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Motoi Ota: Studies on the Properties of Bamboo Stem (Part 13)
On the Relation between Shearing Strength Parallel to
Grain and Moisture Content of Bamboo Splint
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1. EERME FI2H ORBRTHEH LR ERU <, B 26 48 11 Jic fg i BaaE s
HTHAORA P DR L TR R DIC L TBACKELY, TAKFREBCELC:
ELONLIHOBRE AR L UCEALZ. #fLELOARERICILETE O 2 BECH I~
F 7R TRO S L L.

EAA AT o Phyllostachys pubescens Mazel
< ¥ r Phyllostachys reticulata C.Koch
~  F 7 Phyllostachys nigra var. Henonis Stapf.

2. BB BRYOVCLACBREBEOR B NEYTT Y IF 700k 6{H, <5 rKk0t
A~F 7B S RO L, SMEEEOTEY 5 cm DR 1AEAR D $2TH k-
i, OV H O RREHE A HEME L CES 3cm CHEFLCTHO EFHAHK &
L, BECZzof—flic 1x1cm OYREAEIEL CH 123k D CRE L - REERISTETS
BEL L. EoTHBREO HEK G =7 Y77 Tt 4218, T HOM X 35 [
112{8 Th 5.
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3. RERFZE SVMEIOERBRA LY I 16FH2EDTIMLL, 28R4 THIC
S, 1ABs Ak < BEER SEXPE (1970 %, #1509, #9409, #3309, #3720 %) <&
(LRI ROKE FEICAN: o 7 — 7 —D EFIGEE, BBREOEENIRA L —
5L T BIEHT 90 B REIHGE U o iRE A ko . BREEEROTNICEE 1/20mm O ) X —
2 CHERBF OB T ER O EELCE, HEC1BMF >~ 0 Rt AR TE
TKF O FHLIRRE~ D E IR A TE D072,

TEH O 1TIIKFCBEL TRELEEL T EENEAT BET BT EEE L2
BITEBR AT DT,

REEEBRIIRATE 2ton, B/NER Lkg YL 7oA V¥ » BIAH H 10 ton BB
FHL TIEREE 24 mm/sec TfF\, BEEHSEDCIRIC IO TEDLITEOEEY K
#1lmg, FE 200g ORFECHIE L BKREESE T OERBE LRI,

CORDBRDIERBREOCLELY R 2 OHBRRF2RETHIOL L.

PLEDBIEFFAI AL E 12 D TS L Fk L F—Th 5.

B £ B & R
1. &8kx HOohEZRFERIEIRRIEY b 5.

Table 1 Average value (%) and coefficient of variation (25) of moisture content.

MOSO-CHIKU MA-DAKE HA-CHIKU
treatment coefficient coefficient coefficient
average of average of average of
variation variation variation
70 || 24+ 034 12.42 2.1+ 0.14 4.86 2.0+0.16 5.83
density of 50|®@! 7.0+ 0.25 3.17 6.7+ 0.07 0.73 6.4+£0.11 1.25
H.SO; in the 40 | (® | 10.2+ 0.24 2.04 10.04 0.20 1.44 9.11+0.67 5.20
. 30 1@} 14.6+ 0.28 1.65 141+ 0.71 3.61 14.1:£0.49] 2.52
desiccater % | 2 | )| 1694 0.72 370 | 159+ 0.26 117 |15.540.16 0.75
0 (® | 35.1410.23 25.35 3204+ 7.77 17.48 22.5:+2.28| 7.29
water soaked @ ;102.41-21.88 18.58 | 87.64+19.40 15.96  |78.9+5.14 4.69
|

IR X BEKBOBUIKEEERE D ThoT, Fvr— % —O T Bk e A
NTEKROFREH L1-©, @, @, DKUG OAMOEEMREIL/INT KK RITFfotly—
AR TR B2, @RODD 2HDEKERD AT Y 2 nARELEOTRES. BRKES
DHICHE L @ORBRH I BENTEE L 2EXL 0 BEEHOK L ook KR E2
bhs., =7 Y vF 7RI~ TIERC E DMERIT K ChH D7,

BIZ@DM A RN A DD HBRF 2 DA CERFE R 2 0FRO B £4BES
HhDrEZDLNS.

