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Table 1.

Variation of specific gravity and other mechanical properties

I g Static Bending |~ . Shearing Strgngth .
tem | Specific Compressive| Absorbed (kg/cm?) Annual | Moisture
Gravity SBtenglgr;% 'll\glz(iltlil;i; f Strength Ifgeggzd?ig Tengential| Radial v{}:‘lﬁh Content
Specimen (g/cm®) | (kg/cm?) (:gl/g;Z) (kg/cm?) | (kg * m/cm?) | Face Face (cm) (%)
tﬁtﬂgbgiﬁfgn 0.69 992 108 527 0.90 139 126 0.41 | 15.4
_§ 1 0.71 1018 106 481 0.95 143 129 0.42 15.1
zg 2 0.71 1038 113 551 0.92 142 128 0. 36 15.0
E 3 0.67 934 103 542 0. 86 134 121 0.45 15.7
E 0.2— 2.0 0.70 977 110 529 0.95 125 128 0.44 15.8
g 2.0— 4.0 0.70 1042 112 519 0.92 143 118 0.38 15.4
%n 4.0— 6.0 0.68 1005 105 519 0.84 135 129 0.37 15.3
2
::1 6.0— 8.0 0.71 1007 107 522 0.78 148 124 0.39 14.8
E 8.0—10.0 0.69 889 99 567 0.98 160 132 0. 47 14.8
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Fig. 1. Variation of specific gravity, bending
strength, modulus of elasticity and
annual ring-width along the stem-
diameter from one sapwood to another
through pith.

P: Pith

Compressive Strength (kg cm®

oW

(=}

(=]
I

400 =

300 =

Do
<
<=

|

=
o
)

(kg -m/em®)

Absorbed energy in Impact Bending

Fig. 3.

—
-

[
fav]

—
(=]

<
oo

fe=)
(=2}

N

% z

ITAJI (1) 8z

<

0.2~2.0m =

0.8 o

0/0\0——0/0 o—o/\ 0.7 3

2

! . 063

-

]

s o &

&0

- £

0.4 =

3

g

(r) 0.2~
1t 1 L1 111
1 2 3 4 5 5 4 3 2 1

Number of Specimen
Variaiton of specific gravity, com-

pressive strength and annual ring-
width along the stem-diameter from

(o]

ne sapwood to another through

pith.
P: Pith

' ) f
0.9C
0.8 &
R PN S
0.7 &
wn
o ITAJIL (2)
2.0~4.0m
o]
-0 /
' O

o} / E
O~ )
=
i =
0.4 .%n
St
- =
\/\ ~0.3 2
=
et d®Ph g <

1 2 3 4 5 5 4 3 2 1

Number of Specimen

Variation of specific grarity, ab-
sorbed energy in impact-bending
and annual ring-width along the
stem-diameter from one sapwood
to another through pith.

P: Pith



198 % HYE W

(g/cm?) z
0.8 é
0.7 o
o0 , TS © 0.6
a g
& @
2 140
b}
§ 120~
5
) ) ‘
™0
£ 100
S~
«
&
2 o ITAJIE (1)
Tangential Face —0.8 E
0.2—2.0m -
} . ~0.6 =
=
o
, £
—~0.4 *
’ 3
=
L Ll 1 T PP

1 1 I 1
1 2 3 4 5P)5 4 3 2 1
Number of Specimen

Fig. 4. Variation of specific gravity, shear-
ing strength in tangential face and
annual ring-width along the stem-
diameter from one sapwood to ano-
ther through pith.

P: Pith

BAREBD 1H L LT, 3K No.1 O B 0.2~

2.0miz>W\WTBkTo y hERLA. T2 5, Fig

13T EBRICE -, phiFiR, HhiFmMREs
X OVERIEOBBRAER T NOEE 2R L. W
¥, INFNOWEBEDDHEERI L. TOME, L
BIIBOED S NHNA - TOEBEIN S L, 1RITE
FLTWE. —F, HiFEy, WmFsERER L bIC

it &L, BMEM~m - TEREY 20, TRT 2.

CO& I IZHIITRE & T BRYERE O ZE)I T LR R

—HLTW3A, pLod LLBEIEHOMIILTES
NEROEF 2 & 550D, HlgiE OB N EE T O
LRI TER/MAR & Y, BN - TR RM
KT DA, Dk D 5N DBITRIY & DB
BT 5.

-3\, Fig. 2 13 EHERBRICHE oW LE, M
FEREIR X B & OMEIRIE ORI LRI OEB 2R L
7z, HWEREOBBNEEFTAOEBNIIFIEL 72 & 5 1T)
X<, IFPRELTCNS. Fig. 3 3@ HERIC
L Y8R, FiRiE s & OEERHRTEI T AL ¥ —
ORI ORER S HOET 2R L. WEISHE L Y E
RIS » THETHEL TWB L bbb, —7,
BT A = A oL — LA R < B AU~ D

(=1
o]

<o O

o =
Specific Gravity

—

<o

<
1

Shearing Strength (kg/cm?)

