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zZ,..
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X{1; L)=* 4 Fr#l=longitudinal axis . > >
Y (2; T)=1##5#=tangential axis LDPHEN, POHEIDENTL,

X
(nL)

Z (3; R)=H475 @i =radial axis L AT, ¥V IRKEET Y VHIC
XY =¥ H H =tangential-longitudinal surface . R N

Y Z = A O =radial-tangential surface DNTRFTTICPIEDEELFEICE O’;
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L ARMOBKERKICHT SER
A#icBL T—#it &7 Hooke WA & 2B iE, 2FORICE>2THoH X

ha, : ’ .
& = S,,0,+S,0,+8.:0:4+S,,Tye+SisToxt+ SieTay )
&y = S;054 8,0y + S50+ Sy Tye +SosTeat SpTay
& = S;“ax -+ S3zgy - Saadz - S“Tyz - Sasrzz + 836721/
Tye = S0zt S0y + S0+ SuTyet Sistent SiTay
Ter = S50+ S5y + S5e0e -+ SpuTye+ Sestea+ SseTay
Toy = Se1”z + Sszay + Ssa"z + Ssﬂ'yz + Ses“’n + Sssty L
cLig, e=THIFEOEBEE: 7=% VHF: U=E[§_}Iﬁij}:

S=m:RE: =2 vEIEN
1k, €O 3IXNHEICETICEER% & 5 &

&z = 5,09+ Srz"y +S5,9:
gy = S50+ S0+ S50

& = Sy%+Sy0y+ S0

(1)

Tye = SuTye

Tzz = Sssrzz

Tey = Sssfzy J
coie .
S.=1E,; S,=1E,; S,=1E,; ] 2.1)
Su=1/Gyp; S =1Gu; Se=1Guy; J°
%7 .
SIZ = Sn- = '—/l:cy/Ex = ’_llz/x/Ey
Sy = S, = —ﬂyz/Ey = _/lzz//Ez . (2.2)
Sal =8, = —‘ﬂn/Ez = '—/la:z,/Ez
SolcE e ¥, 2ETO Bl EME BN OBRAK
EEKELTEELTHL VE Table 1. Direction cosines of the new axes
e , s (¢, ', ') obtained by rotating the
X o, ¥, @ ZABFE, C principal axes (v, ¥, 2.
OFECBET 2HMER S & o Y 7
@B Kok >ichxdbobih
'3 B T
B 772 Ltk & BBk & O o : :
Y az B2 T2
@ﬁrﬁ]ﬁ?ﬁﬁh‘; F—litL®TdH z a3 Bs ) T3

DLF B,
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S = S,ai + 8,08+ S5+ (2S,,+ S,,) aa3 \
+(2S,,+ S.,) a%ai +(2S,,+ S,;) aia;
S = S, B+ S5+ SR +(2S,,+ S,,) 6
+(2S,,+S;;5) BB +(2S,,+ Se) Bif:
S = S, M+ 8,71+ S, +(2S,,+ S, 13
+(2S,,+ S,;) 1373 +(2S,, - S 1i73
Sie == 8,101+ S,0035: + S0+ S, (a3F + a3fFE)
+8S,, (a3 +-aif3) +S,, (aifi +aifl)
+S.8,8,0,8; +S440,8,a,8, + Seea,8,a,8, = Si-
St = S| AT+ 8,57 + SBT3+ S, (B34 Fi73)
+-S;, (BT + A1)+ S, (Bl + A
+ S8BT oBaTs+ SesBaTs 8,7, + SeeB, 78T, = Sz
Si = S, T+ STl + Syl +S,, (al+7%a2)
+S,, (Nal +7ia)+S,, (Tiai +73al)
+ 8,750,750, + S T,a,7,a, + Sge7,0,7,0, = Si3
Sic - 4S5+ 48,0573 + 4S5 + 85,871,657,
+8S,,8,7:8,7, +8S..5.7.58.7,+ S (BoTy + BaT,)?
+ S (BT, + BT F + S (BT, + BoT. )
Sss = 45,71} + 48,7303 +48S,,7305 + 8S,,7,0,7.0,
+8S,,7,a,7,a,+88,,7,0,7,0,4 S,, (r,a,'+ 7,a,)
+ S5 (Toa,+7,0,7 + S (7,0, +T,a,)
Sis = 45,018 +4S5,,026 + 4S;0%% +8S,,0,8,038,
+88S,,a,8,0,8,+8S,,0,8,a,8,+ S, (a8, + a,B,) -
+S;5 (a,8, +a By + Ses (0,8, +a,B, ) o )

