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1. HERBRE
1. fies

BHiE & OREOERITBIT & ITEBRIC LT, 2022t 40cm L RO KEKRY
ERIANTERAT 3 2 M AR 2 W T, S OEMIT & 0 8 LA & o b 113
TSR Bl S0z b DT, TOBHIAE LUBERIEF 1 RTRTTELTH D,

FHEAH I HERIC B W TR E S ITBRA D b DXL, TS, ML)
L THBICER L, FIAED 9 2 3104 & 2 LEWIN SR 213 & 2 L2, PRl
HEER LB Y R LA DI DOWTHER L2 bDTH D,

g1 R AFUROREE L E
Table 1. Species of test tree and place of growth

(1) Coniferous wood

@Eéﬁies Speﬂles =3 # s %:nf K o & F H# Sjjﬁ
No. (Common) Botanical name : Place of growth of material testad ‘ ¢ =
name : | ested
L EBEENRR EIEEMNEENEAR
. * N gAbleb firma Siebold et | National forest within the boundary of 4
| Momi | Zuccarini " Yabuhara District Forest Office, Nagano,

| o Regional Forest Oifice. i o

‘ c o Abie : s LR LsREhe o .

2 PPy | Abies sachalinensis Fr. it l0o3% oot within the boundary of 3

‘ Todom_at}J 1Schmidt Sapporo D. F. O., Sapporo R. F. O

v 5 = ) R RIFERR WeEle 7 .
3 Sirabe ‘Ables Veitchii Lindley National {orest within the boundary oi 2
_Suwa D. F. O., Nagano R. F. O.

| FATY } ' |
4 t /7 ¥  Chamaecyparis BT | 5
' Taiwan formossusis Matsumura lTalwan (Forrnosa) i =
hinoki '
1 ; : : Eﬁi‘éﬁ% ERENES L UAHEER
B E

5 SRS ' Chamaecyparis obtusa Natlonal for@t within the boundary of | 2
Hinoki ' Endlicher | Btaki D. F. O., Nagano R. F. O. \
: National {oreat within the boundary of 2
o L 'Gero D. F. 0., Nagoya R. F. O. o ~
Ni%ﬁél.bfki%} E"ézﬁlr{lﬂi‘?’é’%\g ”
> = : te el T National forest within the boundary oi 2
6 . ihamascyparls pisiiera G p. F. 0., Nagano R. F. O.
[ National {orest within the boundary of 2
- i o Noziri D. F. O., Nagano R. F. 0.
. ; K EMRR HJ'C?JF/FS ’/
7 7‘Su i&r 2”;%2?63331]) on National forest within the boundary of 2
g , Japoate . ~ Nosiro D. F. O., Akita R. F. O.
oy ERERE  BOERE 1
8 Karamatu Larix Kaempferi Sargent National iorest within the boundary of 2
. | Suwa D. F. O., Nagano R. F. o ~
ey o I Rl G
9 Ezomatua i Picea jezoensis Carriers National forest within the boundary of 2
‘ . | ~ ' Kamikawa D. F. O., Asahikawa R. F. O.
; { NEH@.IME& gzﬁtio;?%ﬁb 'afrzlﬁ% ” ,
| R ¥ u  Picea jezoensis Carriere, ational forest within the boundary of 2
'© ' "Tohi  var. hondoensis Rehder yopuhara D. F. O, Nagano R. . O.
I National forest within the boundary of 2
o | ‘ Hukusima D. F. O., Nagano R. F. O.
| S FUREMRE RS 7
11 Zk:n;til Stmzuj',g:ﬁillﬂom Siebold, National forest within the bouundary of | 2
‘ ~ : ' Kohu D. F. O., Tokyo R. F. O. |
M raey | EEERRE  LRERE 7 )
12 Pinus pentaphylla Mayr National forest within the boundary of 2

Hlmekom:\tu ' Agematu D. F. O., Nagano R. F. O.
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# 1 R
(1) Coniferous wood (%7)
el BB : }
é%%ﬁ | (Common) o e A R o 4 F # Trees
No. | (Common) | Botanical name Place of growth of material tested tested
| \ name |
- e TOtERm  THEENEENEAM
13 I\? 1= s { gln}lst Thuunbergii National forest within the boundary of 2
uromatu | Parlatore Tiba D. F. O., Tokyo R. F. O.

E#ERE Lk X OCBREKRE 7~
' National forest within the bo.mdary of
Otaki D.F. O., Nagano R.F.O. i
National foreat within the boundary of ‘ 2
Noziri D. F. O., Nagano R. F. O.
EEEREEE, Wik X OCRRIFENE 2
National forest within the bourndary of 2
| v 7 Yabuhara-D. F.O., Nagano R. F. O.
5 Tu Tsuga Sieboldii Carriere National forest within the boundary of 2

ga Suwa D. F. O., Nagano R. F. O.

i | National forest within the boundary of 2
' Narai D. F. O., Nagano R. F. O. ;

14 P
(7 27 w) Thujopsis dolabrata
- Hiba Siebold et Zuccarini
(Asunaro)

(2) Dicotyledonous wood

B wm | T SN 0 S o
pN Species | Botanical name Place of growth of material tested
o. | ! l tested
%“’ ) Nrullglvfr}% nﬂ)llrﬁM\?h @L%ﬂw L
B =T o : : Narional forest within the boundary oi 1 2
16 Itayakaede }AC‘“r mono Maximowicz Asahikawa District Forest Office, Asahl-
| kawa Regional Fore)t Office. |
- ing SUEMRE ERERE
17 R/ % | Aesculus turbinata Nat101a1 forest vnthln the boundary of ‘ 2

'1_‘051:131'{1 !Blume B . Takasaki D. F. O., Tokyo R. F. O.

R Betula grossa Siebold et Ni‘\%”éﬂ?ﬁm LiEERE

| Iwamizawa D. F. O., Sapporo R. F. O. ,

18 Mizume | Zuccarini Ogllg“l?)l fgregc wlt;:ah;;lngh?{ b%gn%ar\ of 2
T e imowiczi AR HRRERE 7 "
19 ITfaI?Jab)a\ . %:t“ella Maximowicziana National forest v&ﬁthm the boundary’ of 2
. - * | g L Iwamizawa D. F. O., Sapporo R. F. O. .,
5 v 5  Cercidiphyllum | RIFERE R raM%&i 4 ‘
20 Katura japonicum Siebold et | National forest within the boundary of 2
o | Zuccarini | Agematu D. F. O., Nagano R. F. O.
5 inAmo- ReAER BEME |
21 Y&usxu ; 0,1; ﬁgg"g%oggéﬁl Camphora’ National forest4w1thnm the boundary of | 2
- g | Miyakonojyo D. F. O., Kumamoto R. F. O.
T - . REAE IR bé'*i.,./@’ﬁ?% " :
22 /Irsi\ng K T gﬁ:&gglz EOJES?ISJF Eatwnal forest Wlthl; the boundary of 2
! -Kagosima D. F. O., Kumamoto R. F. O.
) > NIHEEAR A e L
23 ” Buna Fagus crenata Blume National forest within the bouundary of 2
o Fukusima D. F. O., Maebasi R. F. O.
- L s , : LR J:?é/zl =t
2 gn: zr}uL i i‘;%lafcsatAalﬁf)?;ﬁmD 1€ National forest within the boundary of 2
T g = s  Kamiasibetu D. F. O., Sapporo R. F. O.
> MchiL o _MCAEMRE AWEKT
25 Z Tabu7 ]S\%ZggiiluitTZhsfcbaerggil  National forest within the boundary of 2
o i > ll\/'xyakono]yo D.F.O., Kumamoio R.F.O.
; 2 . HbEim L M\'P "
26 ;‘:o;lj;oflc:;i 5%{[}? §;11%l;? obovata Natlon;i forest within the boundary of 2
_ : | nberg o Sapporo D. F. O., Sapporo R. F. O
co 3 D W)IEMR — iR
27 D‘ox":(') r/ o‘j—i }F*:?SIZ: ‘;}:rs suaveolens National forest within the boundary of 2
I - Itinohasi D. F. O., Asahikawa R. F. O.
. | LR %EL/N 2 N |
28 | S/i:z_m/ok%i Tilia japonica Simonkai | National forest within the boundary of ! 2
| > |
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¥ 1 *K
(2) chotyledonous wood  (457)
| N -2
‘Sffif B 5 L R OR o & F e
No. Species Botanical name | Place of growth of matirfa} tested tested
- ; : EERE LENEMREENEEK
29 ] Yzz— di njl-co ill-la)i‘lencl;i mandshurica National forJest within the boundary of 2
: P Kamiasibetu D. F. O., Sapporo R. F. O.
B i =1 s :
ey , IRERE SRRERE 7
30 Hariaici Kalopanax pictum Nakai National forest within the boundary of 2
(an) ;Iwamizawa D. F. O., Sapporo R. F. O.
31 l * Y | Paulownia tomentosa | RBUE T AAIREFL | 2
o Kiri | Steudel | Tokyo-Noko College Forests |
— L GEC
32 Mi7unéra Quercus crispula Blume | National forest within the boundary of } 2
- I T _ Kamiasibetu D. F. O., Sapporo R. F. O,
‘ L= L Ulimus Davidiapa ) LA MR e /L_}Il,gﬂ(f?*i s ’
33 Harunire Planchon var. japoanica ' National forest within the boundary of | 2
Nakai . Asahikawa D. F. O., Asahikawa R. F. O.|
EEE st SRR 1 [
34| Kevyaki Zelkowa serrata Makino National forest within the boundary of ‘ 2
o Y_, i ‘Yubunezawa D. F. O,, Nagano R. F.
< FEEN Y735 %f’ﬁ’%"% 4
35 | Zl:; Zsf ) (C)Z:é;):?lanomls acuta Natlonal forest within the boundary of ‘ 2
| g - Miyakonojyo D.F.O., Kumamoto R.F.O. \
B si : REREME  HEhg 7 ‘
36 1 éfda/zig S:rsmgiofgﬁ d?uﬁgf;ta National forest within the boundary of 2
\ B ' Miyakonojyo D.F.O., Kumamoto R.F.O. }

2. WBUY
BB SRR L22M L b, AR, AMBE: (JES B4 3107, Wifn 24 4=
1)1 20 HURSE) 1T S 7 MeR s DBRERER T /0 Lics
3. BB R L orER
BRI T 2 A7 ~T 4,000 kg DOARMARERBRBEE @I L, E2odilEcid 1/20mm %
THEBS2F ¥V =K w7z,

BIBEDUIITIZF 4 T 7 — 2 V100 mm s & 0w 2 7 v AFFEEE vz,
4 L & UTABTI
FHH L ZOTIRFARD & 35 ) THGE A AR OAMABRIEIC L D7,
Wit
HRBT & ICAMBHHIC O T, RO IO I L7z
LG, BUKER,
AR
EERAB, IR, DUSTIAB, BT AE, § RE, B,
41 el
WA H OB AT & b D TRD L.
4.2 BoKERME
GKBRIAERICH T 2UHGIOER L, AWUAREOROASRE LOTRD LI, T
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HbbIatic L oTRkB iz,

LokE (M) = W.VV‘XIOO/ (D
7272 L Wi=¥ERio g (gr), We=21 08 (gr)

>

IR, MR B b Bl & & oS R 13 SRR B BT 0T & 3 & v
Zem STHKOHITEIRD , ZOUOFBHITRZD % 2 RRENLE L7,
4.3 MEIEE
RECILTE 725 ~ CRRUBTIC L L7z, SUCRIEDABM )i O Ml & 2 7RI Th L7
fili (x100) ¥ b DoCTEDT.
4.1 JEFAR
2020 x40 mm  DFLBRIITIT O\ THIMHC AT IC A4S EHIE & 175549 200 kgiem® DT
L LTEML.
4.5 T B

AR S L SOAOTE 3cm DD E v, ZAAFEHEKEIT Lo 20x20 %
300 mm DRI OVT, AAEEHEE 240 mm & LA X 0 AT L s 300

kgicm® DLF& LTHE L7
4.6 i
FZ kBRI T T ) WA OIS & 10y 400 Kg/em® DRI LCERER Lz,
4.7 s F i ER
7oAz~ 10 kgm  FRFEEEEREEIC & O #OINF A & W —S[ED b DIt owT, Fvoih
NTBE AR L O 8 LT,
4.8 BUHTAER
AR DUIRTIONE 3N THAE S L, i U & Figrdy 40 kg/em® DUFCTifo7z,
4.9 BmstE
FURTEITE L2 & 0 30x30x10 mm o 22 L HE BT RO fe ik ot I 2 S D W 1
it T KRR EY 20% DT U728, KRITHOmofrndés L 20BEL, il EK=R
#15% 2 hor 102 2T LCTHABKBITE T 22 L Loy Zillbizl, Bl
iz LoTkwzz,
ke, A2 1100 mm DRFEEET L 54 TS — 2T L DT Lz,

ety slzlll*\m()( T S

727l n=bL IO L ZIE LD R KRRO
I=5Kk3® 15% TEHF 212 Tl LK I LD LeBIm e S e ke 2

5. GABRMIEHIOREER KR (15%) 1285 % #57
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Momi

Todomatu Abies sachalinensis Fr. Schmidt

Taiwanhinoki

Hinoki

Sawara Chamaecyparis pisifera Endlicher

Karamatu
Ezomatu Picea jezoensis Carriere

Tohi Picea jezoensis Carriere, var. hondoensis Rehder
Akamatu Pinus densiflora Siebold et Zuccarini
Himekomatu Pinus pentaphylla Mayr

Kuromatu Pinus Thunbergii Parlatore

Hiba Thujopsis dolabrata Siobeld et Zuccarini

(Asunaro)
Tuga Tsuga Sieboldii Carriere

Abies firma Siebold et Zuccarini

< Sirabe Abies Veitchii Lindley

Chamascyparis obtusa Endlicher

~ Sugi  Cryptomeria japonica D. Don

_ (s L OOR4)
Species (Botanical and common name)

Chamaecyparis {ormosensis Matsumura

Larix Kaempferi Sargent

Ny 3:
Place of growth ! Trees , Mean
Iof material tested | tested .

Nagano
Hokkaido
Nagano
Taiwan
Nagano, Gifu
Nagano
Akita
Nagano
Hokkaido
Nagano
Yamanasi
Nagano
Tiba
Nagano

Nagano

I\S)

S}

NS}

38]

38}

NS}

B KERID% WD LE TR
Specific gravity at
moisture content 15%

la A
N L

Max.

.06
.46
.44
.59

.58

V) RRER B R R

s U7 #y -Specimens,
Mean ‘specimens

© 2 o o o 0

o2 K P NI ST S O 1 S = AT S 1 O G 6 U D S O & S 4
Table 2. Strength and related properties of coniferous woods grown in Japan
Wt oy o P 5 oo 5] R C ®O® oM SHEC PO
Static bending ! Tension parallel to grain , Impact bending Shear parallel to grain
° 77;77‘7 ° T - f 77 B o : . - ” ] T B . B T
N T R BT v v 7RG ey, | B IR M OFE SR v IR sremmie 4k s SR TR v |55 RE R
| SV | Modulus of lrupture Youngs modulus PRI Tensile strength | Tensile Young's modulus! PRI o K E8 Air dry Impact strength PUR R | Shedring strength

Specimens

Specimens ‘Specimens Moisture \ £
; specific

i
|
|
Mean | tested B K B O/ W ¥ 5B OK OB /N ¥ ¥ tested B Ok B O B { 7 Ok B /NIE ¥y tested content

