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Table . & & B % B (E & B
Loss in thickness by abrasion (Method of weighing) Unit : mm
* X B E{ Rad section [id E 7 Tang. section

" - mﬁmﬁ@z e iclmsicnB JE Campale e choennl JE

. ifi ‘g I Specisic PeTPen=|s i Bardat IPls ific | erpen-

Wood species ecihc rara . PECIiC | g3 oy ay| DPECIIC Parallel Specihic ;01
grav1ty to fiber gravity to fiber gravity to fiber | igravity to fiber

in air ‘dlrec“_ in air | 07 |in air direc- | in air direc-

dry | tion] dry tion dry tion‘ dry | tion
b/ % Hinoki 0. 393 0.78 ‘ 0.393 1.05 ! 0, 381 ‘ 0.76 | 0,380 ! 0. 81
¥ 7 5 Sawara 0.327 1.50 | 0.333 1.56 | 0,332 1.22 1 0.333 1.69
= +¥  Hiba 0.456 | 0.89 | 0.451 1.40 | 0,455 | 0.96 | 0.463 1.38
= 3 Momi 0.421| 1.04| 0.426  1.06 | 0,460 | 0.70 0.444 | 0.98
F F = v Todomatsu 0. 406 0.79 | 0.410 1.18 1 0.396 | 0.74 | 0.39 0.98
515 = v Karamatsu 0. 545 0.79 0. 549 0.82 0.541 | 0.70 0, 540 0. 68
= v = v Ezomatsu 0. 350 0,82 0. 350 0.90 ' 0,359 0. 80 0. 359 0.85
M v k& Tohi 0. 408 0.77 0.418 1.25 0, 387 0.83 0. 393 0. 88
T J1 = v Akamatsu 0. 446 0. 64 0. 455 0.92 0.477 | 0. 58 0. 485 0. 68
b X 2=y Himekomatsu| 0,39 1,30 | 0.391 1.64{ 0,373 1.13! 0,374 1,16
7 v =y Kuromatsu 0. 586 0. 60 0.579 0.78 | 0.580 0. 46 0. 600 0.74
V 7 Tsuga 0, 547 0.70 0. 553 0.80 0. 5i8 0.56 | 0.519 0. 69
4 F 4 Ichii 0.485 | 1.02| 0.491| 1.25| 0.495| 0.90| 0,504 | 0.99
7 ¥ Kaya 0. 498 | 0. 84 0. 506 1.06 0. 490 | .11 0. 489 1.11
2 ¥ Sugi 0.402 | 0.69 | 0.400 | 1,13 0.365 0.97 0.372| 1.00
4 2% Hx7 Itayakaede | 0.625| 0.49| 0.618| 0.68| 0.614| 0.56| 0.602 | 0.66
x ¥ Sen 0.547 | 0.57| 0.558| 0.71 0,593 0,62 0.597 | 0.69
NV /% Hannoki 0, 510 1. 00 0. 508 1.18 1 0. 500 | 0. 86 0,492 1,31
I X # Mizume 0. 651 0. 64 0. 658 | 0. 66 0. 696 | 0.49 | 0.679 0. 59
< 73 ¥ »3 Makanba 0.732 0,35 0,723 | 0. 49 0.717 0.38 ; 0,725 0. 40
7 Y% & Asada 0.715 0.37, 0.718 0.62 | 0.681 0.47 @ 0.684 0. 54
A v 7 Katsura 0. 505 0. 75 0. 496 ! 1. 00 0.517 | 0. 88 0.516 1.07
7 +  Buna 0. 581 0. 38 0. 599 i 0. 62 0. 537 0. 50 0. 540 0,58
7 # # v Akagashi 0.967 | 0.30] 0.954| 0.49| 0.915| 0.42| 0,905| 0.50
I X+ 5 Mizunara 0,721 0. 58 0.703 0. 68 0,703 ‘ 0. 54 0,709 0. 56
A4 %2 / #F Isunoki 0, 905 0.38 0. 906 0.41 0. 853 0. 44 0.827 0. 46
b 5 / # Tochinoki 0. 486 0. 68 0. 494 0.83 0, 467 0. 80 0. 458 1.22
/7 2/ F Kusunoki 0. 679 0. 55 0.677 0.70 0. 690 0.53 0,688 | 0,57
2 7 ) & Tabunoki 0. 522 0. 89 0. 529 1,02 0. 506 0.92 0. 504 i 1.02
+ 4 / F Honoki 0. 457 0.75 0. 459 1.02 0. 442 0.90 0. 439 0.99
¥ <= /7 Yamaguwa 0.618 0.70 | 0.616 0.76 | 0,620 0.66 | 0.622 0. 90
¥ F & & Yachidamo 0. 686 0.42 0.678 0.54 0. 692 0. 36 0. 692 0. 40
¥ Z4 ¥ Shioji 0. 554 0. 66 0. 544 0.74 0. 544 0. 46 0. 545 0. 56
¥ =427 5 Yamazakura 0. 586 0.79 0. 575 0.77 0. 579 0. 50 0,579 0.73
e J Kiri 0. 253 0.95 0. 251 1.15 0. 234 0.91 0,234 1.20
¥ 4 / #F Shinanoki 0.512 1.08 0.512 1.26 0. 504 1.09 0. 503 1.15
s~ v = L Harunire 0.496 | 1.15 | 0,495 1,30 | 0.551 0.90 1 0.577  1.00
¥ # Keyaki 0.642 | 0.53| 0.633| 0.60| 0.635| 0.48 0.623 | 0.69