> (3)

WE, T8Oz, Y, 2 2XM1DLS M8 L T, RZ—HELY, 2, ythx z80E
DICEIfER LY, Soiz5nEEfs 45° iz & hid,.

a, =a, ~ f; = 1/?/2; a; = B, - 7.1272:0; B]__—l//f; r,=1

1
Sh =y {S” -S,.4(2S,, + Stse} = (
4)
. _1p
Sk = 4 {Sn+Szz+ 2512 Sse)} #‘5/E‘5
@Ko
Se = 2(Si—Sin) : (3)
o~ R E‘5 ‘
Gy = 2(14 ) ' e

LEMDT, s BEMENZUSEGEP RICE>TGC IAEDIEICHETE 2b
FTTHs, $1, D EA»S
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Ses = 4811 —(S;, + S, +28S,,) (6)

ETAM, BIVITIR 42505 EATHILOMIRODE, Syt S, 1K 5~T
FEBICPENT EDD, S,+2S5,=0 &L THETIIZ

, Su .

Ses =451—S,;, = S 14 -1 7

(1 22 22{ S22 } - ( )

. E45 — EZI %

Goy = he B T U
Ey E45

BELRELTESC EMTX B,
BRIZLT, o 282y @O b O icEEL TEBRI NG, KRX%ES 3,

Gzlbf4Tz_T ’ (8)
E,
L7cdDT
Su _ Gey _ o AK—1 _
S = G. Ko1K - (9)
<72 L .

#£-2 ARMoror/REMAOCBRLK, K, 8LV K, O
Table 2. Values of ratios K, K;, and K, between Young’s moduli of woods.

Ru K K 1 K 2 K 0 .
i 4K,—1| R
Species g/em? Er/Er | Er/Ews-1r | Er/Es-1R KE{Z—I Ko Reference
-
. 0.32 0.47 053 0.50 0.42 9
Sugi | ¢33 0.42 0.39 0.49 0.72 057 10
0.39 0.44 0.49 0.66 0.75 9
Yezomatsu 0.39 0.56 0.51 0.66 0.88 0.82 10
, 0.55 0.52 0.57 055 0.49 9
Akamatsu 0.46 0.52 0.52 0.61 0.69 0.59 10
A 049 | 050 0.58 0.66 !
0.61 0.38 0.60 0.73 0.52 : 9
Buna 062 | 052 0.41 0.48 0.75 064 | 49
. 0.76 0.59 0.65 0.72 0.69 9
Mizunara 0.65 0.42 0.41 0.56 0.81 0.75 10
. 0.69 0.67 0.57 0.63 0.80 9
Keyaki 0.71 0.65 0.67 0.70 0.70 0.75 10
o 0.81 0.49 0.53 0.53 0.55 9
Ichiigashi 0.84 0.50 0.51 0.56 0.60 058 9
. 0.63 0.55 0.48 0.67 1.00 9
Apitong 0.66 0.40 0.41 0.64 0.98 0.99 10
A 052 0.52 0.62 0.74
A 0.50 0.50 0.60 0.70
L% 165 16.6 13.4
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_E, S,
K =% =-s. | | |
_Ey_ Si ' S
K -g -3 N ] ©.1
Ez Sll
K, =L _
‘E45 Saa

bL, K K, K, 2, ERECHE—EOHEELZEDETHIT, Su& S DhbE
$5C LB, ChOICMT AEEE—21CLDT,

COERD S K, OEZFHNICHNIET 070 215 5, Lz»t,, K Kl, K, 0fa @ﬁfit
MEREZZ2DDAZ V3R TRABNITON, KE IR i’)b‘bné:%