3 oavity | B K N ¥ # tested g kg N ¥
Max. Min. Mean = Max. Min. Mean ¢ Max. . Min. | Mean | Max. Min. ~ Mean i © ¢ Max. | Min. | Mean | | Max.. Min. Mean !
2 0 13 . 1S 6 | 178 19 20 . o2r 22 7 23 24 25 26 27 22 1 29 | 30 31, 32 331 4 3/ 36
: (x10?) (x10%) (x103) ! (X 108), (X 10%)] (x10%) keM/ keM/ - keM/
kg/cm? ka/cm? kg/em® kg/cm® kg/cm?  kg/cm?  kg/cm? kg/cm® kg/em?® ka/cm? kg/em? kg/cm? kg/cm? % cm3 cm?2 cm? - kg/em? kg/cm® kg/cm?®
342 24 733 507 650 128.5 1 67.1 | 89.8 20 1263 666 | 910 ' 177.3° 106.8 . 140.6 ' 15 15.0 0.42 . 0.77 1 0.36  0.61 57 120,14 51.3 90.
' i ! :
324 29 649 421 | 562 . 114.81 79.8 | 91.8 . 19 1233 868 ' 1043 165.2 0 136.7 - 155.2 22 13.4  0.38 1,14 0.55  0.81 48 89.9. 32.9 64.
339 42 632 472 ‘ 530 | 112,31 83.3 . 89.6 17 1096 542 798 . 180.4  106.6 | 145.6 15 13.0 0.39 = 0.75 = 0.57 ' 0.68 35 74.4 . 34.7 58.
483 30 889 704 | 798 1 121.3 . 96.2 106.4 9 | 1438 865 1138 | 130.6 . 84.7 114.3° 15 13.6 0.48 © 1.20  0.83 1.09 19 96.3  63.1 | 74.
| ; i : ) .
378 50 842 508 “ 663 \ 136.3 © 65.0 | 91,0 41 | 1293 550 900 166.7 1 103.9 . 141.4 . 35 14.3 | 0.44 . 1.13 | 0.43  0.75 . 66 | 131.6. 549 ¢ 90,
! i | ‘ 1 | ‘ ;
283 ¢ 31, s 313 | 418 1 81.8 | 40.9 57.4, w898 | 377 625 162,37 93.8 | 118.1 20 4.6 | 0.32 ; 0.69 ! 0.25 . 0.40 i 30 | 125.6. 22.6 68.
340 35 | 595 451 . S41  97.8  63.7 771 20 . 902 568 | 756 ~ 153.4 9.5 125.0 20 3.1 1 038 077 0.53 ' 0.61 | 34 115.2 60.4 854
570 40 932 736 623 115.3  91.8 | 105.7 . 14 1218 . 602 - 812 137.0 793 n6.2 9 3.1 0.61 .08 0.73  0.84 | 20 135.8 ) 72.7 104,
382 28 675 . 484 | 602 108.0  67.5 88.7 9 . 1204 | 833 997 167.0  139.4 , 144.5 16 13.9 . 0.45 | 107 . 0.54 - 0.75 ' 20 121.7 56,6 93,
‘ | 1 ‘ ‘ | ‘ ‘ ; : ‘ |
281 30 815 470 | 665 | 133.6 . 81.6 94.3 15 1489 1 702 1030 1 172.6 | 115.9 1 151.3 18 144 0.45 1,00 | 0.25  0.65 | 30 126.6.] 40.0 | 84
i H 1 ! : i i i | ' 1
‘~ | \ ! ‘ | i | J | j
470 40 26 592 | 770 | 123,40 62.7 | 98.4. 18 - 1152 631 i 841 ' 186.7 | 91.9 133.6 39 14.3 0.46 1.15 | 0.46  0.80 @ 40 138.2 75.8 | 106.
. : ; | ‘ 1 : : | ; !
347 1 36 640 528 . 566 . 79.0  51.0  68.2 9 1 926 | 696 ‘ 801 | 174.8  95.8 . 128.7 16 14.9 ' 0.42 . 0.70  0.51 © 0.59 | 28 | 110.0; 71.0 ; 88
i | : ! ' ; : | i ; . ) ! i 1 ! ‘ i
386. 40 814 579 1 690 | 95.3  68.9 84.5 10 | 1337 0 886 | 1101 | 163.41 116.5] 150.4 | 18§ 145 0 0.41 | 1,18 | 0.68 | 0.95 | 20 | 141,01 86.4 | 110.
. ! : i : . : : . ; | i
410 35 880 493 | 699 | 135.4 ' £3.5 91.6 . 13 | 1487 . 677 . 1030 | 208.3  117.4 . 157.8 31 14.7 = 0.43 1.07 | 0.48 | 0.71 } 50 | 1447 46.6 | 92.
419 54 894 s6s | 724 | 1522 4.2 89.5 20 Lozt o918 1260 206.7 © 101.8.  147.9 38 | 4.4 | 0.50 1.22 | 0.38 0.72 70 1445, 67.86  100.

BIXKER 1% 13E % EHIREIR
Mean shrinkage
for 1% moisture content

SR
Specimens
tested

37

10

e R
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Table 3. Strength and related properties of dicotyvledonous woods grown in Japan

| i | SRS DI - ‘ N SR ‘ # oM o« S iy o Bl ik TN N 5 | M VAT OBIRE LSRR Y% BT ;cj & 7 AR
! ! \ l‘ s ¥y Specific gravity a‘ : H(:: . b | Static bnnqu i "‘en%mn p’tr'\llel to qram } Impact bendmg Shear paral]el to qram l = )Meix: thmkaqe
it w‘f?’s\ PR D AT HE ‘“"‘n—fﬁx”w‘ il  moistare content 15% ormpressien | o I . ; ! v ) ',‘ T o D | for 1% moisture content
Species | BB Rfn X 0veR)  Place of growth = Trees | Mean o ‘ - T | ‘ e Emﬁ’ﬁ'hﬁﬁ’ 2 ! T v v R e R | l J] om O { Gt Ez*’/ té -?%( R } P ;'HL'[M’% AR FaRrE SR LIa 9@ i -
No. | Species (Botanical and common name) of material te@tedl tested | rate of Bk B T B R ; B A \ 5 /% ¥y Specimens Modulus of rupture ‘\ Youngs modulus SD ecim em[ Ten<:11e 9tren€:‘h \Ten%xle Young’s mo{iulmﬁpemmenql 'V[omture Air drv! Tmpact strength Qpectmen@ Shea mq strength | ”&ﬁh‘gﬁ T ‘, -
| i SV AN iy LT i b3 AN =) [ . el . B, . | - e I |
} | growth I Max. 'y Min. | Mean \pecnmenc.‘ Max. | Min. | Mean | tested V& KL 5 NIE B &K E IR | tested 1 o AR A } B NS /a7 0 tested | content qgre;‘:;;l Jﬁi k E=3 IR tested | g ‘ B N E ¥ ‘wqgcecigdem“ Radial \Q%:ir;em,l —mqentml
; ‘ tested : 1 1 Max. = Min. ‘\/Ie'm | Max. Min. ;. Mean | | "Max. | '\/Im | ’V[e'm [ ‘V['w © Min. ' Mean ; i Xx. Min. | Mean ! Max | ‘Vh n. | Mean
o 2 1 3 o4 s e 7 T S L A T B Yy S A T e v S B YN R S 25 1 26 1 27 28 0 29 30 3t 32 33 | 34 | 3 | 3 . 37 28 30 1 40
‘ ; ' e ! l | ; ! ' ! X103 (X108 (X107 : i i ! (x 10*) (X 1C?) (% 10?) i ! kgM/  kgM/  kgM/ ' | o
i ‘ ;omm | g/em? glem? | g/em? | | kq/cmd‘ kg/cm?  kg/em? © kg/em3 kg/cm? kg/em? kg/em? kg/emf kg/cm? kg/em?® kg/cm? kg/em? kg/em? kg/em? keg/cm? . % : 1 cm? cm? ! cm3 i kg/cm? kg/cm® kg/cm? % i %
16 4 % v H» = 5 ltayakaede Acer mono Maximowiqz 1 Hokkaido 2 ! 1.6  0.67 ' 0.60 | T0.64 ‘ 23 : 578 448 528 | 33 "oo73 ! 880 93 115,58 ‘ 88.8 105.0 ! 20 Co1921 858 | 1416 1 164,31 98.4 | 134.4 20 12.9 0.63 1.65 0.87 1.32 ! 20 ©189.3 ° 105.5 | 132.0 ! 10 : 0.162 | 10 .307
‘ ‘ | | | i | | | | | | | | | | | | a ‘ | | \ ‘ | r | | |
17 b 9 s % Totinoki Aesculus turbinata Blume | Gunma C 2 ] 10 055 1 0.49 | 0.52 , 20 . 519 | 310 L0 ae o ees | 659 767 | 8.3, 8.2 8.3, 10 | uso | 882 | o5 g4 won2 | oa2na, 9 12.8 0.51 1.0l | 0.63  0.86 20, 12400 5531 9.9l 10 1 00127 | 10 0.197
| | | | ] 1 ‘i \ | | 3 ‘ ‘, i \ l 1 | ‘ | x ‘ | 1 § : : 1 i | i ‘ ‘ | i
18 3 = 2 Mizume Betula grossa Siebold et Zuccarini Nagano 1 2 0 6 | 0.78 | 0.74 | 0.77 | 40 o721 | 8% 1 646 | 24 L1506 L 1240 | 1381 | 155.4 | 121.8 | 141.6 | 4 L owso |80 | 1530 [ 191,41 135,11 158,21 19 4.7 0.77 1,70 | 0.94 . 1.47 19 190.8 1 118.7 | 159.0! 10 I o.e7 10 I 0.338
! ‘ \‘ ! | ! I ' I | : ; | i ! | : . | i , | |
| | | ; ! ! i i ‘, ; i | i ¢ | | ! 1 ! | ! ! ! ! { ‘r i
19 - » >3 Makata Betula Maximowicziana Regel | Hokkaido 2 2.0 1 080 060 | 0.70 | 40 769 | 469 | 611 38 11337 § 994 | 1158 | 149.0 1 109.7 | 127.7 18 ! 1890 | 1357 1475 208.0 . 163.2 1 197.8 0 19 15.5 0.70 1.43 1 0.63 1.12 38 | 171,50 105.3 1 139.61 10 0.165 . 10 0.285
! i i | ! : | : { : ! | i i :
. L . .. i | | t i x ‘ | * ‘ | ‘ | | ‘ ‘ ; | | , |
20 Pl D4 < Katura Cercidiphyllum japonicum Siebold et Zuccarini Nagano | 2 0 14 Lo 56 0.43 0.50 | 39 ' s24 | 354 403 | 30 L0878 1 558 ¢ 844 | 120.0 | 73.2 1 87.0; 14 © 1333 | 737 0 1033 210.5 1 108.7 | 155.4 20 11.2 0.49 0.95 © 0.70 i 0.81 | .20 Y420 971 | 12406 10 |- 0.173 10 0.294
& | ; : \ \ E | ! i i : \ | : } ‘ ; ; i \ ‘<
) ) | i ; : ! : | i | ‘ I ‘ | | .
21 7 # 7 % Kusunoki Cinnamomum Camphora Nees et Ebem | Kumamnoto .2 | 5.9 0 057 : 048 054 | 50 | 4% | 322 | 384 28 | 780 | 604 | 716 = 101.91 70.2, g85.8 8 1322 7710 0 1017 . 114.5 ¢ 103.4 0 109,09 20 3.9 0.54  1.04 . 0.48 ' 0.75 20 108.51 855! 976 10 | 0.18 - 10 | 0.320
! ! | i i : i | ! : | | : . ; : ; . i ' | ' ! ! i i i ! i
22 4 A 7 % Isunoki Destylium rocemosum Siebold et Zuccarini I Kagosima i 2 L8 1092 . 0.85 0.88 | 32 1693 ; 537 | 673 t‘ 25 | 1490 1 1275 . 1386 1 158.3 | 132.7 L 140.4 | 10 i 2168 | 1430 | 1787 191.7 1 153.0 | 177.9 ‘ 20 I 13.8  , 0.83 1.94 | 1.09 1.62 18 i 220.4 156.8 i‘ 181.3 | 10 “ 0.215 10 0.418
! ! ! 1 | | 1 i : 3 | i i ; | g ! ! j ‘ | | 1 ! |
; 1 | ! : ! | . i ! ! !
23 7 + Buna Fagus crenata Blume | Pukusima 2 D 26 loge Lo | oer | 20 | 612 | 388 521 138 D ons7 o em oy w014 el es2l o997 a6 o om3a |oeaa | oazse | 1574 12000 13400 20 1 3.7 0.67  2.46 . 0.66 . 123 | 40 | 192.5| 125.9 | 158.8 IS 0.192 10 0.395
. i ' | H i H H | . | . | | i | |
: : : : : . : ‘ ? | ‘ | \ | x ‘ ! * : ‘ ‘ ! | |
24 + = 2 n 3 Ovnigurumi Juglans Allardiata Done var. acuta Koidzumi | Hokkaido o 2 2.2 1 os3 0044 L 0.48 24 \\ 493 | 33 414 24 815 638 717 ‘ 114,91 91,6 102.9 11 1221 0 697 1 1210 7 180,01 111,41 159.2 20 14.3 0.48 1.12 ' 0.57 + 0.80 28 I 145.8 90.6 | 115.6 | 10 0.181 10 0.342
! ! ; | | ! : ! : I , ‘ i ' ! i
| : : ‘ | i i | 3 [ i i 1 i 1 1 \
25 z 7" Tabu Machilus Thunbergii Siebold et Zuccarini Kumamoto l 2 1 2.6 | 0,83 ] 0.69 | 0.75 36 724 “ 536 623 | 20 1162 : $19 . 1040 ‘l 123.5 C 99.3 108.4 ¢ 10 © 1960 | 1069 | 1403 ¢ 193.2 ¢ 108.7 | 160.7 ! 15 142 0 0075 1 2,01 | 1,09 ‘ 145 18 { 173.8 147.5 ( 160.2 “ 8 0.198 ] 8 0.420
! ! | t : I i i ' : ! i ‘ ! ;
| . . : | | i | I i i i | ) | : , [
26 + sk 7 % Hohonoki Magnolia obovata Thumberg | Hoekkaido ; 2 0 15 088 0044 1 0.50 40 | 526 ‘ 315 422 30 714 1 555 624 0.2 70017 9201 ‘ 1501834 775 W67 . 163.3 ¢ 117.0 1 136.5 l 15 © 15,1 - 050 © 0.80 | 0.68 | 0.75 | 17 140.3 78.2 96.0 ] 10 0.151 10 0.248
; i i ‘ | 1 ‘ ! % i | = 1 a ! : ‘ ; 1 ‘ \ ‘ T ! “
27 ¥ v 7 % Doronoki Populus suaveolens Fischer | Hokkaido 2 0 as D ooar 1o [ 0.42 20 | %43 | 227 270 1 8 508 428 Y 465 | 78.6 | 65.1 70.9 | 8 | 761 | 576 653 | 95.2[ 55| 76.7| 20 . 144 ' 042 | 1.09 | 0.50 | 0.76 20 | 80.9( 66.5| 7.4 1 10 0.189 10 0.262
i ' i | i | : | 1 : i | | i 1 | i : t
. . . . . ; ! ! ! : i I i ! ! ! I | ' ! | i K i i
28 ¥ + 7 % Sinanoki Tilia japonica Simonkai Hokkaido | 2 ‘ 1.3 “ 0.49 |- 0.39 | 0.44 | 23 ; 397 | 309 353 20 685 436 549 84.5 ] 58.7 76.5 | 10 ' 865 ! 547 720 .7 71.1 ‘ 79.1 ‘ 20 13.0 ‘\ 0.43 ¢ 0.68 j 0.23 0.47 19 82.3 31.4 [ 55.6 J 10 1 0. 155 10 0.249
! 1 ‘ i i : i ! : ; 1 i ! | : : i ! ! i i i
N - . . . i ! - i ! ! | i 1 ' i ) ! i | i i ;
29 v 7 # = Yatidamo Fraxinus mandshurica Ruprecht Hokkaido | =2 22 077 | 056 | 0.64 58 i 563 1 312 | 462 22 1159 735 | 980 | 136.4 913 116.0 ‘ 1 2006 947 | 1182 | 197.5 ] 101.0 | 149.61 20 . 15,7 | 0.64  1.05 | 0.83 . 0.92 oz 1747 | 77.7 | 126,110 0.172 10 0.311
| | | | i | ' | ! \ ! ! i ! | | ! |
! ! ; ! ! ! : i ! | I ! ' : ]
30 >~ Y & Y Harigiri Kalopanax pictum Nakai : i Hokkaido | 2 | 1.9 0.66 1.0.43 | 0.52 40 559 | 241 l 370 321 8% 583 720 | 104.5!1 659 89.6 101576 | 941 | 1296 | 167.1; 123.1 0 144.6 20 Co1s.7 L 0.52 . 0.91 L 0.6 1 0.73 ‘, 19 129. 4 ‘ 82.1 | 105.7 10 0.163 l 10 0.306
(v ¥) (Sen) \ 1 1 ‘ | ! ‘ i ‘ : ; | 1 | ‘ | * ‘ % ‘ ? - ! | |
31 E Y Kiri Paulownia tomentosa Steudel Tokyvo : 2 “M.6 0 0.26 1 0.19  0.22 20 260 ! 145 178 8 | 213 256 308 ! 82.4 53.7 | 60.5 10 i 790 ! 542 | 620 | 92.3 63.7 | 70.8 | 15 i 14,1 1 0.22 0 0.70 | 0.36 1 0.42 | 18 72.5 49.3 60.2 | 10 0.105 10 0.190
I ‘ ‘ ‘ ! | ‘ “ \ | i ‘ | ‘ ! ! : ! i ‘
‘ ' 1 ‘ = l | ! : ! } f ! ; | | i ! } i |
32 $ A + Z Mizunara Quercus crispula Blume ' Hokkaido 2 i 0.8 . 0.73 0.52 0.65 38 638 338 | 486 20 [ 1105 786 | 964 i 123.2 7 88.1 1 108.0 1 12 Do1692 11039 | 1463 | 218.8 . 154.0 i 187.5 ‘ 15 15.2 - 0.65 . 1,04  0.80 : 0.92 t‘ 19 148.0 ] 105.3 ‘ 126.3 10 0.186 10 0.349
i i : ‘ i ‘ | ; | i ‘ ! i ! ‘ ‘ ‘ i |
! | ' i i ! i ! ! i | . ! i , ‘ ! |
33 >~ = v Harunire Ulmus Davidiana Planchon Var. japonica Nakai Hokkaido ©2 7 1.3, 0.58 0.42 | 0.49 40 439 226 [ 331 | 28 | 96 619 787 | 115.6 | 83.9 bo9s3 } 12 214 576 0 1087 | 132,04 182,11 120.5 20 4.4 0.49 © 1,10 . 0.31 | 0.66 | 19 127.3 58.2 | 89.3 10 ] o.182 10 0.365
! | i 1‘ | \ i | | | | ! ‘; | | | | ‘ | : | | | ; | | |
34 4 T ¥ Kevaki Zelkowa serrata Makino Nagano L2 0 2.6 0 oo.e 0.57 & 0.61 28 700 | 457 | 559 | 40 1202 801 | 1034 143.5 1 109.6 1 125.0 | 10 | 1459 | 1100 | 1209 | 153.4 . 98.7  139.7 . 20 | 13.7 | 0.6l .06 | 0.70 | 0.87 | 20 163.7| 94.8| 144.1 o100 0.6 10 0.297
- | . ! i i \ ; ; | | | ‘ ; ! | ! i i i | ! ) | 1
: ! i . i H i : i i | i | } ) ! j i | ! ; ! i I
35 7 % % = Akagasi Cyclobalanopsis acuta Oersted , Kumamoto 2 1.8 0.99 . 0.93  0.97 37 861 . 728 | 790 . 30 | 1500 - 1085 | 1265 | 198.6' 110.6| 143.0 ; 12, 2263 . 1476 | 1780 0 227.9 ' 1449 192.8 1 20 . 123 0.9  2.16  1.35 | 1.72 | 20 28370 226,00 258.11 10 1 0.205 10 0.413
i ! ‘ i : ‘ i | ; : ‘ ‘ ‘ ‘ ! ‘ ‘ i ‘ e !
36 | A £ ¥ 4 Sudazii Castanopsis cuspidata Var. Sieboldi (Makino) Nakai I Kumamoto 2 2.5 0.58 051 . 0.54 | 49 490 | 380 | 455 28 i 887 , 588 1 775 108.0 78.5 ¢ 90.9 | 10 © 1253 . 903 ; 1082 ¢ 147.4 . 107.6 . 115.7 ¢ 14 4.6 0.54 0.99 ' 0.61 | 0.79 1 18 Lo146.9 1 89.6 . 115.3 | 10 | 0.210 10 0.403
o o o ] ; | o B o I R R R A | S ) L : ‘ | | i { | t ! |
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(d) yIiRE 97 LILE T & DER 6,=1,8007;Tkg/cm®) ..............(6)
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T15
28

