.054 8.611 0.45~1.0 | 0.741
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Appendix-Table 11. (-2-3%) (Continued)

-1 -2
Wood species coefficient tion coefficient tion
Rsfn%e coef- B Rafng_e coef-

my | mg | ‘ ficient| | m oL x ficient
SG 0. 431! 0. 326 0~~0, 4 0. 9801 0.121 0.450 0.4 ~1.0 0. 953
WF 0. 956 0.391] 0~0. 48 0.977 0.214 0.759, 0.5 ~1.0 0.918
. } Cw 0. 502 0.343. 0~-0.35 0.916 0. 339 0. 391 0.38~1.0 0,930
VShifji Y I TD | —8.480 23.45 0~0.35 @ —0.819 —1.140 20.46| 0.35~1.0 | —0.690
RD | —11.05 23,79 0~~0.35 —0.919] —3.335 21.16| 0.35~1.0 | —0.927
WwWT 1.043 1.976] 0~0. 4 0.738 1.410 1,780 0.4 ~1.0 0. 906
U 13. 30 3.397] 0~0.4 0,979 3,977 7.253; 0.4 ~1.0 0,913
‘ SG 056 0. 2253 0~0.5 0. 661 0.177 0.163] 0.5 ~1.0 0. 943
WEF 403 0.683 0~0,4 0.911 0. 089 0.810| 0.4 ~1.0 0. 660
CW 125 0.281 0~0.5 0. 859 0.171 0.238| 0.55~1.0 0.742
#Kiri Y TD | —4.118 26,34 0~0. 5 —0.563 —2.181 25.60 0.55~1,0  —0.386
RD | —7.566 31.98/ 0~0.5 —0.711] —8.019 32.88 0.55~1.0 | —0.832
WT 0. 682 1.0589] 0~0.5 0. 458‘ 1,495 0.507, 0.5 ~1,0 0. 828
U 1.651 1.094] 0~0.5 0.718 3. 339, 0.292 0,55~1.0 0. 886
SG 0.039 0. 406] 0~0. 45 0. 470 0. 0€1 0.388 0.5 ~1.0 0.815
WF 0. 844 0.416, 0~0.4 0. 970 0. 247 0.659 0.4 ~1.0 0. 886
CW 0. 181 0.352 0~0.35 0.756 0.213 0.300, 0.4 ~1.0 0. 885
ysginailoljg TD | —13.08 32,18 0~0. 45 —0.9183 —5,975 28,998 0,45~1,0  -—0,927
RD | —16.09 34,43 0~0.4 —0.918 —9,170 31.42 0.43~1,0  —0,938
IWT 0. 828 0.901 0~0.4 0. 536 1,706 0. 327 0.45~1.0 0.785
LU 5. 250 2.8800 0~0.35 0. 944 0. 958 4,342 0.35~1.0 0. 645
‘ SG 0. 503 0.312 0~0, 40 0. 954! 0 156‘ 0. 4781 0.43~1,0 0.923
WEF 0. 981 0.210; 0~0.4 0.977 0. 252 0,509 0.4 ~1.0 0. 879
N = L CW | 0.177 0.543] 0~~0. 40 0.71 0.227 0. 526, 0.40~1.0 0. 870
Harunire TD | —11.38 16,76/ 0~0, 40 —0. 905/ —4, 344 13.95 0.40~1,0 | —0.894
RD  —4.381 16,27, 0~0.4 —0.613 —5,338 16. 97; 0.43~1.0 | —0.876
WT | 1,033 1,201, 0~0, 40 0. 531 0, 961] 1. 166, 0,40~1.0 | 0.721
U 12.79 2.2121 0~0. 43 0. 960, 1.036 7. 403‘3 0.45~1,0 0. 586
SG ' 0. 486 0. 3013 0~0. 48 O 942 0.110 0.477, 0.48~1.0 0,871
WEF ‘ 1.064 0.329 0~0.45 0. 9501 0. 260 0. 689 0.45~1.0 0. 861
P Ee + CW | 0. 190 0. 665, 0~0. 38 0. 804 0.074 0.696 0.4 ~1.0 0. 588
Keyaki TD | —2.876) 14,27 0~0.4 | —0,505 -2.0l6 13,19, 0,45~1,0 | —0,576
RD  —4.281 17,97, 0~0. 45 —0,676 —10.15 20.76 0.5 ~1,0 | —0.953
WT 1.325 2,028 0~0.35 0.769 1,192 1.857 0.4 ~1.0 0. 823