2 ®YHRR
21 B B ¥ %

2.1.1 HEEBIOES: CORRICAVLRMIKEERERRENEENO A ¥
C(ATH) EBEERBEIERBENO T 4= Y (RAK) TOTRS MK SRIHN T
b5, BEEA%ES, 7rzv<veYil, BENEEEC EFENEREBLL
oo B, MEEEED RARRAORDKRE B B> ThH b L NEES R ERRICH
EJoE b’C&ttUﬁ@ﬁﬁﬁ’&%Cm’)t%@ i3, SCl-—vsBl SC2—~SB2, SC5 —~
SB5 LU YCI1— YBl o 4%5&%‘(&;5

3 2.1.2 HBREESIU 2 vHEOHE
Yoo WEL7RDRBRERETRE, EE
a - - R E B (20°C; T5%) WICIA DY TH B

—20 kgem) OFHRO DT, VLR A
BELARAO2BENS S, v« VHEOH
T M2 LT &S IR O hREICE
DS BN EOERIC & D TH L DT,
Tib b

H—2.1cBWT, M=§; S=# (1mm);

B2 Rbfe OWER

Fig. 2. . Method for measuring - EX=d, ONBENHEELDOHT &
the twisting angle ¢.
M = g =mirror : ,_ Gy .
© S = Yi=scale . AL = 2 ¥ (10)
M =3Rh = — # » | =twisting moment ’ v
EE—diameter - . CC =(a—y)tan2¢ (11)

a = G ¥ MIRE & DK =distance )
from scale to mirror CTT, yHBakBLTEbDTH »

A JIEA B K K. g6 200 kgem (YI#ae)y
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B3 -+ IE 7 WS
Fig. 3. ‘Method for measuring the shearing displacement 7.
© ¢ =+ VW5 J) =shear stress
T = + v WiZ =shear strain (rad).
I, = HE =gage length

D, ¢ BRI THNIL
CC’ = 2av (11. 1)
LATENDD, AN @OXDX5ICiE 5, '

AA’ — f;l cc’ ‘ o (12)

LAY, COBEDRVHIETRN—3IKLOTTEIARLRMicBI 22 Ak
THobshahd, TEBUINCENE '

7= AIA/ ‘ o - (13
-
_acc S
| 745 RCERY)
-
4
T = TD .t (13.2)
_cc. 1 :
O= g =g : ) . . (13.3)
cCr =1

2.13 HREOTHIEN: REAOBRE M—4 cLHTcs HBNE:E
HIWE T Z O L BRI B3 I~ ELTHhDT I, .

K—4 o BMHERICENT, V=dREFE (SHE), L=HRTH 5,

2.1.4 WHOBRL OB CET 2HEE: ChERA—-EFICBTZOHEORD
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Fig. 4. Shape of specimen.
a, b, ¢, d = EOHS 7 =location of mirrors

& @

o A X o z z
Axis 2 Axts © X Axis Y
A A% A= %
B—7 5—% 88— %
c—9 C— % C— %

B #HFoOWERILKBY 3EOMLNME
Fig. 5. Location of mirrors at the surface of specimen.

¢ = #{ b A =twisting angle
SUNBICE D VHIBOEE L 5B OEDT, D oRAICL>TZORE
AULDLT, EOEHIZOTHOHLLAMNE2 FHcB L THBHERETE 3 #0, EFE
BFERE T 2 AFRIC & D DU e, B |
2.1.5 S.1/Gy)y S5 (1/Gza)y BET Ses (1/Gay) DFEE: = v BIHERE Si
Se Ses DHBEOEDI S LTHCRDOT,
0. = s EHOE D O BL#G D v ¥ EFEREK
Oy = yEHDED @EEW@{ v W R R
0. =z BHOE D © RE O v v KR
EThiT
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Table 3. Dimensions, numbers, specific gravity of test specimens and the other test conditions.

