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Motoi OTA: Studies on the Properties of Bamboo Stem (Part 10)
On the Relation between the Tensile Strength Parallel
to the Grain and the Moisture Content of Bamboo Splint
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YR DRRBEC ST 28 KRO M BT LT, EERE LEED hrkdokit & Rk
BRI DOEAETHAEYRE L. L L b ERBRIC I\ Tl 44 ORREE L K8 DR
BEE HHB L B ROREERD ¥ 2 525, FRLIWEENCIE AR/ LRRTVW 210
kY, BKEORBECRITTHEYEENE LB ENS b, O TSERNTR
FIRAREE & BUKR L OFREBRT 5 L FRRC, EREEBRD bR D 1A ORMEHERTFN S %
W+ 5 B TABI R 2 7o,

D IR R GO T T ABTRCRCHEA R T B LHRiIT, AP OKRE DS
LSRR E R B 2 b C - H A T 5.

II EBHHERTFE

1. %% % —RCIR AN AR » Bic T2 RENSEE b =Y Y
v 7 7 (Phyllostachys edulis Riv.) ¥ < ¥ 7 (Phyllostachys reticulata C. Koch)#s
PRt Lic. B0 2 BESLC UMAEMEBREMGETF S SR L, Wb LTl
4 EHZNICKE L CEACKHRBCE LI L EL LR D LD TH S,

2. 3R A WUV LIEAEEEC I OTKA - ft « INCRSL, HOBLE
LLREDOELH LIV D% 1EEC O SMEMBEH L. 1 EDOED bR HNH
RBRFEOCHEL Th 55 BRABRA 2 /K FANCBEEE L 6 HsRET 60 fEfERi L. %35
DETAHRED I LhUE, HOEMRC BT 2HE OB ATFE (ERBFFEOEHE) Hf
WHFCRT 2 XD dRTHDH, TOERBEOZEILETIE1 ~3%, X EHERE T
2 ~89% TAREIFED LI\ . XERBRF OMH S ST EHAEEL g bicw
DT, RUFRHTHELLES» OEBRA R LICKRETH 5.

B lEE K O MR BRI E D 1o b DREB & K80 b VAR L 7.

3. ERFE AR ORRA Y LEEE 10E% 1L L, 288 % 6K
AU 1§isa THRC B % 3 Bk (79 10%, #9 37 %, #970%) 2L X it ROt
BAVARR Y AR TS r — 7 —O B AR T, 2B OEENAE, b Fo o — 7 —
FDIREE L HBRA OEKR L SRR BC ET B L. PERECE L -8B AT
BHE 1/20mm O F ) R A CHEDWETFTELSOIRLEIXHEL T, Fvr—7 —ih



156

WRL, 3 HRCEERBRATVWEELLRBRAORFLELICEOF> 7 — 7 —hiic R
L, Bk SHEEEXNE L ZOMMELRBREER L L. 5EERBICIHENERL A
B 50T, RBRES/KEROBEA R R NEHBRE 0BE&IL, RBTckT 2RBA
DEFKSEDOBENRAZVEELOLNEDT, FOZB(bAFHEL RS R » 28RS
AT 5B CHERIO HEA AL .

BN KRB DB K OKBHB A LB O H B X o TEBRE ok,

PR BT A RBRIIFABE 2 ton, B/NHE lkg Yz /o4 V¥ v BIAM AR
B L oot

HEOHIEC B 1 B AFEAFT KA AL, ToMLEEL X ok.

nm £ % #& =R

A BHEOME  AERCEHT LHENIFOBRN D, MERCHERCL D ThH D
FIRECA e ET D W BT 2F T 22 ER L ERER»HOF
BTSSRSO TH 5.