|
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Table 1. (>3%) (Continued)
| X H ifii Rad, section B !E| |1u Tang. section
" - o s E B S g
. Specific Baraltol Specific PPN | ocifc Maeatiol |Specific PETPeR-
Wood species pecliic Fara el [SPECIUCT g7, 15, WPECIIC T aralicl | Spect dicular
gravity|to fiber | gravity to hber |8TaVity to fiber|gravity to fiber
in air direc- |in air ;7| in air direc- | in air |go. 007
dry tion| dry tion dry tion| dry tion
il 4  Dao 0. 633 0.50 0. 633 0.71
vA Sy b Walnut 0. 656 0.51 0. 656 0. 59 0. 647 0.52 0. 647 0.63
7 5 4 Pulai 0. 467 0.66 | 0.467 0.87
~viy 7 Perupok 0.510 0. 69 0.510 0, 85
T ¥ b v Apitong 0.715 0. 39 0.715 0. 48 0.72 0. 43 0.725 0. 49
#1 7 — v Kapur 0,735 0.43 0.735 0. 53 0.736 0. 47 0.736 0.55
Ly F57 v Red lauan 0. 556 0.72 0. 556 0.82 0. 567 0.70 0. 567 0.77
N A T anti | 0-595| 0.8l 0.535  0.94| 0.538| 0.75| 0.538| 0.94
7 3 > Ramin 0. 633 0. 60 0. 633 0. 63 0, 631 0.61 0, 631 0. 65
Y g vav Jongkong 0.515 0. 68 0.515 1 0.82 0. 520 0.63 0, 520 0.80
F ~— 7/ Teak 0.584 | 0.69 0.584 | 0.74| 0.582| 0.70 0,582 | 0.80
Y Sapele 0. 654 0.56 0,654 0, 60
7 v v # DBubinga 0,962 0. 44 0. 962 0. 51
& 7 4 — Sepetir 0.540  0.84 | 0.540, 1.08
Table 2. J& & B # & (T G &)
Loss in thlckness by abramon (Method of thickness gauge) Unit : mm
‘ H 1 Rad. section i =) Tang. section
tl T 5 B A I IE
Par. jn Ystana: PEIPeRlgiong ol Stand. berpon- Stand-
Wood species t(a)1 gbfr o ard tdl%%lar o ard tgrgbeer an ard dicular > ard
direc- devia- diore;:—er devia- |direc- devia- 5?1’ (il?er devia-
| t 101’1‘ tion tion tion tion tion tion tion
t  / % Hinoki 1,15 0. 070 | 1.36 0,073 1.09 0,036 1.36 0. 046
4+ v 5 Sawara 1,84 0.072 1. 86 0.116 1.57 0. 107 1.97 0.112
[ »N Hiba 1. 34 0.092 1.86 0. 066 L. 45 0. 135 1,70 0.156
R 3 Momi 1. 40 0.184 1,36 0. 097 1.13 0,197 1. 50 0, 091
b F = Todomatsu 1.40 0,251 1.58 . 0.245 1,24 0.189 1.40 | 0,167
41 9 = v Karamatsu 0.98 0.108 0.98 0. 109 0.85 0.079 0.87 0,103
' = v Ezomatsu 1.15  0.108 1.33 1 0.091 1.08 | 0.124 1.24 | 0.082
F % k& Tohi 1.27 0.079 1.29 0. 048 1.10 0.052 1. 50 0.109
7 # = v Akamatsu 1.08 0.178 1.21 0. 094 1. 00 0. 205 1.20 0.119
b 4 2= Himekomatsu 1.65 0. 090 1. 80 0.156 1.55 0.116 1.53 0.108
7 1 <= v Kuromatsu 0. 94 0. 060 1.00 0.048 | 0. 85 0,075 0.95 0. 090
v 7 Tsuga 0.83 0. 109 1,14 0,049 0.93 0.116 0. 98 0. 062
A4 F 4 Ichii 1.33 0,106 1.54 0. 065 1,23 0,028 1. 30 0. 056
77 ¥ Kaya 112 0.079 1,32 0,074 1,41 0,112 1.39 0.071
2 F  Sugi 1.16 | 0.051 1. 44 | 0.047 1.47 | 0.117 1.50 | 0.073
4 & ¥ H x5 Itayakaede 0.78 0. 056 0.80 0, 030 ' 0.82 0. 048 0.92 0. 062
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Table 2. (>2%) (Continued)
¥ & B 1 Rad. section ¥ H T Tang. section
o T P . 5 L HE 1
G s ) i 5 4 I wnf‘ =i
an E rFﬂéC IR R SRR
T b5 W%’;rbff;ﬁﬁ %/ P i g ;[4 L i [}%j%'}ﬂp_ﬂl Ul A
Wood species Parallel Stand- gfgfgr& and- [Parallel Stand- |* 5rP9"" iStand-
p to fiber ard to fiber ard|to fiber ard to fiber ard
direc- devia- direc. devia- direc- devia- |3 77 devia-
tion tion . tion tion tion . tion
I tion, tion
+ v Sen 0.74 , 0,058 0.99  0.054 0.62 | 0.067 0.83 | 0.080
s~V /) & Hannoki 1.36 1 0.077 1.38 | 0.062 1.28 | 0.066 1.62 | 0.079
2 X A Mizume 0.88 | 0.098 0.95 | 0.054 0,74 0:045 0.87 | 0.088
< # ¥ ,v Makanba 0.56 | 0.077 0.70 | 0.053  0.51  0.073 0.60 | 0.045
T ¥ & Asada 0.58 | 0.024 0.86 | 0.042 0.64 | 0.051 0.80 | 0.041
A v 5 Katsura 1,28 | 0.060 1.26 | 0.054 0.92 . 0.089 1,20 0.072
va + Buna 0.60 | 0.055 0.86 | 0.062 0.80| 0.055| 0.85, 0.033
7 51 # ¥ Akagashi 0.52 | 0.035 0.62 | 0.047 0.64 | 0,069  0.72, 0.039
3 X+ 5 Mizunara 0.82 | 0.052 0.92 ; 0.059 0.82 | 0.049 0.85| 0.062
A4 2 s * Isunoki 0.61 | 0.036 0.60  0.033 0.66 | 0.079 0.75 | 0.053
M 9 / % Tochinoki 0.96 | 0.057 1.09 | 0.058 1.15 | 0.091 1.18 | 0.045
7 A / 4 Kusunoki 0.92 | 0.104 1,181 0,116 0.92 | 0.19%4 1.04 | 0.113
2 7 ) % Tabunoki 1.24 | 0,090 1.31 1 0.071 1,20 | 0.081 1.30 | 0.093
+ 4 / & Honoki 1.04 | 0.101 1.32  0.144 1.30 | 0.258 1.36 | 0.076
¥ = /"7 Yamaguwa 0.95 | 0.054 0.98 | 0.061 0.92 | 0.077 1.06 | 0.081
¥ F & = Yachidamo 0.64 | 0,049 0.74 1 0.029 0.49 | 0.046 0.60 | 0.045
v & ¥ Shioji 1.08 | 0.084 1,14 0,067 0.81 | 0.068 1.15 | 0.056
Y= 3% Yamazakura 1.10 0. 064 0.94 0,047 0.92 0. 057 0. 84 0, 065
ES J Kiri 1.37 | 0.165 1.73 0 0.103 1.65 | 0,142 1.68 | 0.079
¥ 4 / ¥ Shinanoki 1,211 0,135 1,231 0.122 1.47 | 0.093 1.48 | 0.154
NV = L Harunire 1.52 | 0.122 1.68 1 0.128 1.28 | 0.090 1.30 1 0.141
7 ¥ + Keyaki 0.78 | 0.029 0.83 | 0.040 0.70 | 0.039 0.76 | 0.042
& #  Dao 0.86 | 0.052 0.96 | 0,047
vAwmFy b Walnut 0.68 | 0.054 0.82 , 0.046 0.69 | 0.047 0.85| 0.048
7 5 A4 Pulai 1.04 | 0,096 1.23 | 0,103
~vi w7 Perupok ! 1,01 0,093 1.08 0,078
7 ¥ + ¥ Apitong 0.50 | 0,038 0.72 ; 0.046 0.58 | 0.077 0.68 | 0.086
# 7 — ) Kapur 0.66 | 0.088 0.79 1 0.112 0.69 | 0.097 0.78 | 0.087
v F3 7 v Red lauan 0.93| 0.092 1.03 . 0.093 1,01 | 0.098 1.07 | 0.096
T4 b AT VTF . .
White meranti 1.12 | 0.066 1,18 | 0.048 0.98 | 0.057 1.22 | 0.056
% 3 ¥ Ramin i 0.74 | 0.067 0.89 | 0.077 0.79 | 0.083 0.87 | 0.066
Vg vaY Jongkong | 0.96| 0.124 1,12 o.101 1 1.02| 0,097 1.09 | 0.137
¥ — 7 Teak 0.91| 0,128  1.03| 0.136 0.98 | 0.107 1.06 | 0.118
Y+~ Y  Sapele 0.84 | 0.122 0.91 | 0,141
7 & ¥ ji Bubinga 0.65| 0.134 0.68 | 0.106
+& 7 4 — Sepetir | 1,25 | 0,124 1.33 | 0.118




Fig. 2 &§Elbik & ] —.
Specific gravity in air dry (p) vs.
loss in thickness (d).
WL ik 1
Calculated from loss in thickness
- TG 1 & J
Measured by the thickness gauge
Ty HEHa HCSEFT T
| Parallel to the fiber direction on
- the tangential section

D
I

Fig. 3

Specific gravity in air dry (p) vs.

o o o ® —— °
% oo,
- Go\\v,h o °
0.4 o o ‘

Perpendicular to the fiber direc- i

tion on the tangential section S o —' — L
0.2 0.3 0.4 [ [ 1o
I g
“op I
‘ ® .
N —o— WL
~ ®

16 S —e- TG

N B

Fig. 4 Al &, '
Specific gravity in air
loss in thickness (d).

R/ ¢ & & Hl0 Otk 2T
Parallel to the fiber direction on
the radial section

R

EL
dry (p) vs.