T . T;}é;"v b | S w | Ru dy L | D | ¢ | L T T H  Specimens }
Species | Group mm % % | glem® | cm em em em em ~°C % D¢ ‘ Y J Z
SC1 44 | 82 | (15 | 033 | 20 | 40 | 30 | 120 | 200 | 210 | 74 3 3 3
SCz 4.0 7.6 ” 037 | 20 40 | 30 | 120 | 200 | 209 | 76 3 3 - 3
SC3 5.9 7.4 ” 03¢ | 15 30 | 30 | 90 | 150 | 208 | 68 2 2 2
SC4 5.4 6.4 ” 035 | 20 30 | 30 ! a0 | 10 | 108 80 1 1 1
Soot 8Cs | 40 7.6 » 033 | 20 40 | 30 120 | 200 | 208 | 7 3 3 3
ugl - ]
SBL | 44 8.2 ” 033 | 14 40 | 14 120 | 200 | 211 | 75 3 3 3
SB2 4.0 7.6 ” 037 | 14 40 14 120 | 200 | 213 | 76 3 3 3
SB3 5.0 7.6 ” 034 | 20 40 | 20 120 | 150 | 200 | 80 2 2 2
SB4 45 82 ” 035 | 25 40 25 120 | 200 | 210 | 76 2 2 2
 SBs 4.0 7.6 ” 033 | 14 4.0 14 120 | 200.| 210 77 3 3 3
YC1 21 l (15.0) ] ” 039 | 20 4.0 ) 30 | 120 | 200 | 218 | 77 16 10 ] 10
Yezﬁ;ttsu YB1 1.8 14.8 ” 039 | 20 4.0 2.0 120 | 200 | 227 75 20 20 10
YB2 2.1 — ” 039 | 25 40 2.5 120 | 200 | 214 75 31 13 1
Specimens of YB2 .
) b = iE#iE =width of annual ring
o Xy Yz l zX l XYz S = Bk#f ¥ =sammerwood
Y 31 u 31 u = &7K¥ =moisture content
15 7 6 7 Ru=1it E=Sp. G
30 6 6 6 T=8 E=temperature
:g Z 1(1; 12 12 H= B@%ﬁ&*:relatiye humidity
75 7 . 7 do, lo, D, I, L: #F O (K—4)=dimensions of specimens (Fig. 4)
) 13 13 11

2VCARYFHEE 2 2 oY

(- M)

191



162 JEEAREREREERMARE 208 H17 RRGEESS)

20, = S55+.Sss :
28, = Su+S., : (14)
20 = Su+Ss
) FEEEO IS
M—4 D, REICBY B3AT —VDHRADFEE T ETHIE

7
0_:_._
2al, (15)
_ 16M,
T Tady
TTig, t=x VIR Mi=HDE—- AV I TH B, I
_ded v wdiW E
0= T T Bal M, ' (16)
i) EHFEMEOE S
IOV TRH 1B RDELBVTHBH _ ’
vdi
o =a(%%) | 7)
g = 2.24923
22 RBER

2.2.1 VIS H—B RO BN FEROBESREESRBIC OV TR L

0
0 R,

L 1/
s R

Z R D e
10—~ —t /
¢ / 9o 20} ¥ ] \| 4

D . P o E ] z
¢ 2 o+ 05 8 10 12
0 o5 10 I3 20 2% ¥
Y 2 /5""
10"

Fig. 6.~(a) : Fig. 6.-(b)
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(f)

(g)

KD = o WiBE REIc oV T (RE-FB)

» _—x/
§—x et 10—
.I i yn
e m 4 o5 4 s n
1 o
Fig. 6.-c)

B—6 3#Hbx— vt ~BHHKE
Fig. 6. Twisting moment-shearing
; © deformation curves.

% % (P37 M 1) = Sugi (circular cross-section)?

