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Motoi OTA: Studies on the Properties of Bamboo Stem (Part 14)
On the Moisture Content-Strength Adjustment Formula
for Bamboo.

I # B

A DRREERIMEE & B7kER L DEFRSAMTIEL L TR S SRIERD, §IE> KO3
DEAEGFERN S SISO TES. FEOTEKROEI T B4 DFREDHEEH S,
d, AMCH L CHRE IR TR 2N e O BA EHC LI ¥ 5 F Lo THRA
HksdbDeEXbIS.

AR EIKR OB T DA OIRBEOBE AL, s 30 FA IR > T &
KR L HREE L OBMRIEARCRIN S L &ML /- Bauschinger®?, Hadek % ¢* Janka®,
Newlin %0t Wilson® K ¢f Kollmann” DR OFRH U By, Fispm\ &5
CEDTHERTRENS & L Wilson® ) ZO KR OMEAFRE U 72 fiiz L e X313
LEMNERB LS CHD.

ERTHL L LER oL, T OAKE—SREEEARD MEATEE A G B IE LB
BAET 5 L LicE& @ (Bauschinger) ¥ Hic £ OEGEN— CERT 5 L BML 054
(Kollmann) KOMGEMBETREEDOZALICHL T~ TH D L BML 1ord © (Hadek
Ko Janka) KB 2FAHEES. Rzt ouv T hIakuiiist © (Wilson) &
WpmE R0 L KBid s,

R OFREEC D\ T R RDG LN D D B2 T, BMEMNEEOHRTYE
b EEI S DO TH HHES RN AT Mg, TIERKO SO STMOMRBEA L L L, 4
FLORBRE 2 B % B KD o BRI LA U 72B7keR 16 9% DRREEA TE L\ EUE T
& L AWML CBEREY L, ZOBRERICY L CHELOEEAR @, ® © XU © 7
LR A2BH L a7k ®E 1595 DiREA KL, =¥ Vv 5 7 (Phyllostachys pubescens
Mazel), <% » (Phyllostachys reticulata C.Koch) KR ~F 2 (Phyllostachys
nigra var. Henonis Stapf) o358 L CARMC B OREW X < #6328\ 2 e
DR OPFRDEHKITHS.

19 DB EE MBI TR L 7oA 3 Eiﬁ@@? EBKER L OBRICEET 2 58
HBEAEHLICLOThHS. 2 TERME RUCERT L O A>T O 7s WA ik
#9110, 13V B I,

D EHRE L T VA ARIRIC L CE S L2 B L RIT 4.



104

I EBRME RO S

1. ¥ $  FEEROSMWERERKIIe Y V752 (Phyllostachys fubescens Mazel),
~ ¥ » (Phyllostachys reticulata C. Koch) kot~ 7 (Phyllostachys nigra var.
Henonis Stapf) #HL, 5EERBRCITEI2HEAHEHL =

2. REE  FEERRCIESEEMHEBREEDCHEL Th 510 HB A & UER
ROSIIERBICITEENE 4, 2RI CR pEL AR EALL. BRBRROERRO
EKRILBEY B R T AN T > & — 2 — 0 LI FHRREBEE L o
HEIC X 0T, EMEHRTIR 7B, BT ROE RBRRR T 4 B b3 8.

3. REFE HENERERTSUERARE 2ton, BHBlkg LAV E Y
AT 10 ton FHBMEAEHAL, WEHEEY 24mm/min & LCRD L.

R L TR T KRS DOFEIRECE L R O E7kRo L (bE Bk s34 <
T AL, ETEHBRAORIOHEELZIT, BHOFEHREBCEY L DT RBRERR AT
W OEFRICEERE T,

4. HEROWNEHE  FARE OB ERC D D Fao b 8EL 72 T O
HBRC oW, KEREECE\WEKER L BE & OBRNERN TS S L RD O D EK
HOFHHMNIC IR T, KR L T RIS IGT S8 & 2 b &AM ERN 2k, £ 0K
Kb EKE 15% kT HREXHE L CIhE L OMEOZAESRE E Ui, HL HEHE
I W TR H O BIRIIIEHIRIC X o C b X REh 5 O TR L L CH
B Dy fa] D BEUERREE A SR D .

BHEX e UCaiko 4 BEAY BFCRRER oAk, FHEAERINCEKE
15 95 Vo33 B AR B A A I SR L fe.

