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Motoi OTAa: Studies on the Properties of Bamboo Stem (Part 15)
On the Relations among Strength Properties, Specific Gravity,
and Wall Thickness
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RC 8B & U T3« 045 RIX 043 %A T, HiEid P&4E6HIE 1.0~1L1mm T, I
®EE 1.2~13mm TRAMEL2RT EHMELUTES. Fic E.R. Schafer ™ {2 Southern
pine DAL T BMER LT 606 HORBRK OB 5 HE & AAREE & OEIC EERR
0556 2R THA 28 5 WERAFRERNRIR/HM L, ARFEZ B BT 2dbiBERE
ZERHS 8 BEODBE B H B 2 170 THILAM TP M BE DZMGIT & B DZALIZE» Tl /2
WA, ¥ F 5 Tl SEREE 1.0~4.0 OHEEPIT TR O BT D THEE
BAUTES LI ThHY, XBHMOT # 5RO A v a v TRAERBED BN o T
WEDBAT 5H2HPCRD TES.

Y.Pillow ' & Red pine “Tid ¥kiEHRIBMER & SEI4RHRIE & O MG 70 AR
0.759 248 TP FHRiRE O AT 2 TRMES MBSO B d % JREE % HiiE TR U,
XFAE™ i Loblolly pine 1D\ TEERHFEE & HTE & ORI TARTLIS T i 0.6180, Hif
R OREE ST 0.7793 ORI »ET/E 3,

Db ORI AEERIE & BRI & O B HE A« ROBERRAD T WME L ADE LN
WOIHREE D H B, THRIEEMOMRR LTS B & St & ORIRE%
B bOTRIWDHEET S EHEEINEDTH 5.

R, P TRMROBEERZE2W ™ MU L 5 e SEHE & BEEOM &0 (4K
HREROMB & KB DM & ORI I3 ) T S s A < ROEEPED SN TE
5.

BUT, BEJE & BREE & ORIC 3B < (RO AET 2 A YRS R 2D L COBR LR
RHCRRET L Te,

D ICARBIFICEE U T S8R 2102 10 R ABIR 000 5 0 8RR T 5 AETH
5.

II. REMHERUVREERFE

1L & B EESHEEEERNCD 5 SUNKHESEEH B AT b 55 L
T, ORI % B 3 ™ 1w & U ~5 o (Phyllostachys reticulata C.Koch) =1
Y 95 7 (Phyllostachys pubescens Mazel) &% ~7 > (Phyllostachys nigra var.
Henonis Stapf.) O 3 FE¥{rh, WFICRTE 22 OB SRR 285 L1,



Table 1. Number of Specimen.

Species i strength Number of stem. “ Number of specimen
R . o ) R )

ﬁ 1 Compressive strength | 3 ! 45

[=) Tensile strength ( 3 ‘ 28

; Shearing strength | 5 ‘ 44

= [ S

o | '

E } Compressive strength ! 6 109

Ié? ‘ Tensile strength 6 59

,8 ‘ Shearing strength ‘ 7 ] 104

= ( ;

2 e - |

& { Compressive strength 7 92

8 J Tensile strength 7 j 51

: | i
é ] Shearing strength i
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HIKE 15 Z DIRBICHE LIz,

EEABRA TORBERO GKRIHRBA 240 5, WEABRA TRESEC L >THEDLI
o s, XBRERBRA O SKERIPEHE LI 5k, 5lEERRA OLE R F—&H
HOMOBERBRF OBYE 2fCA LIz,

H3, REEME R OREE & HE & OBREETRINICRY, RICEEREICEIICES
2EASLUTRD I, HUBREREDBEAITIIR « FEACYINABF OLE L TRHIIL T
B =ik 1z,

Wi F—E & EE U I RE A B 5 Ko 1B E R O R ERE MO BfR 2Ry,
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10.2~195 25, =y v 5 713 10.2~209 %, L ~F 7 T2 80~197 % Tkt { ZDHEH
REFLLL T2 01K L T, ABEE I g0 ERERBR T 80~209 %, FEER
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Table 2. Results of Compression Test (at 15 95 Moisture Content)

Number | .
No. Strength Specific
of ‘ Wall thickness |Specific gravity
of stem specimen | (cm) [ (kg/cm?2) strength

MA-DAKE

1 15 0.166~0.499 { 0.630~0.866 . 575.6~951.7 808~1,099
10 12 0.212~0.504 | 0.715~0.833 | 469.1~804.5 576~1,036
|

|

15 18 0.210~0.659 0.867~1.042  7232~958.6 763~ 946
MOSO-CHIKU

1 16 0.291~0.807 | 0.533~0940 | 4156~ 9200 |  761~1,158

22 0.268~1014 | 0.835~1.055 | 712.3~1.038.2 778~ 984
12 20 0.210~0.845 0.751~0.996 | 648.7~1.0358 '  854~1,114
15 27 0.207~1.209 |« 0.797~1.092 | 677.0~1.0255 @ 730~ 924
16 14 0.410~0.961 1 0.922~1.024 | 7706~ 9202 = 808~ 930
A 10 0.631~1.046 = 0.866~1.053 | 791.6~1.047.6 895~ 995

HA-CHIKU

5 15 0.187~0449 | 0765~0916 | 583.7~9043 | 715~1,074
10 11 0.256~0531 < 0.871~0935 | 7141~8326 | 793~ 918
11 11 | 0182~0415  0960~1073 | 5935~868.7 | 605~ 881
12 13 0215~0425 | 08450952 | 7251~8866 | 818~ 997
A 11 0190~0355 | 0852~099 | 590.3~8494 | 693~ 914
B 13 0202~0403 | 0810~1.081 | 5940~887.4 | 707~ 870
D 16 0174~0473 | 0889~0980 ' 6585~8830 | 704~ 953

Table 3. Results of Tension Test (at 15 %5 Moisture Content)

| 1
ofN giem OfN S‘ggcbii:en ‘ Wall thicknes)s Strength (kg/cm?)
i (cm) |
MA-DAKE
1 ‘ 10 | 0217~0570 | 1,798.0~30644
10 1 6 ﬂ 0.300~0.533 |  2,076.8~2,960.4
15 ]

