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Strength properties of Japanese cypress (Chamaecyparis obtusa) pithless

lumber and small clear specimens sawn from a large diameter log '

Hirofumi IDO ", Hirofumi NAGAO " and Hideo KATO "

Abstract

The purpose of this study was to determine the strength properties of Japanese cypress logs (Chamaecyparis
obtusa) and pithless lumber sawn from the same. The result of measuring Young’s modulus for 433 large diameter
logs by using a longitudinal vibration method revealed that these logs did not show high Young’s modulus values
compared with those of common medium and small diameter logs. Strength tests were conducted on 30 regular
square (120 X 120 mm) and 30 square (120 X 180 mm) pithless lumber specimens sawn from large diameter logs,
for which a machine grade of E90 or higher under the “Japanese agricultural standards for lumber” is targeted.
Following a bending test, the bending strength of lumber used in this study showed relatively smaller values
compared with common Japanese cypress lumber having a Young’s modulus equivalent to those covered by this
study. In terms of compressive strength parallel to the grain, the strength values of both regular square and square
lumber were equivalent to those of common Japanese cypress lumber. In terms of shear strength and compressive
strength—parallel and perpendicular to the grain, respectively—the strength values of lumber in this study were
smaller than those recorded in literature for boxed lumber. However, it was considered to be one of the reasons that
density that has large influence on both strengths was lower in this study than in other literature. The strength tests
conducted on small clear specimens revealed higher density and strength properties for specimens taken from the
pith side of lumber than those of specimens taken from the bark side. However, in terms of comparing specific
levels of strength, virtually no differences were found between specimens taken from the bark side and those
taken from the pith side.
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Wi ~FiEAY 130mm X 130mm ( (FA ) B&K T 130mm X
190mm (FEA ) I8 L, il & Uiz, 9 XToOft
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Bending test of square lumber
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Compressive test parallel to the grain of regular square
lumber
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Compressive test perpendicular to the grain of regular
square lumber
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Table 1. FLAD IR ERAS H
Results of non-destructive tests for logs
n=433 ME RO TOITER R O MHRENEIC X %V > J1RE
Length Diameter of top end Diameter of bottom end Apparent density E,
(mm) (mm) (mm) (kg/m?) (KN/mm?2)
Mean 4865 487 566 598 9.14
C.V.(%) 29.2 15.6 16.5 15.5 16.3

n: iR AEL Number of specimens, C.V.: Z#j{%% Coefficient of variation, Ej;: Young’s modulus by longitudinal vibration method

Table 2. 8GO T AEROAE R

Results of bending tests for lumber
Prest MC ARW E fir E b-app E b-true gbp Oy
(kg/m?) (%) (mm)  (kN/mm?)  (kN/mm?)  (kN/mm?) (N/mm?)  (N/mm?)

A (2alBRik )

Regular square lumber Mean 507 22.8 2.00 10.9 9.59 10.4 30.9 43.8
(All specimens) C.V.(%) 7.53 7.14 11.3 9.02 8.66 12.2 14.0 13.5
n=30

IEf (OREFE )

Regular square lumber Mean 507 234 198 10.9 9.65 10.5 30.2 44.7
(Loading on inner surface) ~ C.V.(%) 7.24 5.42 10.7 8.95 9.33 12.6 15.2 13.9
n=10

1Ef (OREME )

Regular square lumber Mean 509 22.7 1.99 10.9 9.61 10.4 32.6 44.8
(Loading on outer surface) C.V.(%) 8.64 8.21 11.7 8.66 7.09 11.9 12.0 11.8
n=10

e (HEE T )

Regular square lumber Mean 504 223 2.02 11.0 9.51 10.4 29.8 41.7
(Loading on radial surface) C.V.(%) 7.43 7.35 12.7 10.3 10.2 13.4 14.3 15.1
n=10

T (AidBRiA )

Square lumber Mean 518 272 2.15 11.3 9.65 11.2 28.5 38.5
(All specimens) C.V.(%) 8.04 124 12.3 9.50 10.0 14.2 19.4 19.1
n=30

n: ikBRAE Number of specimens, C.V.: Z#{%%k Coefficient of variation, p,.: sBRIRF D% E Density at testing, MC: %7Kk Moisture
content, ARW: “F-YJ4F il Average annual ring width, Ey: #EHREIE DV > 7 {% 4 Young’s modulus by longitudinal vibration method,
Epoppt WMT DT Y > 7155 Apparent Young’s modulus in static bending, Ey, y,.: ELOHIFY > 7 %% True Young’s modulus in static
bending,ay,: #IFLEFIBRE NS /] Bending stress at the proportional limit, oy,: #iF58% Bending strength