T DFFUHT L AVERERER 1 30 2 HHEARRBROFUNC 305 2 AFREER D KB & 2 —F
L7akidiasz & 4L, MIFR, ZEM% (M FAMOPHIRIEARD M) & L TR IELGIT 2 &

“2=9.8x0.87x =0.295715 ..o (16)

3. MHEEE .
7 7 v 20 M. Monnin®™ & L OonEmin ACY ILMgEEMEE,  JRHCHESEIIASS D R B
T BRI PET % R OAMDRIEICETT 5 TR R L, SAUCIE H0EE ETHR

(Statics index of quality) &@hJ)ZEM94EHREL (Kinetecs index of guality) @ 2HiAtd
O, BIHIC L OTEIZENIST 2520 24, BRI L O TEIIBEMNIST) & 2 D BE R
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Table 4. The index of quality relative to the strength of wood

i " ] I
W @ 4% B, _ . CmwmE |
Statics index of quality ‘7 100y Kinetics index|
Kind bf Bood I e of quality | T a3t
ind ot woo Light 'Few hard Hard Very hard oo Lo 5T ‘ y
g (<0.4) (0.4~0.7)(0.7~1.0)  (>1.0) duatity l“ﬁhmwﬂ
SHEEEE : <8 <7 <6 — Bad <2.0 1 Bad
Coniferus I 8~9.5 7~8.5 6~7.5 — Medium 2.0~3.5 Medium
wood | >9.5 >8.5 >7.5 — Excelleat >3.5 Excellent
R | <7 <6 <6 <7 Bad <2.0 | Bad
Dicotyledonous, | 7~8 6~7 6~7 7~2 Medium | 2.0~3.5 |Medium
wood | >8 >7 >7 >8 Excellent \ >3.5 Excellent
AR P TZOTH D,

& M. Monnin % L ETIGA OUFFLE B & L THERTFNIE & DT\ 2 Hiasi,
HI 2 DR EREGICT LT, B RHEEI L B IRl E F 4 D T (R T 5 T
ERELETIE AV E MDD,

45 A ROARM ORPEAIEREITET 32 dhIHHRNT £ D 455 3Kk L O 6 ROT) 3N L L U
JIZE Y EFRALD BT KD = L K2 i s,

(1) #®I1ZEME LR E) 20 B4 (Statics and Kinetics index of quality) .. (&

A v 2 ¥ Hinoki, = v ~=v Ezomatu, (# 4 v > & ” FTaiwan-hinoki),
7 # = Akamatu, 7 r < Kuromatu, t -3 Hiba.

KA L

(2) )Tt (Statics index of quality) i
T2 e (Kinetics index of quality) ....o.vovoronn o .. 30l

R, o 5 X Sirabe, » 7 = Karamatu

IE3ERES  ~ % oY Makaba, : ® 2 Mizume, 5 /% Totinoki, »v 5 Katura,
7 A 7% Kusunoki, 77 Buna, # =2 3 Onigurumi, # 7 Tabu,
& 2 % Hohonoki, v -+ 7% Sinanoki, ¥ F % = Yatidamo, -~V ¥V

Harigiri, : X5 7 Mizunara, # ¥¥% Keyaki, x#% 24 Suvdazii.

(3) #IIZEMYNETHEEE (Statics index of quality) ............. MR
T2 EEE (Kinetice index of quality) . Y

R4S = 2 Momi, F F~v Todomztu, %7 5 Sawara, A¥ Sugi
ILBERES ¥ wr 2 #F Doronoki, 9 Kiri.

(4) #I12EE X ORI 2R 0 2454 (Statice and kinetice index of quality) .. ¥4
IS ¢ 2 = <> Himekomatv, v % Tuga, + ¥t Tohi.

BT 4 # v =5 Itayakaede, 4 = 7 ¥ Isunoki, -+ =+ Harunire.
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Table 5. Statics and kinetics index of quality, quality quotient of 93, o7 and o5 of coniferous wood

DR o TGRS | BERIGRTE | DURTLLREE
. Statics index of | o MHHOTIAEE Quality | ~Quality | Ouality
Species COME (s X URR) _ quality | “neteindex OF QUANL | quotient | quotient | quotient
No Species (Botanical and common name) oy (7] Il of 9p |  of 97 | of T
) 100715 7. | Yairdry | Voipar 1| 2 } o g/ o |97/ 1Tk
L _ - ) 100715 S Yairary B !10071;3‘ 7 1007, 75 110071
' ' | ! | |
1 * 3 Momi Abies firma Sieb. et Zucc. 42 342 [ 8.14° 0.42 ‘ 0.176 0.61 3.74 650 | 15.4 | 910 | 21.7 | 90.1 2.15
N W~ P . . : I | | ‘
2 | b K = v Todomatu Abies sachalinensis Fr. | a9 | 554 | g.31 0.33 0.144 0.81 5.63 | 562 | 14.4 | 1043 | 26.7 64.2‘ 1.65
3 v Z ~ Sirabe Abies Veitchii Lindley 40 339 8.47 0.39 0.152 10.68| 4.47 539 l 13.5 798 | 20.0 58.3) 1.46
. o . ‘w |
x4 v vre ¥ Taiwan-hinoki 5 ! ‘ [ 5 ! '
4 Chamaecyparis formosensis Matsum 48 483 | 10.06| 0.48 0.230 1.09' 4.73 798 f 16.6 | 1138 i 23.7 ¢ 74.5: 1.55
= ’ ¥ Hinoki | ’ f ? 2
5 Chamaecyparis obtusa Endlicher 44 | 378 | 8.60i 0.44 0.194 0. 75i 3.87 663 , 15.1 | 900 | 20.5 90.4 2.05
s 14 S Sawara | 7 \ .
6 Chamaecyparis pisifera Endlicher 32 283 8.84 0.32 0.102 0.40 3.92 | 418 | 13.1 j 625 | 19.5 68.2[ 2.13
7 A % Sugi Cryptomeria japonica D. Don 39 349 | 8.95 0.38 0.144 0.61] 4.24 541 ‘I 13.9 756 | 19.4 | 85.4) 2.19
8 # 5 = v Karamatu Larix Kaempferi Sargent 62 570 | 9.19] 0.61 0.372 [0.84] 2.26 823 ! 13.3 | 812 | 13.1 | 104.3 1.68
9 = Y < v Ezomatu Picea jezoeusis Carriere 45 383 | 8.52 0.45 0.203 0.75! 3.69 602 } 13.4 | 997 | 22.2 93.3! 2.07
. . \ ‘ |
k 4 v Tohi Picea jezoensis Carriere | | |
10 var. hondoensis Rehder 45 381 8.47, 0.45 0.203 10.65 3.20 665 { 14.8 ‘ 1030 v 22.9 84.3: 1.87
7 # -~ ¥ Akamatu 1o | i L
11 Pinus densiflora Sieb. et Zucc. 46 470 | 10.21) 0.46 0.212 iO'SO‘i 3.77 770  16.7 841 | 18.3 | 106.5i 2.31
e 2 = < ¥ Himekomatu ' | 2
12 Pinus pentaphylla Mayr 42 347 8.26| 0.42 0.176 |0.59, 3.35 566 | 13.5 801 | 19.1 “ 88.0‘| 2.10
13 7 w =< v Kuromatu Pinus Thunbeérgii Parlatore 41 3%6 | 9.41] 0.41 0.168 0.95! 5.65 690 | 16.8 | 1101 | 26.9 | 110.8I 2.70
5 »3 Hiba (Asunaro) . ; | 220! 92.4 2
14 Thujopsis dolabrata Sieb. et Zucc. 43 410 9.53| 0.43 0.185 I0.71 3.84 699 | 16.3 x 1030 ‘ 24.0 9~.4. 2,15
15 |y 7 Tuga Tsuga Sieboldii Carriere 50 | 419| 8.38] 0.50 | 0.250 io 72| 2.88 | 724 | 14.5 | 1260 ‘ 25.2 | 100.3i 2.00
|
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Species
No.
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Table 6.

i

B (d Rk ovr

Species (Botanical and common name)

A4 % —\’73 = Itayakaede Acer mon 1fax1mowtc7
I 9 7 % Totinoki Aesculus turbinata Blume

|3 X 2 Mizaume Betula grossa Sieb. et Zucc.
:'«“}7 »¢ Makaba Betula Maximowicziana Regel

7 2 7 ¥ Kusunoki Cinnamomum Camphora N. et E.

75 Buna Fagus crenata Blume

4= 7, ¢ Onigurumi Juglans Allardiana Done var.
acuta Koidzumi

% 7" Taba Machilus Thunbergii Sieb. et Zucc.

#s 7 ¥ Hohonoki Magnolia obovata Thumberg

Fw , % Doronoki Populus suaveolens Fischer

<4 ) & Sinanoki Tilia japonica Simonkai

¥ 7 "% Yatidamo Fraxinus mandshurica Ruprecht
>~y &Y Harigiri Kalopanax pictum Nakai

¥ Y Kiri Paulownia tomentosa Steudel

: X5 Mizunara Quercus crispula Blume

»sjL = L Harunire Ulmus Davidiana planchon var.
japonica Nakai

7+ 4 Keyaki Zelkowa serrata Makino

7 # 77 s Akagasi Cyclobalanopsis acuta Oersted
% %Y 4 Sudazii Castanopsis cuspidata var. Sieboldi
Nakai

# v 5 Katura Cercidiphyllum japonicum Sieb. et Zucc.

14 # 7 % Isunoki Destylium rocemosum Sicd. et Zuce.|
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Statics and kinetics index of quality specific strength of dlcotyledonous wood

T unJi‘Dlﬂl’I'}a‘ Thi

T/

‘10071.

8.25

7.88

£ 8.39

8.73
8.06
7.11
7.65
7.78
8.63
8.31
8.44
6.43
8.02
7.22
7.12
8.09
7.48
6.76
9.16
8.14
8.43

Statics index of
7ﬁqga11ty
10071;
| 64 523
52 410
77 ! 646
70 ! 611
50 ‘ 403‘
54 | 384
88 673
67 521
48 414
75 623
50 422
42 270
44 353
64 462
52 3701
22 178 |
65 486i
49 331
61 559
97 790
54 405

|7

atredry Lgirdeyn

OO0 00000000 000000 O0C oo

63
51
77
70
49

.54

83
67

.48
.75
.50
.42

43
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Kmetlc index of quallty
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397

.260
L5905
.490
.240

292

774
. 449
.230 0.
.563
.250

176
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32
86

(I'l/
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33
31

.71

T IEARIEE, B IR RIE $s X OV BEHT AR RE

|
|
|

| HNFHREE | BRI
| Quality Quality
| quotient of | quotient of |
| #(rli______“_ "'T N
9 5/ I T/
100715 o ;10075‘
986 | 15. 4] 1416 | 22.1
767 | 14.8 | 951 | 18.3
1381 | 17.9 !1530 19.9
1158 ' 16.6 | 1475 | 21.1 |
8441169 ' 1033 |zo.7
Y 13.3! 1017 18.8
{ 1386 | 15.8 1737 | 19.7
1014 | 15.1 | 1288 | 19.2
717 1 14.9 | 1210 | 25.2
1040 ‘13.9 1403 | 18.7
624  12.5 | 1167 | 23.3
465 | 11.1| 653 15.5
[ 543 | 12.5 | 720 | 16.4
| 980 | 15.3| 1482 | 23.2
‘ 720 | 13.8 | 1296 | 24.9
| 308 | 14.0 620 | 28.2
| 961 | 14.8 | 1463 | 22.5
| 787 | 16.1 | 1087 ' 22.2
[ 1034 | 17.0 51209‘ 19.8
1365 | 14.1 | 1780 | 18.4
775 {14.4 !1082 | 20.0

BN AR
Quality
quotient of
O'S
T/
1100745

2.06

v S

132.
96.
159.
139.
124.
97.
181.
158.
115.
160.
96.
71.

126.
105.

OO

W W

[es)
DN NN —

N_O
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[\NY
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.86

06
00
49
81
06
37
41
14

.92
.70
.26
.97
.03
.74
.94

82
36
66
14
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(5) #F)2EMy N ERkL (Statice index of quality) .....oovvvvirneenon.. ... 8460
Tbj‘)ﬁﬂ ’f:%?fg‘{t (Kinetics index of quality) .........cocvivivnen o W ARE
'K“hﬁ 7 » > Akagasi

I AFEEZREEOBEIRIEE

HMEOR S, RIS OAEHOLE S 2 L OBFDIE 2 e L, i?‘:’%x‘ﬁ, K E L oteH
DT vo7 = P EAEELUTROIN 20 Lz,

7z B A UE gkl 500 A & |7z,

(1) Aunmi (a) WEFOURE, (b)) WEAFOHIIKDOEL S, (o) KigHD LR

(&) AEMEOFIEDIE =, (o) HAFOUIR, (f) WEFOHIE

(2) feHmi Ca) f#kRoiez

(8) #Hmi (a) Bighouizk, (b) BHRDMILE

WEREHEEE7, 8, 9, 10 o Lor 11 Fic LTHBEBEOIE & (EINERH AR, RS
BIIEAREHE & ERGREE S L O BUINTRRIE & DBIMRIZAY 12 22, Y 18 I L Ug 10 K, &
N EDELEITHD,

V 7+#MoEFE

WHEL M E B2 TEGGT 2 Hk, @Al EfSic L b Ao R (Anisotropic
properties) UL 2 HEEND 28, FALUCEKILOTAY, R TH 0, 5ol
IMTHD 7 HORGEEDI L e,
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Species
No.