12 ‘ 0.319~0.591 2,984.8~3,612.1




MOSO-CHIKU

0.367~0.755

1 10 5 1,522.9~2,445.8
6 11 } 0.470~0.954 1,765.8~2,926.4
12 8 : 0.412~0.688 1,544.4~2,936.2
15 12 ! 0.536~1.039 1,810.3~2,898.2
16 11 ; 0.376~0.863 1,936.6~2,910.9
A 7 0.647~0.876 1,986.2~3,134.4
HA-CHIKU
5 9 0.284~-0.392 1,867.8~2,591.4
10 7 0.285~-0.470 2,097.9~2,667.8
11 8 0.276~0.396 ; 1,996.5~2,304.8
12 8 0.251~0.400 ‘ 2,026.0~2,771.1
A 6 0.292~0.407 & 1,831.5~2,715.1
B 6 0.363~-0.398 ‘ 1,859.2~2,169.2
D 7 0.303~0.454 i 2,191.2~2,701.5
Table 4. Results of Shear Test (at 15 95 Moisture Content)
No. Number : : : Strength Specific
of stem |of specimen Wall thlck(r::(:s)s Specific gravity (kg/cm?2) strength
MA-DAKE
1 8 0.216~0.511 0.677~0.812 126.0~180.3 177~231
5 10 0.353~0.451 0.855~0.918 108.7~158.9 128~170
6 9 0.343~0.425 0.824~0.877 113.4~180.8 137~206
10 8 0.321~0.541 0.793~0.839 141.8~201.5 176~240
15 12 0.319~0.591 0.715~0.872 107.8~180.1 134~211
MOSO-CHIKU
1 16 0.321~0.875 | 0.686~0.967 116.0~212.0 153~249
6 14 0.452~0.999 | 0.841~0.966 121.5~227.6 129~236
8 15 0.395~1.113 0.689~0.972 111.4~165.2 132~186
13 19 0.408~1.343 0.692~1.049 122.5~208.3 153~199
15 18 0.447~1.261 0.815~1.034 147.6~218.7 152~220
16 15 0.426~1.044 0.886~1.203 154.3~217.1 149~-230
A 10 0.625~1.041 0.864~1.080 ‘ 106.9~252.3 116~234
HA-CHIKU
5 8 0.317~0.500 0.873~0.948 120.3~196.7 131~214
7 15 0.307~0.634 0.802~0.889 116.6~1714 - 132~199
10 11 0.291~0.562 0.910~0.971 } 135.2~207.4 : 145~225
11 6 0.281~0.436 0.926~0.989 ‘ 146.7~188.3 | 149~-191
12 8 0.266~0.466 0.881~0.962 ‘ 130.7~1936 | 147~211
13 15 0.301~0.661 0.908~1.040 E 103.3~191.7 “ 112~201
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3k E $2, 3, 4 FHIRTHEED LRNEEKE 15 % BOHER <5 » Tl
0.630~1.042, =v v v+ 73 0523~1.203, X+ 7% 0.765~1.081 OEFENICDH b,
ARBNC Z OBE 2 RN ITRTE & b MEPCR O THERIEMT AL 5 Th b, H#2
THEFC & 2 REOHER C ORED & 3 HWHEL VR TH 5.

4. BR B

a. FE¥EHRE S/KE 15 7 ORERBE UIFERZE 2 HIORT & ) WERHRED
HEE <4 7 53 469.1~958.6 kg/cm?, =7 v ¥ 713 415.6~1,047.6 kg/cm?, L ~F
7% 583.7~904.3 kg/cm® THOT, KAHF TR H IR T 2 vr> (1,246 kg/cm?) ,
=1 (330~1,175 kg/cm?®) iz v 2 7 (905~950 kg/cmz) 1CHEY S ARREE R R
U, ZOAMOEEBEY Vo F 7 PR EIKS, ~F s PZICKRE, ~F 73k bk, M
b IROPNFEEL IR W O 4575 DIEO HUTIRN TA D FEREREN 1 R I3 AP
WERT D 5. TFUELMBEIORE R RSP EPD DL I T 5.

HFHETREE OEIE <5 2 T 576~1,099 , =% Y U5 7T 730~1,158 , X ~F 7 1%
605~1,074 T, BEIICZEY VU F I/ PR IATHHERBRLN, <F s F27R
FEAE—ET AL I Thsb., MEBINCZBEL D VEFCEPEAONL LI TH 5,

b. GIEEMRE /KK & ORECHE UITEEZE IFITRT & ) CEEEREOE
Bz <4 o5 1,798.0~3,612.1 kg/cm?, =¥ v v 7% 1,5229~3,134.4 kg/cm?, X~
F 713 1,83L.5~2,771.1 kg/cm® TH 2T, ZDHHOEIL ~F s BBEIE =T VY F
7 W INIKRE HICERMERE/MEID 2 fFUECEL, REETR HEIRN IR/ F
(1,770~2,670 kg/cm?) B~ N3 T ¥4 (1,075~2,345 kg/cm?) kb & Hic kX sikEE%
RU, ~"F 7 PRGBS EIDHORDILN~ S 7 OFBEO IO EEN TS,

c. FIWTAEE SKRISZ ORBICHE UTREZHE 4 |ORT & 51T, HWRED
FHIZ <4 o » 107.8~2015 kg/cm?, =¥ v 7 F 73 1069~252.3 kg/cm?, X ~F 7
¥ 103.3~2074 kg/cm® T, A# TR H L SROBHET 5 ¥ 793 4 >~ (1656~195
kg/cm?®), ¥ % (85~210 kg/cm?®), = 3 #n > (88~190 kg/cm?), 4+ 4# > (105
~190 kg/cm?), = # -3 (100~190 kg/em?), iz 12/ % (75~180 kg/cm?) %=
$h AR ELBERRL, MESHOBIIEY V7 F 7 BERTRAMEIT/MED 2
G ETH B0 U TIEOF/MNI~ 4 & TRAERB/MED 2 Fic#Ewd, ~+2713%
NEQHICHE U MERE/IMEDN 215 Td 5.

HWIWTRE O ~ 5 733 128~240, =7 Vo5 7t 129~236, X7 73 112~
225 THOT, M2ZHBFBAE—BUTELIBBRED 7 2738555 & 5 2 E@RABRS
ns,
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A, BRES L HE: OBR

HEFEREIREE & EWTRENIC DN T R 2 ORBF » 5RO IZHE & ORflic, XBEE®RBHICE
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SEHFNCBEE U 128850 5 BWE U L ERER O FIWERBR A D 6, RO L E % 20 B [iERE
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Table 5. Relationship between Compressive Strength
(0¢) and Specific Gravity (S)

‘ | O¢c = a + bS ’ Uc:CS

Species Number | Correlatxon coefficient — —

‘ | a b l c

@ 1 T 0.860 *** | 6938 | 17544 | (8586)

¥ 10 12 0.255 (160.0) ' (mw)[(%M)

3 15 1 18 0.223 6306 | (797) | (837.8)

2 | al| 45 | 0.702 *#+ | 578 ‘ 780.3 | 856.7 ***

| e | _
1 6 | 0.575 * 76 7683 | 9551 %%

) 22 | 0.881 ##x 4305 1,3207  (859.2)

E 12 20 0.905 ** 5258 15818 | (998.2)

o |15 27 | 0.797 #x ~13838 1,0042 . 860.1 %#x

Q| 16 E 4 0.632 * —941 951.0 853.5 *x%

S A 10 0.903 ** ~1644 1,1108 942,7 *:%

! i
all ’ 109 ’ 0.725 **# 102.6 l 789.4 901.3 *¥*
5 15 0.333 (1734)  (6465) | (850.4)
10 1 0.117 . (607.6)  (1858) (856.2)

=Y I § U § R 0.375 . (61.0) | (735.1) (796.1)

E 12 13 0.699 * L 2652 | 1,190.9 896.2 1

S| a 1 0.876 ##* | -6432 14883 | (778.4)

S| B 1B 0.929 #x+ - —2091 1,004.0 778.8 #¥+
D 16 0.641 % | —1,104.9 1,989.3 792.8 # ¥
all |90 | 0.566 ¥ | er6 | 7460 | slo9w

three spec1es\ 244 ‘ 0.664 ** 730 | 7823 | 8631w

<7 rTRAE 3 AT 1 AED TEBEOHE «RZPRD 5N THELAZHE L S WER
FTC QEMRIEE AN, <F 7 2—E U THE D 1T TEEE s B 4R
A L NFERE2ELEHRRTCOBERBEINI

=y vy F 7 TIRAECRLSEICHEE < F57) b e DT 4 ABHE K 28 5 BRI
T, WY D 2EPELARES BVERNTETENHRT, Bieey Vv572—4FL
THIEDTEAT Y T SESHEE <R 3 b T HA2# 5 ERAT COBRE
EzINI,

T TR T A0 4 A CEEEE 2 RBRD 5 TR 4 i 3 FRAR

A EGR RO 1 & HAREL R VERRNTERING, ~F 27 2—HUTHED
PR AT I3 A AE D TS s B 2 D S 0T, R A RIE A EMNT C OBRIZE S
ni.