Table 3. ASTM D2915-98 1T & > TEIKHE 15% KEDAEICHHIE L 7o O fi T i M RE
Results of strength properties of bending for lumber adjusted to 15% moisture content by
ASTM D2915-98

E E, E, 4

f-15% b-app-15% b-true-15% b-15%

(kKN/mm?) (kKN/mm?) (kN/mm?) (N/mm?)
1Efg Regular square lumber Mean 12.4 10.9 11.8 533
n=230 C.V.(%) 9.20 8.88 12.4 13.4
“Fff Square lumber Mean 12.8 11.0 12.7 472
n=30 C.V.(%) 9.51 9.93 14.3 19.1

n: sl B A% Number of specimens, C.V.: Z @) {%%( Coefficient of variation, Ep.s,,: T 7K 15% RF O I ffi
1E U2 HHRBE DY > 7' %5 Young’s modulus by longitudinal vibration method adjusted to 15% moisture
content, Ey oy 150: 137K% 15% RFOMEICHHIE UTe JANT Ol Y > 7' {741 Apparent Young’s modulus in static
bending adjusted to 15% moisture content, Ey .15y 2 7K% 15% REOAEICHHE L 72 EORRT Y > Z 123 True
Young’s modulus in static bending adjusted to 15% moisture content, 6,sy,: 2 7K% 15% RO EICHLE L7z ih
3% Bending strength adjusted to 15% moisture content

PR G HIZATRIZE M 5 11 %3 5, 2012]
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D, ANVEMBOD 18 M5E U 3557 4 fifE
FRIC K BMHICHIE L7 ( HAREES%S | 2003) DT
HB, WMIRINEIC X BV VT REOEHEMEE,. 7—X%
H#0 11.81kN/mm* IZ K L. IEAH 12.4 kKN/mm®, “Ff
N 12.8 KN/mm®> TH D, WInE F—xELIZIFRAS
T B foo BT O Y > R8O
F— 24D 11.01kN/mm? 1<% L, [EAA 10.9kN/mm?,
FAMN11.0 kKN/mm> THO, WIThET—RELIFEFE
FASDMHETHo 7, ThbDE, KEAKLSEM LT
BV ZEEIE, B0 LL EERME L MBI TH
2LVHRDIEHZH, T S T8 L X
TIRIEIAETHZ T Lo iz,

O: IEA Regular square lumber

y =4.55x + 3.84, R2=0.38, p = 0.00
<: A Square lumber

y =5.10x — 8.88, R = 0.38, p = 0.00

< 80
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£
< 60
()]
&
o 40
£
g
" 20
@ N Eo0% FE-1-HE
iy Specimen below E90
# 0 ‘ .
0 5 10 15

BATOBITFY LS % E (KN/mm?2)
Apparent bending Young’s modulus

SR S O FIKERAER O WS Ol v > FRE iy
% & DR

Relation between apparent bending Young’s modulus
and bending strength of lumber adjusted to 15% moisture
content

Fig. 2.
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PR EZIC DN Tk, BKEMEZRDOEAB XU
O Z N ZF N 53.3N/mm’, 47.2N/mm’ & 7%
D, MEWVWIC KB TEIRPRED NI, T— 2%
O MF I DAL TRES FAM O5RIEEERTE ) I
P THMEWVWZ 150mm ICHiIELTMETH B, G/KHE
fili IE# O ARGRERR D FIGE & R D /7L THIIET %
&L M EOEMIE EM . A TENEN ST.ON/
mm®, 49.1 N/'mm* £7& 0, 7—%HED 56.9 N/mm* %
WIENE Moz, bbb, Rk 7—2ED
R oy >y T BREOFEEHEITZERAETHE L LT
BRI 2 Lk g 2 &, ARB R —lnae / F 43
Mi& o s, thiFmEns HRnwT Ehbh o, 2
72U, Aoy > R8N E90 O EUE FERME T
% 7.8kN/mm’ % FEl > 72 - 1 K% BRW 72 ik Bk ik
IZ DWW, E90 I wHis U 7z K UETR T 30.6N/mm? ( 3%
#H,2000) LT B L, TH 1 IEZRWZTNTO
FBR R DY Bl DILHERR S 2 blnl o 7z, £z, IEMA DL
WHRIZIC DWW T E S IS K 2 iR A2 ERED 5Nk
Mol