U 6.215 2. 637‘ 0~0. 4 0. 966, 1,635 4,512 0.4 ~1.0
SG | 0.304 0.442 00,4 0.979 0.118 0.512 0.4 ~1.0| 0.935
WF | 1.099 0.515 0~0.30 0. 936‘ 0.102 0.832| 0.33~1.0 0.784
Y o= 7 CW | 0.217 0. 3845 0~0. 45 O. 876; 0. 270 0.356| 0.45~1,0 0.934
Yamaguwa | TD | —6.271 1504 0~0.5 0.839 —3.566 13.51/ 0.5 ~1.0 | —0.895
RD | —7.090 17.15 0~0. 4 —0.811] —9,441 18,71, 0.5 ~1.0 | —0.936
WT | 0. 585 1, O40i 0~0. 4 0. 524 0. 687 0.797| 0.45~1.0 0.674
U 15. 00 3.837 0~0.35 0. 951 2,162 8.235 0.35~1,0 0. 865
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Wood species coefficient Range | ftion coefficient Range ftion
my ! Mms of x Co?icient my \ Mg of x COZcient
SG 0.025  0.544] 0~0.5 0.206| 0.030] 0.543 0.5 ~1.0 0.297
WEF | —0.023 0.851 P —0.169 —0.026 0.865 ” —0.170
wAnF oy CW 0.022  0.593 ” 0.155  0.002 0,606 ” 0.010
Walnut TD | —1.124 19,92 ” —0.306] —1.485 20,42 ” —0. 391
RD | —3.129 22.46 ” —0.615] —2.377]  19.29 ” L —0.516
WT | 0.372 2. 640 " 0.180 0.086| 2.911 ” 0. 042
U 834  6.076 ” 0.758| 4,087 4,583 ” 0. 949
SG 0. 5 0~0.5 0.376) 0.050 0.634 0.5 ~1.0 0. 541
WF 0. ” 0.111 —0.012 0.734 ” —0. 064
e b v | CW 0. ” 0.216  0.033  0.870 . 0.128
Apitong TD | —6 ” —0.794 —4,508  26.67 ” | —0.336
RD | —4. 7 —0.662  7.380 19.45 ” | 0.552
WT 0. ” 0.142, —0.420  5.268 ” | —0. 142
v ” 0.707| —0.150, 8.073 ” —0.076
SG  —o. 0~0.5 —0.254 —0.076 0.540, 0.5 ~1.0 | —0.597
WE 0. ” 0.114 —0.058 0,811 ” —0,258
Ly 5Ty CW . —0. 3 —0.324 —0.135 0.566 ” —0.528
Red lauan TD | —7. 4 —0, 679 3.2413 20.05 7” 0. 367
RD  —5. ” —0.778 4,483 25.38 ” 0. 637

WT o ) ” 0.189 —1,756, 3.73

U 0 ” 0.1000 —2.017, 5,9z

| SG | —0.018 0454 0~0.5 —0.345| —0,039 0,462 . 5

WF 0.022] 0.792 ” 0. 143/ —0.008| 0. 806 p —0.042
KA A5y CW | —0.006 0511 ” —0.046| 0.027| 0,478 ” 0. 340
White meranti | TD | —1.177 18.87 ” —0.239] —1.,214 19.03 ” —0. 254
RD | 0.740 23.54 . [ 0.137)  0.678 23.38 o 0.177
WT | 0.013 1.609  ~ | 0.015 —0.007] 1,630 ” —0. 006
U | —0.401 6,999 e —0.467 —0,752  7.209 ” —0. 604
SG 0.023] 0.596 0~0.5 0.491] 0.015] 0,595 0.5 ~1.0 0. 570
WE 0.094  0.655 ” 0.479] 0.564 0.415 ” 0.975
. — o, W 0.074 0.677 ” 0.488] 0.023 0,694 ” 0.235
Teak TD | —2.384] 19,67 ” —0.723 —8,455] 23.62 ” —0.89%4
RD | —0.181] 23.54 ” —0.101] —0.010 23, 41 ” —0.105
WT | —0.460  3.137 7 —0.464 —0,635 3,284 ” —0. 481
U 2018 2.945 p 0.832 1.767 2,731 o 0. 956
SG | —0.042  0.506] 0~0.5 —0.345 —0.064 0.529 0.5 ~1.0 | —0.505
WF | —0.005 0.789 ” —0.034 0.016 0,785 ” 0.110
ek H = | CW 0.114  0.521 ” 0. 444 —0,238  0.699 ” —0.238
‘Mah()gany TD —1, 395 16. 35 7" —0.212 2,931 14,93 7" 0,124
RD | —2.310 15.49 ” —0.305  2.931 12.53 ” 0. 690
WT 0.024] 2,312 ” 0.022 —0.309 2,417 p —0. 360
U 0.679]  3.380 ” 0. 462 —1,o97§ 4,134 ” —0.741

1) ¢=mx+mg
X SEBRN O MR EE Relative distance within an
BUE (Unit) : TD, RD, WT:p U: x106-282