W ARERAEC L TRE1IRCEOFEREA T IO, KRB RT2ES, K
H, A/kE, ERIRELOEEEREELRD T, BHRAHEYET BT DI

Table |. Properties of materials.

s ) ) Specific moisture Compressive Tensile
pecimen ‘ Thickness gravity content strength strength
| cm % kg/cm? kg/cm?
0

| A 1.100 0.871 13.4 634.1 1,533.2

MOSO- B 1.275 0.826 13.6 576.8 1,503.4

CHIKU C 0.980 0.620 13.6 3875 1,121.8

D 0.925 0.820 13.0 634.6 2,385.4

E 0.870 0.892 13.1 718.1 2,398.0

A 0.535 0.762 135 531.2 2,479.6

B 0,600 0.891 13.1 7227 25149

MA-DAKE C 0,735 0.788 13.0 742.4 2,6435

D 0.570 0,949 13.1 750.3 2,883.5

E 0.535 0.761 13.6 669.2 2,623.7

The moisture content of tensile specimen are shown in table 2.

1. K w = v wF r OHFEL 0.620~0.892, < ¥ rit 0.761~0.949 ¢ o>T
BREORBAEA L TR (=7 vy vF 713 051~1.20, <~ 7k 0.56~0.99)
P A DT\ 5.

2. HkE  =vYUFrERO~F ric ol 13.0~13.6 % ©rOFE
ASHEEE 95 % ws\TE Y Y v F 2k 1833 +£035%, <7 ik 133 £ 0339% THA
E—HLT5.

3. IEkERREE = v Vv 2k 390~720kg/cm?, < ¥ rit 530~750kg/cm? Tk
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STEREOHH (=7 v v 7 71t 440~820kg/cm?, < ¥ 7% 500~1,400kg/cm?®) i
Hg5e, =y vF s C REHEMCHZDRTH DHREHE.

4. BEERREE  =v v 2T 1,120~2400kg/cm?, < & r it 2,480~2,880 kg/cm?
THOT, BEEOLGHE (ev Yy vF 21t 710~3,450kg/cm2, < ¥ ik 710~3,790 kg
Jem?) I AD TV 5.

HOC AP E I L 7cAPENE,  FERREREEC LEOBISMLS 523 AR W TREINCAR
SEMERET DS O TR WEIHET S S 5.

HKKHOF FRREE.  FERERIFE2IRCRTEDY Th 5.

Table 2. Results of test.

Moisture content %
Specimen 20-38 | 24-39 | 80—103 | 135—153 | 17.9-235 | 54.2—86.9
Tensile strength kg/cm?
A 1,2220 1,216.0 1,466.5 1,533.2 1,365.5 1,438.1
MOSO- B 1,017.3 1,397.1 1,627.8 1,503.4 1,918.2 1,429.0
CHIKU C 909.7 977.1 1,346.1 1,121.8 1,499.9 654.1
D 1,4189 1,329.0 1,630.8 2,385.4 2,043.0 2,250.1
E 1,347.5 1,359.1 1,702.6 2,398.0 2,003.8 2,379.6
A 1,251.0 1,354.7 1,799.8 2,479.6 i 1,260.7 1,776 4
: B 1,686.0 2,326.6 1,794.4 25149 | 14693 2,184.3
MA-DAKE | I C 1,9120 2,2565.0 2,530.3 2,643.5 ' 1,693.7 1,893.4
% D 3,295.9 2,768.1 2,976.7 2,883.5 2,176 4 1,941.1
‘ E 1,918.9 2,618.1 3,0129 2,623.7 i 1,649.0 2,299.9

ABERCITEEBEOHA L XESERARLON S, ChERIRTIUESE 1, 2 KicH
Bale X 512, A7k#5~15% OHWHMICE W TRAEAZRT IONLL, SKRNE T
BEML T h AL T HHERRBEIRAT 5. L OBCRBILKILIRE (B7KFET13 %)
I 0 b EKRO/NTH BEBCE TS TH 5. & 0Z{LRER F. Kollmann®

§ 3000 — G 200 -
S Fig.l MOSO-CHIKU ¥ . g% MA-DAKE
@}5{70 - @3,000 o /
§a000 2,500 |
% 4500 | ; 2,000 |
N 4000} N #4500 b
—_— C¢
N 500 L n L 1 Wt N 4000 L 1 1 1 ' 1001
0 /0 15 25 50 100 4 5 /0 5 20 25 50 100

mwmcom/nl‘ 7% neistwe content %

Moisture Content %5 Moisture Content %
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23 [ARMOF BERBE A /KE 10 % HhHE TRAMEEZRT ] LBXTW 50 LHELL Tk b,
FRUATHIC S C DERIAFET 2FEXTHEINS. LArLenD ZOWBULEKERD
WA BB W @RS D R E i L, BREERBCEL TR
2 HREER X 1Lih e TRRICHHUE 2R T 2 R2R < I %, L L TERETS
P3DThHLELLIA.