3.2.2 Mt EHERE M

SLRE i D HE I i AR O G SR 72 Table 4 17”9, Tk
BN 20% Z2 Lol - il Bk, FABIU¥EATH
1 & DH > 7M. ZNUNDORBKIT T R TH KR
M20% LA FTH o e, MIFTRIE LMD IET. it
J K 0 7 KR 15% FE DRI MEICHIET 5 &, IE
13 X UM OFEEIE &SI 33.4N/mm’ & 75 - Tz,
HHUTHRIE & (3B % D fEEMRE O E RIEFED 51
T o Tee T — R OKET MEsRE O E I 33.1 N/
mm’ TH % DT, RakBRIKDHEEMRE X, — 7%
b /M EZEAFEOMEZ R LTz, 3T O
RIC I 2 BB IEB ORI EMmmE. Ehd ol
Y 2 TRE E90 & Rlal- 72 F A4 1 K& &8, E90
I RHIE U T2 FE i O FEHESR E 24 6N/mm” 7% A - 7z,

BB IEZITTDRVIREETO, A DOHEEMEY >

Results of compressive tests parallel to the grain for lumber

MC Prest E, E, o, a,

(%) (kg/m?) (KN/mm?) (KN/mm?) (N/mm?2) (N/mm?)
iEff Regular square lumber Mean 18.7 498 10.9 10.4 15.5 26.5
n=30 C.V.(%) 5.34 7.53 9.38 17.0 27.5 10.3
I Square lumber Mean 16.9 487 11.5 29.9
n=30 C.V.(%) 5.46 8.66 13.8 12.5

n: atBRA%L Number of specimens, C.V.: Z@{&%{ Coefficient of variation, MC: & 7KkZ Moisture content, py.,: akBRRFOEE Density
at testing, Ey: ft4R 1% D ¥ > 7422 Young’s modulus by longitudinal vibration method, E.: i [T 5 ¥ > 7 %% Compressive
Young’s modulus parallel to the grain, o,,: it H i Lt i B & Ji& /) Compressive stress at the proportional limit, o,: # H: #iff 58 /£

Compressive strength parallel to the grain
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O: IEA Regular square lumber
p = 0.0538
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Compressive strength parallel to the grain
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HtEMEY T RE (KN/mm?)
Compressive Young’s modulus parallel to the grain

Fig. 3. IEfA DREEAEY > 7B L HEERTRE & DBIfR
Relation between compressive Young’s modulus parallel
to the grain and compressive strength parallel to the grain

TRELE MEE AR S & DR % Fig. 31CRT, —ikm
IR HEEREY > 7 (R B & MEFE MR & O R I AH R BY
BAEHEND T EDBLV, KRBT, Bk
95% I BT, HEESEY > Z B & Mt ERGRIE & O’
IIEHBIBRIEERO 5 NS, BKBHIEZTT> A
& FRRICHBABIRIZERD B Niah o Tz,

B AEIT DI, BB DO D 2 IERa A &
IRE LT, BKEGIEZIT > T2 #h 35 K UHEL s =
DWW TEHEKAE 75% 1810 % 5% FIRMEAERH L
7= (ASTM International, 2010) , Eff. ‘FAZNFN
I DWW THEERETRZ D 5% NERAE / th P58 D 5% T
[RiEx2BEHT 2 &, £ T 26.6/39.9=0.67. FfA T
1% 26.2/30.4=0.86 L x>z, AFIEMMERSRE LT
[FFREDLE 0.84 (FRH:, 1988) Ik LT, AikER{AD
EATERATNEL, FATRHEERFOMTH - T