annual ring ¢ ¥ Structural factor



Appendix-Table 12. Jiz| B ®
Matrix of correlation coefficients
1. & J + Hinoki 4. = N Momi
| I
SG CwW TD RD WT U | | sG  CwW | TD RD WT U
SG 0. 947 —0.779 ‘ —0.612 0. 865 0. 896 | SG i 0. 894 —0.720 —0.914 0. 885 0,783
CW 0.965 —0.718 | —0.724 0.898 0.950 | CW 0.983 | —0.696 | —0.837 0.832 0.728
TD —0.744 |  —0.794 | 0.547| —0.756| —0.701 | TD ~0.848 | —0.843 0.772 | —0.506 | —0.441
RD ~0.912 1 —0.937 0.822 | —0.619 | —0.682| RD | —0.944| —0.956 0,679 —0.842 | —0.662
WT 0. 899 0.927 | —0.851 | —0.917 0.911 | WT 0.915 | 0.918 | —0.750 | —0,940 0. 846
U 0.945 0.896 | —0.786| ~—0.860 0.876 U 0.959 | 0.956 | —0.752 | —0.958 0. 934
R ! _ i R .
2. 7 Sawara 5 F ¥ = v Todomatsu
H T . T 1 o { . [T - ] I
SG I CW TD RD WT U SG 1 Cw | TD RD | WT | U
; i _ - — .
SG i : 0. 549 | —0.1783 7 —0.630 0. 895 0. 801 SG ‘ 0.875 -0, 251 —0. 651 ‘ 0.562 | 0.788
CwW 0,980 f —0. 356 —0. 342 0. 467 0. 403 CW | 0.982 | —0, 347 —0.703 | 0. 690 0.781
TD | —0.032 } 0.063 | ! 0. 233 —0.186 —0. 298 TD | —0.773 —0.784 0.736 | —0. 430 } —0. 498
R —0.940 —0.956 } —0,079 ~0. 551 —0,739 RD | —0,979 —0.976 0. 830 i —0.534 i —0. 852
WT | 0.965 | 0.974 | —0.029 —0., 942 0.798 WT | 0,942 ‘ 0. 907 —{0, 861 —0. 944 i 0. 556
U | 0. 856 0. 885 l 0.030 —0.942 | 0.917 194 t 0,956 | 0.962 | —0. 801 —0.974 ‘ 0.928 ‘
3. k& N Hiba 6. v 7 ~ Shirabe
o e R ”'T ———— 7 7}'“ T ;7'"' - \ T
s | cw  TD | RD | WT | U SG cw | TD | RD | WT | U
SG 0.873  —0.662| —0.958 0. 927 0.781 | SG 1 | 0.786 | —0.737 | —0.862|  0.908 | 0,903
CW 0. 850 | —0.612 | —0.848 0. 905 0. 696 CW i 0. 936 | | —0. 577 —0.753 ‘ 0. 894 | 0.832
TD —0. 350 —0. 435 ; 0. 629 —0. 640 —0. 550 TD | —0.349 | —0. 237 l 0.682 | —0.637 , —0.668
RD —0. 984 —0. 900 ! 0. 434 —0, 860 —0, 667 RD —0.929 ‘ —0.957 | 0.169 —0.860 | —0.871
wWT ‘ 0. 866 | 0.872 | —0, 387 —0.874 0.779 wWT | 0.913 | 0. 887 —0.239 —0.910 ; | 0. 883
U | 0.925 I 0.749 | —0. 394 —0.,926 0.796 U —0. 342 900 | 0.977 |
L

0.933 ‘

BRI LT AL B 4
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—0.

The right side (or the left side) of the diagonal indicates correlation coefficients in the range-1 (or the range-2).

SG:
Cw:
TD
RD
WT

U: BRI

REHE
SHEMIGER

: SERE B
: GISERHAE
: GHEEA TR
WE(=1-V): V R ¥EERE

Abraside resistance

Specific gravity in air dry.
(EZERIARIBHAAE) ORIaEESR
(RZERIR M) OB A OER
URFEAIHAE) OREHFMOBER
URIERPRE N OB DR X

Cell wall area of softwood trackeid (or hardwood fiber).

Tangential diameter of softwood tracheid (or hardwood fiber).
Radial diameter of softwood tracheid (or hardwood fiber),
Cell wall thickness of softwood tracheid (or hardwood fiber).

V is per cent of vessel element,

4,96 J—

%

1

e

rr T 40
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+
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7. £ = Y Ezomatsu Vs i Tsuga
SG Ccw 1 TD RD ‘ WT U SG j CW TD RD | WT U
SG 0.927 —Q, 745 ‘: —0.913 ‘ 0.941 | 0.916 SG : 901 : —0.536 —0.826 0. 840 0. 868
CW 0.934 ‘ —0.661  —0.908 1 0.851 | 0,873 CW 0.903 | | —0, 581 —0.898 0. 903 0.932
TD —0.322 | —0,427 | ] 0.684 . —0.693 —0.672 TD —0. 682 | —0, 645 | 0. 452 —0, 571 —0. 546
RD —0.927 —0.957 | 0. 395 1 —0.846 . —0.871 RD | —0.921 i —0.915 0. 654 —0, 849 —0.934
WwWT 0.822 0. 885 | —0, 402 —0, 851 | } 0.882 wT 0.939 0.937 —0.675 —0.936 0. 885
U 0. 944 | 0.959 | —0.375 | —0.952 | 0.871 | U 0.812 0. 721 —0.333 | —0.847 0. 820
) | : ; ‘ j . ! I
8. b 7 E Tohx 12. # 4 Kaya
; T T ‘ I ; :
‘ SG CV\' WT U SG CW | RD W'I U
i v T | i - -
SG | i 0.901 | A 0.810 | 0.906 | S G 0. 840 ; —0. 898 0. 687 0. 855
CW | 0.907 | 12 0.802 | 0.859 | CW 0.936 | —0.892 0.789 0. 891
TD ‘ 0.221 j 0.172 ! I —0.186 0.251 | 0.275 TD —0. 569 —0, 556 ! 0,767 —0. 481 —0. 804
RD | —0.947 i —0,960 | —0, 241 1 —0.757 | —0,818 RD —0.924 —0.939 : 0. 635 | —0. 646 —0.893
WT | 0.949 | 0.917 ! 0. 065 “ —0, 951 ‘ 0. 870 CWT 0,907 | 0.903 | —0.427 i — 0.783
U | 0. 403 | 0. 461 0.252 | —0.406 : 0. 467 | 7 0.952 | 0,912 ‘ —0. 546 —_ 0.879
—— ! S ! i R S S R,
9. T H = Vv Akamatsu 13. A ES Sugi
] I I - I
SG | CW TD RD | WT | U i SG CW TD RD | WT U
| i i | | i
T ji T ‘ i o B i N
SG | 1 €. 958 | —0. 640 i —0.903 | 0, 950 0,951 SG | 0.879 —0.692 1 —0.928 0.938 0.967
CwW ‘ 0.947 | | —0.673 1 —0.852 0.911 0.932 CW | 0.9 | —0.868 | —0.893 0. 841 0.923
TD ‘ —0. 826 i 0,444 | —0.630 —0.523 TD —0.514 | —0.411 i } 0.706 ¢ —0.631 —0,765
RD | —0. 903 0.855 —0.823 —0. 898 RD —0,9 | —0, 956 | 0.338 | . —0.914 —0.937
WT 0. 926 —0.878 —0.895 0.912 ¢ WT 0.982 i 0.932 \ —0.525 | —0.939 0. 905
184 0. 980 —0.751 | ~—0.845 | 0,892 | i U 0.929 | 0.960 | —0. 336 —0, 964 | 0.938
i | | | i
10, & 2 2 = v Himekomatsu 4. 4 2 v Hhx Itayakaede
e o B o i i
! SG ‘ CwW D RD | WT U SG | WF CW TD RD WT | U
I . . 1 | B e e VI
5G| 0.929 | —0.705  —0.812 0.893 |  o0.932 SG& | 0226 0.3 | ~0.534] —0. 794 0.484 | 0.661
| | oo < WF | o.811 | 0.901 | —~0.654 —0.426 | 0.777 | 0.708
CW 0.984 | | —0,756 | —0,857 0.789 0, 862 Aoy A mar | i ! | ”
! | PR i =a CW | 0. 285 | 0. 361 | I —0.78% , —0.609 0. 868 | 0. 830
TD | 0.271 | 0. 220 | 0.653 , —0.714 —0, 680 ! | | - i | o | 4
| | o ! TD | —0.174 | —0,306 | —0.738 | 0.788 | —0.798 | —0.840
RD | —0.960| —0.957 —0.255 | | —0.826 —0.878 ‘ | | oo | b
D 2 : ; 0 RD | —0.439 | —0.428 | —0.712 0.743 | —0.756 | —0.798
WT 0.971 0.958 0.371 —0,934 | ; 0. 955 | bl -
7 0 950 0 oot 0 asa | o oo 0.970 | WT | 0.549| 0.768  0.618 ~—0.661  —0.529 | 0.79
el > Yoo S i | U | 0.239| 0.384| 0,571 —0.751  —0.354| 0,646
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Appendix-Table 12. (>3 %) (Continued)