[ S— _— — 1 L — S
G.6 0.7 0.8
Wow od p
Fig. 5 &iiizlh NI D ) 1
Specific gravity in air dry (p) vs. =

loss in thickness (d).
R - F S Hm

tion on the radial section

i AD =119 —
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B S hD, EEERE d IS 5

aw
d= S (3)

®BE (TG ) T3, RRELCIMOEAERTL, COHOESBLBLZENT 2 5L, RBE
LD 30~50 fE DEAE RS ERT BIBED 2B Z1T - 7o

RBREAEE & S EOBAI DS, #ikic F T &t A OB A Table 1, 2 1KRT,
FRLEEOBFRE Fig. 2~5 0RT, HEANI 2 FEESERRBEIEML, = OBRH
KATELEINZ . WHICEA T BORIEIIEET ORI D ZFMELE SRR, Tk, WEED
MRICE - TRREDRIS 5, [0 TG RS & MIEAAIC B 2 ERBOVETH 20, ERIEOH
REDEERMICKED, FEEINES 23R, B DA OHH R B ICRE I A5 LT
HERBELBCWEL TV B LSBT 5N, COBERDD, TG HEHSEENTS 25, MEA»HR
HCHBCE, BROFENECADBIICIEN DTV LIREORLADH S, LichioT, T THEHE
B Uz, TNENIC DN THIRZ KD 5 &

ESE = -

B O, dileicEer d =8.13p7—5.08p+2.48 (4)
BB I, HiEicE A d =3.13p2—5.38p+2. 80 (5)
TS HE, WMICET  d=2.50p02—4.50p+2.40 (6)
TS B, Wiy d =3.38p2—5.83p+3.00 (7
T G B
W B W, ST 4 =38.50p2—5.90p+3. 16 (8)
BB O, CIHfH d =4.00p2—6.75p+3. 56 (9)
* XHME, HHEICEIT d =2.88p2—5.28p+3.01 (10)
T SEM, HiicEs d =4.13p%—6.98p+3.70 an

fetil, BEESEEEJOBARE mm, LEp O 0.3~0.9TH %,

JigA A5, WEEE TS BmOBRICERTVS, BEECILZESERBEONVERET (T) &
TEEE (R) C2&kid 5L, RiDTI>R/ T, L5011 12488, RISR/>TI>T, &1
L0108, RISTI>T/ >R, ERMZOZI0METH -7, T7H0H, 465D 5 H, 32/FET
Ri OERSRELL L. =7, TL>RIDT, >R, £155 0 8 BT T &30,

i) REMOEREEEEIEREE

Table 1 X b, 4*&%(@'&??’5Eﬂﬁ@l%é)%@t%i@%ﬂ@i&0) Vdga sk %o W U BRRE ORI K
>TSS DO V=T B ERELDT EL 185, WEAD ROWFE GO BEIEER (mm) TH
Bo Ny IPROURSIE, BB, M BTRL B RMSKRTR, U BaLbhEL B ET,
SE SR, M LOTVR, 22 ZEMEAY, B BERT, F7o, WSO D OB MK T T

@ 0.40~0.59 mm D #i[H

LH <=hvo50.410 (1), 4 A/ +0.42 (B), THH¥0.43 (M), ¥F£=E0.43 (), 744
0.50 (), 770.52, 7¥+0.58 (#), IAXF70.59 (&), 7 A/ +0.59 @), 7+ 0.45
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(D, Tev#H0.48, # 7~ 0.50 (M), w4+ b0.56 G, 429 0.58

@ 0.60~0.79 mm O

NH 7wv=v0.65 (), v#70.69 ()), 7H=>v0.71 (), #7<v0.75 (),

LH 42¥H#x5060 &K, 324060 CF), ¥ 20.61 (B, +0.65 (B, v=v¥7
7 0.73 (R, £#0.61, 73v0.62 (), Y3vav0.73 OB, ¥—70.73 (EK), vv F3
7 0.75 (BD), 774 0.77 (%), ~vAv 2 0.77 H),

® 0.80~0.99 mm i

NH =v=v0.84 ()5, &/ 0.8 (), FF=v0.92 (3, o093 (), €309
(#), 2F0.95 (&),

LH +F/%0.8 (), &4/ +0.92 (B, #v70.93 (F), 27/ +F0.96 (i), w74
FATVF0.86 CE), 74— 0.9,

@ 1.00~1.19 mm DO

NH #%1.03 CB), 4F41.04, 5116 (F)o

LH #9105 (), ~v=11.09 ~v/F1.09 (BEK), vF/+1.15 (%),

® 1.20 mm L2 ot

NH exza<v1.31 (&), 77 1.49 ()

MERR Uiz & 90, BEERA, DXO0HFAL, g bl Ea kb, el Td, kME L
TRBNCTH L, COUWT, Tz, 9v2®, 77 @5, K- R« B & Ot kba i s
L, THE, =hUN, AR R, TELY, BT =N, 9ANF b, AXYHIT, F—U, IX
A, ¥=HI T, KRUA AT UF, B/ FRERBFONL, (LR E LTI FHENL 2T 4
— FRY, TV, Fhid, 7Ju—) YSR-FELUTHBEEDSWT S, IXAFT, YFXERE
OO FNE T vy QIKBELTNLD, KEiAHF-Tws, SRR L0 TE, KEHH L
WIS ZDIEICE DL, Y8 E, I X+ 5 OWBOBEINNEZOE EWT 5. —, AREHEEON
OOk, WEE) e ¥ F e RSB &, 0ROV ENHT IR EA EBRED
B otce Lizhi-T, MEO@ERICER, EHSFAEELSDTICES

i) BEE(LRERIC X 2 ERE & BERESDT & D B 1R

JIS Z 1451 oo £ 6D S EEETI, Mok, 7505, $EomEIck -, HEEoldy L

NWETALEITROELAZLEL S, COBRFRIHERTIHEICH 5, Table 2 OEL & BEE O FEHE
ARFSHELDREE RS OEIIZED T, JESERE d OMITOMEIC X 5 HER, SACE O
DR R - TEE L, Nl GILED OBREIL U 24PN OMEIC L » TRk 51zoT, U
LdRMTUDU LT ENTE D, dOWERRD L DITIT - 1o

WHIEORE S EEEOHMMRER, Fig. 6 o X 21, JIS Z 1451 OEIERF T, BM XD B~
BhroRD D, BEAE 108 (Ey, ,E%L)@EE@,%m@&Mﬁ%cuﬁﬁtz4va~y
ZRNT, JREEHEBANE Lic, —H, Ei, Eg , By, L EBT AALED UAMho3RY, d

UAIIGEET, 77 71cEH Ui,
SlEEMM OEA, UKW LTdAE oy 928, Fig. TOWOTELQEBT HEUTE 25005
o LRI BT OO TH L, FNRKBEOMMICI AT OBERTH 5. EHHEROOR
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L Eo-Ei
e Ea

Fig. 6 HUBRE ORI A

Tangential of specimen.

Measured points on the surface

section
- fa tor IR
o Fig. 7 v/ :HHEHINORE S EEE &
1.4 [°) e -
o 0 | \\%% EEREIL ST
Q ”1* Loss in thickness (d) vs. abrasive
e ° . ) ) ) resistance (U) on the tang. section
L oo of Hinoki.
A

CU ()

IEEM DIEFBIS DU S B O S
Calculation of loss in thickness (d) on the tangentlal section
from abrasive resistance (U) of softwood

7 A1)
1 Qegreéfwn c@afﬁcéﬁt d  (mm)
Wood species G G, U o il FI h?lj\ea‘iijg
Range of U | Calculation th(i)zlsznlgw
= / ES V4 0.055 1,22 0.9 ~ 4.9 1. 06 1.09
Hinoki 1 0.033 1,46 P 1,36 1.36
¥ 73 Yz 040 1.76 0.9 ~ 9.3 1.64 1.57
Sawara 1 0.039 2.20 P 2,08 1.97
= ) 2 Y 0. 063 1,47 1.2 ~ 8.3 1. 28 1.13
Momi L 0.068 1.8l ” 1. 61 1.50
PR o=y Y 0.23 1.78 1.0 ~ 3.6 1. 59 1.24
Todomatsu L 0.19 1.89 ” 1.32 1. 40
r v o= v VZ 0.108 1.83 0.7 ~10.6 1.52 1.08
Ezomatsu L 0.053 1. 55 p 1,39 1,24
b xy v Y 0. 147 1.78 3.0 ~ 6.2 1. 34 1.10
Tohi B 0.09 1.90 ” 1.63 1.50
T oh = v Vi 0.072 1,42 2.0 ~ 8.6 1.20 1.00
Akamatsu L 0.053 1.50 " 1,34 1.20
oA oo ooy VZ 0. 057 1.79 2.0 ~ 6.0 162 .55
Himekomatsu L 0.085 1,91 " 1,65 1,53
v 75 a 0.077 1.18 1.2 ~ 6.0 0.95 0.93
Tsuga 1 0.048 1.15 " 1.00 0.98
% ¥ 7 0.036 1.63 1.6 ~13.0 1.52 1. 41
Kaya n 0.038 1,61 ” 1,49 1,39
Z ¥ 7 0.029 1,65 0.8 ~10,5 | 1. 56 1. 47
Sugi L 0.038 1,74 ” ‘ 1.63 1.50
D d=—Cy-U-1073+Cy U ><103k—g cm
2) d (BMED) 1T Ug=3x103= kg cm IcBiF A d (Cal.) is calculated in case of U,=3x103-5 kg cm



Table 4.