2. WE SHEEMELTORKRLYET L L BEINIRBFOHELY S 11LRY o
L7z akRoOBAE T 5 HEOHER, S:=S,(100+u,)/{100+ 2%, —0.841S, (26, — )}
T Lo TEHARIS RO HRICHE L 7ROV HILE 2 RCRTHEH D ©h 5.



123

Table 2 Specific gravity adjusted to 159 moisture content.

. thickness of stem average value of coefficient of
specimen | wall cm specific gravity variation %
17 - 4 1.625 0.6034.00141 - 1.81
5 - 18 0.910 0.823+0.0233 2.04
SCA 7 - 12 1.035 0.721+0.0073 0.73
MOSO-CHIKU | g _ 15 0.810 0.754%0.0119 113
17 - 16 0.995 0.750+0.0141 1.35
13 -17 0.850 0.8034:0.0121 1.09
! [ - —— — F - -
9 - 10 0.635 0.799-+£0.0159 1.43
5-10 0.530 0.701£0.0182 1.87
MA-DAKE 6 - 12 0.505 0.718+£0.0161 1.61
8- 8 0.600 0.857 £0.0078 0.64
7 - 20 0.445 0.916+0.0156 1.23
7 - 14 0.540 0.840+0.0188 1.61
5-14 0.410 0.856 4:0.0058 0.49
HA-CHIKU 2~ 10 0.625 0.8224+0.0168 1.47
1-16 0.515 0.790£0.0210 1.92
4 - 14 0.380 0.812+£0.0200 1.78
Table 3  Results of test.
E density of H,SO; in the desiccator %
[ ; ‘ soaked
0 | 50 ] 0 ‘ o | 2o | o
moisture content %
specimen ;
® | ® ® | ® ® © | o
T 1
1.8~2.6 ‘ 6.3~7.4 | 8.4~10.5 }13.2«—14.9 15.4~179 20.6~48.2] 68.3~140.7
shearing strength kg/cm?2
7 - 4 258.1 179.2 137.0 123.6 115.2 103.5 111.6
5-18 273.2 297.4 241.7 2182 203.7 160.0 159.0
MOSO- 7 -12 1786 | 196.7 171.6 147.3 143.3 131.0 134.0
CHIKU| 8 - 12 193.6 220.1 233.3 188.3 178.5 141.7 133.2
7-16| . 2042 194.0 205.5 171.4 150.4 108.6 117.3
3 - 17 285.9 230.2 248.9 1939 178.6 165.7 178.5
i R R —
19-10| 2418 207.6 185.4 167.0 164.3 956 | 1011
5~ 10 156.2 207.9 155.8 157.1 127.3 102.8 97.1
MA-
DAKE 6 - 12 174.8 181.1 182.5 153.3 125.7 87.6 85.6
8- 8 255.8 279.5 237.7 222.2 192.9 83.3 143.5
7 -20 242.8 2479 233.9 211.2 190.4 112.2 174.2
7 - 14 246.3 249.4 245.8 202.0 179.2 1137 | 108.3
HA 5~ 14 202.6 240.6 233.3 200.2 204.9 169.4 167.0
CHIKU 2-10 263.3 249.8 203.2 166.3 152.8 157.8 152.8
1-16 211.1 249.7 239.2 180.3 156.7 127.0 107.9
1 4 - 14 241.6 223.0 221.0 192.6 157.8 111.3 } 137.0
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EIKERAMEELR AR D BN 2 e BIUTRREE TN L, BokR 8 %ML T BeRIEICE
L 72 I EARINC A LT, 27kER 20 %ML iz T L € $REEITII B LA R E i
TEFRNFRD B D, BN BINEREE & kR L OBFREKRTIIE 1 a, b, ¢ KDHE
D Thb.

# 1 it F. Kollmann® 23ROV TRLULRIC & < UL 7 2ILREL 2L Tw
5. HIHARO L @DIREET BB BE L 0 INTHOb D% 9/16 L DB THD
T, WM C &7k 8 %MHEICSIWHREE DR AENFAET 2D LB DR 5.