ITAJI (1)
Radial Face
0.2—2.0m
160 i~ ]
100 |~

140 —
120 —

<

| —0.6 =

i

k\_\—o.lim;

B

! =z

—o0.2 2

i 1 3 1 | T T | &

1 2 3 4 5 5 4 3 21

Number of Specimen

Fig. 5. Variation of specific gravity, shearing
strength in radial face and annual
ring-width along the stem-diameter
from one sapwood to another through
pith.

P: Pith

2Lt TR L 220 %, BRI BT TRUC
IR L7278, ZORBHFIZETUNBERLZbDLE
Yo% (N

Fig. 4, 53HiREEB LU E X HEO®AKREBRIC
L VEE, AKX B L MERIEOBIERERE
HHOERZR L7z, HERWTFNOE THEEL
TWBA, BARRSIIF AR T B [FET
6L, A~ - TR, BAMU GHEZHD DOFRBRA
TR METR L. $XEHEOEAM RS I
D) FHETEWEZRL, FEeR T & fm 2R
LZghnd, BELTWS., HlOHANHE DE
Biradl, ETFHALAZPEALE CNIXZDH
ERE IS L2 EIZER L TV A, SEEAERIE
DEBERDE, TN B FETEL, U
BEEAD ~I - TR LT 3.
INETRAN L S ICHE, PHERES L 0HER
PR (4 L O R R AT T 2 5 1) D 2SN VL BRBR A D EREL
fEicE v —rRERIZL, —EDHEHARRYT L
NTEZWV. UL, BRSO 042088 — DN
NIPIZFTE 5.



RN AR S 5 [REERMM O RIFBAZR (V) 199

| I I 1 |
ITAJII
1500 L— -
8 .
A
~ ® a qa ®
% 't A 4
E
5 1000 & ®, -
= a
. 3550,
'.;n & x 4 &
4
7 P
80 X
[
£
E X
m
500 p= Hcight (m) -
0 0.2— 2.0
® 20— 4.0
A 4.0— 6.0
A 6.0— 8.0
X 8.0-10.0
0 | 1 | ] |

0.4 0.5 0.6 0.7 0.8 0.9 1.0
Specific Gravity (g/em?®)

Fig. 6. Relation between specific gravity and
bending strength at each height above
the ground.

3. AASADHEEBMAIMER

Fig. 6 ~11 3 LB & BMEED BIRERL 2.
Fig. 6, 7TuiiirHEICE v EBonzHBmEiirm
25 MTHNT IR BOBRER L. Kicaon b
IO ICHBEL PRI OMIZIZIEDOMHE (r=0.34)
BhHs. HEFEehiFiRX ORI #EE 0.2~2.0
B X 708.0~10. 0m 12487 BUE O HERE 12ROl A3 2
b Bh, iR 0.2~2.0m Dff (OFD) I3BigkE
DHREFTHY, HEE8.0~10.0m T} B (X
) IEBFOEYNICHR L TWS, —F, HEE
P RBRDBALR (Fig. 7) 1ZIEDHE (r=0.18)
ZRLU7z. HiEE 0.2~2.0, 6.0~8.0 3L 7°8.0~
10. 0m#> 5 DEBRF D, HWMEZRL T zDid
N5 DORERFT NI L EORS 22 b 0k
EioNn3.

Fig. 8 [3HhE L BRI OBEKEERLE. O
M oHB0E Y, H—ORETY ILED/NT v+t
HHIZH b 63, RIEMEXIIERROWE LD,
ZOMLIERIT/N T v FHRE V. —F, Hi B & R
fiiR & OBIRITH LE AR IZ VY TH B 8.0~
10. 0OmB DERBRT THWHER L Q0 %43, 8.0m L
TIZBI 2HBRF OMETRER X LRI Wt
bihd. Fig. 9 1ZHEEHRITER 30 8- D

200 T T T T T
ITAJII o
g
S o *
=
150 = -
2 X
X
g ®
K ‘e o
a o
[oa) ® ®
- oo
: Y&
S 100 - o -
Eﬁ ®° x ° a
a4
B Qxb
123
E]
=
e~}
=]
=
50 b= Height (m) o
00.2— 2.0
©20- 4.0
A4.0—- 6.0
A 60— 8.0
X 8.0-10.0
| ] 1 | ]

0.4 0.5 0.6 0.7 0.8 0.9 1.0
Specific Gravity (g/em®)

Fig. 7. Relation between specific gravity and
modulus of elasticity in bending in
stem at each height above the ground.