323 BAMGRE R

BR OB AW BR O K5 R 7% Table 51279, DA
DOMIC KB ARBBOFEREZLFBIEAICKS L/ F0D
KRG AW OFR (HIES , 2006; L5 ,
2010, 2011) & LR#E U7z, SCHR O A WTIE FE O -5 fiE
37 N F N 8.74N/mm’, 6.79N/mm*. 6.68N/mm’ T
HO. RRBAKD P 6.14N/mm* 1k, ch 5%z R
blo 7z, 7ef2L, SAWREIEEOEEZKEL
ZU 5 (HRHED, 2006), 4G A D% FE O 15l
491kg/m’ 72 DI K L T, XEKOHEE O FHEIZZ 1
ZFh 515 kg/m®, 513 kg/m’. 529 kg/m’ THH., VT
NOEEDEE L ARBOKEL D KENT AT

O: IEA Regular square lumber
p=0.261

10

O

6 @%8“0

2

HABBRE (N/mm?2)

Shear strength parallel to the grain

0
300 400 500 600

# E Density (kg/m?)

700

Fig. 4. (EAOEE & ¥ AWHRIY & ORfFR
Relation between density and shear strength parallel to the
grain

AWBRIEDEVICHEL TWVWEEEZONS, EMAD
BIE L AWIRE & OMGRE Fig. 4 1ICR77 . AT
I, AEIKEIS% I BV THBIBEZRIERES 5 ik h
ST, BEDK 550kg/m® DL EORERIAZE R &
BENRKELZZICONTEANRE S KEL G 5HE
mCH - 7z,

BB, B/ FOFAWOHAERE X, SR (8
WA, 2000) . H GRS RIbE B A X 50 b
EHIC 2.IN/mm* TH B H. TR TOREBRIKD 1 AW
JEHERR T A F A5 7z,

3.24 &Y IAHIEEMRE

SR DB 0 A FH IR DR & Table 6 IC/RT, [
MDD AHDEAE®E | ([FELA8EE , 2001) O/
F O FHESRE 1 7.8N/mm® TH B A, T Dlid AR ER
CBTEB KUK EOBE L T iEN RS20 (B
F&,2010) . HAliCZbTE ARV, £ T, Kk
ARk DR T IETITo TR BIEMICE S /FD 8
DAFEER (1LHES |, 2010, 2011) OFEREZHWTH D
IAFGRIE A LIS U Tzo ARFRBRD 8 0 3A B8 [ 0 -2 i
9.8IN/mm” iZ %t U T, ik O F ¥ i 10.18N/mm’,
11.8IN/mm* TH b, RekBO FHHEIE HkE X O &
INE o Tz, T2 L, BAWERE L FEEE. & DIAHK
EEBEEORE R RELRZITS (FHRS, 2000; #&
5, 2003; HiE 5 , 2004b, 2010), Ak B& 0D 25 i Y
499kg/m’® TH % DITH LT, SCHRAE D 5 5 O - 1 il
FZNZNn S51kg/m’, 517kg/m’ TH b, Xkl D%
EMRZENCLEDDAABMEDORZTIICHEL T

BB HIRTEES 565 11 %3 2, 2012]



Strength properties of Japanese cypress (Chamaecyparis obtusa) pithless lumber and small clear specimens sawn from a large diameter log 129

Table 5. B O A WERBROFE R

Results of shear tests parallel to the grain for lumber

MC P T

(%) (kg/m?) (N/mm?)
1Ef4 Regular square lumber Mean 17.0 491 6.14
n=30 CV.(%)  4.09 9.70 10.3

n: akERIAZL Number of specimens, C.V.: Z#{%%{ Coefficient of variation, MC: &7k
AR Moisture content, p: X¥Z# [ Density, : & A Wi Shear strength parallel to the
grain

Table 6. & D& D IAFHFABEROAGR
Results of compressive tests perpendicular to the grain for lumber

MC P Jeso Seooy L

(%) (kg/m?) (N/mm?) (N/mm?) (N/mm?)
1Eff Regular square lumber Mean 18.5 499 9.81 6.00 4.52
n=30 CV.(%) 489 8.06 26.5 22.7 22.6

n: akBRIAEL Number of specimens, C.V.: ZEB){&% Coefficient of variation, MC: %7K Moisture content, p: Xz
[ Density, fig: 8 D ABHRE Compressive strength perpendicular to the grain, fio,: 8 DA BB RERT Yield

strength perpendicular to the grain, K. o: & 0 3AFI1: Compression perpendicular to the grain stiffness

5LEZBEND, T, THM DD D AH D FHERE
T/ FELREUEBEROATSY (FES, 2005) B
KT (FHARS, 2006) D& D AZIRE D FEHHEIL.
FNZFN9.28N/mm’ 11.IN/mm> TH 0. KD
4 4E 9.8 1N/mm’ 13 T DOHIPHICH - Tz,