15. +& v Sen 19. + Buna
:‘ i - ‘
| SG WF CW TD RD WT U . SG } WE | CW { TD | RD ‘ WT | U
SG 0.948 | 0.720| —0.737 | —0.823| 0.690| 0.919| SG | | 0.788 | 0.663| —0.811 | —0.822 | 0.401| 0.675
WF 0. 534 0.754 | —0.728 | —0.805 | 0.625| 0.904 | WF 0. 866 | | 0.511| —0.553 | —0.736 | 0.458 | 0.561
CW 0.836 | 0.664 —0.656 | —0.757 | 0.402| 0.805 CW | 0.818 | 0.793 [ | —0.533 | —0.643 | 0.587 | 0.559
TD | —0.824 | —0.568 —0.678 0.673 | —0.456 | —0.774 | TD | —0.697  —0.595 | —0.561 | | 0.831 | —0.503 | —0.738
RD | —0.768 | —0.533 | —0.714 | 0.652 —~0.307 | —0.940 | RD | —0.859 | —0.777 | —0.666 | 0.510 | —0.518 | —0.636
WT 0.770 | 0.650 | 0.879 | —0.766 | —0.697 0.549 | WT 0.741  0.812| 0,799  —0.458 | —0.776 0,740
U 0.823 | 0.629| 0.764  —0.608 | —0.686 | 0.722 | U 0.952 | 0.937 | 0.850 —0.672 —0.864 | 0.819
16. = H v Makanba 200 7 A W v Akagashi
T ‘ T R -
SG WF CW TD RD WT U SG WF CW TD | RD | WT U
SG | 0.780 | 0.803 | —0.865 | —0.635| 0.809| 0.726| SG 0.311] 0,193 0.202 } —0.294  —0.111 | 0.646
WF 0.686 | 0.704 | —0.712 | —~0.709 | 0.840 | 0.735 | WF 0.068 | ~0.154 | —0.473 | —0.267 | 0.073 | 0.485
CW 0.801 | 0.892 | —0.746 | —0.618 | 0.627 | 0.804| CW 0.411 | 0.420 | —0.385 | —0.297 | 0.164 | 0.159
TD | —0.658 | —0.640 | —0.650 0.576 | —0.788 | —0.557 | TD 0.134 | —0.301 | 0.087 | 0.391  —0.188 | —0.065
RD | —0.492 | —0.647 | —0.722| 0.794 —0.632| —0.859 | RD | —0.595 0.029 | —0.251 | —0.082 | | ~0.007 | —0.476
WT 0.744 | 0.786 | 0.840 | —0.627 | —0.706 0.583 | WT 0.019 | —0.452 | —0.147 | 0.138 | —0.149 | —0.061
U 0.794 | 0.725 | 0.768 | —0.778 | —0.706 | 0.855 U | —00009| 0.082| 0.225| ~0.042| 0.209| 0.407 |
17. 7 - & Asada 2. 3 X+ 3 Mizunara
' ( | : ' |
SG | WF CcwW TD RD WT U | SG | WF | CW TD g RD | WT U
SG | 0.784| 0.241| —0.684| —0.542| 0.738| o0.572| SG | 0.952| o0.867| —0.884 | —0.914 | 0.567 | 0.934
WF 0.641 | 0.396 | —0.583 | —0.657 | 0.585| 0.402 | WF 0.797 | 0.844 | —0.883 | —0.916 | 0.610 | 0.923
CW 0.748 | 0,741 —~0.514 | —0.665 | 0.261| 0.350| CW 0.590 | 0.379 —0.876 | —0.869 | 0.505| 0.887
TD | —0.657 | —0.576 | —0.823 0.818 | —0.523 | —0.718 | TD | —0.691 | —0.460  —0.861 0.913 | —0.658 | —0.932
RD | —0.692 —0.604 | —0.625 | 0,492 —0.499 | —0.422 | RD | —0.547 | —0.368 —0.643 | 0.763 —0.594 | —0. 886
WT 0.867 | 0.794 | 0.919 | —0.759 | —0.725 0.569 | WT 0.698 | 0.678 | 0.572 | —0.616 | —0.620 0. 695
U 0.910 | 0.757 | 0.828 | —0.669 | —0.766 | 0.951 U 0.482 | 0.458 | 0.579 | —0.432 | —0.403 | 0.564
18. # 4 5 Katsura 22. F F J F Tochinoki
SG | WF | CW TD RD WT U SG WF CW | TD ; RD \ wT U
SG 0,489 | 0.215| —0.413  —0.509 | 0.683 | 0.427 | SG 0.648 | 0.499 | —0.282  —0.191| 0.862 | 0.676
WF 0.598 | 0,514 | —0.526 | —0.623 | 0.567 | 0.066 | WF 0.951 0.203 | —0.223 | —0,021 | 0.563 | 0.787
CW | 0.748| 0.539 | —~0.848 | —0.759 | 0.701 | 0.460 | CW 0.517 | 0.463 0,019 | —0.167 | 0.489 | 0.476
TD | —0.664 | —0.521 | —0.579 0.875 | —0.761 | —0.705 | TD | —0.5% | —0.565 | —0. 394 0.531 | —0.103 | —0.199
RD | —0.761 | —0.639 | —0.672 | 0.807 —0.823 | —0.569 | RD | —0.379 | —0.396 | —0.196 | 0.555 —0.110 | —0,207
WT 0.749 | 0.466 | 0.785 —0.546 | —0.662 0.559 | WT 0.478 | 0.508 | 0,391 | —0.557 | —0,259 | 0. 584
U 0.891 | 0.505| 0.779 | —0.662 | —0.717 | 0.852 U 0.825| 0.723| 0.491 | —0.425 | —0.238 | 0.378
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23. 7 A / #  Kusunoki 27 J Kiri