), 1 00 e

~

& 000}

N

& qo0l
& 00

&S

o800}

8

N

-0

“ 700 F

V

5

5

3 6001

S

& 1 L0 MA- DAKE
3 500F 0 —r—-— MDD -CHIKU

M ® —-—-— HA-LHIKU
—_ AL
00 1 1 L L 1
4 0.4 08 04 ).0 1| 1.2 1.3
Jpccifﬂc gravity. (5)

Fig. 1. Relationship between compressive strength and specific gravity.

3EHh 2 MEf e —TEUIBARCRZORER F 6 BICRT L I, 3 EHEOMA
AT D TEHESHE « ROFAEBHD 51, #F 3 HEDOERBIES 28 5 EHRKT

#zINIZ,
Table 6. Relationship between Strength Properties and Specific Gravity.
: " Correlation c=a+5bS # oc=cS
Species Number | : i i ‘
coefficient f a J‘ b ’ c
between Compressive Strength and Specific Gravity
MA-DAKE and MOSO-CHIKU 154 | 0.739 %% f 45.8 838.4 889.5#*x
MA-DAKE and HA-CHIKU 135 | 0640 **% | 1050 714.0 831.0%%#
MOSO-CHIKU and HA-CHIKU 199 0.627 #+ i 94.1 761.8 864.3%%*
three species 244 0.664 *ix* ; 73.0 782.3 863.1%*%
o between Tensile Strength and Speciﬁ(K:”Grévity that
was observed at CompressionTest Specimen
MA-DAKE and MOSO-CHIKU 87 0.326 ** 1,082.7 | 1,530.2 | 2,736.3%%*
MA-DAKE and HA-CHIKU 79 0.122 1 (2,1365) | (403.0) |(2,788.9)
MOSO.CHIKU and HA-CHIKU| 110 0.262 ** | 1,598.8 734.8 | 2,475.5%%%
three species 138 0.201 * . 1,7364 726.4 |(2,643.9)
between Tensile Strength and Specific Gravity that
was observed at Shear Test Specimen
MA-DAKEand M(")SG.CHIKU’ 71 | —0.003 (24836) | (—1L7) |(2,780.8)
MA-DAK Eand HA-CHIKU 46 | —0.395 *= 44398 |-2,147.8 [(2,983.6)
MOSO-CHIKU and HACHIKU 71 0356 ** | 1367.7 | 9961 | 2,450.2%%*
three species 94 —0.048 } (2,585.8) | (—178.0) [(2,695.0)
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between Shearing Strength and Specific Gravity
MA-DAKE and MOSO-CHIKU 148 0.374 ***

| 6L3 | 1116 | (180.6)
MA-DAKE and HA-CHIKU 106 | 0300 ** . 780 | 853 | (1736)
MOSO-CHIKU and HA-CHIKU| 166 | 0250 ** 1083 575 | (176.1)

three species 210 | 0.355 ** 62.6 107.6 (177.1)

Pz 3T RS UTIEANT b, JERERES & HLE & O3B THEEE 2 AEE « fRH5 38
H o N THEOBERIIFEE 285 ERN TR INI,

2. BIARARHE & ILE

AR, TR O SRS LTS A OB HESRE & ERERBRA 2 O RO TULER Y
BB DR I E - OERBR 2RO IR 2R B T R, B8 %, B2 HEY
# 3 RicRy.

Table 7 Relationship between Tesile Strength (g:) and
Specific Gravity (S) of Compression Test Specimens.
[ ] )

1 } '1 ot =a +bS o =c¢S
Species | Number1 Correlation coefficient | :l
‘ | a b 5‘ c
@ 1 10 | 0778+ | ~14053 | 54263 3.379.0%%*
X 10 6 —0.494 (5.9280) |(—4,137.8) | (3,350.8)
|
2 15 | 12 0.374 (2,3569) = (973.7) | (3457.8)
[
Z | an 28 | 0805 | -84 | 34066 | 34163%%
! - ! _
1 10 0.724 * _1570 | 28753 2,666.24#*
5 6 11 0.867 #¥i —6,650.6 l 10,0715 (2,640.7)
M 12 8 0532 (15328) | (5418) | (22655)
3 15 12 0.464 (—1669) | (2,6386) | (2,466.3)
S 16 1 0.433 (3,253.1) l (5,7716) | (2,406.9)
g A 7 0.602 (-34806) | (57914) | (2321.7)
all l 59 0.542 #%x i 278.1 \ 2,160.1 i 2,461.8%#%
5 [ 9 0.468 | (2325)  (22618) | (2,538.4)
0 7 ~0.109 (81290) (—65042) | (2,502.6)
S n o 8 0.500 (4107)  (L7384) | (2,1490)
¥ 2 | 8 ~0.704 (60562) (-40034) | (2817.4)
£ A | 6 ~0.890 * 124357 —~114729 | (2,566.9)
- B 6 ~0216 (2,860.9) (—969.8) | (2,4126)
= D 7 0.350 (~31169) | (61230) | (26945)
’ 51 ] —0.001 (2,286.3) [ (—2.8) l (2491.7)
three species | 138 0.201 * 1,736.4 ' 726.4 \ (2,643.9)

BIERRE & ERERBR T O E & ORI KOBRBED b1z, B, <57/ s TR
3A&M 1 A ICED T EEOHERBE AREPAD LN COBRB ERAR2BLIERATEIN,
X ~F 5 p—FELUIEAT S RECED TESEZHEBA~RZPRD LN THELA2ZES ER
ANTEINT,

Y VY F I TRAR 6 AT 2 RCHEARBHED LN, 1 OB TIRER2ES

BT, 0 1 ARESAZ2ES 2V ERXTLOBREIEIN, =V v vF 7 2—F
LIz & i@y TEESERE  EBED LN THEAZEIERKNTE INT.