RZERL 2. B L BRI — 200 ¥ — [ OHHE
BARIE r=0.14 EH L D/NIWEZRLE COF—
LZDNRFIEFFXINETILERIEZPOL L OBETY
FRR2 Y 2R L, THIIERERF B BN,
SEEERIR OB E B2 5.

Fig. 10 sk N1 idxnZzhnz SHE B L UKREHE
DELWRE L EOBZRER L. TXEEBL N
WHARRS O R LHEBEOEKRII T W Z 1
r=0.40, 0.42 X [BEWHBERR L 22, B AKR
XDEAMMEICL BRI TNFNDEHHTL L L E
X Hifii 126 kg/cm?, #HIM 139kg/cm? 2318 51,
[ OEAMRE 2 E S Hfii L ) RR2F W EE G 7-.
DEICHAMIRIICHIFTHL L ORE R 4 5. Fig,
10, 11 & Y £ = Hflg ClMsicm o B 8.0~
10. 0m THERERT TEWE 2R L 7243, Wl <laH
LE 8.0~10.0m THR O HWEER L, 2\WTHi B
4.0~6.0m, 0.2~2.0mDI{Th »7:. REAFmDOHA
MR X VM EES 0.2~4.0 m THEE D B (125 kg/
cm?) F/RL, REESMIZITVHEEES 8. 0~10. 0 m TH



200 O WS
800 I T T I 1 200 T 1 T | I
ITAJII ITAJI
o
a
600 f= - %
) X
- xpa 4
¥ ‘ ‘.&‘5 a
. 5 S
= X
i £ A od
2 = - - o
£ a0 :.: 2
E i, A
¢ £ 100 - X y ) -
g- P .mx x
O Height 'm ES
200 }= " - g
0 0.2 2.0 b 4
® 2.0 4.0 7
A 4.0 6.0 3
A 6.0 8.0
‘Lodirection: X §.0010.0 50 b= Height - (m) -
0 | ] ] ] 1 00.2- 2.0
0.4 0.5 0.6 0.7 0.8 0.9 1.9 ®20- 4.0
Specific Gravity g cm’! A 40 6.0
. . . . AG6.0- 8.0
Fig. 8. Relation between specific gravity and X 8.0-10.0
compressive strength parallel to grain )
in stem at each height above the Radial face
ground. 1 i | | |
0.4 0.5 0.6 0.7 0.8 0.9 1.0
2.0 T T T 1 T Specific Gravity (g em™
ITAIT Height {m Fig. 10. Relation between specific gravity and
O ‘](-: 1’2 shearing strength in radial face in
:fifn 6.0 stem at each height above the ground.
6.0 8.
a :H.U m.((:
ilﬁ— o © . b (160 kg/ecm?) %553 L 7.
k) ° P . 4. A RSADL, BHOBWMER
E °q ° Fig.12, 13 i3 hZnlbE e iy, sk
E x o  eF s BOMZER L. Fig. 12 Xy HE s fiFika o
E A0 & © (RIS CHIBE R r=0. 64, (OMTId r=0.28 &
2 1.0p 4 e .
£ e §<}.¢,A a®© 7 . TRFENOEAOHIT IR O EI: 842.7
: e kg/cm? ([T 0.62), Ok Zhid 892. 8 kg/cm? (M
: A; § R’O.70) %Z{H7. ORI BHELELDL
b5 ® - sres -
< . ac_ 8 N 555, UMOZRERF T 500 kg/cm? FiI# DM %
E Ve o 4‘ X & IRtz itk b e#E %%, —F, EEHFHRYER
= a4 ®a ¥ (Fig. 13) %2242 &, MDY SfERE D K1
a
12 99.38x10% kg/cm?, 14D Z ik 100. 62 103 kg/
cm? 2R L, TN FNOHAMOMEEZRENL r=0.43,
0.28 Dffi & 15 7-.
0 1 ! L L I Fig. 14 13y & i s R o BIE 2R L /2.
0.4 0.5 0.6 0.7 0.8 0.9 1.0 Ly, WM ThZFno HBREERD 2 L, TnZh
S])e(‘lf}(‘ Gravity (g em?) I‘:O. 57, 0 66 ié/]\ Lt’_- C U)BZ“’:J% 5)%7‘) :1: ;) b:#g
Fig. 9. Relation between specific gravity and

absorbed energy in impact bending in
stem at each height above the ground.