Reak® 10% LUFOBRERTEY VY F 7 OB BEREOE TR~ F ric b LTI
LW, chutey Y v 2 oNEEOEX(0.04~0.06 mm)P7s < 274 (0.02~0.03 mm )?
LD BARTHLDIEDIL, BRI OTETEHHR =Y Vv F 7BV TRICATH 5H
CERT D LELDRD.

IV & 3}

1. BERARBEE KR L OBR  BHERATILRIITOS/KROEHAN T, XRBMFTIE
HERREEY KB B A0 X Y IIE TRV, L LEnb < 5 7 ieoun Tt s 2 Kic s
T X3 AR 13~23 % DOEHNIC I\ CIEMIREE & R ERINRRL bR 5. COHs
Rl —/r o\ T BRRREA 2 H5E L 28D T, RERZIERigRc T oTRIL
EARTEETH 5% FKROCEHHN CTRHEMRANCTRLALIT T CrELETBINRT

Table 3. Experimental formula between WADTHEXRAT AEH
tensile strength and moisture content. X ATEETH 5.
Aok 3 ~
Specimen Moisture content s=a—bu a7k 13~23 9% DHEp
(%) a b A CRkd 75 [BRAREE & 87k
i’ XL E . ‘/L - < = el =
| A | 149, 235 | 1,8233 o5 FEOBIFREH 3 RR
MOsO- B 4.1, 217 7340 | —546 @ I- |
cuiky | © 153, 208 701 | —68.7 FHIKTHWHl L 5
| D 13-8> 19‘7 2,896.8 433 k‘_, - 17 Vi ]7 _7_ y B ::t?; J:
13.7, A ,073. 49.3 . N
E 27 | 3Bz O C (R AKR O AL
A 145, 229 4,5835 145.1 WERRIRBE D AE {72 D,
B 142, 228 | 42418 1206 ARIERHREOEE L K
MA-DAKE C 14.2, 18.7 5,949,8 227.6 DEEE L 7o DERs, F Ok
D | 135 179 | 50555 160.9 O
E 187, 198 | 48130 | 1o SAKE—OMIAIZIRLT
WA,

2. BAROEMCH T HTERMECHMEN,  JEHERR L AR @1 BSbh 58
BAR(E /KR 13~23 %) Tlx, TOEIKEIEREIREED bR DT BHERIFL AP DL T 5
PDHHLDT, HERLKRD LG AT FEROLEE L FHEWH AT 230L R REL D
¢, F.Kollmann OZAEHL .

A% F. Kollmann® 13547k A 8~18 9% DN W UL KKO Bz g3 55+
RO EfFREOBEN L LT

ﬂ _ 32 — U
os 32— u.

BU o1; 62 TR AEKE u; u: DL XOFENEREETS 5.
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HARH LTS, - OB EERE—SKRERII AR L0 32% DO micEdhT
HHEFEERELYETW 5.

AT OB BERE—EKEKER (c=a—-bu) 18 (BEIRD m) CHERTD
LRETIUE, FOEAFRE LREY

LT Y=0—1I|, X=u—m L& 80
i R, I Fig 3
YLl=a—b{X+m) 4y /
Y=a—Il—bm—bX i (o/“
~ . ‘ 48\ o
L. COEMBNESLERT 50D SE

Q@ (x100)

° A
it - /s
a—1—bm=0 32¢ 7 a=22303+/63b
: E
Bt  a=1l+bm a

GRS b\, 0T ak b L 16 ra MBSO-CHIKU +

. o . -DAKE o
RAS UL BRI R &R T 5. T MA-DAK
H3FKD a kb DEXRRTIUEES ob— 4 214 : =
Rox 5=y vos s A B i Lo C o & /6

b (x10)
T RERERATH S,

B REMEE— A/ KRELIIREK 1 Sk WTa 55, 0% 8t F. Kollmanns™ o
FHEREO X 5 CEKEE FITIAAEL In WS BT .