! i | ! !
sG | WF | CW  TD } RD | WT l U SG wr . CW o TD RD | WT U
SG 0.771 ] 0.750 —0.910 —0.782 0.629 | 0.902 SG 0.655 | 0.392 | —0,446 @ —0.551 0.458 | 0.767
WF 0. 700 | 0.704 —0.811 —0.837  0.516 | 0.789 | WF 0.617 0.560 | —0.516 | —0.637 | 0.321 0.738
CwW 0.832 | 0.499 | —0.785 —0.861 0.360 | 0.788 | CW 0.670 | 0.649 | —0.450 | —0.454  0.301 0.693
TD | —0.869  —0.489 | —0.634 0.880 | —0.748 | —0.924 | TD | —0.184 | —0.136 —0.122 | 0.052 | 0.182 | —0.539
RD | —0.926 | —0.516 | —0.684 0,926 —0.597 | —0.830 | RD | —0.797 | —0.242  —0.554 | 0,341 —0.712 | —0. 363
wWT 0.776 | 0.336| 0.745  —0.754  —0.803 L0721 WT 0.707 | 0.650 | 0.744 | —0.394 | —0.538 0.274
U 0.972 | 0.599  0.793  —0.930 | —0.957 @ 0.849 | U 0.882 | 0.498  0.719 | —0.207 | —0.749 | 0.666
24. &k A J * Honoki 28, v 4/ F Shinanoki
SG  WF | CW  TD RD | WT | U SG | WF | CW TD | RD WT U
— - D ‘ e . ! ] ! I S S
SG 0.523 | 0.247 | 0.407  —0.320] 0.3821 0.280 SG 0.518 | 0.532 —0.422| —0,487 | 0.361 0.318
WF 0.510 | 00161 0.329, 0.018| —0.129 | 0.085 WEF 0.748 | 0.731 —0.853| —0.890 | 0.566 | = 0.908
CW 0.460 | 0.302 | 0.180 | —0.588 | 0.232| 0.047 CW 0.710 = 0.729 | —0.624 | —0. 681 0.608 | 0.623
TD | —0.185 | —0.022 | —0.389 0.063 | —0,299 | 0.525 TD | =0.770 —0.846 $ —0. 869 0.888 | —0.424 | —0.952
RD | —0.499 | 0.106 | —0.281 0. 459 —0.050 | 0.060  RD @ —0.761 | —0.817 | —0.804  0.836 —0.540 | —0. 875 =
WT 0.342 | 0.097 | —0.290  0.154 | —0.173 | o0.141 WT 0.534 | 0.504 | 0.727  —0.657 | —0.787 0. 494 g
U 0.424 | 0.232| —0.070  0.281 | —0.217 0,001 | U 0.428 | 0.516 | 0.700 | —0.604 | —0.644 | 0.594 o
25. ¥ F £ = Yachidamo 2. 7 A K E Akadamo g
- ‘ , } ‘ : ‘ Z
I SG | WF CWwW TD RD WT U - SG WF  CW } TD RD wT U ?—L
! | B i : '
SG | 0.941 | 0.962 | —0.890 | —0.294 0.718 0.975 SG L 0.935 1 0.676 | —0.869 | —0.627 } 0.565 0.973 o
WF 0.557 | | 0.887  —0.906  —0.166| 0.798| 0.947 | WF 0.812 | { 0.771 | —0.866 | —0.59 | 0.516 | 0.950 <
cCw 0.746 | 0.559 1 | —0.883 | —0.189 | 0.658| 0.937 | CW 0.751 | 0.812 —0.654 —0.622| 0.501 0.723 z
TD | ~0.817 | —0.290 | —0.479 | 0.143 | —0.667 | —0.885 | TD | —0.838  —0.804  —0.843 0.581 | —0.634 —0.857
RD | —0.787 | —0.408 1 —0.488 | 0.725 —0.186 | —0,194 | RD | —0.796  —0.684 | —0.828 0.828 | —0.645 | —0.672
WT 0.895  0.546 | 0.766 | —0.667 | —0.751 0.709 | WT 0.555 | 0.639 0.650  —0.749 @ —0.592 | 0.558
U 0.733 | 0.453 | 0.557 | —0.436 | —0.695 0.801 U 0.540 | 0.567 | 0.577 | —0.438 | —0.438 | 0.327
26. ¥ * v Shioji 30. & g + Keyaki
H ] I b | T T - " »,»\— T T
SG ! WF | CW TD ; RD WwWT U SG | WF ¢cw . Tb « RD @ WT U
1 . i § H | i |
SG 0.954 | 0.929 —0.826| —0.954 | 0.743| 0.%1 | SG 0.898 0.699 | —0.499 | —0.648 | 0.701 0. 867
WF | 0.878 | 0.947 | —0.855 | —0.899 | 0.683| 0.961 | WF 0.831 | 0.687 | —0.384 | —0.686 | 0.720 | 0.895
CW | 0.809 | 0.866 | —0.828  —0.844 | 0.588  0.901 | CW 0.368 |  0.445 | —0.479 | —0, 466 ‘ 0.734 | 0.801 |
TD | —0.589  —0.663 | —0.763 | 0.839 | —0.501 | —0.861 | TD | —0.477 | —0.535  —0.347 | | 0.825| —0.651 | —0.564 ©
RD | —0.921 | —0.901 | —0.794 0,638 | —0.780 | —0.932 | RD | —0.796  —0.809  —0.463 | 0.630 | —0.217 | —0.670 ©
WT | 0.890| 0.802| 0.849 —0.759 | —0.877 0.675 | WT 0.753 | 0.634 0.304 | —0.482 —0.815 | 0.763 |
U | 0,829 0.844| 0.866 6 —0.711 | —0.909 | 0,905 | U 0.739 | 0.852| 0.557 ] —0.670 | —0.815 | 0.601