2 F(EEH W E)=Sugi(square cross-section}
7 H xS (HEEE)
= Akayezomatsu (circular cross*sectlon)
7 & =V = v (EFREE)
——Akayezomatsu (square cross-section)
FhE T (Eﬁ?f'ﬁﬁ) X #h (X'Y)
= Akayezomatsu (square cross-sectlon) ;
X’-new axis (X'Y)
7a == (ERREE ; X # (X'Z)
= Akayezomatsu (square cross-section);
X’-new axis (X’Z")
7 a2y (EHEWE); 2 # (ZY)
=Akayezomatsu (square cross-section);
Z/'-new axis (2'Y")

/ i}gﬁ/‘
1 —=NY{(T)

Fig. 6.~
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MR, BISI—EHROISVIcH NS LAREOEMRMES LD i, TOM%E

B—6 @ (a)~g) iIc LT,

LDTELS, ARBERIC Hooke HEL AT A LB TELLEHFILNS,
2,22 WEORAI LB 2AEMBICL 2 vITBEOER: M5 1cBd 3K

sndem.
| Y > Y e >
B !
-
» ® w» o i
.
% e ¢ - T -
o ["The Vit b
. - -
2
Wt o
60 - ) -
-
3
- -
= m "
i = o= .
- O o —F i wp—= [
$ ol (8 x g
SN ] | )
| I |
¢ W@ & 70 0 3 o % F x 0 0 $ ¥ %
T rat L [VE
Fig. 7.<a) Fig. 7.~(b) Fig. 7.-{c)

B—7 =oERiSH—EMR (BEKE,; X¥)
Fig. 7. Shearing stress-strain curves (circular cross-section: Sugi)
HY A e OREMB =A, B,C: measuring point of ¢
= & Wi i>J] =shear stress 7T = & v li7E =shear strain
(a) X-Hi=X-axis (b) Y-#i=Y-axis (e) Z-fi=Z-axis
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0 : i Frop € ke 2 oo~
18— Aaus - X (L) -— © ol
I o BL——Axs : Y(D ~
16 e
Me 2 . oe
14 ™ Kgam ’ ce
My N 15 | oe
e oo Sy =2nsT8-WYaly : @
o . 10— Sy = M 10%m/gr 0 |
] had Al 5 B(SO
8 . »
[
§ B bt
S -1 7450y © .
4 - — 5, =l.768-l6‘0’f/“ .o — 0 (13 o _:5 20 %
Al%) 5 B(R T 155w
2[—° . Fig. 8.~(b)
K-8 iREbe—»uv —ERihE
0 2
02 4 ;c ] 08 w0 I (2#: EFEE
10w Fig. 8. Twisting moment-deformation
Fig. 8.a) - curves. (Sugi; square cross-section)
M:=4#b £ — » » b =twisting moment
7=1% h B =twisting deformation
“ . ot A, B: D fi ¢ ORELE
=measuring point of twisting angle ¢
——Aus . 2R = 8= RET O v o WBREE %
o =apparent shear coefficient
3 (a) X-#h = X-axis
P (b) Y-8 = Y-axis
= (¢) Z-# = Z-axis -
M . .
Ko N -
o - AOoHlENBE A BEXUCBELIEd &
H5HER—T7 8 DX OTHETHER
o _ DTN EDDd B,
- © S5a 220356 16%w/gg : © -
10 Sse=19.888-McmYy < 0 L. ns @%% » l; ,y & R IT ?ﬁ“iﬁlﬁ%ﬁ'ﬁ
° At 5 B (8 .
' BicLiz<Tthbinksesdbbhs,
5
© : 2.2.3 HNEBICXEIDER: FiR
o & w15 % OMENEEORD — EFENEEDRD
T 1o ZE—BBTBCRE O ARKBRICOVTH