7 K & E R M o KR HF o M H
Table 7. The nature of tracheid of coniferous wood
| & ® o | & i |
g et e g s [oflde Bl Vi G
: - s ;o fE " H ickues of cell wall (u
BIFT (Zﬂ%io U8 Radial Tangential | Length (n)
., Species CEH | M FH | K | B M| H
(Botanical and common name) | Spring wood |Summer wood, Spring wood |Surgme1: wood | Spring wood |Summer ‘wood
SER AR N ) FRkdie N SEA [fRk RN TS 'ﬁ"kw’f?ﬁd‘ -2 [ R/ N S8 [ IReR i/ IN P44 [fe R/ 1D
- - mean'max. min./mean/max. min. mean mix | min./mean'max. min mean'max.|min,/meanmax | min./meatmax./min.
i ! i ! | | ! ‘ ( | [ [ l | |
* 3 Momi Abies firma Sieb. et Zucc. 59 78 41 20 41, 9 43 55 32| 37 46 23 ' 404253121660 2.5 | 3.1 1.9 6.3 ;8.1 3.1
N ; . i i is F ! | | | | | | !
*Q‘Czﬁ’id;f“"mat“ Abies sachalinensis Fr 55+ 5, 25 15 28 7 35 46 23 81 41 18 359447312822 1.8 2.5 1.3 4.5 ' 5.6 3.1
S i
v % ~ Sirabe Abies Veitchii Lindley 43 51 32 22 37 9 32 46 14 25 32 14 345043162075 2.7 3.1 1.9 5.3 6.3 4.4
%A v v )*F Taiwanhinoki el \ o, | . . \ e | . | ! ! I (- '
Chamaecyparis formosensis Matsumura 41 ol‘ 32 ‘ 20 | 28 ‘ 14 ‘ 30 41 19 ‘ 25 ‘ 32 18 \ 336244821909 2.8 | 3.1 1.9 5.0 | 5.6 4.4
t / ¥ Hinoki e n ‘ ! .
Chamaecyparis obtusa Endlig:her_ 41 55 32 17 32 7 38 55 14 35 46 14 340339012988 2.3 2.5 1.9 3.7 4.4 2.5
¥ 7 Sawara  Chamaecyparis pisifera | ;5 | |15 46| 32 5118 74 10051 | 76 92 60 328739842739 2.0 | 2.5 1.3 4.7 | 6.3 3.1
Endlicher |
|
AF Sugi Cryptomeria japonica D. Don. 44 60 23 18 23 . 14 41 55 23 36 456 14 419249803496 2.2 2.5 1.9 6.1 8.1 4.4
| i | i
% 57;; Z'ntKaramatu Larix Kaempferi 74 | 85‘ 60 ‘ 28 ‘ 50 ‘ 13 36 ‘ 50’ 20 ‘ 23 ’ 50‘ 15 ‘ 297141502075 2.5 3.1 1.9 8.7 9.4 8.1
= Y= Ezomatu Picea jezoensis Carriere 42 55 32| 17 ' 28 "7 83 , 46 18 26 41 12 | 357743992490 2.3 3.1 1.9 3.8 | 4.4 3.1
"k 7 v Tohi Picea jezoensis Carriere - } | | : ' i
var. hondoensis Reh_der . . 40 55 23 | 17 ' 30 5 36 ‘ 46l 23 | 32 46E 18 | 3768i47312241| 2.3 ; 3.1 I.9‘ 3.5 l 5.0 2.5
7:; ;l‘]/ccAkamatus Pinus densiflora Sieb. ., 69 37 ¢ 21 ’ 32 9 38 55 14 l 35 ‘ 46 14 | 319649801162 2.5 3.8 1.9 5.9 .7 5 4.4
. I ]
- . ' . . ; . i i i | ,
tﬁ;y:’ ” Himekomatu Pinus peataphylla 4, ¢ 57 ) 18 | 23 ‘ 9 ‘ 35 ‘ 46 28 } 34 46 18 361236522075 3.4 | 6.3 1.3 5.0 6.3 3.1
N . - . { | | | | |
75> Kuromatu  Pinus Thunbergii | 2| 74‘ 6! 20 28 14 w0 37} 23| 23 | 37} 23 ‘ 334541502656 3.0 3.5 1.9 4.4 5.6 3.1
| H N
k (7 A7 w)Hiba (Asunaro) Thujopsis | 5 ] i |
dolabrata Sieb. et Zucc. 94 129I 64 38 | 60 23 78 ‘ 106| 51 66 , 106‘ 37 4582;3818’1743 2.4 3.1 1.9 4.3 5.6 3.1
| | . i i | |
w7 Tuga Tsuga Sieboldii Carriere [ 35| 46 28 “ 17 r 28 ' 9 } 26 ! 37} 14 ! 24 ! 32{ 9 \’ 307637352075 1.9 + 2.5 1.3 4.0 | 6.3 2.5
: [ f ‘ ‘ | ‘
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Table 8. Wood ray of coniferous wood

Diameter of wood ray (u) ‘ iR o Rz 2 ko> s

- B o o ™o
BEE BE (8 X 08) F 5 : Length Height
: i F A IKIEF ] HEEHH
SpIe\ICIes Species (Botanical and common name) ’ Horizontal Vertical } of wood ray (u) of wood ray
o. T N e T T TR BT |t R Ry
| LI q R 1 =/ | A ’ &R | mAN ) S| ek | B S ‘ o NN
I B S ] _____ |Mean | Max. | Min. [Mean | Max. | Min. Mean | Max. | Min. |Mean | Max. | Min.
! i | | | | | ‘ ‘ | | [
1 ES 3 Momi Abies firma Sieb. et Zucc. } 16 17 ‘ 14 \ 19 22 17 292 245 239 “ 12 22 1
\ ‘ ‘ 1
2 F F = Y Todomatu Abies sachalinensis Fr. Schmidt 10 ‘ 12 7 18 1 22 ‘ 15 274 | 414 | 161 15 26 | 2
3 | 5 .~ Sirabe Abies Veitchii Lindley 10 | 12 | 9 | a7 |19 | 15 | 276 | 4371 106 | 10 } 2 | 1
4 &4 7 vk % Taiwanhinoki Chamaecyparis formosensis 13 17 9 21 29 15 287 508 147 9 20 .
| Matsumura ‘ ‘ ‘ ! | ‘ ‘
5 ke 7 ¥ Hinoki Chamaecyparis obtusa Endlicher 13 17 10 17 19 14 229 ' 276 161, 9 « 17 1
I i ; I , | |
| .. . X
6 W 174 5 Sawara Chamaecyparis pisifera Endlicher Lo s 7 ‘ 17 1 22 ' 14 219 ‘ 285 ‘ 166 6 . 10 ‘ 1
7 = ¥ Sugi Cryptomeria japonica D. Don. S8 15 0 18 22 14| 222 818 147 | 0| 2 I
‘ ! ‘ ! : ) \
8 % % = Vv Karamatu Larix Kaempferi Sargent 10 15 7 23 27 19 208 276 175 10 19 1
| | ‘ [ ; \ |
9 ' = Y = v Ezomatu Picea jezoensis Carriere ! 12 a9 ‘ 16 ‘ 19 10 389 ' 529 1 276 ' 17 ‘ 37 2
Ik v t Tohi Picea jezoensis Carriere var. hondoensis - ‘
10 Rehder Tatewaki 12 179 17 20 | 15 | 314 S61, 184 \ EEEE
11 | 7 # = ¥ Akamatu Pinus densiflora Sieb. et Zucc. 9 14 7 20 27 17 171 202 ' 1o, 8 . 17 1
. | ]
12 v #x = =< ¥ Himekomatu Pinus pentaphylla Mayr 14 ‘ 17 ‘ 9 ! 22 ‘ 29 15 ‘ 228 | 299 184‘ 10 22 2
i | ‘
13 ‘ # w =< ¥ Kuromatu Pinus Thunbergii Parlatore } 15 \ 17 ‘ 14 ‘ 19 ‘ 20 | 17 | 176 ‘ 266 ‘ 116 } 8 | 17 ) 4
14 = >3 Hiba Thujopsis dolabrata Sieb. et Zucc. 12 14 9 18

15 v # Tuga Tsuga Sieboldii Carriere ;12 17 10 19 20 17 248
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Table 9. Wood fiber of dictyledonous wood

o R oo E

RifEORE =

; AR . s
e B (R 2 US4 | Tolmerert | Mengh® | e of celal ()
bpﬁcol‘es Species (Botanical and common name) of ‘i"ﬂf}bef ﬁ ‘(E, W?Od fiber ({‘ ?7 ~ Spring wood Summer wood
PR [l R | R | R | 7 | Rk
- - o - B Mean | Max. | Min. [Mean | Max. | Min. |Mean | Max.| Min. |Mean | Max. | Min.
16 14 %¥»=7 Itayakaede Acer mono Maximowicz 18 25 13 933| 1129 1180 2.2 25119i - - =
17 | + 7 7/ % Totinoki Aesculus turbinata Blume .21 | 25 ‘ 18 ‘ 984 ‘ 179 | 764 ‘ 2.8 “ 3.1 ‘ 2.5 - — ! —
18 3 X 2 Mizume Betula grossa Sieb. et Zucc. 25 34 19 , 1751 1909 1577 4.5 6.3 3.8' 5.2 | 6.2 4.4
19 < h >3 Makaba Betula Maximowicziana Regel 18 25 13 1615 1992 1162 3.0 3.1 2.5 — — —
20 P b4 7 Katura Cercidiphyllum japonicum Sieb. et Zucc. 23 26 20 11786 i 2158 | 1328 [ 4.9 6.8 3.4 — — —
21 7z A 7 & Kusunoki Cinnamomum Camphora N. et E. 22 } 33 13 ‘ 1005 © 1262 747 1.3 ‘ 1.9 0.9 ‘ 3.1 \ 3.8 2.5
22 ‘ 14 A 7 % Isunoki Destylium rocemosum Sieb. et Zucc. 20 23 ! 13 1393 1577 ' 1029 5.3 6.3 3.8 — -
23 7 7+ Buna Fagus crenata Blume C 19 23 14 1248 1494 1029 | 4.1 5.0 3.1 4.6 5.0 3.8
o F :Vi‘r'wa cutgrllé%fgzd;xlril Juglans Allardiana Done 26 33 ‘ 181077 1494 764 1.8 2.5 i 1.3 — |~ =
25 B4 7" Tabu Machilus Thunbergii Sieb. et Zucc. 22 | 28 | 15 1386 1610 | 1162 | 2.2 ‘ 2.5 1.9 ‘ 2.8 3.1 ‘ 2.5
26 4 s~ 7 % Hohonoki Magnolia oborata Thunberg ' 30 40 ! 19 1590 1909 - 1361 = 2.8 | 3.8 1.9 - = —
27 F w2 % Doronoki Populus suaveolens Fischer 24 37 12 1140 1 1394 913 i 1.3 2.5, 1.9 ‘ 3.3, 3.8 | 2.5
23 & 7 7 % Sinanoki Tilia japonica Simonkai ‘ 21 25 ‘ 15 ‘1 1233 | 1594 ‘ 913 | 1.2 ‘ 1.3 ‘ 0.9 — — —
29 + F % * Yatidamo Fraxinus mandshurica Ruprecht ‘ 22 31 | 15 ‘ 1217 1511 ‘ 863 ’ 1.8 1 2.5 ‘ 1.3 2.9 3.1, 2.5
30 >~ Y # VY Harigiri Kalopanax pictum Nakai ' 20 24 16 996 | 1245 764 . 2.5 3.1 1.9 — — —
31 * Y Kiri Paulownia tomentosa Steudel ; | 1
32 ::\ b F IIEI/['izun.ara I%LlerCLI% crizpula gium% ‘ 14 ‘ 15 i 13 ‘ 1160 1411 ‘ 664 ‘ 3.2 | 3.8 ‘ 2.5, — ‘ - -
33 )\L/a; ja‘;mii;“‘f\};ﬁai mus Davidiana tlanchon Cas |7z o \ 1828 697 | 4.0} 5.0 8. = — =
34 b ¥ ¥ Keyaki Zelkowa serrata Makino 15 17 14 1476 | 1992 996 © 3.8 | 4.4 3.1 — — —
35 | 7 A % ¥ Akagasi Cyclobalanopsis acuta Oersted 19 | 25 14 1308 1660 1029 | 3.2 | 3.8 . 2.5 ‘ —
36 | A % U A Sudazii Castanopsis cuspidata ‘ 9 28 ‘ 15 ’ 1283 | 1660 | 813 ‘ 3.0 \ 3.1 2.5 G5 3.8 N
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Table 10. Vessel of dicotyledonous wood

S P 7 7% v g [

i , bamater of vessel (1) agors | SEECEIREE
gvlf)ﬁglc?iﬁz? Sveci IR (Rnfhds X 0% F0) HEH 71 FEH 7 of vegggl R Density of veszsel
No. pecies (Botanical and common name) Tflllgqltlal_ _:_Algadlal, R A - _7_(n£1‘{171.)§r/mlﬁni ) N
3 K | | B (b | K (R P | | Bl

o ~__Mean | Max. | Min. [Meaa | Max. | Min. [Mean | Max. | Min. Mean | Max. | Min. .
16 | 4 %45 =7 Itayakaede Acer mono Maximowicz 83 101 64 108 120 92 319 465, 232 30 33 23
17 I F# 7 ¥ Totinoki Aesculus turbinata Blume 64 78 51 91 101 83 | 470 | 581 415 89| 93 85
18 N X 2 Mizume Betula grossa Sieb. et Zucc. 138 166 101 177 ‘ 198 | 129 | 1145 | 1411 697 18 ‘ 23 15
19 < A >3 Makaba Betula Maximowicziana Regel 106 . 133 83 168 | 232 100 | 968 | 1162 | 797 18 23 [
20 bl b 5 Katura Cercidiphyllum japonicum Sieb. et Zucc. 67 83| 37 80 ‘ 101 37 | 1527 | 1693 | 1162 101 - 120 100
21 7 A 7 % Kusunoki Cinnamomum Camphora N. et E. 119 138 74 140 170 \ 92 | 447 614 | 332 15 18 12
22 ' 4 A 7 % Isunoki Destylium rocemosum Sieb. et Zucc. 36 69 23 58 . 78 41 886 996 764 96 104 89
23 |7 + Buna Fagus crenata Blume .61 97 32 68| 101 32 614 813 415 122 132 100
24 * :Vz‘r.zuasut;)rﬁgggggi Juglans Allardiana Done ‘ 169 16 116, 246 | 315 133 i 618 830 | 455 8 ‘ 11 6
25 x 7" Tabu Machilus Thunbergii Sieb. et Zucc. 109 20 83 1 137 161 110 569 664 | 498 20 24 17
26 i 4 & 7 % Hohonoki Magaolia obovata Thumberg ‘ 72 92 51 ‘ 91 106 64 749 830 498 . 49 |55 43
27 F w s % Doronoki Populus suaveolens Fischer © 82| 106 51 115] 152 51 950 1527 598 571 79 49
23 ¥ + 7 % Sinanoki Tilia japonica Simonkai . 58 ‘ 69 46 80 97 55 486! 598 365 46 50 40
29 ¥ F X % Yatidamo Fraxinus mandshurica Ruprecht Lo216 ‘ 299 66 | 327 | 4321 149 276 332 \ 199 8 9 7
30 >~ Y & Y Barigiri Kalopanax pictum Nakai L 267 . 282 183 | 382 | 448 | 332 | 591 | 830 415 5 4

31 * Y Kiri Paulownia tomentosa Steudel '

32 $ X # 7 Mizunara Quercus crispula Blume 222 313 74 299 340 | 244 | 553 697 | 432, 9 12 5
o = jalgor}lliigu‘lg;ﬁaimm“s Davidiana Planchon 2441 233 149 259 | 315 133 14| 448 266 7. 8 6
3 ¥ ¥ ¥ Keyaki Zelkowa serrata Makino 229 266 166 o7 232 | 100 1 296 ' 498 22 7 9 5
s 7 % # v Akagasi Cyclobalanopsis acuta Oersted 138 | 193 69| 149 193 16 493 | 664 365 6 | 8 3
s | K i poraazdi Castanopsis cuspidata no | 207 46| 166 } 267 | 64| 576 | 764 32| 10 ‘ 4| 7

895
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Table 11 Wood ‘ood-ray. of dlcotyledonoas wood
i - - %{fl 'iwgiﬂﬂafﬁ | ﬁ;ﬂn}?ﬂl‘{rlﬂ ?51
R . b e eight o ank o
Species Species ?IIS% n(lﬁ?}roléf Z{?ggq name) wood-ray wood-ray
No. P anical and common nams S (g T SRR
- o i Mean Max. Min. &eanng)m,
16 A %4 H =5 Itayakaede Acer mono Maximowicz 13 31 4, 3 6 | 1
17 F # 7 % Totinoki Aesculus turbinata Blume g 11 4 — — —
18 3 A A Mizume Betula grossa Sieb. et Zucc. 11 ‘ 20 2 — — —
19 < A >3 Makaba Betula Maximowicziana Regel 13 29 1 3 4 3
Pl b4 < Katura Cercidiphyllum japonicum Sieb. et | i
20 Zuce - L 14 ‘ 45 2 - — —
21 7 A 7 % Kusunoki Cinnamomum Camphora N. et E. 7 IO‘ 4 — - —
22 4 A / % Isunoki Destylium rocemosum Sieb. et Zucc. 10 ‘ g 2 — — —
|
23 7 -+ Bu{la Fagus crenata Blumg 37 /113 3 20 26 5
24 4 = a3 On}guruxpl Juglans Allardiana Done 12 d 29\ 2 2 5 i )
ar. acuta Koidzumi ‘
25 z 7" Tabu Machilus Thunbergii Sieb. et Zucc. 12 } 26 2 @ — — —
26 + s 7 % Hohonoki Magnolia oborata Thumberg 191 45 5 — — I
27 ¥ w» 7 % Doronoki Populus svaveolens Fischer 12 ! 17 5 — — | —
28 v + , % Sinanoki Tilia japonica Simonkai 2 a9 4l 3 4
29 ¥ 3 # =+ Yatidamo Fraxinus mandshurica Ruprecht 9 ‘ 15 2 2 4 ‘ 1
[
30 >~ Y ¥ Y Harigiri Kalopanax pictum Nakai 20 29 8 4 51 2
3 * Y Kiri Paulownia tomentosa Steudel | ‘
32 3 X J+ < Mizunara Quercus crispula Blume 13‘ 39 3 14 17 11
33 -~ )L = U Harunire Ulmus Davidiana Planchon 24 56 9  —
Var. japonica Nakai = | ‘ [
34 r R * Keyaki Zelkowa serrata Makino 18 282 2 6 7 5
35 7 & # < Akagasi Cyclobalanopsis acuta Oersted 10 ‘ 23 3 29 40 20
56 A% ¥ A Sudazii Castanopsis cuspidata 0 70‘ L -
s Var. Sieboldi Nakai ) < o
B2 % GOSN S £ NI s X OTITRIE L DU
T able 12. Th1ckne:s of cell wall compreasmq a'ld shear strength relatlon of comferous wood
o - I ’I"Iﬂﬂaﬁﬁfb)§3 [ -
Thickness of B
it B (R I USR) (Conterous | Comprasion: Shon
No Species (Botanical and common name) wood, tracheid  strength strenath
. . g
of spring ‘l
o e __wood) = )
" kg/cm? kg/cm?
1 % 3 Momi Abies firma Sieb. et Zucc. 2.5 342 90. 1
I F= Y Todomatu Abies sachalinensis Fr.
2 Schmidt 1.8 324 64.2
3 5~ Sirabe Abies Veitchii Lindley 2.7 339 . 58.3
" #47v e % Taiwanhinoki Chamaecyparis . -
4 formosensis Matsumura 2.8 433 74.5
5 t 7 ¥ Hinoki Chamaecyparis obtusa Endlicher 2.3 \ 378 90.4
6 Y17 5 Sawara Chamaecyparis pisifera Endlicher 2.0 283 68.2
7 2 ¥ Sugi Cryptomeria japoanica D. Don 2.2 } 349 | gs.a
8 # 5 <Y Karamatu Larix Kaemp{eri Sargent 2.5 570 104.3
9 x=V'= v Ezomatu Picea jezoensis Carriere 2.3 385 93.3
0 r 7 v Tohi Picea jezoensis Carriere 2.3 281 84.3
var. hondoensis Rehder Tatewaki - < .
11 7 <Y Akamatu Pinus densiflora Sieb. et Zucc. 2.5 470 106.5
12 e 2 2 < ¥ Himekomatu Pinus pentaphylla Mayr 3.4 347 88.0
13 7 w—= Y Kuromatu Pinus Thunbergii Parlatore 3.0 386 110.8
14 v >3 Hiba Thujopsis dolabrata Sieb. et Zucc. 2.4 410 92.4
15 v J7 Tuga Tsuga Sieboldii Carriere 1.9 419 | 100.3