WEK L CERAYRAT 54—
® BRBOHPIC X 5 IREEOWHEO BHFRECELSIT 5 L B2 b DT (AL

BEFRT B) TRINB.

g, :-_g.z{1+K(u2_u])} .................................... ®
o1 ROV 02 (ZRAZKE uy RO uy KT LR, L K 3EHRTHS.
wE K O 100 EOMENEKE 1 % OB KT BRRBEOBIY T 5 % 4T 5

DThHD.

CORE 6 fo.—1=Kw*—u") 2L (61/o.—1) & (#:—u) & o FERELE»D

K OfE4EH L /2.
® wHEHICHIRA L REE & OBIRA RS ERLEIC B8 (0=, u=m) TRLbHL

E2 b DT (BREEHT D) TRENS.

Oy =(m—t1) (02—1) [ (M—t0)F 1 covorrevrreeinnnnnininnin ®
BKR () LIREE () LOBFERY y=a—bx cHRILES U, m) ¥ELLT5

EE (Y, X) eamTiug, Y=sldtad-dm—bX 27 l+at+bm=0 chiThdibd

T EDOT @ b LO—KRR a=—1—bm BHROSLORTHL. D ar b o

BRI S L2 om LaRkoi.
© BKHLIRE L OBREYETEROMEANLEIC —ECHL L BRLI- L Ok OF

(C BT %) CRENS.



105

=0 M(Us— 1ty ) corerrerrereiinn ©
ZOREY 0 —=M(us—u) EZH 2T (61—0) & (2—u) & OEIFERR
PHEH M O¥fELRDI:.
WA e UCiluhiR e AT 58 6. —
© BREOXKE EXKFRTERMBREE T ELS C ROBEOR D IT T OHE A
RipoRo® (DR LBHTS) TRIND.
log g, ‘:1ogg__.+ NQtho — gy )eeeereeenveniiiinn N0
N it bloge THEBTHL5.
zDR% logo,—logo:=N(u.—uz) & L (log o1—log oz) & (wz—uy) & DOEIFE
B HEE N kot
PLED 4 FEOWMHAR I HE/KR 1595 1T 2B HM L, T O¥(H & EBUeiREE L
ZHIKL T, MEOEEROCMOBEELHE U T ZTOENL VAL HD 2 RER X 2HEE
BEOXTHD S DuHE GBS AP L L.
HLAEERBEROE LN dBEORC OV TIRBED DI BIC £ Eihc sk «
DEBEHHR L, TOWEE b % DRERIBTHEHL CrFHELRD .

I £ &% & £

1. EfsE A0 ELRD D 0BEFRLRTTE, A, B X0 C Fic
L TIEERAHEL, 2RESHOI I, ADKRRH L TUTFEIHMDICRT L L, W3
NLBEBREL %k W CEERBRZHED bR, HEROCERBREZ BRI L T 1ROH;
A,

WICAHE D HEKER 15 % T35 k2 ORREELHH L TH2E W T HE 474
7.

FICEHERE © RUXRxDEE (@, ® © RV @) #HELTHEIRRUELIN
DFEE A ‘

2. BIsEME  HERRI AL TOEMNIKCR T, SkRCHTHRBEOL(LTE 10
EOTHREL X S IFRCIRCEHTOLIER B LR iEY R O ¢, BT DRAAEA
T AENATEETH 5026, BEERECH L Tk A, BROCH o 3EEH T oL
wEFOt. BEL/ED MR L B L CREOMB RO BRBEROKD L0k B
DB DHBEED 2T OFEAH 4 EHOH S KR L 7.

e A RO C ROEHEMEINCERL CroT ek s L BN LG &
4RIRT DB LRI

PIED 3 BEOBT R bAE7KE 15 % 5§ BB A ke TH BRI PR e re.

FBEHERREE Y STEOHH I HoRDIFREE L & 2 L L o3 ¥ ORRBEEIC b HEZ D
HARTFED DRI Dlehs, EAERBRICE T ABIIE 6RO X S I B LA L &
BREE R b BREREEICIE )3, EEREREEDSS X D bEESENMEL.