WIC AP BN R D125 BRDBIRA D FK 4 DR % KD TH 4 IR TR B 447

B AOEET BHBEUELR R L, £ OFSEIIEHEE S % kT vu=151+115
%, o= 2335.0+11836kg/cm® Thb. &I CEHIhbOIZ=Y v+ A, B,
C RO~ % # D Th 5.
FEHE NI O R TE BEREE

Tablo 4. Coordinates of point of tensile

strength-moisture content line’s —EKERBRAOEE ¢ RO b ©
intersection. B RO RIBERY kD 3 L ESEFED
i u o FEICBWTKDOEIELN .
MOSO- | p-E ] 130 2432.8 BB 0.9996
- | WA 163
A—B 14.5 2,473.7 :
A_C 1 166 21806 FER5EL @ =2230.3+16.3b
A—E 156 2,318.5 . N y
'MA-DAKE | B—C | l6.1 2,382.8 P 5l B — A KR EAR DR R
c—D 13.4 — b, BEERDLZEOEEDEHE
C—E | 168 2,132.9 HICAD.
MOSO-CHIKU A, B, and C and MA-DAKE P AR R T AR D T

Df wer;.: a.b:.mdoned at the 5 per cent level 1B BEIREE— Ak RERT 1 2 aic
of probability. BNTLbB 2 LA 5. 212
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L D5 EEMRBECEI L Tk F. Kollmann® 03iicd LT 1 &8 TR AHETIE—HKT %
B DR RN BRI LA LI FE BV TEERRD BN S.
P TG A KD TROR & A2,

a; — 2,335.0 _ 181 —w
s —2,335.0 151 — u.

{HL o1, 62 XKR2EKE wy, us DL TOFFEREETS 5.

bt DBEREE KR % [EFEHRD 10\ Tk 129 & Licht, BIERBETI S 7KK 5~15%
CEWTRRMELZRTDT, /KR 12% CHET HHIRTRETH 5. ¥ F-MRHERTRLE
2317 % MBEFEAELD, B A OBEEIKEN 16 % ThiHL b HbeE g,
T OBFEREEKEIL 15% L HETHONRBETHLLEELDND.

B AERIC XD TAMEH b OB DEKE 15 9% 13513 58 [IERE & K> T
S EOFER AR,

Table 5. Tensile strength adjusted to 15-percent
moisture contont and fiber-saturation point.

. Tensile strength Fiber-saturation point (%)
Specimen from adjusting
| kg/cm? from data formula
MOSO- D 2,338.9 149 17.3
CHIKU E 2,339.5 14.1 14.1
A 2,359.1 19.3 17.1
2,355.0 169 15.6
MA-DAKE B
C 2,377.5 17.8 16.1
E 2,355.6 15.7 : 15.3

3. MEMERIRIR  ARMOMMERETSIL A /KSR 20~35 % DZPFANICEH D, Ak 30 %
LEMUALEIRAAIN TS, BRI OV Tk FEOMEHME S HRd T
AR IR X { —BT 5 E% A, J. Stamm® 133EL T 5.

AT 360 T RT3 D B ICITRE— AR BFER L I a7k RO BT
ZHIREEDWH I L KBH OMEE & 2 LHEET 2 2EED Hh e %z bR s.

MR ROHHICHE AT 2KBHM OB A BRI T 200ic, HSSEOEMIREE L A%
B LRDIKEM DRREE L % ST, FiEHkeY Vv 228 1,850~2,350 kg/cm?,
<5 1,820~2,730kg/cm? ThHBDITK LT, HHFLE T Y 7 F 75 1,430 (650) ~
2,380kg/cm?, ~ 5 ot 1,780~2300kg/cm? G X { —H L, BEEMRBECKT 5AF Aok
BOYENTAET D L IIEL bR

BT /KB DB [BREREE & JMEBME A U RS2 M LT, ZoSRCIALESE
EZRELLWEEbhs. GO 2 FHEND R 2 EH U ERITES EI 238D Thb.