Fig. 8.-(c) BLFEALLDTLEHENTHS, chiCK

L DTHDODAIIICHEOMICIBIZEA LA BREERIBVEITHDT, ERRFOHKA

 BEFEBERITIEZOAI Y XORBEANICHZ25DEHLNZ, UH, COTHVOH

Bl LUCELEMERED O RBREHEMNE (A LB OLDOFHETHLLINTL S,
B EDOREERBERELDS, AXPRY T YDLSBERFEOROHETS, Z0HD
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B4 BFEBCL3RBUOE HREERS O
Table 4. Comparison of the apparent shear coefficient (8) of
specimen of circular cross-section and of square .
cross-section. 3 (10~* em?kg) -

3z 51{ » 62{,
Specnes TestGroup! | \B/C c ‘ B 4B/C C B _B/C

SC1;8B1 | 1.738 | 1.640 | 0.944 | 22.782 | 24.933 | 1.095 | 25.910 | 26.548 | '1.025
Sugi SC2;8B2 | 1.799 | 1751 | 0.973 | 22.651 | 23.853 | 1.053 | 23.502 | 26,035 | 1.107
SC5 ; SB5 | 1.498 1552 | 1.035 [ 25.440 25.036 | 0.984 | 17.835| 19.986 | 1.121

Aka- ) »
Yezomatsu YC1;YB1 | 1.998 | 1.985 & 0.993 | 24.870 | 24.662 0.991‘ 23.080 | 21.136 | 0.917

A uws. 1031 1.043

C = Specimen of cireular cross=section

B = Specimen of square cross-section
ABRICBU 5 2 VIS —EBHARO BRI HIFT Hooke BMEEZRNSZLNTE, %
to, TONEOEIEICEY 3BHERBEICL SEREBALRESNE LS THE, &
5ic, RN L EFENERICSY 30 0EREETEREEORENICE S5
DDE3THDT, ELOTRAREZREEDEFOVARLNESTH 3,

2.2.4 FOERICL S 2 vHiREREORERE: HENESICEFBHEO LD
DS 5 (1) RICEDT Su S BLU Sy AHET 3L, (EFBNEOSOTRELE
BHEEE DT 3) F—5 DL 5, .y -