ANF TR T AR 1 RCEOHEBARBED SN TREEARZES ZWERKTCO
BRiEExN, ~F 2 2—FUEARBHEEBAEBRD NPT,
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Table 8. Relationship between Tensile Strength (o)
and Specific Gravity (S) of Shearing Test Specimens.
3 o =a + bS i gy = cS
Species Number | Correlation coefficient - —
a b c
@ 1 8 0.763 * —4,1154 9,047.8 3,403.1 #
ﬁ 10 5 0.123 (—1,071.8) (4,674.3) (3,341.4)
2 15 | 10 0.327 (2,491.6) (1,070.5) (4,192.7)
= all 23 0.535 ** -1,131.6 5,213.9 3,746.7%**
5 1 10 0.700 * —-157.3 2,782.0 2,579.8%x*x
M 6 8 0.149 (2,234.2) (198.0) (2,458.3)
8 15 12 0.436 (—1,385.3) (3,932.4) | (2,4849)
g 16 11 0.340 (459.6) (1,900.7) (2,368.4)
'% A 7 0.783 * -1,608.7 4,135.4 2,455.5%%*
all 48 0.415 ** \ 1,307.7 1,062.1 (2,459.3)
5 5 | 6 —0.548 (6,655.5) |(—4,924.2) (2,311.1)
i 10 7 —-0.161 (5,456.1) |(—3,412.3) (2,413.5)
5 11 5 0.143 (1,566.7) (612.6) (2,246.8)
« 12 5 -0.014 ¢ (2,560.1) (—-181.0) (2,644.8)
fas — :
all 1 23 -0.242 f (4,166.0) |(—2,016.7) (2,459.0)
three species i 94 —0.048 [ (2,5858) | (—1780) | (2,695.0)
4,000
r@ 3,600:
~ C
3,200
N
& A
. 2,800}
x -
-+ L
5 L
N
-+ o
o |
2,000t
N -
—_— -
5 [ - Xoomeoaes MA-DAKE
& ,60O[ " ®® e—mme MB5G-CHIKU
- o= HA-CHIKU
~ i ” —  ALL
Lzoo A 1 L A AL 1 L L
04 05 06 o7 08 09 1.0 I.1 1.2 13
Specific gravity (s)

Fig. 2. Relationship between tensile strength and specific
gravity of compression test specimens.
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Fig. 3. Relationship between tensile strength and specific

gravity of shear test specimens.

3B 2 B E—TEUIEAIRR E 6 BCLDRERLRT LI~ F rey vy
VF 7 TREER, ReVVIF 7 EAF 7 ETREBD TEHESEBE < ROEAENTED &
NTHEOERI TR ER2ELERNTEINT,

3 EERHRA LIRS TE OB « Ry S THA2H 5 2 WEHRKTE
I,

BEEGREE & HibTaREB T OHLE & O 3ROBEBBED SNz, BB, <45 > Tk
3&E 1 X ICHEE «ROFAEPED LN T EAPBEMKTEIN, ~F 7 2—FL
THE O ESRIESEOREB «EZB AD LN T RAZBAERKT o BRBEIN
1o

Y Y UFZTEAR S P 2 FRCHBE A ROFESRAD 6 NITHE AR 5 ERK
TZOBRREIN, =7 V75 72— USRI ESEOHEE «ROBZEDSED b
THRARBEL ZVWERKTEINI, :
AT 7 TRAAR 4 R < ROBAAERED LN, FiL ~F 7 2—FEL Tk
AT b FRICHEBE « ROBFAERRD 5 Wis» D27,

3 BHET 2 B R —E USRI, <8 0 nFr R =TV ST EAFI T
BT EEOEE < ROFEBED SN, FETIRAOHEBRENS LN T—ROER
ERRHOHBERZRUILY, BEIRES2HE? ERAXTHZOBMESEINT,

3 FERR2ARA U A b R x (ROBFERRD S iz b2z,
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Table 9. Relationship between Shearing Strength (o5)
and Specific Gravity (S).
‘ gs=a + bS 0 = cS
Species Number | Correlation coefficient ;
[ a ; b c
1 8 0.796 *** ~986 345.1 209.8%%*
@ 5 8 0.561 (~177.4) (355.2) (155.5)
% 6 8 0.433 (-1869) | (391.1) (170.5)
2 10 8 0.598 (—3532) | (6293) (196.6)
S5 15 12 0.551 (-333) f (226.3) (184.5)
all 44 0.118 (117.3) (37.9) (181.4)
1 16 | 0.703 *#* —80.8 296.9 191.1%%%
o 6 14 0.128 (172.0) (12.6) (192.4)
2 8 15 0.542 * 58.3 925 161.8%%%
= 13 18 0.822 *#% ~392 216.0 175.0%%%
& 15 16 0.446 (7.4) (179.5) (187.5)
3 16 15 —0.024 (2035) | (-210) (169.7)
= A 10 0.732 * —2433 4270 169.17%%%
all 104 0.362 **x 638 | 1107 | (1803)
! . a | b _ |
| 5 | 8 —0.072 (2219) | (-681) | (1723)
7 15 0.220 (20.7) (142.3) (166.8)
2 10 1 ~0.179 (346.3) | (—-186.0) (182.6)
= u 6 ~0.078 (2118) | (—441) (176.9)
< ‘ 12 8 0.160 (32.0) (139.0) (173.7)
=13 14 ! 0.496 (~178.0) (337.9) (154.8)
} all 62 ’ 0.353 ** 199 ’ 147.7 169.3%%*
three species | 210 ‘ 0.355 %% ; 62.6 j 107.6 177.1)

X5 TR S A 1 ARCHED TEHEOHEE ~ROBEAENED CNTHEARELIE
FATEIN, ~F 7 2—FL THIE D ITEAICIIEE xR b s 01z,

TV YU F 7 TIRR T A 4 RCHEE < EORENED SN T 4 AL E S 2E S
EMGNT C OBRIZEFEINIIY, =7 VU527 2—F5 L THik D T 85410 138D TEEE
B = B33 6L N TR A RBES 2 W EHXTEI NI,

NTF 7 TR TR 6 ARAEEE < ROFAEORD HAIZ b DRIV, ~F 27 2—FELT
HIRD IR A B E R OB < ROBAESED b, COBRIES2HES EHXTES
niz.

ST 2 FE TN BA B ZOBER B 6 B RTLIST~F 2 ~F IR
K=Y VTF 7 EnF 7 TREER, X<F 5 Eev v 7F 7 Tidin S faE %
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Fig. 4. Relationship between shearing strength and specific gravity.

Table 10. Relationship between Tesile Strength (ot)
and Compressive Strength (oc).

|

ot =a + boc o1 = € d¢
Species | Number | Correlation coefficient
i a b c
. 1 10 0.633 * 756.7 30 | 4.3 %xx
ﬁ 10 6 0.586 (1,838.1) (1.2) (3.8)
i 15 | 12 ~0.237 - (41482) (-1.1) (4.1)
= all 28 0.768 *** 922.9 2.8 (4.1)
1 10 0.409 (1,011.6) (1.3) 2.6)
2 11 0.538 (—1,391.6) (5.0) G3))
= 12 8 0.707 * | ~1,6450 42 2.3 #4%
o 15 12 . 0.607 * 95.0 2.7 2.8 ®%%
'§ 16 11 0.085 (2,223.2) (0.1) (2.8)
= A 7 0.919 ** —4,362.5 71 (2.5)
Cal 59 { 0.421 *** | 7613 18 2.7 wwx
5 9 0.524 (500.2) (2.3) (3.1)
10 7 0.337 (—602.3) 37 2.9)
2 11 8 0.380 (1,160.1) 12 (2.6)
= 12 8 0.074 (2,113.5) 0.5 (3.2)
&) A 6 0.905 * —8,607.8 163 (34)
- B 6 —0.475 (47256) | (-42) (32)
D 7 —-0.313 (3,557.9) J (-1.6) (35)
all | 51 0.275 . (1,5599) | (1.0) l (31)

|
threespecies‘ 138 \ 0.179 * , 1,834.8 0.7 } (31)
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Fig. 5. Relationship between tensile strength and compressive strength.
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Table 11. Relationship between Strengthes.