— 36 — WERBHUERY #5685
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Table 13. Thickness of cell-wall compression and shear strength relation of dicotyledonous wood
R %{1}3}&&%@@% | R EE lﬁf%'ﬁzé
S S it ickness of | i g;
Species Species %ﬁians:gl%ﬁg g)mr%c)m name) cell wall Compression- | Shear-
No. ¥ (Hard wood : strength strength
[ wood fiber) ;
| " kg/cm? | kg/cm?
16 | A %% #=7 Itayakaede Acer mono Maximowicz 2.2 528 ©132.0
17 |+, % Totinoki Aesculus turbinata Blume 2.8 410 96.9
18 3 X 2 Mizume Betula grossa Sieb. et Zucc. 4.5 i 646 159.0
19 < % .3 Makaba Betula Maximoyviczigma Regel 3.0 ‘i 611 139.6
20 | P ‘/e7t %{li:cgra Cercidiphyllum japonicum Sieb. 4.9 403 | 124.6
21 \ 7 % 7 ¥ Kusunoki Cinnamomum Camphora N.et E.. 1.3 384 . 97.6
n 1 ZZ/ujc Isunoki Destylium rocemosum Sieb. et 5.3 673 181.3
23 7"+ Buna Fagus crenata Blume 4.1 521 158.8
24 # = 7 ¢ Onigurumi Juglans Allardiana Done 1.8 414 115.6
var. acuta Koidzumi
25 % 7" ‘Tabu Machilus Thunbergii Sieb. et Zucc. 2.2 623 - 160.2
26 sk, % Hohonoki Magnolia obovata Thumberg : 2.8 422 ‘ 96.0
27 ‘ Fv 7 % Doronoki Populus suaveolens Fischer | 1.3 270 71.6
28 >+ /7 % Sinanoki Tilia japonica Simonkai 1.2 353 55.6
29 “ ¥ ¥ % Yatidamo Fraxinus mandshurica Ruprecht 1.8 462 126.1
20 o~Y ¥V Harigiri Kalopanax pictum Nakai 2.5 370 105.7
.31 | %Y Kiri Paulownia tomentosa Steudel 178 60.2
32 “ 3 X+ % Mizunara Quercus crispula Blume 3.2 486 | 126.3
>~ = v Harunire Ulmus Davidiana Plaachon i
33 Var. japonica Nakai 4.0 331 . 89.3
34 7 ¥ ¥ Keyaki Zelkowa serrata Makino ‘ 3.8 | 559 144.1
35 | 7# ¥ Akagasi Cyclobalanopsis acuta Oersted 3.2 ‘ 790 258. 1
7. &Y 4 Sudazii Castanopsis cuspidata '
3% var. Sieboldi Nakai 3.0 455 115.3
FHUR 7 5 ¥ 0o B K E
Table 14. AIllStI‘OplC propertlea of Buna wood (Fagus crenata Blume)
o T C n | EwmE T
i \%&ﬁ? FIEE RERTEEC Specific gravity Compresion Modulus of rupture
Species | Angle of [Specimens o ~ strength of static bending
ograin | tested  EOK | f ) P | Bk BN
I | max. | min. | mean | max.! min.| mean |max.| min.| mean
{ ’ ’ | glem? y | kg/cm? ‘ | kg/cm?
0] 8 | 0.666l 0.628 0.644 | 518.1 462'9i 498.6 [1013.8| 717.7: 963.8
7+ 15 i 8 | 0.667 0.625 0.651 475.8 382.8 450.7 | 813.1 515.Si 670.1
Buna 30 8 0.681 0.613, 0.651 | 421.3 251.5 287.5 | 453.4 347.9i 395.0
(Fagus 45 8 0.693] 0.613 0.642 | 200.2 141.7] 164.3 | 334.4' 236.4) 285.1
crenata 60 8 " 0.667 0.617 0,632  136.9 88.1‘ 102.9 | 198.1 149.1' 168.5
Blume) 75 8 | 0.661] 0.636/ 0.649 | 90.3 81.7 85.9 | 136.5 118.5 129.5
B 0 8 | 0.640} 0.601/ 0.634 \ 71.7_63.3 68.6 112. 1 90.8 101.8
‘ : HSTEiNES
gy %?g%eq;&lsfe%?ﬁns Tensile strength Imp:ﬁeggﬁ?mg Shearing strength
Species orain | tested EA R W RA OB OFEE | BK RS OFE
i | max. | min. | mean | max. min.| mean |max., min.
! : kg/cm? kgM/cm2 ikg/cm?2
‘ 0] ) 8 1519.21094.6 1332.0 , 1.248 0.500, 1.055 | 164.6 145.0 155.6
i 15 ! 8 41130.6‘ 436.4  622.8 i 0.815 0.359 0.534 | 161.2 139.6 150.1
Buna 1 30 ! 8 | 343.2 266.1 306.2 | 0.358 0.179 0.245 | 157. 1‘ 119.1] 138.5
(Fagus 45 8 212.00 130.3| 200.6 | 0.297 0.105 0.200 | 132.9, 96.9 111.3
crenafta | 60 8 | 161.2, 910.1 136.6 | 0.272 0.102| 0.140 96.9 70.1] 79.3
Blume) 75 8 125.1 74.0. 105.6 ‘ 0.177 0.071] 0.112 71. 3 64.6 65.5
90 8 | 70.3 50.7 55.90.091 0.068 0.079 49.7 43.3 45.6
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72o 150
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(1) W22 & T DT .
(Statics and kinetics index of quality) 120
1o
h E joc
AT - v 2 % Hinoki, =Y =V £ 90
Ezomatu, # 4 vV v & 7 % (Taiwan- L
70
IS
hinoki), 7 # ~> Akamatu, 7 r < 5 e
3
v Kuromatu, t -¥ Hiba > %
a0 s 3 %5 %0 5%
B L Aigle of grain
; - P 95 16 X SURieREE & @REERE L OBR
(2) IR TR (Statics index Fig. 16 The relation between shearing strength
of quality) ........cooo B and angle of grain
T2 st (Kinetics index of quality) . P s 1 £

EHEERIES o 9~ Sirabe, #» 7 =~ Karamatu
B3R ~ # % Makaba, 3 X2 Mizume, 5 7% Totinoki, #'w 7 Katura, 7~
% 7 % Kusunoki, 77 Buna, # =21 3 Onigurumi, # 7" Tabu, &4 /¥ Hoho-
noki, 7 7 % Sinanoki, ¥ 7 # = Yatidamo, -~ Y ¥V Harigiri, 3 X7 7 Mizu-

nara, 7 ¥ ¥ Keyaki, %% <4 Sudazii

(3) #J)=ENg st (Statics index of quality) .......ooovioio LT

7120 $ERE (Kinetics index of quality) .. .oovviorriiiennenennn.

b
N

HEHEH = 3 Momi, b+ F~> Todomatu, ¥V 5 Sawara, »% Sugi
BEEREHS  Fw 2 % Doronoki, ¥V Kiri
(4) #JizEihE L ormh 7 Em i ETHsRL (Statics and kinetics index of quality) . .3l
FHEES e 2 = = Himekomatu, » # Tuga, vt Tohi
BRI 4 # v » =5 Itayakaede, 4 % 7 # Isunoki, »~/t = v Harunire
(5) H#J1=E0,i0 FiHE# (Statics index of quality) MR
T2 i TieRe (Kinetics index of quality) ......ovoveeivnenon AR
ISHHFS 7 4 F > Akagasi
4. RFPRE T URIFEOMEANIPEETIZE 7, 8, 9, 10 2 XU 11ED LBV IT LT, EHiR
B3 L OVBUINTRIE L HIRBIDIE 2 L DBERIEHY 11 Lo 12 M7,
e —HIEBDIE X 6.=151.9T .. ..iviiii i (A7)
DU R — HI IR D)E 2 Ie=88.4T .. oiiiiiiiiiii i (18)
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5. FrMHOEFGVEGH 13 KR L, Hankinson’s Ot
NP S
9,ysin"r+9 1 cos"r

gy
EOBIRIRT 12, 13, 14, 15 L8 16 FICRL, nk&miEs dicky .

FHOMPIL YR T 2 T 2O HIC & b 8B b RN PR ZBHET 2 2 L NETS 2
s b, OB L O KOREDH AR EIT S5 20D L 2 b 92 b0 L EbiL
%,

(1) JPEH (The quality quotient of strength)

LT 1A D [FIHHRE % 72 13 SRR 3213 24272 (estimation of wood quality)
OIFfELE CTHERNS WS N T &7z, MPSROBE L Y b BIEESL D& L BIET 245
BMER HEID M, BER T 1 DD 4L 24D 5 20T, 3% (impregnation),
(compression) & & U5 (adhesion) HEDSRFELIC L b B SN72V0b W D SRAM
(improvement wood) ODIEI{HE, EMDZNELILKT S Lick b, SRTFEDOHET, #
A DTS D N2 BT E T DI, ¥ b HIREE & AHED BRIZ IR\
IZAERCANAR L A 2, 27 s OEIRIGETAIERHNI, 2R ZRTEDK/MT & b Ko
STz, 15 2100 16 FITRT & 5 RERICE VT, COBIRESS &, SH
TR H 7 b DIRHEAH B ILD 45, BHELD 2 A3lic LT, SHEMA 1580, K3 21 it
OALfiiE b OT —ISAFREM DFEHOILRE L IR EIN 52 bD L EbILD., Thbb, #F
FURDOBERETELT IS WT, A ET L 28FEOHLAY, SR OFRIL 72 b F72 /LT
B O ERIL, WHEROEE, ZRAMOMEDOHEE 522 b0 LMbivd,

(2) HHRENODOLLR

TERDILETREORERIC 1L Specific gravity &MEOHETH b, FHREMITIZ—EDLL
ROBZVIDTLEFHLLE LTE 2R FTH 24, BEICOVWTIRIT LA EAFK I NIRRT
ZLVv, HFHREMATNTHED —XEKTH 2 H 6, TOUMMRY 52 2 BEEOLL
&, ERFREE, 5IHRREE, dUROERE, DUBTREE, MY 3 X O RO v v SRESEEO LR
Tz lich b, W FERREOITN Y 100 & T2 40K & O, ThbbERRECK
THRBECLERERDZ &, HLT H LR8O ELTH D, L LEIHERH, R
R TH B L, EHEREE, PR, thiF v 2R, GERRE, SRy > 2R, B
WTRREE & & O i P sREE DL, 1:1.78 1227 :2.56:330:0.24: 0.00196 - 2 2. Thb
AP IR BYISTIREE , W EERALLBIRREE A PEET & Mgt LT L AR C, LZeas D THEE M
FBELTORKED, 246 DBILIC DWW T, 8w I3RS 20 ARIEL T £ 2l RTRnmiing & &£
FET2ZZ LT TIIERHEINTVL 2 ETH D0, AERICEWT LAY 16 RO & 4l
b7z b, BIETRED G ERRED 15~34% THOT, MHFHCHA SN AVWRILTH 2 LW

5T ENTED, 7FHOEMBEEAT 13 K Loy 15 Moz &, #flcd 5L mic
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Table 15. The quality quotient of important strength (Coniferous wood)

: ahws | I I P
Spssci' cﬂmﬁ nfme |ZI;:‘°]11£;°| e i150715! Tn 1030/715| En .1016/715 7T ;10%715i Er '107(Y)/715| s ?18&/)7]5‘;5%?; o1 ‘1(567,,_.,-,. vy
No. | ) m;?% : | | (xl@¥x1wﬁ ‘ “XIQHXIW% ?tgg |
| b 15 o . [ airdry
L e s Momi 0.42 ! 342 8.14}- 60 15.4 | 89.8 2.14 910=21.7 140.6!3.35 ’ 0.1 215 0.42 0.6l 1.45
2 |+ ¥ = v Todomatu 0.39 ' 324 8.31 562 14.4 91.8 2.35 1043 26.7 155.2 3.98 64.2 1.65  0.38  0.81 2.13
3 ¥ 5 -~ Sirabe 0.40 339 8.47 539 13.5 89.6 2.24 | 798 20.0 145.6 3.64 58.3 1.46  0.39 | 0.68 1.74
4‘g47ykjﬁﬁwmmmh 0.48 4mpa% 7%1&61m&4zm‘1mimj nm%z% 74.5 1.55 | 0.48 . 1.09 2.27
5 v , % Hinoki - 0.44 378 8.60 663 15.1| 91.0 2.07 900 20.5 | 141.4 3.21  90.4 2.05  0.44  0.75 1.70
6 % v 5 Sawara 0.32 283 8.84 418 13.1, 57.4 1.79 625 19.5 118.1 3.69 68.2 2.13| 032 | 0.40 1.25
7% ¥ Sugi 0.39 349 8.95 541!13.9 77.1 1.98 756 19.4 | 125.0 3.21 | 85.4 2.19  0.38  0.61 1.6
8 (% % =< v Karamatu 0.62 5705 9.19 823 13.3 | 105.7 1.70 812 13.1 116.2 1.87 104.3 1.68  0.61  0.84 1.38
9 = ¥ = v Ezomatu 0.45 383 8.52 602 13.4 | 88.7 1.97 997 22.2 144.5 3.21  98.3 2.07  0.45 | 0.75 1.67
10 L % v Tohi 0.45 381 8.47 665 14.8  94.3 2.09 1030 22.9 151.3 3.36 84.3 1.87  0.45  0.65 144
11 7 % = v Akamatu 0.46 470 10.21 770 16.7 | 98.4 2.14 | 841 18.3 | 133.6 2.90 106.5 2.31 | 0.46  0.80 1.74
12t 2 = <= v Himekomatu  0.42 347 8.26 566 13.5 | 68.2 1.62 801 19.1 1128.7}3.06 88.0 2.10 | 0.42 |0.59 1.0
135 # v = v Kuromatu 0.41 386 9.41 690 16.8 ’ 84.5. 2.06 1101 26.9 | 150.4 3.67 | 110.8 270 0.41 095 2.82
14 e ,¢ Hiba | 0.43 410, 9.58 699 16.3 | 91.6/2.13 | 1000 24.0 157.8 3.67 | 92.4 2.15 i 0.43  0.71|  1.65
15 v % Tuga | 0.50 419 8.38 724 14.5 895 1.79 1260 25.2 | 147.9, 2.96 | 100.3 2.00 050 0.7 .44
Mean of coniferous wood | 0,439 | 390.9 8.89 647.3 15.1 j £8.3 2.02 | 936.1 21.5’ 138.0’3.21 §7.6 2.00  0.44 | 0.73 | 1.68
! ‘ ; i
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Table 16. The quality quotient of important strength (Dicotyledonous wood)
CoaAaEsy o T
rean” , .
specific | oo (1655, ) 7 7,y P ‘%6715‘ T
at 15% (% 108)(x 103)
1 Y }ﬁ b N ) | I
| o.e4 | 528 8.25 | 986 15.8 | 105.0 1.64 | 1416
0.52 | 410 7.88 767 14.8 | 81.3 1.56 951
0.77 646 8.39 | 1381 17.9 | 141.6 1.84 1530
0.70 | 611/ 8.73 | 1158 16.6 | 127.7 1.82 1475
0.50 403 £.06 | 844, 16.9 | 87.0 1.74 | o33
. 0.54 | 384 711 716 18.G | 85.8 1.59 1017
‘ 0.88 673 7.65 | 1386/ 15.0 | 140.4 1.60 ' 1737
o 0.67 5211 7.78 | 1014 15.1  99.7 1.49 1288
‘ 0.48 414/ 8.63 | 717 14.9 | 102.9/2.14 1210
| 0.75 623 8.31 | 1040 13.9 | 108.4 1.45 | 1403
0.50 422 8.44 | 624 12.5 | 92.1 1.84 | 1167
0.42 270 6.43 465! 11.1  70.9 1.69 | 653
0.44 353 8.02 548 12.5 | 76.5 1.74 | 720
0.64 462 7.22 980 15.3 | 116.0 1.81 1482
0.52 370 7.12 0 720 18.3 ' 89.6 1.71 | 1296
I 0.2 178 8.0 308 14.0 | 60.5/2.75 | 620
0.65 486 7.48 964 14.8 | 108.0 1.66 | 1463
0.49 | 331 6.76 787 16.1 | 95.3 1.94 | 1087
0.61 559] 9.16 | 1034‘17.0 1 125.0 2.05 | 1209
0.97 | 790/ 8.14 | 1365 14.1 | 143.0 1.47 | 1780
0.54 435 8.43 775{14.4 90.9 1.68 | 1782
0.593 | 469.5 7.91 | 884.7 14.8 | 102.2] 1.77 |1220.0
0.529 | 436.8) 8.32 | 785.8 14.9 | 96.4 1.87 ,1101.7)