3. BUWTHEE 5 ERREE D4 L AR B R L CoOARBECMHEER O BURBEA
Boh, TOFERETREOH6 IR 1.

Blic A KO C ROBEEO T g A 5 5ERBE 0 A& & FENC LT SRR 7



106

Table 1. Compression.
type of .| correlation | regression i . ;
formula number coefficient | coefficient empirical formula
A 13 0.84 2% 0,0575%%% 91 =0¢2{1-4-0.0575(u2 —u1 )}
B 14 0.829%%* | 38,9%%k 9e1 =(0624160.5)(38.9—u; ) /(38.9—u, )—160.5
C 13 0.949%%% | 46, 7%%% Cet =0c2-46.7(tha—uy )
D 15 0.983%%* 0.0195%** logoer =logocs —0.0195(uz —u1 )
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Table 2. Computed compresisve strength at 15 95 moisture content.
standard A B C D
A 855.6 851.2 849.4 851.9 851.6
B 790.5 779.8 777.4 778.3 780.5
MOSQ-CHIKU | C 767.0 758.9 756.7 756.9 759.4
E 633.4 638.9 636.4 633.0 639.3
G 856.4 856.7 854.6 858.0 857.3
A 743.6 743.6 741.4 741.1 750.9
B 716.1 712.1 709.1 706.5 713.7
MA-DAKE D 755.7 745.0 742.7 742.5 745.4
E 746.5 740.6 747.7 736.9 742.0
F 723.5 725.1 722.2 720.4 726.8
A 766.0 ’ 764.9 762.3 762.7 765.7
B 677.5 698.4 739.8 736.1 735.9
HA-CHIKU C 721.4 714.5 712.0 710.6 715.1
D 747.4 735.8 733.5 732.0 738.8
E 756.6 765.7 763.1 763.7 767.4
Table 3. Fitness of computed strength to standard strength.
| number ; Xo2 fitness

A 15 4312 0.99>Pr>0.98

B 15 1.176 Pr>0.99

C 15 6.814 0.95>Pr>0.90

D 15 0.847 Pr>0.99
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Table 4. Moisture content-strength adjustment formula for tensile strength,
+ ——
type of | correlation | regression P
formula number coefficient | coefficient empirical formula
|
10 0.182 a4 :a;2{1+0.0391(ug—u1)}
i 9 0.977%%% 20.3%%% | gy ={( 02 —1,624.5)(20.3—u; ) [(20.3—u2 )+1,624.5
; 9 0.004 001 =0t3-1106.6(u2 —u, )
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Table 5. Computed tensile strength at 159 moisture content.
standard A B C
A 1,531.3 1,527.2 1,548.9 1,522.5
B 1,504.5 1,450.5 1,521.0 1,407.5
MOSO-CHIKU C 1,127.1 1,135.0 1,091.6 1,153.8
D 2,296.2 2,273.5 2,2449 2,257.5
E 2,333.7 2,276.1 2,245.6 2,259.4
A 2,408.5 2,431.1 2,405.9 2,426.3
B 2,417.8 2,436.2 2,398.1 2,429.6
MA-DAKE C 2,535.8 2,632.9 2,574.4 2,632.6
D 2,642.0 2,714.4 2,605.8 2,723.6
E 2,416.0 2,490.3 2,426.9 2,485.1
Table 6. Fitness of computed strength to standard strength.
| number Xo2 l fitness
A 10 11.990 0.30> Pr>0.20
B 10 7.270 i 0.70> Pr>0.50
c 10 18.336 ! 005> Pr>002
Table 7. Moisture content-strength adjustment for shear,
type of ’ icorrelation regression P
formula ) number coefficient | coefficient empirical formula
i !
16 —0.281 051 =052 {140,055 s —2e1 )}
16 0.888%% 180%%% | gg) = (653—148.5)(18.0—u; )/ (18.0—1u2 )-+-148.5
16 —0.279 o5t =052-}-8.46(22 —11 )
400
3501
300t
250}
Q
200}
150} * MOSG-CHIKU
° MA-DAKE
+ HA-CHIKU
100 L i A 1 A 1 i "

7 9 1" 3
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Table 8. Computed shearing strength at 1594 moisture content.

J standard A B C
A [ 123.0 122.8 124.4 122.8
B | 216.2 215.2 213.8 2165
MOSE-CHIKU C 151.8 142.3 149.6 143.1
D 185.4 178.1 179.9 181.5
E 164.7 164.4 167.6 166.3
F 192.6 189.9 191.1 191.4
LA 166.9 161.3 164.4 162.8
. B 142.9 151.8 155.9 152.9
MAD-AKE C 139.9 148.1 152.6 149.1
D 203.7 202.1 206.4 2124
E 1976 202.1 208.4 198.0
A 188.0 1841 | 183.9 182.6
B 203.2 192.0 1944 195.1
HA-CHIKU C 155.5 158.0 ‘ 153.7 157.0
D 167.7 161.0 ! 1580 161.8
E 169.0 171.6 i 177.3 179.0

Table 9. Fitness of computed strength to standard strength.