Appendix-Table 12.

(—>3%) (Continued)

3. ¥ = 7 v Yamaguwa 35. F74 b2 3FF White meranti
SG WF Cw TD RD WT U I SG WEF CW TD RD WT U
SG 0.939| 0.843| —0.814 | —0.781 | 0.543] 0.951| SG —0.256 | —0.232| 0.097 | —0.091 | 0.223 | —0. 164
WF 0.693 0.856 | —0.731 | —0.805 | 0.487 & 0.957 | WF | —0.073 —0.112 | —0.188 | 0.225 | —0.260 | 0.246
cwW 0.847 | 0.755 —0.783 | —0.795 | 0.573| 0.849| CW | —0.190 | —0.230 —0.034 | —0.038 | —0.091 | 0. 281
TD | —0.843 | —0.686 | —0.859 0.624| —0.534 | —0.729 | TD | 0.601| 0.068 | —0.180 0,073 | —0.526 | 0.310
RD | —0.841 | —0.628 | —0.916 | 0.841 —0.301 | —0.844 | RD | 0.117 | —0.034 | —0.322 | —0.112 —0.163 | —0.059
WT 0.692| 0.552| 0.745 | —0.664 | ~0.708 0.462 | WT | —0.000 | —0.450 | —0.038 | —0.223 | 0.211 0,371
U 0.821 | 0.713| 0.890 | —0.787 | —0.839 | 0.692 U | 0.347| —0.232| 0,106 | 0.069 | —0.264 | —0.030
32. A NVF v b Walnut 36. F — 7 Teak
SG WEF CW TD RD WwWT U SG WF CwW TD RD WT U
SG 0.168 | 0.156 | —0.493 | —0.005 | —0.207 | 0.2720| SG 0.390 | —0.134 | —0.262 | —0.065 | 0.716 | 0.469
WF 0.118 —0.285| —0.218| 0.236| 0.192| 0.049| WF 0.529 0.419 | —0.532 | —0.397 | —0.000 | 0.360
CW 0.187 | 0.099 —0,054 | —0,122 | —0.000 | 0.032| CW 0.016 | 0.170 —~0.427 | —0.468 | —0.473 | 0.306
TD | —0.267 | —0.165 | —0.112 0.289 | 0.424 | —0.605 | TD | —0.455 | —0.905 | —0. 255 0.225 | 0,085 | —0.738
RD 0.082| 0.005| —0.076 | 0.172 0.153 | —0.510 | RD | —0.219 | —0.075| 0.042| 0.165 0,059 | —0.118
WT 0.072| 0.135| —0.517 | 0.042 | 0,042 —0.067 | WT | —0.324| —0.555 | 0.056| 0.474| 0.264 —0.266
U 0.268 | —0.156 | —0.012 | —0.359 | —0.437 | 0.038 U 0.566 | 0.946 | 0.268 | —0.873 | —0.045 | —O0.385 |
3. 7 ¥ b+ ¥V Apitong 3. = & H = — Mahogany
T T . 1 - !
SG | WF CW | TD RD | WI | U SG | WF CW TD RD | WT U
SG | 0.238| 0.195| —0.507 | —0.264 | 0.258 | 0.396| SG —~0.220 | —0.143 | 0.226 | —0.150 | 0.213 | —0.067
WF 0.220 —0.115 | —0.188 | —0.150 | 0.267 | —0.228 | WF | —0.030 0.237 | —0.563 | 0.100 | ~0.004 | 0.143
CcwW 0.309 | —0.290 0,439 | —0.445 | 0.163| 0.242| CW 0.480 | —0.130 | —0.427 | —0.239 | —0.093 | 0,523
TD | —0.063| —0.047 | 0.361 0.739 | —0.105| —0.420 | TD | —0.165| 0.109 | —0.643 | —0.176 | 0,455 | —0.094
RD 0.418 | —0.135 | 0.274 | —0.151 | 0.039| —0.386 | RD | —0.625| 0.399| —0.707 | 0.263 —~0.199 | —0.099
WT 0.017 | —0.201 | —0.141 | —0.044 | 0,040 | 0.286 | WT | —0.040 | —0.060 | 0.091 | 0.119| —0.304 —0.026
U 0.292| 0.032| 0.259| 0.324| 0.308 | —0.120 U 0.232 | —0.021 | 0.134 | —0.100 | —0.244 | 0,304
4. vy F7 7V Red lauan
- ] {
SG | WF CW | TD ‘ RD | WT U
SG 0.086 | —0.179 | 0.122| 0.342] —0.158 | 0,145
WF 0.122 0.159 | —0.052 | —0.047 | 0.105| 0,022
CW 0.168 | 0,217 ~0.107 | 0.207 l —0.034 | —0,034
TD | —0.370 | 0.438 | —0.329 0.554 | —0.048 | —0. 133
RD | —0.144 | —0.022 | —0.509 | 0.126 0.074 | 0,149
WT 0.726 | 0.159 | 0.401 | —0.297 | —0.521 | —0.033
U 0.435 | 0,206 | 0,100 | —0.521 | —0.511 | 0,562
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Appendix-Table 13.
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Regression coefficient of the relation between specific
gravity (p) and abrasive resistance (U) of softwood