CRTHBE, SuBONH, Sy BET S, DENE EEESF, ECBBELD
bOLHOONT, WHRELTOHWNEL TERV I EHDH S, ZOREMELTHE,
28.=S,4+Sq ICEY B Syy 55 LT Ses DRIHEDS 20,=S,+Se 7, 20,=S,+Sy O S,y
ICHLTELDTIEL 6% s, 6, 0. DEFUED <5 ¥ %+ OBWENICH 5 T L 3%
NWES BB ENB, LiioT, ARBO LS mEHEDD L HEIC 5> TR EE
BEOIZOHOTHBBHICHELTHLELL SOEES LD BT ENBRRILEETH S
EBdbNb, TITEHEER, Sud Sk tOMOBERBBBLIMEICIOTHIEED
bDTHIUTCOBEBEEROTRBG D 6 55 Sy & S &L EBEHET 2 HFHBLND
TRIEOPEEZ I, LTAN, RO F2ILDLIZLSE, BE032~084 OHEH
THEMEEELT, K, K, BXU K, OMBHEDELEOTNECEBFOLOT, C
DEEPOLPBLEOIBBEMELCIZFESBEELCECEDONBLE 5T, K,=Su/Sx
DERLHBEMEEAHLDBTENTEZEHMI LI, WIETHHON, F—2 ORMER
IRATHENCODREL LSO EEBZ OV, —BHEMELTZ20 K, 0N
THEDIDM FE6TH 5, ~ '
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Table 5. Observed values of the apparent shear coefficients (3)
v fanit: 10~* cm?/kg)
- 8 3 8 Su Sss Ses
Test Group | ‘(g 1 Sulf2 | (Su+Sul2 | Su+Swl2 | 1Gye 1Gez YGay
SC1-- | 1738 22.782 25.910 46.954 4.866 —1.390
SBL. 1.640 24,933 26.548 49.841 4.255 0.025
SC2 1,799 22.651 23502 44.354 2.650 0.948
SB2 1751 23.853 26.035 48.137 3.933 - —0.431
SCs 1.498 25.440 17.835 41.777 —6.107 9.103
SB5 1552 . 25.036 19.986 43.470 —3.498 6.602
YC1 1998 | 24.870 23.080° 45952 0.208 3.788
YB1 1985 24.662 21.136 43813 —1541 5,511
Scs 1.910 13.107 - 13.896 25.003 2.699 1121
SC4 1.934 24.497 31.350 53.913 8.787 —4.019
SB3 1.827 18.173 18.187 34.483 1791 1.863
SB4 1.794 19.020 19.210 36.436 1.984 1.604
YB2 2.047 26.074 21.194 45221 | 2833 6.927
®6 vt VBB EESR SO EME
Table 6. Calculated values of the shear coefficient S.
(unit: 10~* ecm?/kg)
Test Ko Ses 8'5‘5 Su Sis-a Su-p Siea Sueb
Group | SulSes [28:/(1+K0) 25 | %), | 28,8 | 25.-8 | Su | Sa
sC1 2.21 1.27 46.95 43.35 50.53 092 1.07
 SB1 2.09 119 49.84 47.78 51.91 0.96 1.04
SC2 2.29 131 | 4435 43.01 45.69 0.97 1.03
SB2. - 2.23 1.27 48.14 45.48 50.80 0.95 1.06
S5 05 101 1.09 Q78 | 4897 | 3458 117 0.83
SB5 1.98 112 43.47 48.09 38.85 111 0.89
SC3 243 1.39 25.00 23.78 26.40 0.95 105
SB3 2.46 141 5391 | 4653 | 6129 | 0.86 114
SC4 2.33 1.32 34.48 34.02 34.95 0.99 1.01 -
'SB4 2.29 1.30 36.44 35.75 3712 | 0.8 1.02
YC1 2.20 1.80 45.95 47.54 4436 1.04 0.97
YB1 (0.82) 2.18 1.79 4381 47.14 40.48 1.08 0.92
YB2 225 1.84 4522 51.90 40.55 1.15 0.90
A 1.01 0.99
£ A% 8.9 85
Sis = 1/Gzr; Ses=1Grz; Su=1/Grr
A =average; +4o% =C.V.
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VEThh—FD S Sy #HELTHIEEALEENLL,

coTEE, bL, HohLD K, OENERMICILADOSNTONE, EDHEK
BEFENEEO XEE Y I3 ZHOVThhE2RES ik DTe kR E
XHBLEMTEBCEICH D, S5, PLARTES A, R—2OEWEILOVT
OFHEELTE =0T 2L2TAHTH, B—TRLHTIII, SEASBERLAN
bmm@f%or,cnf@%ﬁﬁﬁmﬁﬁéﬁf@%ﬁmmﬁﬁi%ﬁrgamf;m
WhEBs I,

BT e UBBEERS & S ol
Table 7. Comparison of the shear.coefficients 5 and S.

P KR R 5 T
Test Group (K, = 0.70) 10~ em?/kg Se Sur
' sC1 205 143 46.95 0.93 1.13
SB1 1.93 135 49.84 0.92 113
SC2 2.12 1.48 44.35 0.93 113
SB2 2.06 144 - 48.14 0.92 113
SCs 1.76 1.24 4178 0.92 114
SB5 1.83 T 4347 0.92 o113
YC1 235 1.65 45.95 1.07 0.92
YB1 2.34 1.63 4381 1.07 0.91
SC3 2.25 1.57 25.00 0.93 | 113
S04 2.28 1.59 53.91 0.93 113
SB3 215 1.50 34.48 0.92 1.14
SB4 211 148 3644 0.92 114
YB2 ,2.41 168 45.22 1.07 0.91

3 = calculated from K:=0.70 (average)