JEZERIB DR

oW Flifn D JE S B

Calculation of loss in thickness (d) on the tangential section

i

from abmswc resistance (U) of hardwood

/\I[1>

& v

d

Calculation

Wood species o) C, ‘ D A
| Range of U
B | B
£ xvHTF | P 0.368 1,820 | 5.1~ 7.3
Itayakaede | 0. 159 ‘ P
“+ v Va 0.73 i | 3.4 ~ 8.6
Sen 1 0. 680 % ”
- H v N Vi ‘ 1,161 | S 10,2 11,2
Makanba 1 0. 968 i L,
S s 7 0. 205 7.1 11,5
Asada 1 0. 342 1. 251 ”
P, 5 2 1.098 | 3. 804 2.8 ~ 3.5
Katsura 1 0.833 2.983 | p
7 F VZ 0.216 0. 702 3.8 ~ 7.7
Buna 1 0. 169 0. 559 P
T oh A v Va 1,930 7. 541 9.2 ~10,7
Akagashi 1 1165 4,531 P
S Y 0.142 0. 461 2.5 ~ 8.5
Mizunara 1 0.128 0,412 "
FoF o & Y 0. 340 1,311 2.8 ~ 5.7
Tochinoki 1 0. 320 L 253 L
7 A/ * Va 0.398 1. 380 2.1 =~ 7.2
Kusunoki 1L 0. 297 1.080 p
N B & yam 0. 607 2.332 4.3 ~ 5.5
Honoki N 0. 635 2,462 p
Y = 7 U Va 0. 501 1.831 3.1 ~10.2
Yamaguwa I 0. 523 1975 .,
F X 7 | 0. 442 1. 440 2.1 1.3
Yachidamo L 0. 260 0. 780 p
A 0. 436 1.586 | 3.4 ~10.8
Shioji o ‘ 0.180 | 0.753 | ”
£ o7 0.153 | 0.786 | 0.8~ 3.7
Kiri 1 0.135 | 0,676 "
DA AV Va 0,261 | 112 2.8 5.4
Shinanoki L 0.275 | 1173 Y
/\H;r/ = v 7 0. 244 0.999 % 3.0 ~ 8.4
arunire 1 0.253 | 1,059 | "
r ¥ * 7 0.299 0.959 2.7 ~ 6.1
Keyaki N 0.275 | 0.015 | "
1) logd=Cy—Cyi-log U U: >~<'L03—k~fmcgm
) dGHD B Ue=5x109" 852005 2 d (Cal) is calculated in case of U=

5x1

—123—

(mm)

10&5 in
t‘rnckn(,s%

0.82

0.92

0.83

0. 64

0.72

gekgcm
cm?® °
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1.0 . 1u'~ .
E‘OS;[ “‘r \\\& Fig. 8 ¥ F X zlRBWOEIFERE
[:‘? o6k BEFEHEHT

¥ 0.6

: > o ! Loss in thickness (d) vs. abrasive
resistance (U) on the tang. section
of Yachidamo.

, , , . A . ,
2 1 5 s 0 12 2 4 5 8 10 12
g RO MU
BRI U (stgz:‘\j)

BHL Table 3 © Gy, Co ThH b, MEICIZ, Ue=38X10% B\t 2B HLOEH L d & JIS

21%1m;5%M@(wa2)%W£bko2,3@%&?@Lﬂﬁﬁme5ﬁx nid Up 258
MBI E L TH b. CREEINDPTV LD ERSIVMEMICE 3
}Kﬁﬁ®%ﬁ,dc&U@@%ﬁiiﬁgSOLham}nhﬁ4W@?f§héﬂ bOHBE, Kt
B DN TIORHRECE kDT Table 4 109 JEBEMIMTIZ, Ur=5x103 Il Lz &, #HEICX -
TRDIod EFPEE LK Ui, £ OB THEDO—FULRIZHRDLONED, HHDELLHDIEZ0D

BRED U ORBISKE T, Ug=5x10° LOSREDFTNTOEDTH S,

VUETd & U DORIBB2T Siviehs, ThiaRH UTAMEROKA, 55855 0BEE DI

bTE 3o CNICHAMLES &F 5#4005, Table 3, 4 0 & OREOMBICHLIYT 2202 RY ST,
d=F(u) DFFCIIV 50 RAMICE C O TRICADT C EMTEX S,

oI BEFE0EFHE

1. EoDsEENERME
AR OSWR O X 5 BT A HHICEi & &, PIHMINREBE LD b, FROBEIGEO KD

BT A
Lﬁﬁm o NH Table 1, 2 XVBISHRE I, BEAED
1.6 Tang. Section ° i
| R : Mﬂf,wmiﬁﬁﬁm®%ﬁﬁﬁﬁﬁﬂ&%
1.4k @
3 |- oL BSERRNSAS . WO ERR XY, »o
o c TS . 0.3~0. 9 DFIPET
S 10t et o * ’ Eq.5-Eq. 4 W B T
"j 0. R W R SN S S T S 0.3 540,320 a2
g leram g . . Eq.7-Eq. 6 ZXHME
L. GF Rad Section o
N °. 0.8807—1.33p+0.60>0  (13)
B 1.4) . o
| Lo s L5 TW B,
A SR . .
. Few BESEHE (BEE) OTHFRICHT 2
”L o ﬁﬂ@%%tb,%%ﬁﬁmﬂbf@ﬂﬁé&
0.2 0.3 0.4 ;{ 0; lLUG?rI l;7 0.8 0.9 1.0 F]g 9 lcf;}g)o )ﬁgmflii Lt?;ﬂ‘ﬁj‘j(% < fi%
Fig. 9 2 HHOESERED (d1/d) 2, BRORSUH S LI s 5 BIHRS
LEHLE Ndo LL, BULAEEREDOANLD &, Hilf

Ratio of loss in thickness of both
directions vs. specific gravity in
air dry,

DU OHR|ICE 5T, BEEOEE (BHiK)
NENLESTHS
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Table 2 [C &k % &, MHEICSEF 77 0 O R
H, $XEmETHELTOS, KT, B
2. EFEEMOEFMHE

(D) PRI & A HEER

FIRY MTHLE U7oERRIEA TN T, A O R AT O Mg 51, Wl Ok S NIRRT
A EE IV, L L, AV OMHNCE S B OMREENTINFowd, BT < Tk #EA L U s
MRE ZORFIED T, BT & OB OFEH OB ISR 2 B LTl Uis o SRR
AR, HEHE T O SRR & W U OFIET, I
F RIS I, BRSO 2225°C, WL 66~72% T, Gk 13~14% Th - 7ca

(@ VK

SRR LAY T [ O BEREHLH O R P AR BER 3 (1721, Fig. 10~12 1R + U R KT 21
AHHORBEREMSER 2 & T ADD 5 OTREAZ = VHITRD Uic, SFMTH, A7 OEFERTE
I £ DS 00 SHIEBM DT ©ILIEME O LRI OBYRTIA IO BT 272 D /S
Vo ARER IO BT A S LT Table b 107RT,

I

®o> Fig. 22 O%id

L7 O BRI A MGE AT TE A 3 %

)

TF, ARYAILT, TUhF oy b, wh VNI EDRE RIS DA U, D TR R

\
\
i
oo
1

[ <1008
\ cmﬂ{
o
>
R

U
S

|
£ [ —
. 10 L Il
= 8+
1 1 L I 1 L
0 0.2 0.4 0.6 0.8 1.0 -
Moo o ox ) _J_
= ek
Fig. 10 +F / FO4HHN il o ""
Abraswe resistance (U ) wmhm -
an annual ring (x: relative dis- ®oap
tance) of Tochinoki.
iFfalE Width of an annual ring : 3.2 mm )
2
§f§ ! So
% I ° g __
v>-<' 05 (o} L 1 L S ! i
o o °0o 8 ¢e 0 0.2 0.4 0.6 0.8 1.0
o oo 7,8 . HEOxE B M x
=2 L4 o "e ® B ,
5 ° . oo o Fig. 11 ¥4 Y QM N OEFEI;
g °. 1 | 1 i Abrasive resistance (U) within
¢ 02 4 0 0.8 Lo an annual ring (x: relative dis-
Mo O x e
tance) of Shioji.
Fig. 12 & Q4R MA O EFEILHT A W TR

Abrasive resistance (U) within
an annual ring (x: relative dis-
tance) of Kiri.