EERRERD LA LN HMEEI S 141~193 % oEFNCH b, FoOTHfET
ERHHE 95 % B\ T 165 + 2.03 %, #HA 2 bkt DIk 14.1~17.3 % CEHHEIL
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16.0 £ 1.14 % Thotc. EHHERD RTINSO TEEL EERBRIC X Rk 172
17296V T % &, fEDT 0.7% /INTHBDS, FRAE—BT5 L BEMUELIREDE
Th5b.

B EfEHRE OB EERROWE D RO IR S TEA ¥ —FT5FHND, =7
VYU F s, =Ty RO 7 ORI R 141~21.8% BRI L VI 17% Th
LHEMBHERINS.

V % =

P D ESEEREE L KR L OFERIC OV T, AERMCEN L BRSSO, §
MEBIRCRT IS RBEAF T Y VO F 7L =F r bl LT, HBREDOS
IKELHE 2RICTT 6 BRAC AL S TR D5 BRIREE & B7kE & OBIfRZBRL, HEic
HHERRFN R DAFTE S OHEHERF UL T o 2 5 AR TAZKROZEIC T % § [IRIREE D #L
G w AN TE RIS s i oY o

ABFFIT I\ TREDIS - FIH A RITRT.

1. SE%HEIIE 1 EerT o, =9 Y75 7% 0620~0.892, <5 2t 0.761~
0949 Tk 5.

2. SHEEOEKRIIFIRORT L SEHEE 5% KW TEY Y v F 7 OFE
3 133 +£0359%, <5 7% 133 £0339% THRA Y —FKLT.

3. BEERRBEEE 1, 2 M X 5 CHEERIED b B7KRI I 21t THRATH Tk
LAHYEML, &7kR 5~15% OFFAN CTRAACEL BIIFRA CERNCELST 5.
COWAIARBOE~ 7L ) bAREOE 2y Yy F rcE L.

5 IIRREE D A LIRABIAT A O IEMEFREEIC 31T A B LRRB L (B B4, THILBKEOR
LA CEHBR A PR RICE W THNACE T 2HECERT 52D TH 5.

4. PR DIERGIREE & G7KR L OEBRICEELIL 1@ FIE, §IERREE CIXE7kE 13~23%
DEFEHNICIEbI, TOBRALE 3FHRT.

5. $TEEEHF O EHEFREE & Sk & ORI KT F. Kolimann 232H Ltk 51,
R DOBEEREE (6)—8XKR (W EK (c=a—bu) N1EZRECRTEZbENEIL YR
LT, FAERCEIRRT I IR IERCECTEDEM, TORMIEKKE -
CITEAELTe . TR EOEEL 0 =2335.0, u=15.1 Tk 5.

6. ZEOHBENLEKEDOEAUCK T 55 FRRBEDBE N 2R D TR 2B .

0, —2335.0 _ 15.1 — %
o —2,3350 15.1 — u,
{BL o1, 02 TR AEIKE uy, uy DL TDOFEEBEETH 5.
7. JERX N SRDIEIKE 15 % T 55 BERELE b FRIT R
8. DIREERD BRI OFMERT A OFILE 5 KR T & 51k 14.1~193 % ©

FOFHEEIT 165 +2.03% Th 5. EHERBRLROI-FEHE 172+ 1.72% X b HE
PN THEBRI L —FK LTV 5.