S = calculated from K, of the species

R, COEHICLTELEDISOHEICLEDT, Py <Y (YB2)itoWT X, Y,
Z 0% 2 HiicB L T 15°, 30° 45°, 60°, 75° S50 R A B b5 T 100 hE WO E B0
THOOICEST I 2 Lo, Cﬂ%@ﬁc%@%#&iﬁwﬁiés%%Tibf%ﬁ
Lt@@&%&fbt@#[&91£ofﬁ%iﬁ%ﬁ;< —HL T 5,

COEMRUEBTX, Y, Z 0283 D% EK 45° 2L T £-—8 a)&vt&ff‘]ﬁ
HEESHEBRRFIC OV TROERE BB DIH
© EEMETR, 10 em’kg QBT B)RickD

204 = Sis+Si
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Fig. 9. Calculated and observed apparent shear cosfficient
obtained for rotation about the
new axis. (Akayezomatsu ; square cross-section)
3 = apparent coefficient ‘
(a) ZE#HE— X' (X'—Y’) = new axis—X’ (X'-Y")
(b) Z#E— X' (X'—Z') = new axis— X' (X'—Z)
(¢) E#@i—Z (Y'—Z') = new axis—2/ (Y'—Z)
#—8 EHREo RN K
Table 8. Direction cosines qf the new axes (v, ¥/, #).
o (L) y (T 2’ (R)
0° cos 0 8° cos 0 0 cos 0
x (L) 60 n=12 | 60 Bi=1/2 135 =17
y (T) 135 | e2=—1/¥2 60 B2=1/2 60 L T2=1/2
z (R) 60 az=1/2 60 Bs=1/2 60 73=1/2
= 3.514+3.578
=7.092

[su=0.1o: S»=317: S,=147 T
Sp=—006: S,=-—083: S, =—004

KRETE, REOCRFDOEHT
267 = 7.04 (+4.8%)

* LOHRMER N9 oM s Avshiz b OT (YB=2)

T3,

CONCTERMBERB T 22T e ®
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Summary

The interpretation, in terms of Young’s moduli and Poisson’s ratios, of experi-
ments involving compression or tension presents no difficulty, but the interpretation
. of tortion experiments in terms of the rigidity moduli is not so easy. The purpose
of this report is to consider and validate the rigidity moduli of softwoods by means
of torsion tests.

These softwoods are Sugi (Cryptomeria japonica D. DoN.) and Akayezomatsu
(Picea Glehni MAaST.). The torsion experiments to determine the rigidity moduli of
these two softwoeds were carried out by the method as shown in Figs. 2, 3 and 4.
The apparent coefficient obtained by twisting a wooden specimen whose length lies
in one of the principal directions (see Fig. 1.) is a function of two of the principal
coefficients and of the shape of the cross-section. Thus if the cross-section of the
specimen is circular, and its length lies in the X direction:

Apparent coefficient . = 1/2 (S;;+Sse)
Sss = l/Gzz. = I/GRL
Se = 1/Gzy = 1/G 7

The results of this study are as follows:

1. It was found that these softwoods had a linear range in the stress-strain
curves as shown in Fig. 6.

. 2. The apparent coefficients d., d, and J, were obtained from the tests, as shown
in Tables 5 and 6. v
3. The difference between the apparent coefficient obtained from a specimen

of circular cross-section and one from the specimen of square cross-section were not
very large as is shown in Table 4.
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4. Using the ratio K, (see eq. 9), one may facilitate calculation of the coefficients
S, and S,, from the apparent coefficient . and he will find that S/, S;s and S¢
calculated from the general equations (3) for the effect of rotation from the principal
. axes on the elastic coefficient S, agree well with the observed one, as in Fig. 9.

From these results, the method of calculation employed by the authors would
be available to determine the principal coefficients S,; and S,, from the apparent
coefficient &, obtained by twisting a specimen of wood.
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BI—10 4 b alBee i (M6 E %) B—11 B8NS
10. Testing apparatus for torsion. Fig. 11. Specimen of square cross-section.

(circular cross-section bar)

B—12 B HAEEE (M 2 — )
Fig. 12. Testing apparatus for torsion.
(testing-machine and scales)