; T
‘ . c=a-+bo | g=c¢0
. ! Correlation ‘
Species Number | coefficient

a \ b \ c

between Tensile Strength and Compressive Strength.

[

MA-DAKE and MOSO-CHIKU | 87 ! 0.125 & (2,032.0) (0.5) ‘ 3.1

MA-DAKE and HA-CHIKU l 89 0.877 *** | 1787 3.2 E (34)

MOSO-CHIKU and HA-CHIKU l 110 0.289 *** | 1,462.1 1.0 2.9)
three species \l 138 0179 * | 1,838 0.7 (3.1)

between Shearing Strength and Compressive Strength.

MA-DAKE and MOSO-CHIKU 96 0233 * | 96.8 0.09 3 0.21)

MA-DAKE and HA-CHIKU 60 0.132 \ (136.6) (0.03) | (0.21)

MOSO-CHIKU and HA-CHIKU 102 0.222 * 87.2 0.10 (0.21)
three species 129 0.221 * ‘ 102.2 0.08

(0.21)

between Shearing Strength and Tensile Strength

MA-DAKE and MOSO-CHIKU | 69 0269 * | 1571 0.003 (0.065)
MA-DAKE and HA-CHIKU 48 —0.158 (177.5) | (—0.008) | (0.059)
MOSO-CHIKU and HA-CHIKU 71 0.248 * | 950 | * 0033 (0.074)

three species 94 0.027 ‘ (158.0) ‘ (0.003) | (0.066)

3 2EEA UTB A I OMICAHE < ROFAEVPRD SNT, KRAZHEL LD
EMRX T CoBfRiEE s NI,

BE2E5 EREL TR EHROEHIZ 31 THOT 2 EHsEZ—FELTRDI
BIE L 7A & —KUTES,

2. BUNTRREE & FENERREE

B ERRN, FERIBIR O 3 FEE AR A U TEE O HINTIREE & FEREREE & O MO ERRBIR 2
RpTFERE F 12 & RO HE 6 MicRT.

~ 5 5 TR 3 ARLIICHE «ROFEESED ONT, L <F 7 2—FFLU THE O
AT b BT « fROFEERTED b2,

=Y VYT 7 TR AR S AF 1 RCHEZAE < ROFAEVRD SN TRARZES S
WERBSRXTCOBRIERIN, =7 v UF 2 2L THERD IS AICIIHEE «R135ED
ONTREARZ2BELEHRXTCOBERIEIEINT,

ANF 7 TRAEIT S, L—FEU THHEOHAT B «ROBFEIRD b1 s
Dotz

3EHER 2EHE L2 —E LU T COBR2PRH T, BULKTRT L HIC<F 5 =7
VUF I REET VUF 7 EAF 7R THEBAROBEPRD SN T, HIKELR2HE
bIsnWEHSKTE INIL.

3 EH 2K S UTEAIC T HE « RO 3D bW TR A28 5 10 EFGUTH
Iniz,
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Table 12. Relationship between Shearing Strength (os)
and Compressive Strength (¢

i . ds =a + bo ‘ gs=cC0
. i Correlation $ ¢ [Us ¢
Species Number ‘ coefficient } —
% | a b c
M 1 8 | 0.565 (76.7) | (0.14) (0.28)
X 10 7 ~0.054 (173.6) | (0.02) (0.22)
2 15 12 0.468 (-513) | (025) | (0.19)
= all 27 } 0.019 | (1487) (0.00) | (0.21)
1 15 0.397 (567) | (012) | (0.20)
2 4 0.241 (127.2)  (007) | (0.23)
T 15 16 | 0.350 L (1027) | (0.09) . (0:21)
< 16 14 0.066 ©(685) | (0.14) 0.22)
o) 1
3 A 0 0.815 ** -2041 049 0.17)
b= | '
all | 69 { 0.240 * 713 012 0.21%#*
5 8 J ~0.283 (260.4) | (—0.15) (0.23)
2 10 11 i 0.185 (861) | (0.11) (0.22)
o 1 6 | ~0.386 (309.6) |(-017) | (0.21)
Q 12 8 0.011 (156.1) = (0.01) (0.20)
= _ o
Cal |33 ] 0.093 | aeze) ‘ (0.03) l (0.22)
three speciesi 129 0.221 * i 102.2 | 0.08 ' (0.21)
300
C
vy
~ 260: o
}bg : ° /'/‘/
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Fig. 6. Relationship between shearing strength and compressive strength.
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3. BUWTRREE & B IRRSAEE
AR, FEERIR O STEE RS U T A D BINTREE & BRI & ORO EMREBMR 2
ROTEERPHE 13 FLEE 7 RicRT.

Table 13. Relationship between Shearing Strength (¢s) and Tensile Strength (o¢)

‘ :
. gs=a+bo | os=coy
Species ’ Number \ Corr el?;ggilcien ¢ — o -
| | a | b c
& 18 0.752 * 809 | 0029  (0.061)
< 10 5 —0.046 (1655) ' (0.005) | (0.056)
= 15 | 10 0.208 (-91) | (0.046) : (0.043)
E b e . . — R ,V . — —
al | 23 f 0.410 (1412) | (0.003) | (0.050)
1 10 0.444 (658) | (0.040) | (0.073)
v 6 8 | 0.400 (1159) | (0.028) | (0.075)
5 15 0 | 0.158 (150.7) | (0.009) | (0.074)
S 6 1 —0.001 (186.4) | (0.000) | (0.079)
3 A | 7 0.850 * —-208 | 0082 | 0.073%*
E o { !
all | 46 | 0.552 #¥%x 717 0044 | (0.075)
o 5 | 6 -0.181 (199.2) '(-0.016) | (0.076)
v/ 10 9 0.558 (109.3) = (0.025) | (0.072)
z 11 5 —0.800 . (378.3) (-0.098) | (0.077)
Z 12 5 -0.278 | (2253) (—0.026) | (0.067)
m S S . - ,,: — R - —
all g 25 0.095 | (152.4) ' (0.006) 1(0.073)
three species| 94 0.027 (158.0) | (0.003) i(0.066)
300
= i
L [
260 .
# [
" °
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Fig. 7. Relationship between shearing strength and tensile strength.
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~ 4 > TR IAT I RCHE ~ROFEXED b N TRAZEL ZVWERKTCZO
BRIk Ih, ~F o 2—FL THHE OIS CREE A RRED Shirol,

YV Y UF 7 TRIBRSFP I RCHB «ROFEPHADONTHER/EBLIEHKTC
OBRIZEIN, =V VTF 7 2—F L THEDIIHAICIIHD TEEZHEEB 2« RBRD
LNTHEARES ZVWERRTEIN.

AF 7 TRABINERF—RB U THE O ITHAT A< ROFHEIRD S » 2T,

3 PR 2B 2 — 1R U T C OBRERET T T BIL R ORT & 5 I HlmREE L

WHHRECOBROBES LIRS =T s L 20 vV oF 2 RN Y VI VF 2 EAF ZICRT
HES = ROBFAEDRD b iz,

X IFER2ARA UIHA b A ~ROEEIRD bz D,

FHE2E5 ERELUTRDIZERBRDER T 0066 THOT, 2EBHHEEZ KL TRD
NEECGED U TES.