- L
xéng Er Eﬁyvm 7
'}(X ]CZ‘)‘(X 1(33)l
22.1 134.4 2,10 132.0
18.5 ‘ 121.4-‘ 2.33 96.9
19.9  158.2 2.05 159.0
21,1 | 167.8 2,75 139.6
20.7 ' 155.4] 3.11 | 124.6
18.8 | 109.9 2.04  97.6
19.7 | 177.9 2.02 | 181.3
19.2 | 134.9 2.01 | 158.8
25.2 | 159.2 3.32 | 115.6
18.7 | 160.7| 2.14 | 160.2
23.3 | 136.5 2.73 | 96.0
15.5 | 76.7/1.83 | 71.6
6.4 79.1 1.80 55.6
23.2 149.1 2.33 | 126.1
24.9 ' 144.6 2.78 | 105.7
28.2 . 70.8 3.22  60.2
22.5 | 187.5 2.88 | 126.3
22.2/1120.5 2.46 | 89.3
19.8 l139.7 2.29 | 144.1
18.4 | 192.8 1.99 | 258.1
20.0 !115.7 2,14 115.3
20.9 :138.9 2.40 | 124.5
21 'i 138. 6] 2.741 109. 1
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_ e N
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The ratio of modulus of rupture of beuding,

shear strength and impact bendmg Compression strength (Comferous wood)
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Table 17.
N AR
gD HE
B M A ' Mean
Common name © specific
| gravity ‘
- . 715
|
* 3 Momi ‘ 0.42 |
F F= v Tolomatu 0.39
v 7 ~ Sirabe 0.40
247 e ¥
Taiwanhinoki | 0.48
v 7 % Hinoki 0.44
W+ 7 5 Sawara 0.32
S ¥ Sugi 0.39 !
# 7 = v Karamatu 0.62
= V<= v Fzomatu i 0.45
[
F 7 Tohi ‘ 0.45
7 J < Akamatu ' 0.46
k % 2 < Y Himekomatu| 0.42
7w < v Kuromatu 0.41
E >3 Hiba 0.43
4 77 Tuga 0.50
Mean 0.439
¢/ 100Y

0e

342

470
347
386
410

419

390.9

8.89

} n

!

650

kg/cm»" kg/cm?

562
539
798
663
418
541

823

=

"’I;/m- ‘
‘ <100,

(74 ‘

\ o

190. 1

|
!
159.0

173.5

I 165.2
‘ 175.3
147.8
155.0

i
|
144.4 ‘
\

174.5
163.8

163. 1

' 170.5
| 168.7

165.8 |

BIRFARAY 3o X OB TR & o FERi RIS x B bR (BHEERHD

young’s modulus of bending, tensile strength, young’s modulus of tension

T | | |
Eu |EB/G-"1003 ’r i(r T/(r-'i oo! Er }ET/U.(loo‘ 7s ‘?'/6-"100? o

(X109 | (X 109) | ‘(XIO% (X 1C3) ‘ e ;

kg/cm? % kg/cm? % | kg/cm? % kg/cm? % | keM/cm

8.8 263 910 | 26,1 10,6 ’ 411 ‘ %0.1/ 2.3 |70.61
91.8 | 28.3 ’ 1043 | 3219 155.2 47,9 | 642 19.8 0.8l
89.6  26.4 i 798 235.4 145.6  43.0 | 58.3 17.2 . 0.68
106.4 | 22.0 1138 ! 235.6 | 114.3  23.7 ‘ 74.5  15.4 | 1.09
91.0 24,1 900 ’ 238.1 i11.4 ) 37.4 90.4 23.9 0.75
57.4 | 20.3 625 | 220.8 | 118.1 ’ 41.7 | 68.2 | 24,1 | 0.40
77,1 221 756  216.6 125.0  35.8 85.4 | 24,5 | 0.61
105.7 | 18.5 812 | 1425 116.2 20.4 ‘ 104.3 | 18.3 | o0.84
88.7 | 23.2 997 | 260.3 | 144.5| 37.7 93.3 | 24.4 | 0.75
94,3 | 24.8 | 1030 | 270.3 151.3 | 39.7 84.3 | 22.1 | 0.65
93.4  20.9 841 178.9  133.6 . 28.4  106.5 22.7  0.80
63.2 19.7 | 801  230.8 128.7 37.1 88.0 | 25.4 - 0.59
8451 2.9 | 1101 25.2  150.4 ] 39.0 3 110.8 | 28.7 | 0.95
91.6 ! 22.3 1030 251.2 ‘ 157.8 | 38.0 ‘] 92.4 | 22.5 0.71
89.5 i 21.4 1260 | 300.7 ' 147.9| 35.3 | 100.3 ? 24.5 ! 0.72
88.3  22.8 936.1, 243.6 | 133.0 ! 36.4 87.6 | 22.7 | 0.73
2.02 71.5} 3.21 | 2,00 ‘ 1.68
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Table 18. The ratio of modulus of rupture of bending, Young’s modulus of bending, tensile strength, Young’s modulus of tension,
shear strength and impact bending: compression strength (Dicotyledonous wood)

e oy |
Kiid 1 4 i 0L i Lo : i | é
S g Mean 5 T pla . 5 Epjoe | o orjee | w. Er/%s | e, |Tsloe y
SP:SCI Common name specific Te Tn i + 100, Ey ‘ +100, 7 Vool Er | 100 O ‘ Joo
No, gravity | | ! | | i l } [
: 2 R | (xaen | (xae | N (x109) [ (<19 || J
‘ kg/cm? kg/cm? % | kg/cm? %  kg/cm? % | kg/cm? % | kglcm? % | kgM/cm?
16 |1 &% % =7 Itayakaede  0.64 528 986 186.7 ‘ 105.0 i 202.7 ‘ 1416 | 268.8 | 134.4  25.3 . 132.0  25.0 1.32
17 | k2 % Totinoki j 0.52 ‘ 410 767 | 187.0  81.3 198.2 951 ’ 231.9 " 121.4 29.6 ' 96.9  23.6 | 0.86
. f |
18 13 %X 2 Mizume 0.77 646{ 1381, 176.1 | 141.6! 219.1 | 1530{ 236.8 158.2 ' 24.4 | 159.0 | 24.6 1.47
19 =< % ¥ Makaka ©0.70 611 1158 182.6 127.7 ' 184.5 1475 | 241.4 197.8 = 31.5 139.6  22.8 1.12
| . | ' ‘ ' | ;
20 % v 5 Katura | 0.50 403 844 | 209.4  87.0' 215.8 1033 ! 273.7 = 155.4 38.5 124.6 ~ 30.9 | 0.81
21 72 ,% Kusunoki = 0.54 . 384 716 186.4  85.8 222.3 ) 1017 = 264.8 109.9 | 28.6 | 97.6 25.4 | 0.75
22 4 =%, % Isunoki ‘ 0.88 | 673 1386 169.1 140.4 = 208.6 = 1787 | 272.6  177.9 | 26.4 181.3  26.9 1.62
23 |7 7 Buna . 0.67 521 1014 194.6 99.7 | 191.3 1288 247.2  134.9 1 25.8 i 158.8  30.4 1.23
24 ‘*: 7' 2 Ounigurumi 0.48 | 414 717 | 173.1 | 102.9  248.5 1210 | 292.2 | 159.2  38.4 | 115.6  27.9 0.80
25 | & 7 Tabu 0.75 623 | 1040 | 177.2 108.4, 177.9 1403 225.2 | 160.7 | 25.7 160.2 | 25.7 1.45
26 | sk, ¥ Hohonoki 0.50 422 624 | 147.8| 92.1| 218.2 1167 | 276.5 | 136.5 | 32.3  96.0 22.7 | 0.75
27 | ¥w 2 % Doronoki 0.42 270 465 | 172.2 70.9 | 107.7 | 653 | 241.8 | 76.7 ’ 28.4 i 71.6 | 26.2 0.76
28 |+, % Sinanoki . 0.44 353 | 548 | 155.2 | 76.5 216.7 720 203.9  79.1| 22.4 i: 55.6  15.7 | 0.47
29 | ¥ ¥ % Yatidamo . 0.64 462 | 980 | 212.1 | 116.0 | 251.0 ' 1482 | 320.7 ’ 149.6  32.2 | 126.1 27.2 0.92
30 |~y #y Parigiri 0.52 ' 370 720 | 194.5 | 89.6 \ 240.5 1296 | 850.7  144.6  39.0 | 105.7  28.5 | 0.73
31 x Y Kiri 0.22 178 308 173.0 . 60.5 ! 339.8 620 348.2  70.8 39.7 60.2  33.8 | 0.42
32 3 X% Mizunara 0.65 486 94  198.3 | 108.0  222.2 1463 301.0 . 187.5 38.5 126.3  25.9 | 0.92
33 |,\n = Harunire 0.49 331 787 237.7  95.3 287.9 1087 328.3 | 120.5  36.4 '89.3 . 26.9 | 0.66
34 7 ¥ % Keyaki ‘ 0.61 59 | 1034 | 184.9  125.0 | 223.6 1209 | 216.2 | 139.7  24.9 1441 25.7 | 0.87
35 ‘7 # % > Akagasi o 0.97 790 | 1265 172.7 | 143.0 | 181.0 1780 225.3  192.8  24.4 258.1  32.6 1.72
36 \7\ X< 4 Sudazii 0.54 ‘ 455 775 165.9 | 90.9  199.7 1082 237.8 115.7  25.4 | 115.3  25.3 | 0.79
Mean 0.593 | 469.5 | 884.7 102.2 | 1220.0 | {138.9 | 124.5 0.98
/100y 7.91 14.8 1.77 20.9 I 2.40 [2.09 1.64
Mean of all species 0.529 | 436.8 | 785.8 96.4 1101.7 { 138.6 ’ 109. 1 | 0.87
Cejl0y | g.32] el 1.87 21,1 | 2.74 2.05 1.65
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Table 19. Compressmn strength perpendicular to grain

(JE)

i3

g OE W om B )

'‘Compression strength parallel

 BEEHRLLOURE

Compressmn strength

RS B Om & o grain perpendicular to grain
Species . B Al o .
pl\elc(:)l.e Common name | HER R 7. (kg/cm®) . HLE R | 7.1 (kg/cm?)
Specimens g Specimens =
BA B OEE BA B THE
- S o B tested \/Iaxc Min. 'Mean tested \Max | Min. | Mean
; £ 1 Momi 151 451 247 342 o ! 56.0% 39.0, 45.3
2 k F~v Todomatu 120 | 418 225 324 10 46.0 420 45.0
6 ¥ v 5 Sawara 88 436 212 283 10 28.2 24.2 25.9
7 A F Sugi 40 415 289 349 10 i 44.8 40.3 42.4
9 = V' = v Ezomatu ! 40 419 342 383 10 42.0i 36.0 39.8
10 ~ v e Tohi ' 77 497 270 381 10 ’ 62.00 51.0 55.9
15 4 # Tuga 220 555 292 419 10 ; 62.0i 54.1 59.0
]
18 3 % 2 Mizume | 40 721 596 646 10 | 104.0 92.0 98.4
20 # v < Katura 39 624 354 403 , 10 [ 102.0 69.0, 88.6
22 14 7 7 ¥ Isuroki 30 693 537 673 10 ! 195.2 174.5 180.0
23 7 + Buna 30 612 388 521 20 | 120.0 114.0 117.0
26 k2 % Hohonoki } 40 536 315 422 10| 99.0. 90.0 93.6
29 + 5~ 2** Yatidamo 58 563 312 462 10 [ 106.0, 94.0 100.2
30 o~Y ¥ Y Harigiri 40 559 241 370 10 ‘ 89.0 80.0 81.8
* v Kiri 20 260 145 178 10 28.6 24.1 24.8
32 : X+ 5 Mizunara | 38 638 338 46 10 101.0 9.0 98.8
|
35 7 4 7 Akagasi 57 861 728 790 10 | 245.0 214 232.6
a0~
H,noxs
so- % Mo 468 ser
G pean  37F -
ps b 1 % Min 279
b 10 | nooas
%D o ,’I "a’v A B W = u‘zﬁo G A 4w &
g . // “T Sug
5 “d sk 5 Mer 5 Kiem
o o
o 0 n 1o
Tl ta .
c’:i 240 50 C L0 L0 4 D0 680
R “r Mokasa
z ST O
£r vl T
e S L
= N -
Q:T ]C:j QB 35 Wb 00 d&5 JF0 S 550 K0 K0 B0 720 o I Bdo
H “r Bina
S el - T Max w12 Kifer
" N % Mean 521
6 “ % Min 388 -
e ” 35
I .
u'“ % 2P0 320 X0 40 4L 236 car SBO K00 LD KB T A sof R0
& - “r Plizancra
" T Maz o3 A3
R I R PR R T T fean
Spe::lflc gr:-.\'vt)z Y:ur-&')' ¢ ,,_h ‘18

4 17 I

PBEHEFRICOIRE oy LB Vo ary & DEER

Fig. 17 Compression strength perpendicular to

grain 7, ——Specific gravity 7ui, ary
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& b 2L L AR ERG L BIREE A3, e i LL BRI
BED 24%1T 1= % DT\ 5 o AFBREE = UHHFED
5 B EHERI LS & CIRBEERS flic DWW T
R FERGLL BRI EE & ARF R IEE BV AR 4 T2 3
o BT & b S L Z7aR LI 9K s L O
T EHDOEEYTHD, LiehiDT, A
DR E D05 KD @A 1 DD HBEL &2
, FEDFREE & OB W TERRILT D
BT 5 AR & 2 D7 272, N
F v 7R & NF B REIT T T 2 LB
ISNIDIRIT, RO LI L L
BREBE L, LR DI 3 5070
DD EbID,
(3) KWL
KEREWT o 5L, HIi0E—Ec:
ST 2 2 RO

LoD fhiAz

5 20 #

1 i - T H - =

gﬁ{a%cﬁ? o Spi%ies & ‘ I%adlal | T angen%ial ’ s :Ligth g{ﬁ"(

No. (Common name) TEH O & FH | Mean (D) ‘(L)/ (D)

. Spring Summer Spring Summer, (D) i
. “wood wood |wood wood | | 1
” u © “ ® “

1 ® ¢ Momi 59 20 43 37 | 40 | 4,042‘ 101
2 b ¥= v Todomatu 38 15 35 31 30 3,594 | 120
3 v 5 ~2 Sirabe 43 22 32 25 | 31 ) 3,450 111
4 x4vve,% Taiwanhinoki 41 20 30 25 29 3,32 116
5  © s % Hinoki Ca 7 38 35 | 33 | 3,403 103
6 % v 5 Sawara 79 32 74 76 65 8,287 51
7 % % Sugi 44 18 41 36 35 | 4,192 120
8 % 5 < Karamatu 74 28 36 23 40 2,971 74
9 =Y < Ezomatu 42 17 33 26 30 ‘ 3,577 ;19
10 F v e Tohi 40 17 3 32 31| 3,768 122
Il 7=y Akamatu 52 21 58 35 37 | 3,19 86
12 b 2 2 < v Himekomatu 41 18 35 34 32 3,612 113
13 7 v =< v Kuromatu 52 20 30 28 ' 33 | 3,345 101
14 v % Hiba 94 38 78 66 69 | 4,582 66
15 v 7% Tuga 35 17 26 24 | 26 \' 3,076 118
Mean 3,564 93.7

23 X

RMTH D, LiehiDT, HREE

Diameter of tracheid ' '
T |

Cki))

7 X O BT Ht B R ADTERTTR

Fig. 23 The unknown break-line of shearing
plane in Sugi-wood (Cryptomeria japonica
D. Don)
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Table 20. Length/Dlameter of tracheid of coniferous wood
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21 & REERIREIEOR S/HE
Table 21 Length/Dlalrrter of wood flber of dlcotyledonous wood

. kD | *mm‘;;
9y ow BoE s E%é%@ AR %ﬂ
Speci- Specles(commonl Dlameter Length | ( )L/ Speci- Species common, Dlsme ter eﬁgth (lL){;t
1\?3 name) wood fiber (L) (D) ! es hame wood 11der. (L) (D)
o (D) R D) | o
1 2YHF " /‘ Fw o F " K
16 Itayakaede; 18 933 52 27 Doronoki 24 1,140 48
17+ ¥ *Totinoki 21 o34 47 28 YT/F, oo 2 1,233 59
| N
N : 2 ‘ TFAE i 22 2
18 '3 X 2 Mizume ! 25 © 1,751 0 70 29 Yatidamo 22 1,217 55
19 =% ,% Makaba | 18 - 1,615 90 30 >~V F v Harigiri 20 996 50
20 ‘ hv 5 Katura | 23| 1,786 78 31 '% v Kiri ‘
| .
7RI F ! IAFr7
21 Kusunoki 22 I Miganara 1 1,160 83
22 o . )\)I, = v
22 ‘{ 2z 7 ¥ Isunoki 20 1,393 70 33 Harunire 15 1,041 69
| |
23 ‘7’ + Buna } 19 | 1,248 = 66 34 )"/"\’%’— Keyaki | 15 1,476 | 98
| e . ‘ |
F =73 s s i
24 Onigurumi 2 1,077 41 35 .7 ¥ s Akagasi 19 1,308 69
25 'x 7 Tabu Com L e %6 [Axvd Sudwil 19 1,283 68
26 FHE/IE 30 1,590 53 Mean 21 1,284 61.1

‘ Hohonokl‘

B EAH REROIEE I L, 2 DAE 52~ I 5 HHEIE, 172 L
FTDDHTLTED, WROUIHIC VT L, ORI LERIMOBERAEF L E LT
Eehs, AREBRICEWTY, ZOEELH S EHOREMDMMER N7\ EOMAICH 3
B, % 7efl 2 DBHTIC DWW T DL BB 20 & S B BET 2 720, Stk
OB DWW TR R ik B 72,

5 v 7 % Hinoki

7 = % Sugi I Coniferous wood

19 = & »X Makaba

Diffuse porous wood
23 7 7 Buna |

Dicotyledonous wood
32 :Xx%+ 7 Mizunara Ring porous wood

ZOHLET 18 [, 45 19 B, 45 20 B, 5521 6, 522 M F O 23 HICaT &5
Féof,m@ituﬁgmﬁ§®%§ﬁwmmmﬁiﬁEn&wowabzﬁ,ﬁﬁmﬁ
tho> Hinoki ZEEMAY2 ) TH 2 BHRS S, Sugl ITliE LT LTWwS, $/ Buna ©
RN R T R R R Z LA LT w2

(4) fE5EPEE

AEV S5 TR GRS D2 EAKRT D 256, TSEDILER Wb 2 HAlG O
WETH ), WESEESZ OO PBItErT & 8% n 2 R 2 T &%, AlREs, &
HeLE, BAID K, v RIHCHIEOF AT 20 TS A 5 T LRFELTH T 2R
%o FoHMMEOGEEREDHENM I E SRR T 2 5 2 TSR Y 52 2 DTHS
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SHEERL
Coniferous or
Dicotyledonous
wood ‘

Coniferous wood

Dicotyledonous I
wood ‘ ‘

Mean of all sp

HEES

Species
No.