FOONT X HHILDAS, TR &y RYEREL
DORNZIZIEOMEEAE LN, TNETDE L D &



RSV IR I S 2 L3R ORI HBIF (V) 201

200 I T T T T
ITAJII X
a ., .
Ap )a“
.
150 fo= -
X ° x
k:
&0 X
=
el
=100 p- -
s
n
£
)
3 [o)
-
n Height im!
00.2 2.0
50 f— @20 4.0 =
a 4.0 6.0
A6.0- 80
x 8.0 10.0
Tangrntial face
0 | | | 1 |
0.4 0.5 0.6 0.7 0.8 0.9 1.0
Specific Gravity ‘gem™
Fig. 11. Relation between specific gravity and
shearing strength in tangential face
in stem at each height above the
ground.
Gi)E TAS o STEL 2P (AN

DI, LMD ILE & BRI = XV F—
DA% %E Fig. 15 2R L. TN FNDLEO LY
130.72, 0.62 Z/RL, BB = %V ¥ — O}
BTN ZFN 1.10, 1.03 kg-m/cm? LT 512 D
MBKEW. L L, Fig.15 OFHODRED 54D
L, AMDEITIIIZE L EERZ NV S TL@E
T BS. Fh, TOEP LML LI, W
MO oAb HEIZ S 2 @iy R = %o
F—DEIZ NTUF BRKENWC LMD, TS
BOEKD 5/ 5N TN DHEEY EEBIL 2Ef 2R L
7-. Fig. 16 3.0, UMHIOHE & fEERERS DR
REHREZLDOTH B, O, AMOHEBEOLEEIIZA
Z1 0.70, 0.62, MEEMIRE DTIL582.6, 535.4
kg/cm? 27K L, WINODHE L OMASIM L Y EWE
ZR L7z Fig. 15 12502 L9120, WkE iz
LB < /5 2 EREERR S bV ER RS IS H
S. UL, O#TEIEDIRBFT 1HEWEZ R L 7205,

1500

1000

Bending Strength (kg/cm®)

()
<
=

[ ! ] I I

ITAJII

O Sap wood
® Heart wood

0.5 0.6 0.7 0.8 0.9 1.0
Specific Gravity (g/em*)

Relation between specific gravity and
bending strength in sap-and heart-
woods.

O Sap wood

@ Heart wood

0
0.4
Fig. 12.
10
2
=
20
=
£
g
S 100
£
z
3
=
€]
2
=]
E
~
=}
=
0
0.4
Fig. 13.

0.5 0.6 0.7 0.8 0.9 1.0
Specific Gravity (g/cm?)
Relation between specific gravity and

modulus of elasticity in bending in
sap-and heart-woods.



202

- il

—
o
<
l

—
i =4
(=]
|

Modulus of Elasticity in Bending (X 103%kg em?)

ITAJID

(o]
o
(o]
50— -
O Sap wood
® Heart wood
0 | 1
0 500 1000 1500
Bending Strength (kg/cm?)

Fig. 14. Relation between bending strength
and modulus of elasticity in bend-
ing in sap-and heart-woods.

1 1 1 | I T
°

ITAHI

°

2.0 ° ™
o o
o
o '

£ 1.6p Q@ ° i -

£ [} .00.. )

=® 8 Qe @

= (o)

E 0©

& ® ° o‘ .

o 1.2 ]

g 0g8%%e ®

E & 8%:0 e °

£ S

G D e o,

£ 0.8~ o 8° 7

5 o% ce e

i o g%‘z.‘. ® .

< o O

@ 0©

= ° 0 Sapwoad _

0.4 00 e} ® ® [lcart wood
o ©
! | | i I |
0.4 0.5 0.6 0.7 0.8 0.9 1.0
Specific Gravity (g/em®)
Fig. 15. Relation between specific gravity and

absorbed energy in impact bending
in sap-and heart-woods.
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Fig. 16. Relation between specific gravity

and compressive strength in sap-
and heart-woods.
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Summary

In this paper, a few fundamental properties of hardwood: Itajii (other botanical
name: Sudajii; Castanopsis sieboldii HATSUSHIMA) were investigated.  Three pieces of
stem having respectively 24 to 29 cm in diameter fixed at breast-height (47-49-year-old)
were taken as the samples to be used for the ascertainment of the specific gravity as
well as the following mechanical properties.  The specimens were successively obtained
through pith, along the stem diameter from one sapwood to another in the stem at the
respective heights above the ground. The following mechanical properties were handled.

1. Bending test (a test carried out for the ascertainment of bending strength and
modulus of elasticity in bending).

2. Compressive test (the one for compressive strength parallel to the grain).

3. Impact bending test (the one for the absorbed energy in impact-bending).

4. Shearing test (the one for shearing strength in the radial and tangential faces).

The experimental results concerning mechanical properties are summerized in Table 1
and Figs. 1-16.

1. As already reported®, the existence of four typed variations along the stem dia-
meter from one sapwood to another through pith was ascertained through the discussions
of variations in the respective mechanical properties, observable along the radial direction
from one to another at each height above the ground.

2. Basing on the statistical discussions made about the specific gravity and the me-
chanical properties under the air drying condition, a relatively high relationship was
reasonably ascertained between the specific gravity and the bending strength, with the
confirmation that the efficients of correlations between the specific gravity and other me-
chanical properties were not so high.