Table 14. Relationship bteween Specific Gravity (S)
and Wall Thickness (W)

S=a+bdW
Species Number Correlation coefficient
a b

1 23 —0.851 *** 0.899 —0.49

@ 10 0.405 . (0.758) (0.31)
X 6 9 0471 L (1.002) (~0.41)
a 10 20 0.198 (0.785) (0.07)
= 15 30 ~0.131 (0.934) (~0.10)
] all ] 92 —0.001 j (0.830) (0.00)

6 36 ~0.316 (1.042) (~0.20)

5 8 15 —0.652 *%* 1.021 -0.26
v/ 12 20 —0.886 *** 1.049 ~031
z 13 19 —0.752 %% 1.158 —025
S 15 45 —0.650 *** 1.037 —0.12
3 16 29 ~0.230 (1.027) (-0.09)
= A 20 —0.720 ** 1.257 —0.36
all | 184 —0.356 *#x 1.024 —013
- 0.322 (0.799) (0.21)

7 15 —0.777 ** 0.916 —0.18

10 22 0.134 (0.908) (0.04)

2 1 17 ~0535 * 1.081 —0.29
- 12 2 ~0.003 (0.908) (0.00)
5 13 15 ~0.663 ** 1086 ~0.24
E A 11 ~0.739 ** | 1.066 —0.61
B 13 —0.918 *** 1315 -123

D 16 —0.648 ** 0.975 ~017

all 153 : —0182 * 0.954 —o11

three species 429 —0.013 ‘ 0906) | (0.00)
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Table 15. Relationship between Compressive Strength (o)
and Wall Thickness (W)

| gc=a+ bw
Species Number | Correlation coefficient |- —_
a b

= /O TR —0.813 #ex 9401 ' -1,0621
- 10 12 ! —0.506 (890.7) (—5338)
2 15 18 ‘ —0.068 (812.2) (—25.6)
2 an 45 } ~0.070 J (747.9) (~64.6)
o 6 22 —0.664 *¥** | 926.7 —2335
v 12 20 —0.818 *** 1,129.8 —4825
5 15 27 —0.410 * ; 886.3 -97.3
,8' 16 14 —0.426 ‘ (885.4) (—95.4)
o A 10 —0.807 ** 1,253.8 —~3959
= ‘

all E 93 —0.438 *x* ‘ 941.1 —162.3

5 15 —~0.642 ** 944.9 —674.5

10 11 —0.340 (826.4) (—130.9)
5 11 11 0.410 (668.6) (414.7)
i 12 13 ~0.496 (955.6) (—471.0)
o A 11 —0.854 *xx ! 1,028.3 —~1,2036
;' B 13 —~0.810 *%* ‘ 1,091.3 ~1,173.6

D 16 —0.744 #xx 916.5 —609.6

all | %0 ‘ —0.338 *x ) 858.8 | 3474
three species! 228 0.072 ’ (765.4) | (332)

~F rTRAR 3 AP 1 ACEB) TEEZADHBE < ROGEEBTY b NH & 28
LISWERMTRINIID, <5 s 2—FEUIEATREEZHEBE A ROFERRD L1
ARl ol

TV YVF 7 TR DS R 4 RCEOBB «ROFESED bNEA2E L VE
WATEIN, =Y VU F 72— UNEBAC  ED TSESZAEDOHE ~RZBRED 5T
RARHE LD ERRTEINI,

NF 7 TRAR T AT 4 FCED THERCSELSAOHEBE «EZBRD LNT, FER
PHOZVERKTRIIN, ~F 27 2—FBUNHECREELEOREB«RBERD b1
THAZHES ZVERRTEINT.

3 HEET 2 BEAR R UNEAIE <57 & ~AF 27 0MAETERVWTOABEREHE
B =« fROFAEMED b iz,

3 TEHRHE USSR < ROFEAGED ST DI,

3. FlERMHE & BEE

AR, B RO 3 R RARA L ILHE D BEMOERMBER RO I SR R2H
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Table 16. Relationship between Tensile Strength (¢;) and Wall Thickness (W)

: | Gi=a+ bW
Species Number | Correlation coefficient |— T
| a ‘ b
5 1 10 ~0.692 * 3,298.0 —2,446.6
< 10 | 6 —0.762 (3,652.4) ' (—2.699.1)
Rl I CRR —~0.646 * 39042 | (-13596)
= an 28 0.036 L (2,519.7) ‘ (1585)
[ _ |
6 11 —0.956 *#x 3,811.4 —2,026.4
2| 12 8 ~0.548 (34495) | (—2,663.4)
% 15 | 12 ~0.750 ** 3,436.8 ~1,359.0
S 16 ! 11 —0.781 ## 3,289.7 -1,550.4
é A 7 —0.701 (4,729.2) (-3,167.2)
all 49 ~0.449 # | 29776 | -9933
| 5 9 —0.063 (2,271.6) (—388.8)
L 10 7 -0.372 (2,8662) | (—1,1431)
2 11 8 -0.018 (2,167.3) (—48.6)
= 12 8 0.112 (2,321.2) (602.5)
@) A 6 ~0.047 (2,408.5) (—389.9)
= B 6 ~0.139 (24859) | (-1,172.7)
D 7 0.518 (1,774.1) (1,838.6)
all | 51 . ~0.061 L (2,407.8) i (—346.4)
| |
three species ! 128 i —0.251 #* : 2,681.0 —~547.3
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greor
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Fig. 10. Relationship between tensile strength and wall thickness.
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Table 17. Relationship between Shearing Strength (os)
and Wall Thickness (W)
i ‘\ s =a+bWwW
Species Number | Correlation coefficient ‘
- , | ] e |
1 8 | —~0.951 #*# 2139 —1736
. 5 8 0.256 (74.4) (151.7)
- 6 8 —0.213 (210.5) (—172.2)
A 10 8 —-0.221 (181.6) (—52.1)
S| s 12 —0.197 (163.2) (~360)
all 44 { —0.297 (176.1) (—68.4)
6 14 —0.336 (2135) |  (—495)
o 8 15 ~0.451 (157.8) (—31.0)
= 13 18 —0.889 229.4 ~766
o 15 16 ~0.662 #* 218.7 —-52.7
'% 16 15 —0.068 (206.3) (—346)
I
= A 10 —0.725 * 335.1 ~215.3
all 98 ~0.303 ** i 211.6 l —59.4
5 8 ~0.750 * 292.1 -324.3
5 7 15 —0.286 (158.0) (—42.2)
X 10 11 -0.229 (193.6) (-56.1)
= 11 6 0.788 (92.2) (219.9)
;r:': D12 8 ~0.591 (219.6) (~165.5)
13 14 —0.251 (180.1) (-62.3)
| all ; 62 ~0.344 ** 190.0 ] ~824
three species [ 194 —0.062 | (163.9) \ (—89)

ARBEORVERRTEIN, =7 v vyr 7 2—FUIEAT L RRCEESEOHEEE «
FBOBREBRD LN T, KAZEL BVERXTEINI.