EdglE Width of an annual ring @ 3.8 mm

Width of an annual ring : 2.7 mm
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Table 5. AT T & A 5 1110 BEREHE B
Abraswe resistance pa‘rallel to and perpe‘ldicular to fiber dJreLtlon
. e <>< Los cm> ) ;' I
Gl 1 ik Abrasw(;m3 ‘ 1 A “ il HE i - "Abrasive | fi g
Wood species fisiq,tf}nce ] Reffgées Wood species wrresyls‘tgrme Rei(;r(;es
7 | L ;‘ 7L ’
tHino{d # 3.34 2.06 b Tojzhin/oki “WL 4,71 3,55
® Hiba A 226 | 1.08 | \\/Shio?\{ 7 8.03 | 6.16
IEZZH]&?SU 7 4. 52 2.59 | T Kiri ) 2,13 | 1.96
?Alz;m;su f 4.92 3. 61 f yShﬁauﬁki * 4,49 2.97
! Ifa?glgéiéf 6.49 | 4.2 1 TR 6.50 | 463 |
7Mfkan}/>a 2 10.75 ! 6. 94 | | Xj‘itd}l;z—t vt 7.07 5.02
7 Asaggx g 8.78 483 i “ I/Ryedl\lgu’;x g 5.09 3.53 \’
jiKatsura 7o e e i aﬁ’l‘eal; 3.74 ‘ 3.25 l
7Bunva 7 515 8.14 . | 7E\ﬁlh§ga:r;y~ 3,43 2.72 |
Table 6, # oo B R b
Abrasive resistance of the coated wood % 1()6.5‘:’,%2l
it g tUn)-LLVU | %}é fjacj( {?J]é; ‘ 77/-\m/lxr1}(>j]et/l—§y?i | PglguZeLEhfmje
rcatcd

Wood species

Un \ T ;VFD T/Un T VBD‘TDp:

resin paint i resin paint
‘

. ;7 | 48 558 0.210 116 6.17‘ 0.298 .28
Buna . 3.1 3.62 0.151 1.17, 4.07 0,200 1.81
SR L S | DS IR ; S - e
| i | i f |
4 AV HTF \ 6.7 8.91 0. 200“ 1.33  9.84 0,232 1.46‘ 9.881 0.282  1.40
i i i i | i
Itayakaede | | 4.6 597 0.139 1.30 6.68 O. 240 1,45 6.58 0.188 1.43
I ! | ' | .
,,,,,,,,,, _ , SR S — ,
TR 7.1 8.65 0,080 1.22 8.63 0.104 1.22 9.22‘ 0,128 1.30
Walnut L 5.1 6. 49 0,147 126 5.78 0.209 113 7.6§ 228/ 1.50
v B v | 7 10,1 11.73 0.245 1.1¢ 11,46 0.259 1.18 10.86 0,246 1.08
| ! | |
Makanba s 6.5 7,25 0.200 1.11 7,82 0,210 1.20 8,20 0.210 1,26
- —— e S . B S — - - L B | - L -
1) /‘QM ’ﬂ?‘é X*#@ﬁiﬂﬁf Volume fraction of pamt to wood.

T/Un @ B/ R ER

Painted/Untreated
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Lico BRD D 2 FEEED]
RRABMICT 4k E LT,
M DF

LT &S Ao

UL OBINFART, AR

7

LD, BIEICE 5 TE THEAM T
/C'

e E EHN T, .
Ld
A
dge
—

(3)  UFIHEATIC R D! Fig. 13 % M 7 o
N o Fig. 20 @ ic Fig. 13 @ (a) Contact elements,

TRTUFIEDEMT2ED DT 5, COff
T (FiT S-33, $180) % 5

Tohi z
fu /

1A bu 2 y4 Y

sk T ATHIC

e e ey 1 bl
KExOU, B

ke o

— 7 1 40 mm

.
#- 5.
=,
FRE
o
8 10
ASK e

=iEE T (g/cm?)

FOREX14E 2, 5, \Iorma‘ load (P) vs. frictional
force (+) related to the ap-
parent contact area.

AL, ALF)

10mm A2 % /o b &, EEf

- o :
OF B K S-33 R

Abrasive paper | Made by USA Home
e made
< @ Size (mm) J 2%10 | 5X10 . 10X10 | 10X10
R | ‘ _ - .
i = N S 1 1.5~1.8 11 1.6 2.1 1L.7~1.9
Weight loss | | ! j
(mg) L 12,002.6 | 2.4~3,0 1 2,2~2.7 | 2.4~3.1

e Py e sHEHE Sample : Radial section of To¢hi
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WANERTFT 5L Fig. 141C b, %t, ENFNOERICE 2 EREFHIZ Table 7 DT & Thb, C
nd, PHEEE S EOBEMERIE 2mm BETHE & THEND, 102 b o~ KB 5EHE
BOAERENS, [=2.6mm, X561, SHOEMOEREI, £01/2Th-7DT, TOFHEE
L7e
SRR
800(2)

_OVWANS /| = { 2
1320, 26Ccms) < 0- 51, 538 glem

COBEHEMEIZI FLOEE NS ZBERLICT 57258008 & L,

. 50008) em?
1.27%0. 2(cm?)y 1 O74glem
WD OIENT - 200C8) .y 498 glem?

0.7%0.2(cm?)

Ll S-33 ($180) Dy, %92, 500 fll/em? T84,

uﬁni%%aﬁ% DR ESOE S HIIA MO B MGG PT I, mAdm, 45° 51
D 3FMEL, ETHMDES, R ITHEROIREORINIC 2 Fimll b 5 b OEBAK, EFES 2~
SEE X2 &, WIBRICAKM D ATE LY 5o T ORDEFTEMTARE LT, NERE UOHTERE A F b
7oo BERRIZ 50 A b a7 FTITV, 100 &ICEBHANE Ui, M OKHLERL Table 8 0 &
T, WEROAKEZ10~11.4% TH 0, AERREE (17~21°C) TiT -7,

4) 83

FEREARDL U 30T @ Eq. 16 X1

L p P
U W pl W plP#W (14)
cTiT, p: i, v EEEA, L W FEEQERRETZ b o — 2 ¥ nlcaing 2 B8,
[ 1A a—7 OFRE, P:EHEMNE

Lo R

B LB TR, S oOMETRITZ

° . | o , #180 TU% 20 ALl Lo B EEEE AR

i { i 5 (Fig. 18), chb b /W 2k, 5

3 ” 0} Bt B SN ¢ A FLT, Eq 14
1; g // £ U LI, Table 8 10K HIFER]
. A L OB, BN SRR, EET
% J / //;o Wb, LR EAMETEOM O EAKH
. | (O s TR bk < 4. <

NERIC L EEZ 0N AD, BEAETH
DEFEFRE (1EYM72Y 0EERD) A

PR B

T S 0 T 10
A% N W N 1D, Li#-T, Eq 14 XDEES
Fig. 16 JBEEMK S EBEEE A BRI D KN, 0°2>45°>90° &

R A .