SIEEMPM OSEIE (p) &R (U) YRR

— 101 —

i fi

Wood species

1]

Regression coefficient

ROE M

U:7’1'P+7’21)

2% I T o 4 [
St ESE)

Annual ring

4

L]

&

. 997%

. x10s8Lm
D U x100E5

-1 1 x=0~0,65 Range of specific gavity .
<—2 t x=0.65~1, O) | " ‘ ” (Underlines : mean values) width (mm)
2
i
e, o4 58.179%  —15, 541 0.275:+++:0, 306+++++-0, 340
.4 | — 1.53~2.07
Hinoki -2 | 3. 569% | 2.919 0. 3450, 414-+---0, 525
v 9 5 L 20788 l — 3.150 0.200++++-0, 230-+++-0. 265
Sawara | - 1.28~1,50
-2 19.987%  — 1,614 0.250+++++:0, 370-++++-0, 635
. ‘ —
v PR 4.846% |~ 0,104 0.265-++++:0, 305-+---0. 380
Hiba - 1.96~2.21
-2 15.590% | — 4,050 0.390:++++:0. 462+++++-0. 525
- I 15.211% | — 2,375 0.230++++:0, 277++-++-0, 335
Monmi s - 3.55~4, 40
-2 12, 160% | — 1.235 0.380+++:0, 572:-+--+0, 780
b op ey 10. 490% | — 0.967 0,205 -0, 2260, 285 |
) - | 3.16~3.79
Todomatsu -2 7.637% |~ 0.478 0.295::+:+:0, 405-+-:0, 560 |
s 5 o~ 25.852% | — 4.875 0.265+++++-0, 305-++-0, 375 }
. B | 1.96~-2.52
Shirabe -2 42,841% | —12.016 | 0,375---:0, 4570, 530
|
P 24,338% | — 5.999 0.285-++:0, 336++--0, 415 |
) — | 1.77~1.96
Ezomatsu -2 35.940% | —11.264 0.400:++++:0, 504-++--0. 655
e e 19.119% | — 3.815 0.355:+++:0, 3990, 480 |
Tohi 2.01~2, 67
~2 3. 647 3.828 0.485:+++:0, 545:++:0, 615 |
> 5 o= oy 9.745% | — 0,398 0.260+++:0. 328+ -0, 440 |
— 2.10~2.46
Akamatsu -2 15.429% | — 1,944 | 0.430-+-0, 5830, 690
bt og o=y Tl 16.299% | — 3,044 0.320-++++:0. 356+++++-0, 410
. 1.89~2.01
Himekomatsu 13.290% | — 1.560 0. 420+++++-0, 498:+++-0, 605
.7 5 L | 26.004% |~ 5470 0.260:+++-0, 310++++--0, 380
Tsuga 1.24~1,88
g -2 4.247% 3.082 0. 425:+++:+0, 537++-+:0, 630
] \ Y SO
5 v 1 17.088% | — 3.919 0,350++++0, 384-++---0, 450
Kaya 1.77~2.17
y -2 98.104% | —43,554 0. 465+++++-0, 523++++-+0, 580
2 o 12.352% | — 1,464 0. 180:++--0, 281-+++-0, 400
Sugi 2,26~3.03
g -2 25 .736 0. 405-++++0, 522++++:0, 625
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Appendix-Table 14. [EEEMM OKRHILE (p) SERELES (U) ORFBHRE
Regression coefficient of the relation between specific
gravity (p) and abrasive resistance (U) of hardwood