3.3 ER NI DR MERE

TR NI BR IR D - HEIEAE - B AW - D DIAA
RO R A, TN Table 7~ 10 1279
R O Y > 75804 X O 58 o iE
ZNFN 10.7kN/mm’, 82.4N/mm’ TH b, [ A# T
¥NY RT w7 (BREREIIZERT, 2004) O/ F0
Bl 9.0kN/mm?, 75N/mm?’ % F[al > Tz, £
R Ul D FRER A & B D FRER 1A & D F R A 2 Lk B
&L MHEBNEIC K B YU IR Rhdoryy s
fREL M LEBIBR SIS, B X Ok, Ak
B 9S%ICHE VT (L FIARTHEBE) . &Il
AR ER A D EE D R OB A D Z N K b KEHh 5
Too —MDEIEERIM T, BIRRPER T I B D £
NS A - TEE DA L 2 R I & E D %
ET B RAMEBNEAE L, BEHEOM X 0 &8I
WM O YIEE - IEEESEATVW S TN
TWa, LU, JEHE ORRECIEED S8R m
STHEEN ERALTWL —F, AF, b/ FTlE, #
HEDBwEAE L. WEICHD > TR F L, B TE
BB (N, 2007 %8 ) T DBV, ARBIKICH
WTH, BRI OREREK & B OB A & Tl HE
DI Z N Z N 449kg/m’, 506kg/m® TH b, Fit

|Bulletin of FFPRI, Vol.11, No.3, 2012

AL O B ORBIADOBEDIZ S BERICKED
oize Tz, MFLIAN OMEIEHEGRE, € AWITREICD
W FRIBEDE D H S Nz, BRIS/NRBIEICENT
. BEDRZICRITTREBIIREL BEAIKD B
Bl OBENKED > Tz &M, BRMNK D & EEM O
FRENKEN S LFERNTHB EEABNS, £ T,
FIREMED DEEOREZRE LI ZNETNO LR
(9P /%8 ) % Table 11 1<R”9, TXTODLHGREIC
DV, B MO & R OBk L O TIZIE
AZRIIBDHOLNT, FEFELWHTH - 7z, §iNHED
BEEMNEHC X ICEWVAFTIE., BT b TR
flotsmENE W=D, 2., ELS (1964) &k
BEAMER & KM & DR 2 RD BT DiEEE L
THCHEY > TIREC LEREEfE s 2 BRI L, Z OBR
ZHHHILL TW5b, —77. AKH (1972) &, FHkD 7T
BT/ FORKBME & BT & DR Z G L
e, AFEURTHADODK W RN#ETHS T &7
B L TWVW3d, RIFFROKREI L /FDI DX S Ak
MERFELTVELD RTINS,

FAWEERORE R, B AMREOEfEIE, KEH ik
KU H EE AW TZNZF N 9.29N/mm?, 10.1N/mm’
THb, AW AW OFIIEMHEH S AW DZEN
KOHEICKEN ST,

DOIAFHREDIER, LED 5% B DAHGHEIX,
BB LR Ttz nZE N, 10.9N/mm’,
9.98N/mm’ TH b . VAR LLHIBRE G & &1 2P 1%
Hrhn &AM OMICEERZ G EMoTz,
DIABGREVEBEIC DWW T B EE L OMHBMNENT &N
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MoNTHO HHS (1982) 1. M 11 FEICDOVT,
LbEE & AEH (T M) i B0 B LRI FE IS
BERU 5% D ORARBEEICDONTOHRBKRAZRL T
%
, =-44.8+211 R, (1)
05, =-91.3 + 415 R, ()
TTT. 0, 3O DABRLLBIREISI]. o5, IFHLED
5% HDIARKIEE, RIILETH S, TNEDORITAK
RBOBEMT M TOLEOFHERAT S &,
0,= 54.6kgf/cm’ = 5.35N/mm’, o5, = 104kgf/cm’
102N/mm* & 7% %, TN 5 Ol & A G B o 1 ¥ .
5.84N/mm?, 9.98N/mm’ ICJEHITITVETH 0. AR

o. =

Table 7. B s/ NGRBR A D i B DA R

Results of bending tests for small clear specimens

IDO, H. et al.