162

2)

3)

4)
5)

6)

7)

8)

VI 2 £ X B
X H #H
Hrht D FEMERREE & Gk L DBE(R.
B2 HAMFESREAHEIRE 1953
B B K IR )
Hr DBFSE.
ORI 1950
& R E B
M=y 20 - AMBEOREXOHERBRE. (Ho)
WRE R ARBEATBIZEA RS, 8558 (No. 19) 1944
HABH® EE: (3101) BESArHERBGS 1947
X H -
Pk OWHI BT 5 BE5E. (858 )
O HEPITIAT 2D ZEAL.
SUNAF B BT . 2215, 1953
F. Kollmann.
Technologie des Holzes und der Holzwerkstoffe. 2 Auf. 1 Band. 1951,
A H % '
Pt ot BT 2 BE%E. (5573
Pt OREE AT & IR O FERER EE
JUNKE BB, 8519 5. 1950,
A. J. Stamm
- Passage of Liguids, Vapors and Dissolved Materials Through Softwcods.
U.S. Dept. of Agr. Technical Bulletin, No. 929. 1946
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Motoi Ota: Studies on the Properties of Bamboo Stem. (Part 10) |

On the Relation between the Tensile Strength Parallel
to the Grain and the Moisture Content of Bamboo Splints.

(Résumé)

It was ascertained in the last report that the relation between the com-
pressive strength parallel to the grain and the moisture content of bamboo
splint was similar to that of wood.

The relation between the tensile strength parallel to the grain and the mois-
ture content was studied with splints of MOSO-CHIKU (Phyllostachys edulis
Rev.) and MA-DAKE (Phyllostachys reticulala C. Koch), and the fiber-satura-
tion point and the conversion formula between the tensile strength and' the
moisture content was obtained.

The properties of the test materials are shown in Table 1. The moisture
content of specimens was varied in six grades as shown in Table 2.

The results obtained by this study are as follows: '

1. Measurements of the specific gravity in air-dry condition ranged from
0.620 to 0.892 with MOSO-CHIKU and from 0.761 to 0.949 with MA-DAKE.
(See Table 1).

2. The average moisture content of MOSO-CHIKU measured in air-dry con-
dition is 13.3 £ 0.35 per cent and that of MA-DAKE is 13.3 + 0.33 per cent with
probability of 0.95 based on the degree of freedom of 4. Since the average
moisture contents of the two species are in very good agreement, it is supposed
that the specimens tested had been preserved in air-dry condition. (See Table 1).

3. The tensile strength parallel to the grain increases irregularly and reaches
the maximum value in the range of 5 per cent to 15 per cent moisture content
and then decreases linearly as the moisture content of specimens increases
from the oven-dry condition. (See Figs. 1 and 2 and Table 2).

This tendency is more marked in MOSO-CHIKU with the thicker inner-layer
than in MA-DAKE with the thinner inner-layer. The fact that the strength-
moisture content relation in the tension test differs from that in the compression
test is due to the inward bending of the specimen occuring with the decrease
of moisture content.

4. The relation between the tensile strength parallel to the grain and the
moisture content, similar to that between the compressive strength parallel
to the grain and the moisture content is found in the moisture content range
of 13 per cent to 23 per cent. The empirical formula of the tensile strength
to the moisture content within the range is shown in Table 3.
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5. As F. Kollmann had derived for the compressive strength-moisture content
conversion for soft wood within moisture content range of 8 per cent to 18
per cent, it is ascertained that the tensile strength (¢)—moisture content (#%)
lines (¢ = a — b u) intersect one another at one point as shown in Table 4 and
Fig. 3, but the point of intersection does not fall on the moisture content axis
of the coordinates. The coordinates of the point of intersection are ¢ = 2,333.0
and »# =15.1.

6. The conversion formula between the tensile strength and the moisture
content may be expressed as follows:

0, —2335.0 _151—u,
0, — 23350  15.1— u

where #, and u, are values of moisture content and ¢, and ¢, are corres-
ponding tensile strengths,

7. Since the tensile strength has the maximum value in the moisture content
range of 5 per cent to 15 per cent, the tensile strength should be converted
to 15 per cent moisture content for presentation, The tensile strength con-
verted to 15 per cent moisture content is given in Table 5.

8. The fiber-saturation point, calculated with the empirical conversion
formula of the tensile strength to the moisture content and the tensile strength
of water soaked specimen, ranged from 14.1 per cent to 19.3 per cent of moisture
content as shown in vTable 5 and the average value is 16.5+2.03 per cent
with probability of 0.95 based on the degree of freedom of 5.

The fiber-saturation point calculated from the tension test is in good agree-
ment with that from the compression test (17.2 + 1.72 per cent).