i i B oR K M|

Ayv?id:%pﬁe‘coifas MRegresrsion coefﬁcieri ‘ &4\(%%%;%/%%)% LR 0
— © — I~ = e - rol) .
(—f) i;gio. 41;' ’ [ l,],, " ‘{1,172 o (I%iré%%i%fe s?e;;ieﬁacngggﬁg) é?drt%al(rgﬁ%
(—2) tx=0,4~1.0 71 i ¥ |
v LD 17.400% | — 2.678 177”'o,ﬁéil’:sr-':ﬂ;Q.;és_z‘:»io. 580 s o
Sen -2) 14.921% | — 1,008 | 0.550:++:0, 6010, 640 ' '
oy 5 S0 23.178% | — 6,989 | 0,385 0.516:++-0. 640 s
Mizunara -2 5. 903% | 4263 | 0,650, 6740, 700 T
e Ei T [ s | omeamai

v 7 o4 e 27.464% | — 7.606 | 0.335:::0, 5140, 660
. 2. 60~3, 66
Yachidamo -2 10, 473% 3.455 | 0.6250.709+:0, 785
5 s D 29.611% | — 6,158 | 0,320:+-0, 4120, 485
Shioji N | r ) . 2. 14~2, 66
(-2) 28.041%  — 4,961 |  0.485---:0.533-0. 565
o o= L D 24.584% | — 5,364 | 0.325-:0,417++-0, 535
= f’”‘ 2.10~2.58
Harunire (-2) 5. 644% 4.816 | 0.520-:0. 5850, 630
G)) 10.815% | — 0.411 | 0,310----0. 402:-++-0, 525
/TKe 2;& - - 1.81~2, 66
y -2) 11.168% | — 0.526 | 0.510-0, 552:+--0, 585
A xvnzyr 28.794% | —11.058 | 0,565:+-0. 5910, 610
. 1 ) 1. 76~2.06
Itayakaede -2 3.958 4.627 | 0.585::+0, 6050, 620
-1 14.318% | 1,125 | 0.685--0. 654--+0, 670

RO R 2.78~3. 86

Malkanba -2 15.968% | 0.295 i 0. 655:+-+:0, 668-+-+-0, 685 |
- P 16.919% | — 2.077 |  0.540--+--0,577-+-:0, 605
Asada ‘ 3.45~-3. 88
-2 22.114% | — 4175 | 0.565-:-:0. 6350, 720
— - : N
S -l 4291 | 1.016 0. 405 . 426
Katsura L _ [ | 1,63~2,12
-2 5.566% | 0. 674 0. 415+-+---0, 473 +++--0, 520
. o 9.238%  — 0,606
7Buna ’ f 2.81~-2.51
: -2 23.760% | — 8,052
P 30.231% | — 8.816 ‘
Tochinoki £ oo ; i ] 2.50~-3, 24
(-2) 5,789 2.408 | 0.4200, 5080, 580
s o2 s ow 18.189% | — 3.498 ‘ 0.310:+++-0. 3380, 385
. — 3.22~3. 50
Kusunoki -2 16.545% | — 2.641 | 0.380 0. 600
. w106 8cm
1 U:x10 om?

2) PRGN OBEE X Measured length along radial direction.
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£t i ‘ fil 1% | e U e o e
k : essi b iE o i R s ke
Wood species Regression coefficient > %(Lk Cy D 1l T =
_Vood species ’ CRER ) o
ST X =05~ Us=ryp+rs" . . ing
]2 . x:,of /i 0 vrtr Range of specific gravity Apm}llal ring
(1) £=0~0. : [ (Underlines : mean values) width (mm)
(-2) : x==0.4~1.0 } 2 | g ‘ i >
) — | : _ | ~
. 1 5. 664 2.185 0.415::-+-0, 435-+.---0, 460 |
nL\H(fnokij ! | o ' 2.66~3.15
: -2 7,041 1,818 | 0.415-----0. 461------0, 485
. y -1 20.286% | — 3.334 | 0.215.---0, 2380, 260
. 3.60~5. 14
Kiri 2 17.542% | — 2,394 0,240--0. 2940, 345
. 1) 21. 271 — 4,825 0.395+++---0, 414++----0, 430
VAR : : : SRk 5 e
Shinanoki ! i 2.98~2.71
: (-2) 8.347 | 1,414 | 0.400--+---0, 430-----0. 460
5w oH v 13.096% | — 0,465 0. 755-+++:-0, 780+++---0, 810
7oA o 2,72~3.15
Akagashi -2 —0. 150 10.725 0.775++++0, 7950, 825
T . | T . -
S Ao oy b -1 6.518 | 2.942 0.520+++-+0, 549-++---0, 580 B,
Walnut 2 1. 464 141 0. 5450, 565+++++:0. 600
5 oe r v 1 6. 825 3.217 0.615-+---0. 646--+-+-0, 685
Apitong 1. 662, 88
\piong 2 6.109 3.860 | 0.650--0.671----0. 700
R S . I —— - —
Ly kgl 3. 104 4,193 0. 485:++:-0, 507--++--0. 525
Red lavan - 1. 33~2. 43%
2 9.811 — 0.323 0. 435+++0, 483-+++-+0, 510
woA ATy —2.600 8.069 0. 435+ ++++0, 449-+++-0, 460 Cers ou
White meranti 5. 863 4114 | 04150, 432:++:+:0, 455
T |
s -, 25.093 | —11.650 0.590:+++-0, 601----0, 610 |
Teak 2.08~2,37
-2 | 35.082% | —17.216 |  0.600:-0. 6060, 615 ‘
v ok H = -1 —0.799 3.941 0. 470-++++-0, 496-+----0, 530 |
" Mahogan ) 1. 60~2, 19®
8 -2 2. 668 2.032 0. 455+ +++0, 481+-+--+0, 525
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