BRCH UlcidBik Tt 3IEC o BRI T e
bhote,

FEREABRE & FEREER R &\l — DB R 5 $REL
U 72 R /INRBR KIS DWW T, Bl b (SERGEBR R D
R/ MR RUNRER IR OsR &) ZRH Lz, BB, 1
EDFRM M S5 ERIL L 7o R SUNRER IR D E D %
LD, MR EUNABKIRE 2 P LT, Z O
B i HEEME, BAKOMEIEZENZE N 0.53,
0.65. 0.64 L7z > Tc, MEHEKM (E@HEH ) I
S, MEEREOMIEIZZNZE N 0.45, 0.62 TH D
( HAREER 22, 2010) DT, A/ FO5sEkbid. Mt
LR ORI HENT #I AR E S HEE A

MC P ARW E, E\ oo Oy o,
(%) (kg/m?) (mm) (kKN/mm?) (KN/mm?) (N/mm?) (N/mm?)
EEEL Ui
. Mean 11.5 471 2.06 12.0 10.7 439 82.4
All specimens
CV.(%) 497 11.8 27.5 11.9 11.5 14.3 12.4
n=49
Rt R JURABR A
. . Mean 11.4 449 1.69 11.3 10.1 41.4 76.7
Specimens on the bark side
CV.(%)  4.70 9.69 22.6 11.9 11.8 15.7 9.67
n=25
HHERER A
. o Mean 11.5 506 2.44 12.8 11.3 46.5 88.4
Specimens on the pith side
24 CV.(%) 532 10.7 19.2 8.83 8.21 10.7 10.6
n=

n: akBR{AEL Number of specimens, C.V.: 8% Coefficient of variation, MC: 7k Moisture content, p: %57 % /% Density, ARW: £
AFiE Average annual ring width, Eg: #HREREDY > 71%%( Young’s modulus by longitudinal vibration method, Ey,,: 52 O v >
%4 Apparent Young’s modulus in static bending, a,,: {117 U ESS )] Bending stress at the proportional limit, oy,: {#137%/% Bending

strength

Table 8. R s/ N BRIA DHE EAFAERDOHER

Results of compressive tests parallel to the grain for small clear specimens

MC P ARW E, o, o,
(%) (kg/m?) (mm) (KN/mm?) (N/mm?) (N/mm?)
iRk
. Mean 12.7 468 2.07 12.0 30.0 40.6
All specimens
C.V.(%) 1.97 11.3 273 13.4 26.1 11.3
n=50
Rt B fRIABR
, ‘ Mean 128 446 1.70 11.2 27.8 38.4
Specimens on the bark side
C.V.(%) 1.85 10.2 223 13.0 20.4 8.61
n=25
EIERRES
. o Mean 12.7 490 243 12.9 322 42.7
Specimens on the pith side
” CV.(%)  2.09 10.4 19.8 9.89 28.3 11.0
n=

n: Ak BRAA%L Number of specimens, C.V.: Z @ {%%( Coefficient of variation, MC: % 7K3 Moisture content, p: %2 % [
Density, ARW: T4 iiilig Average annual ring width, E.: M4V > 7' %% Compressive Young’s modulus parallel to the
grain, o,,: HEFEAELLBIRRIE NS /7 Compressive stress parallel to the grain at the proportional limit, o,: fEEAERE Compressive

strength parallel to the grain

PR G HIZATRIZE M 5 11 %3 5, 2012]
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Table 9. JER s/ NBR A DB A WRLEROKGIR
Results of shear tests parallel to the grain for small clear specimens
MC P T
(%) (kgm’)  (N/mm?)

HEH T Gt i
. . Mean 11.9 462 9.29
Radial surface All specimens
C.V.(%) 1.77 11.4 14.7
n=49
TR IR BR O
. . Mean 12.0 438 8.77
Specimens on the bark side
C.V.(%) 1.59 9.82 12.4
n=25
BliIRER A
. o Mean 11.9 486 9.84
Specimens on the pith side
C.V.(%) 1.91 10.7 14.5
n=24
M H i Sl ik
. ) Mean 11.9 463 10.1
Tangential surface All specimens
C.V.(%) 1.87 10.8 159
n=49
Rt R fRIRBR K
. . Mean 11.9 441 9.35
Specimens on the bark side
C.V.(%) 1.70 10.2 13.1
n=25
[EIERETIES
. o Mean 11.8 486 10.8
Specimens on the pith side
o4 CV.(%)  2.05 9.42 15.0
n=

n: AlBAEL Number of specimens, C.V.: ZEH1{2%L Coefficient of variation, MC: 7Kk Moisture content, p: 4
7251 Density, - ¥ AW Shear strength parallel to the grain