(E}FT11E+\’EL &ODF}iiﬁ) 1z Z)%‘!Elip%;(/\o 772, 4B° & 90° RO
Number of abrasion (N) vs. loss in .

weight (W) in relation to grit FTLHEAL P REN E VAR BELH

number of the sand papers. B COETHEETF X, Ui
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Table 8. EE ¥ @ 7 A i & 2 JE K 6T
Abrasive resistance in relation to abraded direction

BN Ak | OF B A | EREN | E R G

£ i Coefficient =~ Abrasive
Abrasive Specific gravity Frictional force of abrasion | resistance
Wood species direction in air dry W( _ ) | gcm
A P 1074 ) | (>< 1068510 )
o e ‘ T (2) n g EU cm?8
0 0.396 408.2 | .7 3.80
E J F e ‘ o ‘ |
Hinoki i 15 0. 406 | 422. 4 Lo 3.61
90 § 0. 407 : 437.3 2.2 : 3.24
! T | |
0 f 0.332 408.2 | 1.9 2.85
a 7 7 c \ 5 | 5 | 5
Sawara ! 45 | 0,315 : 458, 1 ‘ 2.1 2,75
| 90 | 0.325 | 473.1 | 2.5 2.46
| | ! ]
—_— | = g S
! o 0.406 202.6 | 1 3.63
[ A S “ | ]
Todomatsu | 45 ! 0.410 § 405. 1 | 1.8 3. 69
\ 90 ‘ 0.415 412.7 | 2.0 3.43
0 0.408 | 440.0 1.8 3.99
b v 2 . | R
Tohi ‘ 45 0. 401 | 436.7 .0 3.50
i 90 405 482.8 2 3.55
——
* 0 0.546 | 444, 2 1.1 8.82
hoToZ Y 45 0.560 | 466, 7 1.4 7,47
Karamatsu |
| 90 ! 0.560 | 467.0 1.5 6.97
} 0 0.570 | 436.7 1.2 8.30
+ v
{ 45 0.576 \ 428.2 1.2 8.22
Sen i
20 0.581 | 438.8 1.6 6.37
0 0.702 438.7 1.5 8.21
X+ F N
Mizunara 45 0.705 465.6 1.6 8,21
90 0.711 469. 2 2.1 6.35
0 0. 685 403.5 1.0 11.06
¥ _F & ® 5
Vachidamo 45 0. 685 438. 4 1.3 9. 24
20 0. 680 453, 6 1.5 8.23
0 | 0. 635 437.7 1.4 7,94
A2 TATT 45 0. 630 448, 4 1.5 7.58
Itayakaede
90 0.622 466.7 L5 7.74
0 0.716 i 466.9 ‘ 1.4 9,55
= F Voo - | =
Makanba | 45 | 0.706 466. 5 1.7 7.75
| 90 0.704 | 483.8 L7 8.01
,,,,,,,,,, | ) —— |
0 0.510 | 414.5 1.6 5.28
hooo 7 45 w01 | 422.6 1.8 4,64
Katsura |
90 0.495 | 428.8 | 2.1 4.04
0 ‘ 0.588 | 464.9 ] 8. 41
7 T /o F 45 0.591 466 1 7.87
Bunanoki
90 0. 590 481 1 1 6. 31
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Table 8. (»J%) (Continued)
EEFN K%k E B D BREAK | OB B IE R
Pi) pe i i | Coefficient Abrasive
Abrasive Specific gravity Frictional force of abrasion resistance

Wood species direction in air dry i W( _ ) ( gcm )
o | —— 107¢ 1082~
o i I = (@ T\ 107 U X cms3 )
0 | 0,485 442,1 1.1 7.80
b'réihiﬁgki 5| 0. 480 482.3 | 1.8 5.14
90 0. 480 1944 | 1.8 5. 27
| 0 | 0. 682 395.8 1.5 7.20
7 e T 45 0. 680 437.8 1.8 6.61
| 90 0. 680 439.1 2.5 4,78
_ = _
0 0, 257 448.1 | 1.5 3,07
* i P 45 0. 266 435.6 | 1.6 2.90
90 0. 268 457.0 | 1.9 2,58
f o 0.512 4046 | 1.4 5.92
S T 4 0.518 432.8 2.5 3.59
f 90 % 0.514 4736 | 2.5 | 3.89
S N I
| ] {
‘[ 0 | 0.672 433. 4 ‘ 1.2 9.71
ANy b 1
o | 45 | 0. 670 4681 | 1.9 6. 60
| 90 0. 685 459.8 1.9 6.63
D ‘1 - ]
| 0 ; 0.575 396.6 11 8.29
v dis 27 a5 0.575 417.9 2.0 4,81
‘ 9 | 0. 580 420. 1 2.1 | 4,64
0 { 0. 597 461, 3 1.4 | 7.87
RITA AT VT ! |
S hite merants 45 | 0. 604 48?.? | 1.5 7.78
90 ‘ 0. 601 485.5 1. 6. 48
— | e
0 T 0. 606 406. 5 L. | 8. 21
Peak 45 7 0. 621 441.5 2. i 5,48
1 2 4,61

JAEMRAN D U O (Table 5) *OBEEHETH B, VE,

DTELTHS

£/ %

S

+ P
()]
ek &

90 ; 0.618

448,

U
M L
3.34  3.80
3.63
8.30

2.01
6. 84

XS, SIHEEMTTOREMDT R E .
{15 UHBKEAERIEMELD SFENMEODT, BEFHEERLTOORBHEICE E¥i

EHETOBBIC O SWMEAWRI S5 &,

i

U
e N
AL

A
6. 49
2.13

KL AT VT 6.78
HiticEM T IOBERICIE 2 EHAEDER XS

7.94
3.07
7.87

Eq. 4 LMo EL, Ulkkidp, +(F23 WBEIBRICE 2. p, Win, « OXPNEFKICE -
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Table 9. il T N B L 3 & 5 0 B &

MRERBIBTI LS 5 208 5

% %

Frictional coefficient in use of different contact elements

I
i = = 23 P
e | SHE G E BB K
| R | Frictional coefficient
i mo : Specific |- e
Wood species | dimeetiy | . gravity | s=33 | Pl # | W #& | K ¥
00d species wrection | 3"air dry Abrasive ‘ Steel Edge of
9° p paper #180 Cone ball razor
| 0 0. 396 0.510 0. 440 0. 255 0.51
= / +
Hinoki 45 0. 406 0.528 0. 446 0.220 0. 50
20 0. 407 0. 547 465 0. 200 0.53
0 0.332 0.510 . 460 0.325 0.72
Y 7 7 45 0.315 0.572 0. 630 0.235 0.65
Sawara : Puee : :
90 0.325 0.591 700 0.235 0. 66
0 0. 406 0.503 432 0. 245 0.68
boE = Y s 0. 410 0. 506 467 0.225 0.72
Todomatsu ' . e
90 0.415 0.516 0.495 230 0.71
0 0. 408 0. 550 ’ 0. 400 170 0. 57
=
T6hi 45 0. 401 0.546 | 525 170 0. 60
90 0. 405 0.604 | 460 0.170 0. 61
— - i I
0 0. 546 0. 555 0. 455 0,295 0,45
BT o= -
Karamatsu 45 0. 560 0. 583 l 490 0.185 0. 61
90 0. 560 0. 584 560 0.295 0. 68
0 0.570 0. 546 400 0. 200 0. 65
+ v
Sen 45 0.576 0.535 430 0,180 0. 68
20 0.581 0.549 430 0. 180 0. 68
0 0.702 548 370 0. 180 0.42
I X ¥ 7 ; . .
Mizunara 45 0. 705 0. 582 425 0. 180 0. 44
I 90 0.711 0. 587 475 | 0. 165 0. 50
0 0. 685 0.504 | 390 0. 140 0.65
F & = - 4
Yachidamo 45 0. 685 0.548 410 0.170 0. 64
90 0. 680 0. 566 445 0,170 0.67
. ‘ e
0 0. 635 547 | 0. 395 0. 180 .61
41 4 Hhzi - - |
Ttayakaede 45 0. 630 583 415 | 0. 150 .66
90 0. 622 561 0. 445 0,150 68
0 0.716 0. 584 385 0.165 0. 41
< B v o ” )
Makanba 45 0.706 0. 583 410 0. 140 0. 41
90 0. 704 0. 605 0. 450 0. 140 44
0 0.510 0.518 0.428 | 0. 260 0.58
7 Y v - | -
Katsura 45 0. 494 0.528 0.437 0.230 0.59
90 0. 495 0.536 0.470 | 225 .61
0 0. 588 0.581 0. 440 ‘ 0. 140 0. 60
7+ J * |
Bunanoki 45 0. 591 0. 583 0. 440 | 165 64
90 0. 590 0. 601 0.490 | 190 . 64
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g | G I T N S S S
A T e i r& 4 HL 7
i i FERE T 10 Frictional coefﬁclcnt
) A . Specific S S
Abrasive pecine \ . . . ) -
; vecies | divecti gravity $-33 Mo W% oo A
Wood species | direction in air dry Abrasive Steel Edge of
0° P paper #180 Cone ball razor
_ . ) o
o | 0.485 | 0. 553 0. 420 0. 200 0. 525
’réchinoki:F 45 0. 480 0. 603 0.470 0.190 0.55
90 0. 480 0.618 0. 490 0.180 i 0,54
0 0. 682 0. 495 0. 405 0.180 0. 55
7 e * 48 0. 680 0. 547 0.42 0. 180 58
Kusunoki " o Y 0. 420 -
90 0. 680 0. 549 0. 475 0. 180 0. 55
; | . R F
0 0. 560 0. 220 0. 50
;?kihw g 45 0. 548 0.195 0.76
90 0,571 0. 210 0. 90
0 0. 506 0. 250 0,475
Sh?ﬁanéki:? 45 0. 541 475 0,225 0,51
% | 592 0. 500 0. 200 0,575
0o | 0672 0.542 0. 355 0.175 0.57
A IV TR S | o PR . 3 .
(R 45 | 0.670 0. 585 0,390 | 0.145 0.57
20 | 0.685 0.575 0. 415 0. 160 0.55
o 0.575 0. 496 0. 400 0.185 | 59
L/ﬁgdfzz;;; 7 i 45 0.575 0.522 0. 440 G. 160 .61
90 0. 580 0.525 0. 455 } 170 .62
0 0,597 0.577 0. 400 0. 270 E 0.63
N N = ) i _
ﬂﬁvﬂéié ;;é;;;é 45 0. 604 0. 600 0. 480 0.170 | 0.65
[ 90 0. 601 0. 607 0. 500 0.210 | 0. 69
. f, o . o . | .
o | 0. 606 0. 508 0.385 0.180 \ 0.59
F -y " , 550 \ 50 | 5
Teakk a5 0. 621 ). 552 0.410 180 | 0.59
9% | 0.618 560 | 0.435 0. 180 0.62
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Table 10. 5@ TE & S REHE 0D X