AF 7 TR 6 A 1 ALICHERAOHB AROFENED o T, KA%2HEL
RNEBSRTEINIIY, ~F 27 22— U ISR SEZEOHERE «R¥R) o1 T,
JRAZEDL ZWEHRTEINI,

3 T 2 EREE—EUNEARE <5 r & ~AF 7 DHA TR TDAERESHE
ZRHBTD LN

3 BEE RS UIEACREESHEE xROFEIRD s hia» 21,

8

V. &

1. BREEUME & HE & OBRIERREOSASRE 5 F RO HE 6 RITRT & )T
RITRBHO 69 2% (11/16) HELHE ~RBAD bh, BicHy 4 2% (7/16) 1
B S 25 ERNTE S h, EHS, 2 BEOMARY 3 BHAR2—EUIHEAI
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HICERRE S B OBRIE~F 7, =7 YV OF 7RI A~F 7 D=IEH % R—IC ik
DTHEEAZHEAEHR (0:=863.1S) TERZDTH 3.

FIERBEDH AT BB O LER2EBERE U S 21iOT ERARH & Bkt
EODHERERULY, B 7 KR E 8 ELHETNIEHET S & 5 BBl O
BEREAULHTBSHEELENOT, EHERBHA DO RO IIHE &5 ERE & OBE®2XR
DIAERLEAT 5. MRITREKD 25 % (4/16) CHESHEE RS b, &
i 13 77 (2/16) WIS W AERNTHE I, TEHEIIRD 2 B2 —IE L TE
AR 67 75 (2/3) WEERE A EHRRTEIN, 3EHLKRES LITEAIE
a2 6 WERR (0=1,73641+7264 S) TE 3z,

iz, BERMEHE & HE & OBRE ~7 7 TRFEBTEER2E S NS, &EEicsk
2FER2BHEMAT XKLL L FBHLUE LN T ERAREOES & B BRIV H 23
w5,

BIBTREE T 9 RIORT L 9 KT TIRB DR 28 % (5/18) 1w B I3 HEH <415
RO LN, ZDLMBFERREERNTERIN, VEEIITRY 67 % (2/3) wEER
B < RBD LN T ZDHT ~7 7 17725 MR EESHEE < EBAED 5o
DT b5 THAREAEMRR TR INTY, 2EHEE—IELUIE4 RO 3 BHEAK L

A UIBAEBNTEARE L 2L ERKTE NI,

BUT, BINTHREE & HE & DBIRR A ST SBORBH 2 AT S AR O 5
CIRFER 28 2 ERAVE SN TERREDOSHS & A—2@RBRAD SN b,
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Table 18. ¢-Test of Mean Value of Components of
empirical Formula between Strength

Properties and Specific Gravity.

Species . Degree of freedom “ t

Compression strength

MA-DAKE and MOSO-CHIKU 7 " 0.958
MA-DAKE and HA-CHIKU 8 ‘ 1.544
MOSO-CHIKU and HA-CHIKU 1 ‘ 3.068 *

Tension strength

MA-DAKE and MOSO-CHIKU 7 i 8.101 ***
MA-DAKE and HA-CHIKU ‘ 8 ‘ 6.778 **x
MOSO-CHIKU and HA-CHIKU ‘ 1 ‘ 0.597

Shear strength

~ MA.DAI |

MA-DAKE and MOSO-CHIKU | 10 | 0.303
MA-DAKE and HA-CHIKU l 9 1.266
MOSO-CHIKU and HA-CHIKU | 11 3 1.532

i

R, REOHE - HE - OBREEERIICRFES2HEIEHRRNTEIN, 0%
REEE UTERRE T SR 2HEA U T SRR RERE 25 & MRk s,
BRI & HE & O BESYRIRCAEFEICRE A2 B8 T30 L LT, 208
1R (0=cS) DEHR () 2R THAFEBRNC B U813, 5 18 F1GRT & 9 i FENEH
BEHELDERTREY VIF 7 L ~F7OMCEEENRD ONEDATH B,
R OB ST 2R A UIBAR R G 2B A EMTHE -t OBREIEIN
1OTHOT, COBGRERDOMBE «FRE2D o 0 4 A& ko adick
UNEBRTH O TSR T %, FIERMRMBEOSHAICI~F 7 LMo 2 K & ORticid 0.1
L DKETHEREENHEDLNS.

iz, 3THOILE, FERABRVEERERE 2R TH 19 & OfE 281, b,
HWEIZ<F 7 BRAINT, =0 VO F I BEKR, FEERERESERER <~ > BHEKRT
T Y UF I PRMERRT LI TH B, LD IEHOSMEDLHEROZEDORE 2T
DIFERBBNT~ S 7 D 2 FEH & OIKiZ 01 2% OKETHEZNED 10,
B, 3BT~ 7 3 HEM/NTERESREEDS A, D THBEERE (B ¢) ¥ KT
HHEVHET 2. METHIE, ~F 7 BEEEREOED 5B 41T 3BT E L HE
HICEFTHLEBRDOLNEDTH %,

COFRHE 20 RIORITHREOR R L I —FH U TV AERITH B,
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Table 19. Mean Values of Specific Gravity, Tensile Strength
and Specific Tensile Strength.

Species Specific Gravity (S)  Tensile Strength (c7) nggé‘}l‘:gtg e(ﬁf/l}?%
MA-DAKE 0830400182 | 28529418797 | 33959413778
MOSO-CHIKU 0931400136 22395412406 |  2,4622+171.29

HA-CHIKU 0.915+0.0095 | 2,288.84 76.81 " 2,525.9-:189.86

Table 20. Tensile Strength (kg/cm?2), having been reported.

T Surveyer
T~ Tokyo Univ. Forest Uno Shimada Tatsumi
Species T
MA-DAKE 1,818~2,727 } 2,833.5 1,900~-3,790 3,250~3,400
MOSO-CHIKU 1,720~2,214 | 1,938.5 710~3,450 1,170
HA-CHIKU ’ — | 18218 - 1210~3610 —

HEDT, HBBEAIMER (0) HE (S) tOBMERXE LT
EREREE (00) & HE (S)
3 kRS 0.=863.1 S=860 S
B ERSAEE (o) & HE (S)
~F 0:=3416.3 S=3,400 S
TG VGF I AT
6:=24755 S=2500 S
BINTRREE o5 & HRE (S)
3 A 0:=177.1 S=180 S
BEL NI,

2. BEMREMOBRICETIZ, 5 IBRARE & ERERE - OMTHEESEE < ZORD b1
THDI 10, 12, 135 IRT & H T, PRIT #9 31 % (5/16), BT #9167 %

(2/3) THOEERT, BIMTIREE & EREHREE - O TRENO #8 % (1/12), EENO
# 33 7 (1/3) TChiT ik $Eic 3 I 242A LT SRS B RV b, Bk
B L B IIRBRBEOMTRAEIOH 17 % (1/6), FEHEINO# 33 % (1/3) T&H b EXRT
bB. COFEPL, LOERD SRDICHEHDREED R TR ERERESS b L COBK
2RU, MO THEREE, ECHNRESR IR LVENIDTHEEEALND,

X, BEMOBRPERTELISAR, RA2HE2EHERNOEBAYES 0 3mEN
T 50 75 (4/8), FEHAIT & 50 % (2/4) TdH 55, 3 FHE LA UIEAICIZEYS S
Twve HIT 3 FEEER K x 2 BRI LT MEMHEROMEE « R Bt U, B
1 #iT 2 OFERERT & 91, FREMBAFOBD 6N B2 DT BRTEK
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EInBgs,

BEHIEEDOHE & OBRIIERRX (6=aS), B L R (0=bS") THEINI P S
BB MR OHELEA L B2 T, oM o mEREMOBRA2HES
NSRS (01/02=mS"?) 1351 5 BEEEOH AT IIRENO R —E L5 5,