\om\tom»wluH‘

- 3

W W W W WW WK NNNDNNDNDNNIWN
N U WD~ OO0 0NN U W —

ecies

HHKEDEE L LTORMOHEIZ VT (ER) — 51 —
22 Cr/%r D BB 1%
Table 22. Relation of ®7/%p
B =
Species a5 %r Er/%R
(Common name)
§ Momi 0.297 0.141 2,11
I <= v Todomatu 0.347 0.136 2.22
4 ~ Sirabe 0.368 0.171 2.15
4 7 v e 7% Taiwanhinoki 0.281 0.144 1.95
7 ¥ Hinoki 0.278 0.131 2.12
< Sawara ! 0.250 | 0.118 2.12
# Sugi  0.304 0.153 1.99
Z ~ v Karamatu 0.315 0.167 1.59
v" = v Ezomatu 0.239 0.142 2.04
% e T5hi 0.304 0.120 1.69
% < ¥ Akamatu 0.295 0.143 1.99
2 = =< v Himekomatu 0.268 0.138 1.94
v < v Kuromatu 0.349 0.179 1.95
»% Hiba 0.334 0.153 1.94
4 Tuga 0.359 0.192 1.87
Mean 0.311 ‘ 0.157 1.86
[
% % » =5 Itayakaede = 0.307 = 0.162 1.90
F 7 % Totinoki 0.197 0.127 1.55
=z 2 Mizume 0.338 0.187 1.81
el >3 Makaba 0.285 0.165 1.73
4 Z Katura 0.294 0.173 1.70
A 7 % Kusunoki 0.320 0.185 1.73
A ¥ Isunoki 0.418 0.215 1.94
7 Buna 0.395 0.192 2.06
= 7 2 3 Onigurumi 0.342 0.181 1.89
7" Tabu 0.420 0.193 2.12
&/ /7 % Hohonoki 0.248 0.151 1.64
w7 % Doronoki . 0.362 | 0.189 1.92
7+ 7 % Sinanoki 0.249 0.155 1.61
F X = Yatidamo 0.311 0.172 1.81
Y & Y Harigiri 0.306 0.163 1.88
Y Kiri 0.190 0.105 1.81
A # Z Mizunara i 0.349 0.186 1.88
)b = L Harunire ‘ 0.3565 0.182 2.01
e ¥ Keyaki 0.297 0.166 1.79
% % v Akagasi 0.413 0.205 2.01
& ¥ A4 Sudazii 0.403 0.210. 1.92
Mean 0.324 0.175 1.84
0. 0.167 1.85
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[ERALEN, BB R INAE D AT BRI T 3 W TR £ L R OACEEAF O HRRLILA/ T
BB ENELE LVHANRLVWOTEOBEEYH 19 FiTRT

FERAAREE 35 & TN BUMTRRIE S HIMEBIOIE 2 L o8RG, 45 13 K, % 14 B3 L U5Y 13 Ric
ML B )T, ERALEIOENCERRM OBATEDER b Dk, OB T L THE
YLLUT R & b7 5, BINTRBRO BT AT 2 BN OWBERIEZ R T L4 23 D LH 0T
0T, ZOEHCHBEE I RO TR L2 G 5413,

KITEDBITED—FIE LT AFE LT SIC-DOW TEAERR OHE [ 3 X O E 510 DK
P2 L UREHEDOPBIE 2 5 Uretididss 24 Mo & h TH 5,

Wet process T & 2 TR HEMEEDORE, W IdSelc B L T2 v 7Tt B W T
iE, HDES S EOAMEE R 2720, T TEDMEHNERT L 19 £ LUK
20K OEEHVTH D,

(5) Wiz

AHMDORETDDIE, RO, PG FIL RSO, FKIPIC & b 7 5B, IZikic
HENT2IOTHOT, BHHREZENS DIFEITH 228, THRILEDOEKEKE LTH8 B L Tr
OB LT 16 &0 16 XD & (KB ENLD, DRSS IENIC I 2 i) & 70 34
HiF VLT o5 %TH 2,

LW %7 & % QILRBORZFVHIDIZERZFVHIFNICS S L B2 6006, % &
C % DZNENOFIHMIDHRIT EXOFRKEDOILTADS,

o177

“r
L VRO ILEILET 22 O LBV TH D,
HI5hE, AHEEOSEAMELE F, ARBHR), BHOHLAYE, B ORGSO S LLFBITR
BEEz223b0EEBHND,
ZRCDILREIFEHZ L &, PHTROBLMEERT T Liensss, ML fToT 177
DFoffiicekRLATNEALAVWEVWSHEIR E2 22 LItk D,

z £ = MW

(1) ¥EDRA, BRI . =V ~Y, F FeYRO7r A~y BEERDBEBICRT 5 AEE OSHCE
WT, JUREREMEE, 45 13 %, p. 57~78, (1943)

(2) WEUBA, BRITHE: ¥V v <7 h < YHROBEBICRT 2 AREOSRICELC,
KRB, 5 15 %, p. 1~18, (1947)

(3) BEUHBA, BANTHE: €/ aﬂ?ﬁ@ﬁﬁf&%m@cmﬁfﬁi{@ﬁ\?ﬁ&:ﬁf,
FLAEERESE , 45 16 %, p. 1~6, (1948)

(4) Ilf—#ﬁ~ FRALEEA ¥ v bV v ORBEBESH L ERER,
HApee4ezt, & 31 %, p. 224~228, (1949)

(5) WA | BENAMAEEOHFIME (3 & L CHIERERCE O,
JEAEERSE, 55 14 %, p. 124~157, (1948)

(6) FiRME | AF OBBRUERCNG 5, UHBIOEMILE, SHEHE, EMERRETITER
Bl <, IREENREFISEF IS, 45 68 %, p. 145~158, (1950)
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(7) | 5B M OEEBRE TRt T —84E, HEMSFLEE, & 22 %, p. 687~692, (1940)

(8) JeA8E | s = EEM ORI % £80 & LER U ERER & ORI C,
It EMSER RS ME, 55 14 &, p. 1~93, (1943)

(9) RE . =Y~ YHOEMEMCET 5, %1%, TOmEPRORRELE,
JLHHEMSERBAIER, 5 66 &, p. 10~27, (1949)

(10) =ht 22 D RHro TR R oE S » OBEE, EIMEaHES (1943)

1) B8 % ARMoOMmFR2CE T, 5513, BT o%e, SNipaiiss (1943)

(12) B 22 D RHOMIFR SCE T, H28, FEROE S LT S D&,
TER AR, p. 220~222, (1943) ’

(13) REFR: =<y HOBER, ERLEHER, JifahERRER, 55 685, p. 37~53, (1949)
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I. Introduction

Wood as construction material has manifold fine qualities over the other
materials. Having rather a minor specific gravity it is easy to treat for
manufacturing purposes, while it displays a high efficiency in strength in spite
of its small specific gravity. With all these fine qualities, however, wood is
not without some drawbacks amongst which we can enumerate :

(1) Inequality of strength

The strength of wood of a species of course varies from that of another
species, but inequality of strength even occurs among trees belonging to the
same category in species subject to the condition of growth, the age of tree,
the place of growth and the site condition. Similar inequality of strength is
found even in the case of one and the same tree, the strength of one part often
being largely different from that of another part of the tree. For this inequality
of strength are responsible: (i) The difference in the specific gravity,
(ii) the water-cotent in each part of the tree, (iii) the method of conversion
and (iv) defects contained in each part.

(2) Anisotropic properties of wood °

The angle of grain is often determinant in settling the strength of wood
and other qualities. The anisotropic property of wood is therefore a great
drawback which often gives rise to a trouble in an actual work of manufacturing
and pratical uses.

(3) Absorption of water vapour and unstability of dimension

The water-content in wood, the volume of which is necessarily determined
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by the moisture contained in the air, not only affects the strength of wood but
also occasions such phenomena as swelling or shrinkage of wood. To make
matters worse, swelling or shrinkage of this type often becomes the very cause
of dimension changes, shake, warp or twist of wood.

(4) Decay and combustibility .

On the use of wood, decay and combustibility are the great drawbacks.

Main tasks now confronting those who attend to wood improvement would
be how to remove, altogether or partially, the effect of the preceding draw-
backs wood is doomed to suffer, while trying, on the other hand, to promote
strength and elasticy of wood. The first thing, then, to be done would be the
study of properties of wood without which no work is possible to start.

With a view to contributing something along this line of work I have
conducted researches, first of all, upon all the trees of important species in
Japan as regards their strength, thereby making clear the relation between
specific gravity and strength of wood.

In the second step I inquired into the anatomical properties on wood pieces
that were attended to with a compression test. Studies on impregnation and
adhesion were at the same time effected with a view to improving wood
together with investigation of the relation between the thickness of cell-wall and
the strength of wood.

In the third step, I have ingired into the anisotropic properties of beech
wood with a view to obtaining some definite theory and means instrumental in
decreasing or improving anisotropic nature of wood in general.

In concluding the introduction I feel it my duty to express my profound
thanks to Mr. Y. Saito, Director of the Wood Technology Section of this Station,
who was good enough to extend from time to time his helping hand especially
in guiding me in my study, and to Assistant Prof. S. Kurata of Tokyo
University, who has furnished me with a varying suggestions during my study
on anatomical properties of wood, and also to taree able technicians, Mr. G.
Nakamura, Mr. M. Sawada and Mr. R. Yamai, who have given me ungrudgingly
invaluable hints concerninig my pursuits. My thanks are also due to Mr. M.
Hosizawa, Mr. K. Nakagome, Mr. J. Mukudai, Mr. S. Tate, also able techniciens,
who assisted me in varying tests and experiments, and to my assistant techni-
cians, Mr. R. Mineo, Mr. M. Enomoto, Mr. I. Tanaka and others who have
never spared their efforts in assisting me in the preparation of the required test
pieces.

Main and most recent researches on properties of important woods grown
in Japan are shown in the following:

(1) Distribution of specific gravity of Ezomatu, Todomatu and Guimatu®,
Akamatu grown in Kirisima (Kyasha)®, Hinoki® Tohi grown in Titibu®, Kara-
matu® and Sugi ®

(2) Compression strength of Sugi‘”, coniferous wood grown in Hokkaido®
and Ezomatu®

(3) Young’s modulus of static bending affected with beam thickness®

(4) Moduius of rupture of static bending{D{»

(5) Tensile strength of Ezomatu®

(6) Impact bending strength

(7) Shearing strength of coniferous wood(®

(8) Shrinkage of wood!»UHUNHUS)

(9) Properties of special wood, such as Todomatu, Ezomatu and Guimatu¢®,
Hinoki®”, TodomatuGhEHEs

(10) Properties of important wood for air-piane constructionG9@»
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II. Properties of important woods grown in Japan

In order to ascertain properties of wood, in particular, compression strength
and seven other items, the author has effected tests and experiments upon trees
of more important species covering 35 species in Japan and one species native
to Taiwan (Formosa), and inquired the relation between specific gravity and
strength of wood. The kinds of experiments thus effected include:

(1) Compression strength

(2) Modulus of rupture in static bending

(3) Young’s modulus in static bending

(4) Tensile strength

(5) Young’s modulus in tension

(6) Work in impact bending

(7) Shearing strength

(8) Shrinkage for 1% moisture content

Endeavours were further directed to the classification of quality of wood,
a new standard consisting of 2 kinds of statics index of quality and kinetic
index of quality having newly been established so as to serve as a standard of
determining quality of important wood available in Japan.

1. Methods employed for ascertaining properties of wood

1. Species of trees tested

Care has been exercised in selection of the species as well as the place of
growth of trees. The trees used for our purpose have been limited to those
possessing a high quality both in quality and shape, with a breast height
diameter of over 40cm in natural forests. These trees were mostly selected
and picked up from among trees of useful species growing in the wel-known
districts boasting dense forests in Japan where full transportation facilities are
available. Species and places of growth of trees tested are given in Table 1.

Logs of trees thus picked up were carried to our laboratory each with
a label explaining its species and place of growth, so as to avoid any poseible
defects. After being sawn into lumber some smaller pieces were made out of
them and kept indoors for some time bhefore they were made into test pieces.
Those pieces of lumber with any defects were left out in our case.

2. Test pieces employed

All the test pieces used in our experiments were prepared out of those
lumber pieces treated with the best possible air-drying. As regards the method of
prepration, stipulated in the test method of wood, and specified in the standard
specification of architectures in Japan, JES Architecture 3107, promulgated Jan.
20, 1949, was adopted so as to make ours come under terms of the standard test
piece.

3. Machines used for tests and instruments for measurement

The chief machine employed in my experiments was the Amsler type
4,000 kg. wood universal test machine and Scharpy type impact bending machine,
while for measuring length was used ‘‘Calliper’” which can well determine a
difference of 1/20 mm. in length. For measuring strain, Yuasa's extensometer
(mirror type) good for determing 1/1000 mm., and the dial-gage good for determing
1/00 mm. was applied.
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4. Subjects attended to with measurement or experimets

Items or subjects studied after the Methods stipulated in the test method
of wood, specified in the Standard Specification oi Architectures in Japan
referred to above include:

(A) Items attended with measurement.

These include 3 kinds of measurement, in each case all the test-pieces
prepared being measured. The measurement of the 3 descriptions are, (1) The
mean rate of growth, (2) The moisture content, and (3) The specifc gravity.

(B) Subjects attended to with tests.

These include, (1) Compression test, (2) Static bending test, (3) Shearing
test, (4) Impact bending test, (5) Tension test, and (6) Shrinkage test.

(1) Mean rate of growth (Average breadth of annual rings)

The average breadth of annual rings was measured on each test piece. The
annual ring breadth of the test piece was indicated by the average value of
annual ring breadth on the surface of both ends. The breadth on the surface
of one side, as mentioned above, has been determined by the average breadth of
perfect annual rings on the line perpendicular to the annual rings.

(2) Measuring of moisture content

Moisture content of given test pieces has been indicated by the average
value of water percentage of those test pieces. The moisture content of each
test piece was computed by the following formula :

Moisture content =" ‘v;yvz— x100 (%)

W, =Weight before it is dried (g) W.=Cven dry weight (g)

The weight before a test piece is dried was measured as early as possible
after a test. Perfect dry weight was indicated by the weight judged to
have attained the normal weight when the test piece had been dried in the
dryer well ventilated at 100—105°C. But when a low pressure dryer is used,
the above mentioned temperature may be lowered. Moisture content had to be
measured on the whole test piece. But when it is hard to measure the above
mentioned moisture content, a test piece is to be prepared out of the locality as
near as possible to the destroyed part, that is, a block approximatly 20 mm in
length taken from the entire cross section of the wood tested.

(3) Measurement of specific gravity

Specific gravity test has been conducted upon every test piece. In cace
of absolute necessity, it was denoted by the specific gravity of the wood in
question whose value is known. Specific gravity has been computed by the
following formula :

Specific gravity = ,V\‘/’_

‘W=Weight of a test piece (g) V=Volume of a test piece (cm?)

(4) Compression test

This test has been conducted when load direction and grain derection run
parallel to each other. The test piece consisted of a sectional square per-
pendicular hexahedron, measuring side length a=20 mm and height h=2a. The
test piece has been so arranged as to have its axis parallel to the fiber direction
witn the face of each end perpendicular to that of the axis. In this test, for
receiving a load the test piece was placed between two steel plates, one of
which was equipped with a ball seat of steel.