BRI O ABIERAL
Correlation coefficient of specific gravity in air dry against
frictional coefficient of various contact elements

i g g 0 . . - o A
g oM % | omo ok | o ow | BEM
Abrasive | i hdge of | Ab;dilr“
direction | Cone Steel ball i blade 1 pS p;

0° . — 0.535 \ - 0.%66 | — 0,208 £ 0.224
45° L - 0,622 | — 0,663 | — 0.454 | 0. 386

90° — 0.633 — 0,496 — 0.528 | 0.049
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X Hifn & Abrasion on the radial section
Narmal load : P=800g
Number of abrasion

0627 Red lauan

. oo
-
® 9%

FO0.58 S0

58 LR

B \

\.\,E

0.42

- —— ek S U L ]
o 10 20 30 40 50

[ O I B G
Fig. 22 vy F3 9 v SHIOBEEGEE (P=8008)
Frictional coefficient (u) on the radial section of Red lauan (P=800g).




— 136 — WS ERSIEe  3 298 5

0.62p

Yachidamo

[ 1>N@]

0.42 “ id 2 1 S
Aok M % N
Fig. 23 ¥ F 4 =0 S HEOREKEEH (P=8008)
Frictional coefficient (x) on the radial section of
Yachidamo (P=800g).
0.7 a 3
\{ : O 60
o 180
® 240
b\y@\\ 0 320
Q
N
5 0.6F O\ \o/ \O\»,/}\\ /‘\
Ex TN 2
S o
Q‘ sty e
Wi -
ha \ /3\ /'/ \ - [}
o 1Ny e TS Y//C?y/\\ %{/ Spes ////\
by Y / L LN
hd ‘\‘( /‘/\E{//&\\ ’,@/‘ \]}/ E/L\\él//d \:(
# (/° e e Vs \\3/
0.5~ N / o
i j/f»«—cf\/d
F
/’,
o
[ D — 1 1 : ]
0 10 20 30 40 50

BE R W % N
Fig. 24 7t OF S HIEOMBHMNCTH IO EREE (P=8008)
Frictional coefficient (p) parallel to fiber direction
on the radial section of TOohi (P=800g).

WML A BT Four kinds of abrasive papers

{, EHOFEROZBESMETE B0 HHA 240 FL)
I EH DD OEAERT . BRBKELELE, p /&5, ST LT, BEE =
VI, MR T, Fig. 26 OflO X 51, BEHDASOE p b REV, TNOOMAMEHTIHETH S
fodd, ERMT RV PF L, BEEINEAMEICHANTRE LS BODTHEA 5o AMWTE, EHOM
TA~D WV iAS ERICTE fJ7 T R BET LT, SEB DU OB DT, SHORENRE N LR
BHOBERT 5L5TH 5,



AR D KT DR LR & BERE D R T (B4 — 137 -

C# 60
Q A
L\ 2180
0.7 q ’ @ 240
=1 320
: \\\ e
O A
& blo/ AN =s TN
= o o oo ) D\O
g’
I N A N /L\
- ™ LN e R A g N A
N Sl U
# S R N N
o T et N g e
1 -
oA S \:\/
| ¥
L
0 5{ 1 1 1 1 1
0 10 20 30 40 50

FEOR W N
Fig. 25 AR I DB R (=800 8)
Frictional coe[hcient (;L) perpendicular to fiber direction
on the radial section of Tohi (P=800g).

0.45— S S — S — L. S . |
G

Fig. 26 WML e =vino SRR (P =8008)
Frictional coefficient (p) on polyvinyl chloride plate (P=800g).
ITFPRRAG 3 F Three kinds of abrasive papers

LU 5 E3

FRdE (LB TEIC X 4 52 FEO A OB O N &AM o J7 ik & O R <7,

(D BHEMBRICHE, 3 DOBEOMMABNDSS 2, RAMEHAM~2 &, BRI TP~ AR
MAENDT, AMRIICE UORESIN L o PSSR A 5 2 3 v F—2HEr L, TEOA
1% & B DR A N,

(2) JESEEFERIT I & R <

W5 o BERRAR MRS Ao

INE LTS D . T OB 2 i CE
Miams >80, BkF 3k

BcEDE S

DIEMD 2 & DR EDQRKEFERSZEMMIC S <, IRREM TRBEAMDBIRGER - T b, Licki-
%

BERRE 72T TUMRE & LT ol 209, KHOIPRELCLADE THEE T NETH L.
(3) i TR 7o EATHEDT M T DAL OFIBNIC & - TS - oo BERBIEHL & AR TG/ JE S5 &

@
fu%



— 138 — MR IBIT e 28 298 5

OBEE IR TRDL Lic, MEOHEMSOINIE, CNZEREIICER L, FROERINE RN TE
BRIV D ESERBEEHET 5, COPFMICE - TREMRRIC K ABEEVRIT A ETE S,

(4) Table 1, 2 &b, FHCEAHMOERIFTHNLY, BEALOMETRS L, —77, THER
AW THIE U7 BEFBIRDL & 71 & DBIFRT SRS &2 D, BB AT, 45° ©
F, MHEICE A OIS S o

(5) RMOHF KT 2 BEFEMEAZ R IICH A~ 5 7cw, WEEAM#ET, S, NiglThashi,
JEBRIR A Yoo DHERRIC X 2 BERRIIMINEICE A 71,  45° 5T MgEF & NIC K 2 BEEERICEELT
205 WEOEHER—RIRBD NI, Lich- T, BEMEEELERODR TR, ¥5ICRE-
TCHBEAIR T C EDELON D,

(6) BEFERTEDEMIRM DAL, UHEE O B4, PIICIRE {, BT LS5 |
A3 D8, A O, SHEROBMTEL D,

() IR, PEBLIS & DMUREIOBINE AR (2) @ i) T, EMEMEE LT, &, 795, <
RIS, AR F, TENY, AZYHITF, Y= 50EER LIz, BIRTE, BIEEE, ZRO
TERZEL,  FRMEIS &5 D7 S opRIEN 2, KEICE, SRS BEEGENCE S, 18,
Table 1, 2 BB SRETOR, BB EOMERE BT TS 2 0BT,

X Bk
D 8RIEW « RERNEM OB, WU, 282, 148, (1976)

2) et AW R O RRE G & RIS, MR, 298, 51~110, (1977)
3 bR R MR W BAEFEEMEOMEE R, MR, 163, 1~14, (1963)



A DR O B (LRER & R D By (kD — 139 —

The Standardized Test of the Abrasion of Wood and its Anisotropy

Masaharu Svzuki®@

Summary

The standardized test of the abrasion of wood has been conducted on many wood species,
and the abrasive property of wood related to wood anisotropy has been investigated.