REEMEE IO HE S OBKIR F 12, 13, 14 MicRT & 5 0 REOHIETOSR
ILICE D TR T 2 —EDOBERIB R LN TIC—M L 2O T—El 2R T L5 T, X~F >
DF [EERPEDSFHCA X WEDE 12 BN 14 M THETH 5,

Wi, EEEBRNCARBAEROEEZRD TE2A FILRTELE 2B,

O hDZPEHRECHRT TN SRS & ERRE & OlRTR BT HEEBED
LNTZDWWH U T, ERESREE & BIWIREE & DR TR AT EBLRAD LT, T
BIESREE & BINTRE DT <5 2 & =7 Vo7 7 RO ~F 7 & ORIICHEEE D
LT, ZOHP L~ s OFEERERIMOBEEL b b kX WEBYHETS,

DT, H2ALFTTRU I & ) CBERRBUT HBEIA T & 5 25 BHENT O D T RED
WD &L 515,



Table 21. Ratio between Strengthes.

|

ailoe oclos : aifos
Species C T “‘Coefficientt =~ Coefficient | ICoefficic
‘Number, Mean of Number, Mean | of Number| Mean of
‘ ‘; | variation | i | variation | | variati
T % N % | [
MA-DAKE 28 4.01+0163 11.0 27 4.65+0429 229 \ 23 19.72+1913 220
| | &
MOSO-CHIKU 29 273+0115 164 70 4.87:!:0.2211' 18.9 46 13.360.763,  19.0
HA-CHIKU 54 [3.06:0.140, 165 | 33 4.70:&0.151‘ 89 25 13680995 17.3
|
I : I o
Més‘zrﬁmKU L “ — — — j — ‘ 71 134740489 184
HACHIKU | , | | ‘
Three species — R 130 ‘4.78:i:0.151; 18.0 ( — —

5ERGREE (o) & FEMEHREE (00) & DI

~F s ot/oe=4.0

Y VTF P o/oe=2.7

NF Y otlee=3.1
FEXERREE (o) & BIWTAREE (0s) L DI

3 dgelos=4.8
5ARAREE (0r) & BUBTAREE (o) & DM

<3 ot/os=19.7

TV GF I LTS

gt/os=13.5

T DB 2 A T DI & B3, BIEEIREE & FERETREE & D I (a/oc) 12 2.7~4.0 T
RE—BL U, EREREE & BUBTTRHEE & DI (05/00) 13 4.8 DB & LT 021 T &2 TAM
Ihd8KTH 5,

3. TREFAUMEE SREE - DBMRE RS 14, 16, 17 KX 18 b SBFETIVE, MRS
349 40 72 (31/68) WHELSADHEBRENED bNT, ZOBRIERITHEIN, &
BN 3 58 % (7/12) 5, X 3RS UIIEAIE 25 % (1/4) MREECERS
TERIN®, '

PEDT, BRERIMHE SEEE - OBMRIIATRIIOD AT L EEITERA U Tl &
% LTSRS,

X, Th o DEHRNBRNTEEEBHMNT B> THREMMEE ZRL T 23H2 R,
IR DFRFE USRI R O N A HIF & — B L TES .

VI. 5 E

U A P EERHEHBHIEERAR» SR U< o, =7 VT F 7RO AT 7 %bf
ke U T R—ZHES OB RNCBERE U 12D & S4E L T2 3R 200 U T 3k~ Fig
TREE, BIERMRBER O BINTIREE 2 R, B RENT R I E R O REE 2 A TSRO &K
157 DIRFEITHE U I E RO ERREIBIMR 2 BRET U 1o, 43T, SRIERT O BR 2 A
TOBEMR & B LI,

LOBHTH LI DIEEIROBAI TH %,
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EHFTHHESHELI,.

2. TREEART OB AN & HEE & O BR & ACEFICE A28 5 EHiTxR
INEBY, ZOFEE, MLBREMOREIFX~OEFicL>TES O LHfEINT., BE
WCHREERC EERBEAR T IO 23R % & B IR & R & DL TRE 21 £D L H
AR TR xBOTBE 2R U~ 7, ~F27RN=Y Vo5 7 DEFT X x, 40,
3.1 FByr 27 Loz,

TAUTH U THERETREE & SINTRBE O L TIEFEIICAEESZERAY N, 3 ElEAL
T 48 £ h, BIIRMRE & HWBAEE L DT~ 225 197 TREXL 2T VY TF 7 &
F 7 RBAEEPHEDLNT HELUTRD T 135 Loz,

C DBUE 2 AH T DIk & HlE T 035 BRI & FEREHREE & DIz KR—30T 543, EkE
TRHE & BIMTIREE & DA L b R TH 5,
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STUDIES ON THE PROPERTIES OF BAMBOO STEM (Part 15)
On the Relations among Strength Properties, Specific Gravity,
and Wall Thickness

Motoi Ota

(Résume)

The purpose of this experiment is to seek for the linear relations among
the strength properties (compressive strength, tensile strength, and shearing
strength), the specific gravity and the wall thickness, adjusted to 15% moisture
content condition, of MA-DAKE (Phyllostachys reticulata C.Koch), MOSO-CHIKU
(Phyllostachys pubescens Mazel), and HA-CHIKU (Phyllostachys nigra var. Henonis
Staph.), and to compare them with that of wood. Each set of specimen was
taken from laterally adjoining parts at the center of a node interval.

The results of this experiment are summarized as follows :

1. The relation between the strength properties and the specific gravity with
each species, and the relation between the compressive strength and the specific
gravity, and that between the shearing strength and the specific gravity with
the three species can be expressed by a linear empirical equation (¢=aS) passing
through the origin as shown in Table 6.

The relation between the tensile strength and the specific gravity of MOSO-
CHIKU and HA-CHIKU can be expressed by the same linear empirical equation,
but with MA-DAKE, the relation is expressed by a different linear empirical
equation with a larger constant than the former equation. Therefore, it becomes
clear that the specific tensile strength of MA-DAKE is superior to those of the
other species as shown in Table 20.

2. The reiation among the three strength properties can be expressed by a
linear empirical equation passing through the origin with each species, as in
the case of the relation between the strength properties and the specific gravity,
but it is considered that the constants of the three empirical equations (ratios
among the strengths) vary with species as shown in Table 11.

The ratios of the tensile strength to the compressive strength vary with the
three species as shown in Table 21 and their mean values are 4.0, 3.1 and 2.7
for MADAKE, HA-CHIKU and MOSO-CHIKU respectively. There is no significant
difference among the species in the ratios of the compressive strength to the
shearing strength and the mean value of the ratios is 4.8 for the three species.
The ratios of the tensile strength to the shearing strength of MA-DAKE is the
largest among the three species and its mean value is 19.7, but there is no sig-
nificant difference between MOSO-CHIKU and HA-CHIKU, and its mean value
is 13.5.



When these values of the strength ratios are compared with those of wood,
it is found that the ratio of the tensile strength to the compressive strength of
bamboo does not differ, but the ratio of the compressive strength to the shearing
strength is larger than that of wood.

3. The relation between the strength properties and the wall thickness can be
expressed by the same linear empirical equation that does not pass through the
origin, with the three species as shown in Table 18. The thicker the stem
wall, the lower strength properties, as the relation between the strength proper-
ties and the annual ring width of soft wood.