The average speed of loading shall be less than 200 kg/cm®. per minute.
The compression strength has been determined by the following formula:
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Compression strength:——g— . (kg/cm?)
P=Maximum load (kg) A=Cross section area (cm?)

And then the capacity of test machine was 4000 kg. or 2000 kg.

(5) Bending test

This test has been conducted upon test pieces with the grain direction
parallel to the axis and perpendicular to the direction of the load weight. The
test piece consisted of a pillar of a sectional square, with a side length of
a=20mm, and L=Span+3a. The test piece was of straight fiber with no
defects. The span between the loading points was 12 times as long as the
beam-height, i. e. 24cm. and the load weight was applied on the middle of
the span. The load side was applied to the straight grain. The diameter of
a cylindrical or semicylindrical load side was over 1.5a, or 30 mm. The average
load weight speed was less than 300 kg/cm?® per minute approximately. By this
test, following subjects were decided:

1. Bending strength-== % (kg/cm*)

2. Bending Young’smodulus= —1?:-;‘—;‘;— (kg/cm?)
P=Maximum load weight (Kg) L=Span (cm)
z=Cross section coefficient (cm®) P.=P/4 (kg)
y= Strain in the center of span of P, (cm)
J=Cross section 2nd moment (cm?)

And the capacity of test machine was 1,000 kg. or 500 kg.

(6) Tension test

This test has been per-
formed when load and grain

© ~ \Straignt grain direction are parallel to each
Afpixed maTerial (Kusi. Keyak M‘f/z%euimc) other. The shape and size
 graspasout of a test piece in case c.>f
’7’-‘1 1 Crossgrain | soft woods are shown in
0= —— Tt Figure A. In case of hard
' b ) i woods, excepting those with
—— /25 J——'zaaf-:’géj——w 25 ] a low specific gravity,
450 - affixed material was not

» employed.
i The test pieces used
/W were limited to those having

straight grain and straight
fiber, especially defects
being avoided. The average load weight speed has been conducted upon pieces
with less than approximately 400 kg/cm?® per minute. The following subjects have
been introduced in this test.

Fig. A The shape of tension test piece

1. Tenssion strength-== —[I;— (kg/cm?)
. , P, L

2. T Y = L1 lem?

enssion Young’s modulus JiA (kg/cm?)

P=Maximum weight (kg) A=Cross section area (cm?) P;=P/4 (kg)
L=Distance of marked point (kg)

41 =Expansion in the P; of load weight (cm)

And the capacity of test machine was 2,000 kg.
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(7) Impact bending test

This test was conducted when fiber direction was in parallel to the axis and
perpendicular to the direction of load weight. The test piece consisted of a
pillar with a square cross section measureing 20mm in side and 300 mm in
length. The test piece must have straight fibers, but as few fissures, as possible,
this especially being the case with the tension side. The span was 240 mm and
the center of the span was knocked by a hammer possessing 10 kgM impulse
energy. The diameter of the support and the semi-cylinder of knocking hammer
was 30 mm each. The load weight was applied to the straight grain except in
cases it was applied to the cross grain or to the irregular grain. The load
weight was applied on the outer surface of wood. By this

test, following subject was determined, T } _1:_
Impact bending strength :% (kgM/cm?) o T 'L
’ ° |
W =Impact bending strength (kgM) ( HL
A =Cross section area (cm®) L
(8) Shearing test . 20 ]
This test was performed when the direction of shearing I
load weight and grain direction was parallel to each other. r [ R
The shape and size of the test piece are shown in Figure N E;
B. The test piece was so placed as its axis is in parallel L //ﬂ§
to grain direction, and the test was conducted in a manner - -
as shown in Figure C. Fig. B The shape of

. . B shearing test piece
The shearing section should, as much aring test p

as possible, be one with straight grain,
though in some cases one with cross grain
or irregular grain may be replaced. The
average load weight speed was less than
40 kg/cm*® per minute, and after the test.

the following subject has been decided : Roller
Shearing strength=- P (kg/cm®)
A Pus/l-P/a.g
P =Maximum weight (kg)
A =Shearing area (cm?)
And the capacity of test machine was .
1,000 kg. or 2,000 kg. Rush-Piete N
(9) Shrinkage test W&? 7

This test has been conducted on the
radial and tangential direction of annual
rings. The test piece was in the side length Fig. C The method of shearing test
80mm long and 10mm in thickness. ‘The test piece has been limited to one
having straight grains on either side, and each surface was finished flat and
smooth. The test piece which had a moisture content over the saturation point
was tested in this way. First the length of the center lines of both radial and
tangential directions L; on its cross section was examined and it was dried till
it showed the moisture content of about 15% and 10% and finally the length of
L: and L; in relation to the moisture content was ascertained. The accuracy
required in the measurement of length ought to be one able to find any inaccuracy
over 0.01mm. The following subject has been determined by this test.
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funt

Average shrinkage in relation to moisture content 1% = b1 X 1009%

nl

n=The difference of moisture content measured as 1, and 1;
1=Length when moisture content is 15%
1 is computed proportionately from 1. and 1;.
5. Correction of effects or modulus evidenced by the test according to the
standard moisture content (15%)

Except in the case of the impact bending test, the modulus of each test on
strength has heen corrected by a formula so that it may have its value at the
standard moisture content 15%. In the correction of the specific gravity the
following formula®® has been employed.

T15=7,--0.0037(u-15) .. SN ¢))
N. B. u=Percentage of moisture content at the time of expenment
715=Specific gravity at the standard moisture content 15%
7..=Specific gravity with moisture at the time of experiment.

In my case, the modulus obtained by all tests on strength but the impact
bending test has been corrected as below :

(1) Compression strength and modulus of rupture of static bending were
each increased (or decreased) by 5% of its own strength per 1% moisture
content lowering (or raising) the standard moisture content 159%.

(2) Shearing strength and tensile Young’s modulus were each increased
(or decreased) by 39% of each strength per 1% moisture content lowering (or
raising) the standard moisture content 15%.

(3) Young’s modulus of static bending was increased (or decreased) by
29% of its own strength per 19 moisture content lowering (or raising) the standard
moisture content 15%. Tensile strength was increased (or decreased) by 2% of
its own strength per 1% moisture content lowering (or raising) the standard
moisture content 159% .

(4) No corection has been applied to impact bending strength.

In thie connection I take herewith liberty of referring to the correction
employed by Market L. J. and Wilson T. R. C.,” which runs as follows:

Average increase (or decrease) in value by lowering (or raising) moisture
content 1 percent.

Static bending

percent
Fiber stress at proportional limit 5
Modulus of rupture, or cross-breaking strength 4
Modulus of elasticity or stiffness 2
Work to maximam load or shock-resisting ability 8
Impact bending
Fiber stress at proportional limit 3
Work to proportional limit 4
Height of drop of hammer causing complete failure —1/2
Compression perpendicular to grain
Fiber stress at proportional limit 51/2
Hardness, end grain 4
Hardness, side grain 21/2
Shrinkage strength parallel to grain 3

Tension perpendicular to grain 1172
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2. Test results of wood properties

1. Strength Test.

The results of tests on wood strength are given in Tables 2 and 3. One
noteworthy feature in this connection is that in our test the strength recorded
shows a higher level than that recorded in the past. For this care was exercised
for selection of wood and the preparation of test pieces so as to expell every
defect in them is partly responsible but, at the same time, it is undoubtable
that such, as a rule, is an original property of wood tested, I think.

The test results so far attained made me clarify the strength-specific gravity
relation, which is illustrated in Figures 4, 5, 6, 7, 8, 9 and 10. Now that the
strength-specific gravity relation can be expressed by a straight line or an
exponential curve I have treated it with the least square method. Then, the
strength-specific gravity relation may be expressed in the following expressions:

(a) Compression strength o,—specific gravity 7;; relation

=844.57;, (kg/cm?]. N @D
(b) Modulus of rupture of static bendmfr an—Spemflc grawty 715 relation
o5 =1600 713" (kg/em®) ..ot (4D
(c¢) Young’s modulus of static banding—Specific gravity 715 relation
Ep=177,0007s (kg/em®) ... ... oo (5B)
(d) Tensile strength sr—Specific gravity 75 relation
or=1.8907;; (kg/cm?)....... ..(6)
(e) Young’s modulus of tensmn ET—Spemﬁc grav1ty T 15 relatxon
Er=248.0007;s (kg/cm®) ........ e (7
(f) Impact bending strength 0'1——bpeCIfIC grav1ty 715 relatlon
=197;8, Ckgmiem®) ... (8)
(g) Shearlng strengt ¢s—Specific gravity 7y; relation
05s=2447;; (kg/cm®) ... e (D)

2. Shrinkage test

The test results for both radial and tangential mean shrinkage per 1 %
moisture content are given in Tables 2 and 3, and Figures 11 and 12. We have
thus ascertained some relation between shrincage and special gravity, but we
saw that the effect one gives to the other is not so conspicuous in the case of
strength——specific gravity relation.

3. Index of quality relative to the strength of wood

In order to clarify the strength of wood used for light construction, espe-
cially wood used for building airplanes, French expert M. Monnian and H.
Watanabe have evealed an index of quality relative to strength of wood. His
index consists of two parts, one for showing the static stress and the other
kinetic stress of wood under an external shock.

After studying minutely the nature of wood along this line, especeially
taking the studies of two experts, M. Monnian and Haruto Watanabe, into
consideration, I have determined the index each of static and kinetec strength
as follows:

From Table 4 showing the index of quality relative to the strength of wood
used for light construction, the static and kinetic index of quality and the
specific gravity of main species of trees in Japan may be classified as below :

(1) Static and kinetic index of quality............excellent

Coniferous wood  Hinoki, Ezomatu, (Taiwan-hinoki), Akamatsu,
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TABLE 4 The Index of quality relative to the strength of wood

| .. . Co \ Kinetic index of
Kind of ‘ Static index of quality ";TOO;;’ ‘ quality
WOOd “ 7:” T v Vr L o L L - I
i Light Few Hard | Hard Very hard : _. 01 l :
| (<0.4)  0.4~0.7 ' 0.7~1.0  (>1.0) quality h=-"  qulity
T — = T - T - T T T | - 7‘ T ‘ - T
- <8 <7 >6 — bad <2.0 | bad
Comiferous | 555 | 7~85 | 6~7.5 = —  medium ’ 2.0~3.5 | medium
>9.5 8.5 >7.5 excellent >3.5 excellent
Dicoty- | <7 | > | <7 | <7 bad | <20 | bad
ledonous 7~8 6~7 ~8 7~8 - medium | 2.0~3.5 medium
wood | >8 <7 <8 | >8 | excellent ’ >3.5 ) excellent
Kuromatu, Hiba
Dicotyledonous wood none
(2) Static index of quality ................ excellent
Kinetic index of qulity................medium
Coniferous wood Sirabe, Karamatu
Dicotyledonous wood Makaba, Mizume, Totinoki, Katura, Kusunoki,
Buna, Onigurumi, Tabu, Hohoki, Sinanoki, Yati-
damo, Harigiri, Mizunara, Keyaki, Sudazii
(3) Static index of quality..................medium

Kinetic index of quality ..............excellent
Coniferous wood Momi, Todomatu, Sawara, Sugi.
Dicotyledonous wood Doronoki, Kiri

(4) Static and kinetic index of quality ......medium
Coniferous wood Himekomatu, Tuga, Tohi
Dicotyledonous wood Itayakaede, Isunoki, Harunire

(5) Static index of quality..................medium
Kinetec index of quality................bad
Dicotyledonous wood Akagasi

III. Anatomical Properties of Wood

Test pieces attended with a compression test have been made into the priparat
and macerate by Schulze’s method. Then, the length of fiber of each piece,
that is, the length of tracheid in the case of coniferous wood and of wood fiber
and wood vescels in the case of hard wood, was examined. On finishing these
we made minute microscopic examinations over ‘‘ priparat’ of thinnest pieces
made out of cross, radical or tangential sections of wood of each species. The
test pieces thus treated with our microscopic examination amounted to some 500
in number for each subject, and subjects of test covered the following;

(1) Concerning the cross section of wood:

(a) Diameter of a tracheid
(b) Thickness of the cell-wall of a tracheid
(c) Diameter of a wood fiber
(d) ‘Thickness of the cell-wall of a wood fiber
(e) Diameter of a vessel
(f) Density of vessels
(2) Concerning the Radial section
(a) Length of a wood ray
(3) Concerning the tangential section
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(a) Diameter of a wood ray
(b) Height of a wood ray
(c) Rank of a wood ray
The test results of all these examinations are given in Tables 7, 8, 9, 10
and 11, while the relation between thickness of a ceil-wall of tracheids in coni-
ferous wood, and wood fibers in hard wood, and the compression as well as
shearing strength is illustrated in Tables 12 and 13, and Fig. 13 and 14.

IV. Anisotropic properties of beech wood

We have so far ascertained that anisotropic properties can be improved by
artificial means, such as the adhesion of boards and venesrs with different
angles of grain, impregnation of chemicals or application of external com-
pression, etc. Before entering into the question, however, I wish herewith to
refer to the result of my studv on the anisotropic properties of wood, especially
of those of heech (Fagus crenata Blume), which is a diffuse-porous wood
most commonly found in our country. The results of tests are as follows;

1. Test method for examining wood properties

I have first prepared some flat boards with the cross grain conversed from
trees whose places of growth are given in Table 1, but those only which are
different from woods treated of in chapter ||. Those test pieces consisted of
those having the angle of grain of 0°, 15°, 30°, 45°, 60°, 75° and 90° and have
been tested by methods mostly similar to those mentioned in chapter | .

2. Test results of anisotropic properties

The test results are given in Table 13. In the tables, the value of specific
gravity, compression strength, modulus of rupture of static bending, tensile
strength or shearing strength has each been represented by that at 159 of
moisture content as adjusted by the method shown in Chapter [. The only
exception to this rule is the value of impact strength which represents the value
of the air-dry piece.

Concerning the relation between the angle of grain and the strength, Han-
kinsion’s formula has been proved to be correct in nearly all cases. It runs as
follows:

g, 4¢—‘-

YT gin 49, cosr
The test results are illustrated in Fig. 15, 16, 17, 18 and 19.
As to the value of N the effect of my examination compares with that
hitherts known as below :

Kind of strength K. Horioka F. Kollmann
Compression strength | 3 } 2.5
Modulas of rupture of static banding | 2. | 2
Tensile strength 2.5 i 1.5~2.
Impact bending 2. ; 1.5~2.0

3

Shearing strength |

V. Conculusion

The main subjects of my study for improvement of wood properties may be
summarized as below :

1. Tests on compression strength, modulus of rupture of static bending,
Young’s modulus of static bending, tensile strength, tensile Young’s modulus,
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impact bending strength. and shearing strength have bezn conducted upon 35
species of commercial and important trees grown in Japan and one species
native to Taiwan (Formosa).

Each result of test is given in Tables 2 and 3.

The relation between strength and specific gravity is illustrated in Fig. 4,
5,6, 7, 8,9 and 10.

The experimental formulas of the relation are shown in the following;

oc=844.571; (kg/cm*) o8=1,600 71:* (kg/cm?)
Ez=177,00071; (kg/cm?) o67=1,8907:; (kg/cm™)
Er=248,0007:; (kg/cm?) 0,=1.97.72,., kg/cm?Y

0:5=244 75 Ekg/cm“j
2. Both radial and tangential mean shrinkage per 1Y% moisture content
has been ascertained and its result has been given in Tables 2 and 3.
Thd mean shrinkage-specific gravity relation is illustrated in Fig. 11 and 12,
the experimental formulas of the relation are shown foblowing.
aT:0.53T15 E%j a[cZO.BOTls E,%J
3. Important woods available in Japan have been classified according to the
index of quality relative to the strength of wood
(1) Static and kinetic index of quality ............excellent
Coniferous wood Hinoki, Ezomatu, (Taiwan-hinoki), Akamatu, Kuro-
matu, Hiba
Dicotyledonous wood none
(2) Static index of quality ................excellent
Kinetic index of puality................medium
Coniferous wood Sirabe, Karamatu
Dicotyledonous wood Makaba, Mizume, Totinoki, Katura, Kusunoki,
Buna, Onigurumi, Tabu, Hohonoki, Sinanoki,
Yatidamo, Harigiri, Mizunara, Keyaki, Sudazii
(3) Static index of quality ................medium
Kinetec index of quality................ excellent
Coniferous wood Momi, Todomatu, Sawara, Sugi
Dicotyledonous wood Doronoki, Kiri
(4) Static and kinetic index of quality..............medium
Coniferous wood Himekomatu, Tuga, Tohi
Dicotyledonous wood Itayakaede, Isunoki, Harunire
(5) Static index of quality ................ medium
Kinetec index of quality................bad
Dicotyledonous wood Akagasi
4. The effect of study on anatomical properties of important woods in
Japan is shown in Tables 7, 8, 9, 10 and 11, the relations between compression
strength, shearing strength and the thickness of the cell-wall of wood are given
in Fig. 13 and 14.
Strength——thickness of cell wall relation can be expressed in the following
expression :
Ic=151.9 T¢
And shearing strength-thickness of cell wall relation can be denoted by :
0s=384T¢
5. Effects of study on anicotropic properties of the beech are shown in
Table 13, while the relation between the results and Hankinson’s formula,
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gy 01
oy sin”y+o) cos™r
is illustrated in Fig. 15, 16, 17, 18, and 19, the value of n being sought every
time each strength is settled.

Oy =
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