‘ number r Xo2 fitness
! |
A ‘ 16 ! 3.370 g Pr>0.99
| | |
1 16 : 4760 | Pr>0.99
| : i
|
|

16 ' 3.674 ! Pr>0.99
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Table 10. Fitness of computed strength to standard strength.

type of formula t number l Xo?2 l ot
40 i 19.6715 i 2.616*
40 ! 13.2047 1 3.759%%*
40 1 28.8235 | 1.296
!
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STUDIES ON THE PROPERTIES OF BAMBOO STEM
(Part 14)

On the Moisture Content-Strength Adjustment
Formula for Bamboo.

Motoi OTa

(Résum é

Many methods (approximate. equation and graphical) of moisture content-
strength adjustment have been reported for wood, and there are exponential
formula and straight-line formulas in the equation method.

The equation methods of moisture content-strength adjustment for the
compression, tension, and shear tests parallel to the grain of bamboo splint are
studied in this report based on the moisture content-strength adjustment
formulas for wood, to find simpler and more reliable formulas.

The moisture content-strength adjustment formulas studied are as follows:

Straight-line formulas: -

A, 06 =0:{1+-K(u,—u,)}
B. o,=(:—D(m—u)|(m—u,)—1
C. s1=0:--M(ur—u)
Exponential formula: -
D. logo,=loge:+N(u;—u,)
where #; and #. are values of moisture content, ¢, and o: are corresponding
strength values, and K, I, m, M and N are constants.

The species used in this study are MOSO-CHIKU (Phyllostachys pubescens
Mazel), MA-DAKE (Phyllostachys reticulata C. Koch) and HA-CHIKU (Phyl-
lostachys nigra var. Henonis Stapf.).

The results obtained are summarized as follows:

1. There are significant correlation and regression relations between the
strength and the moisture content at 5% level of probability with Formulas
A, B, C, and D in the comprossion test as shown in Fig's. 1-4, and Table 1.

There is no significant variance between the standard compressive streng-
ths at 159% moisture content calculated from the data of the same bamboo
splints respectively, and the compressive strengths at 159% moisture content
computed by Formula D, but significant variances are recognized at the 5%
level of probability with the strengths computed by Formula B, and at 0.1%
level of probability with those by Formulas A and C as shown in Table 2.

The order of fitness of the computed strength to the standard strength by
Z2-test is D>B>A>C as shown in table 3.

2. There are significant correlation and regression relations between the
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strength and the moisture content at 5% level of probability with Formula B
only in the tension test as shown in Fig. 6 and Table 4, but no significant
variance between the standard strength and the computed strength by three
Formulas A, B and C at 59 level of probability as shown in Table 5.

The order of fitness of the computed strength to the standard strength by
x2-test is B>>A>C as shown in Table 6.

3. Significant correlation and regression relations between the strength
and the moisture content in the shearing test at 5% level of probability are
found with Formula B only, as in the tension test, as shown in Fig. 7 and
Table 7, and there is no significant variance between the standard strength
and the strengths computed by three Formulas A, B and G as shown in Table
8.

The order of fitness of the computed strength to the standard strength by
Z2-test is A>C>B as shown in Table 9.

The following conclusions are drawn from the aforementioned results.

4. Excepting Formula D because it is difficult to determine the value of
constant N in Formula D for tension and shear tests, the Formula B is the
suitable moisture content-strength adjustment formula for bamboo from the
stand point of the significance of correlation and regression reletions between
the strength and the moisture content, and the fitness of the computed strength
to the standard strength regarding the species and the strength properties of
bamboo, but since the values of constant / in Formula B is not suited for the
general use, formula A must be used for the adjustment of the strength for
the moisture content. _

5. The following moisture content-strength adjustment formulas are deci-
ded as a result of this study.

Compressive strength: gq =0d¢{1+0.058(%,—2,)}

Tensile strength: ¢ =a:2{1+0.039(%s —2u)}

Shearing strength: g5 =052{1+0.055(u; —u,)}