The construction of the apparatus for measuring the abrasion of wood is printed in JIS
7 2141, The mechanical action of every part of the machine was checked in detail. Therefore,
this test method can be applicable for estimating the resistance to abrasion of wood.

For instance, the sand grains on the surface of wood are struck with the hammer, pro-
ducing lots of little hollows on the wooden surface. The size of a sand grain is in the range
of 0.3 to 0.6 mm. And also, the wooden surface is scratched by the rolling sand grains under
a heavy steel-plate for the frictional action. The scratched lines can be numerously observed
along the direction of the abrasion and as a result of it, the fuzzy grain is made in some
kinds of wood. These actions would be similar phenomena to walking and carrying on the
floor.

The abrasion of wood is much more related to specific gravity. Loss in thickness against
specific gravity are shown in Figs. 2~5. As the specific gravity is greater, the abraded loss
in thickness is more decreased. From the Tables 1 and 2, the abraded loss in thickness per-
pendicular to fiber direction is larger than parallel to it.

The various changes of the structural features on the testing face are detected during
abrasive process and they are directly connected to the wood tissue. The pore zone of the
ring porous wood and the spring wood of the softwood are cut into some grooves. Wood used
in a wooden floor must be selected with a view from smaller amount of abrasion, and littie
change of the structural features on the wooden surface.

Loss in thickness is different at each point on the abraded surface of wood. An abraded
depth is dependent on the abrasive resistance of wood tissue at that point. Some simplified
equations of the abrasive resistance are given for calculating the loss in thickness at each
point of the tangential section, and the parameters of the equations are listed in Tables 3 and
4. Figs. 7 and & show the relation between loss in thickness and abrasive resistance.

As already mentioned, the abraded loss in thickness is severe in the transverse direction, and
it can be confirmed on some wood species that the abrasive resistance parallel to fiber direction
is larger than perpendicular to it (Table 5). Figs. 10~12 show the variation of the abrasive
resistance in the longitudinal or transverse direction. In addition, it is shown in Table 6 that
the abrasive resistances in both directions are remarkably increased by painting.

On the other hand, the loss in thickness and the comparative value of abrasive resistance
were measured using the contact element of Fig. 13-(a). The apparatus is outlined in the
previous paper?. As shown in Fig. 15, the lines of loss in weight indicate a steady state
above 20 strokes. The loss in thickness can be calculated from the steady state of the abra-

Received July, 15 1977
(1) Wood Technology Division
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sion and is shown in Fig. 16.

Table 8 indicates the relation between the frictional force and the comparative value of the
abrasive resistance against three directions of the wood grain. It will be observed for each
wood that the abrasive resistance has a tendency to decrease with increase of the frictional
force (the frictional coefficient).

The frictional coefficients of the cone and the steel ball were measured under various loads.
The frictional coefficients of the cone in three directions are in the order (fi >fus>fz) as
shown in Fig. 17. These results will suggest the mechanism of the abrasion by the abrasive
paper (S-33). The frictional coefficients of the steel ball in each direction are in the order
(fr7>fas>f1) as shown in Fig. 18. The transverse frictional coefficient of the steel ball is
in contrast to that of the cone. Figs. 19 and 20 indicate the relation between the frictional
coefficients of the contact elements (a, b, ¢, d) and the specific gravity. The frictional coef-
ficients of the cone and the steel ball have a tendency to decrease with increase of the specific
gravity. The frictional coefficient of the steel ball is fairly smaller than that of other contact
elements., The abrasion induced by the abrasive paper (S-33) is similar to the abrasive be-
havior of the cone and the edge of the razor, but it is impossible to simulate the repeated
friction of the abrasive paper by these contact elements.

The frictional coefficients give significant changes in the profile during abrasive process.
They are classified into three different styles as shown in Figs. 21, 23 and 24. The curve of
the frictional coefficient steadily increases with small grain size of the abrasive paper. It is
supposed from the transverse friction that the coarse surface of wood in the early stage of
abrasion would be changed into smooth gradually. The ring porous wood having compara-

tively high density will be suitable for use as flooring,
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Table 11. &0 ¥ @ & W fr i
Positions of samples in the log

Shorea negrosensis Foxw.

Sepetir

J. Leonarp
Sindora coviacea Pran

e WEE | A 1F il
BT ‘ 2 % BeRpEST Width o i
Wood species Botanical name Q'(l)meploc board | from pith
. - - o (em) (ecm)
Hinoki Chamaecyparis obtusa Expr. 20 33A12 50 13 ~ 18
Sawara {[E“hanfmec’ypm‘is pisifera Enor. i
Momi Abies firma S. et Z. 4M1AZ 62 15 ~ 27
Todomatsu Abies sachalinensis Fr. Scuwm. 7D2-2 35 10 20
Karamatsu Larix leptolepis Gorpon 9T 31ALS 26 16 ~ 20
Kzomatsu Picea jezoensis Carr.
Tohi Picea jezoensis var. hondoensis Renp. 12J2A2 40 10 ~ 17
Akamatsu Pinus densiflora S. et Z. 15L312A1 39 8 ~ 12
Himekomatsu Pinus pentaphylla Mavr. 16K3A2 52 9 ~ 22
Kuromatsu Pinus thunbergii Parw. 35 |9~ 12
Tsuga Tsuga sieboldii Carwr. 14M2A0 60 I 15 ~ 27
Ichii Taxus cuspidata S. et 7.
Kaya Torreya nucifera S. et 7. 2N1ALL 40 5~
Sugi Cryptomeria japonica D. Don 18N261 A1 30 8 ~
Itayakaede Acer mono Maxiv. 59D3A1LI 60 10 ~ 22
Sen Kalopanax pictus Naxar 64D5A L2 30 L 10~ 15
Hannoki Alnus japonica STEUDEL 741 5A12 28 |10 ~ 14
Mizume Betula grossa S. et 7, 31H (4-1 « 8-2) 40 | 10 ~ 2
Makanba Betula maximowicziana RuceL 3BDIA(4 - 1) 30 10 ~ 12
Asada Ostrya japonica Sawrc.
Katsura Cercidiphyllum japonicum S. et 7. S0D1TAL 52 10 ~ 18
Buna Fagus crenata B, 38HBAL 50 13 ~ 18
Akagashi Quercus acuta Tuuns, 40ON18AZ 50 10 ~ 20
Mizunara Quercus crispula Br. 4512 30 13
Tsunoki Distylium racemosum S. et 7. 5AN4D2 36 9 ~ 15
Tochinoki Aesculus turbinata Bu. 60T 2A1 46 10 ~ 18
Kusunoki Cinnamomum camphora S. 52N1ALL 5 7 ~ 15
Tabunoki Machilus thunbergii S. et Z. 53N1A2 40 9 ~ 20
Honoki Magnolia obovata Tuune. SIDSA? 40 9 ~ 15
Yamaguwa Morus bombycis Kowzumr
Yachidamo Fraxinus mandshurica Rupr, 67D15AC 30 10 ~ 12
Shioji Fraxinus spaethiana 1Lincersu. 66H2A2 40 10 ~ 2
Yamazakura Prunus jamasakura Sies. S56H4A 25 3~ 8
Kiri Paulownia tomentosa Strun. 69HAA 12 35 10 ~ 15
Shinanoki Tilia japonica Sk, 61C5A2 50 10 ~ 20
Harunire U Z\'/’:’i“r‘s f;g)é%?gal\iiﬁm 47 C2 AN 38 4~ 16
Keyaki Zelkowa serrata Maxivo
B e % i 2 %
Wood species Botanical name Wood species Botanical name
Dao D?i\ddiol:;fOZzellnggQO i White meranti  Shorea bracteolata Dvx.
Walnut ]uglans. sp. " | Ramin Gonystylus bancanus Kurz.
Pulai Alstonia spp. i Jongkong Dactylocladus stenostachys Oviv.
Perupok Lophopetalum spp. Teak Tectona grandis L. I,
Apitong Dipterocarpus gracilis Bu. Sapele Eﬁ%?;jﬁfzxggz i‘
Kapur Dryobalanops spp. Bubines Guibourtia tessmannii
Red lauan ubinga