Table 10. &R 5UNAERIED D O SAFRGHERODAGH
Results of compressive tests perpendicular to the grain for small clear specimens
MC p o o

ep 5%
(%) (kg/m?) (N/mm?) (N/mm?)
R0Vl
o o Mean 12.4 464 5.52 10.9
Loading in the radial direction
CV.(%)  2.02 11.2 28.5 223
n=25
EoTmn
o o Mean 12.4 471 5.84 9.98
Loading in the tangential direction
55 CV.(%)  2.12 10.2 19.9 19.1
n=

n: ARERIAZL Number of specimens, C.V.: Z#j{%4( Coefficient of variation, MC: 7K Moisture content, p:
KU Density, 6., & 03ARUBIBRIENG /] Compressive stress perpendicular to the grain at the proportional
limit, o.s,,; YIED 5% 8 03AFEEE Compressive strength when compressed to 5% of side length

Table 11. F5RALIC 35U & it e MIRABR (A & BEMIRASR (A & DLLSRIE (501 / S ) D LLiE (~FfE)

Comparison of average specific strength between specimens on the bark and pith sides, respectively, at each

strength
iiil>g e AT (HEH T ) A (B H T )
Bending Compression Shear parallel Shear parallel
parallel to the grain to the grain
to the grain (Radial surface) (Tangential surface)

ot R SRR A

. . 0.171 0.0865 0.0200 0.0212
Specimens on the bark side
[ HUEREGES

0.175 0.0876 0.0202 0.0222

Specimens on the pith side
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BIZEFERBETH > Tee 721 L. T OREEITEKERH
BELTOWERWETH 2 DT, K[EIRRETLLER L 721
BiE. EREBAORENEINT % 7z dsR LS N
T2LEZOND, BAKIICOWT, BRA/NRERE
ORI ELE AW HEIEE TREZ500, Al
EEUMBMAE T SO R L kT 5 &,
AF, RAIY, XAVH, XA eNSHBT B 5EE
Ftid 0.85. 0.80, 0.79. 0.64 (}HE 5 , 2006, 2011) T
Ho, Ae /FOMELE 0.64 1A LNEFRBREET
Hotz,

4. %L

ARG, SBRIKFEEDEINT 2 L AT NEKEZE
t/FIR, BRUZNDLEM I N2 .0E 0 85
DOMEMREZHENMNCT S E2HNE Uiz, £z,
o AR DDA D WM @O IERHEITR s 5. BT
K UB AN B THER UG BR A 72 BREL U T &5
FBRZE TV, B R ERE R K U R ER (A D BREXAT 1 0 &
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TITRT,
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YU R WE LA R. Y T RO E
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Bz ehbholz, TNHDI KD S B, [HH
D HAR RIS ORI X 57 4638 B O e b
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To7c. HFHRBOMR, HEHRENEIC K 5V 2 T HRE
BXURMT O Y > J1REOFE I, — ik
v/ FEMEEIZIERFETH - Tz, MFEEIX, Y
THRBDARBA L IZIEEAFTHE RN Ee /8
MimE bR & BT o oo 5T fi Rl B o &5 51
WEESRRE X, — MM e/ F 85 & IZIE RO E
Ul BAWREBB XU D IARREBOE,
TR, DRFBME RV L D RV EE IR L
Too 272U, WMiSREEIC K & B8R NIT T EE D ik
fEXO/NEhotzT s FREOEREEZ BN,

FEHERRIE I U Cld. dhiF. HEEME. CAKE 13
FITAXRTORBRDN YL RERE 2 LA > Tz, DDA
F D FEUERH FE O B H 715 IS ARG 1E &1 B B B,
A ERUCAHETITo Tz e /F LA UM TH S
AIIVBICEINCHLT, &/ FOFE I mE
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R R UINEABRAAR D 25 08 P R BR D AS FE L K R (A 5 R
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B YV UREL MR, MR, B AW
EWKEN STz, 22U, mETHEST 2 & B
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