RLFy i —F —DFECAKE AN T FFIAEKRICHE L - ©@DFRB A O FIHTHRER,
KPICBELI-@OOMBE L D &/INCh 5L D0 Kb 5. HFL/ED 2 UL G/kBOE T
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L BIWTREE & DBIRIL INERN s b D L BT ESREES L, LEKER 1% Bt
L CHREE D LA T HEIED (MR D 6 9% 256 L € SIWTAREEL 3% ThH 5. E2>TH
BT CEATHIIC D\ TS BIWTRREE & KR & DRICIERNc BRI AT 23D EE X
THEEA ML 72,

PRI BIITAREE & A 7kER L OO ERBRARI L (B 4 RORTHEEL S

Table 4 Correlation, regression and empirical formula (Sk =a—bu)
between the strength (SZ) and the moisture content (u).

: number \ coefficient regression
Specimen of test i of correlation coefficient (b) (a)
7- 4 3 - 0.999* 3.06* 1689
5-18 4 - 0.959* 9.26* 355.1
7 -12 4 - 0.966* 4.95% 226.1
MOSO-CHIKU | 8 - 12 3 - 0991 9.12 322.2
7 -16 3 - 0.999* 8.54% 292.8
3-17 3 - 0.999* 11.14% 359.7
whole 20 ~ 0.606%* 8.10%* 294.1
9 -10 5 - 0.954% 5.15 244.2
5 - 10 4 -0.829 5.95 232.2
6 - 12 3 - 0.960 9.30 2794
MA-DAKE 8- 8 4 -0.971% 8.66* 333.6
7 - 20 3 - 0.999%* 7.11%% 304.3
whole 19 - 0.650%* 7.11%* § 276.8
e B S
L7 - 14 3 - 0987 11.05 | 3538
514 4 - 0.977* 4.36% . 2686
L 2-10 4 - 0.988* 10.39* | 3114
HA-CHIKU 1 _ ¢ 4 -0.986* 10.22% | 3210
D414 3 - 0971 9.29 | 8085
|
' whole ‘ 18| —0.882%%* ! 8,26+ %x | 301.7
whole [ 57 ' ~ 0.690%%* ‘ 7.82%%% \ 290.4

***% Significant at the 0.1 per cent. level of probability.
**  Significant at the 1 per cent. level of probability.

k3

Significant at the 5 per cent. level of probability.

EBES %L T CHEELMHBEROBD LR L L 0K 70% (11/16) Hot. IEHE
BEHFE L CRBREROIUE, H4E 0 FEEOTERICK 2 RT L5 BXTERE
1%L T CHEFIABBROFENED b . B SEEY #46 L CHBBERAY kD 5
EHAROR TR T Lo, FARE 0.1%IRWTHERBERIELRL. Atk
WO OBRIEEINCK S L TERRbR TR VL, IFREET 3SEEOE Y —FE
LTRTHE2ZRYATY, BEEECHRICESLERLRD LRG0T, - oEREHFER
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moetsture conlent %

to 15% moisture content.

5 Fiber-saturation point and shearing strength adjusted

. fiber-saturation shearing
specimen point % strength kg/cm~

7 4 187 123.0

5 -18 21.2 216.2

MOSO-CHIKU | 7 = 12 186 151.8
8 - 12 20.7 185.4

7 16 20.6 164.7

3 - 17 16.3 192.6

9 - 10 27.8 166.9

5 - 10 22.7 142.9

MA-DAKE 6 - 12 20.8 139.9
8 8 22.0 203.7

7 - 20 18.3 197.6

7 - 14 22.2 188. O

5 - 14 23.3 203.2

HA-CHIKU 2-10 15.3 155.5
1-16 20.9 167.7

4 14 18.5 169.0
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IR EENC RO .
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HOARITIRT IO, =YY vF 710603 ~0.823, <5 7110701 ~ 0916, ~+ 71
0.790 ~ 0.856 TH>C, ff2FOMMEIBMRBEOFEROBRANICALA, ~F 7icxl L
CUL T T S RN TS TR RS AEREHR THL 5 L B2 bR D BiEr B
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STUDIES ON THE PROPERTIES OF BAMBOO STEM. (Part 13)

On the Relation between Shearing Strength Parallel to
Grain and Moisture Content of Bamboo Splint.

Motoi OTa

(Résumé)

The purpose of this study is to ascertain the difference of shearing streng-
th parallel to grain at various moisture contents, and to get the empirical
formula between the shearing strength and moisture content and the fiber-
saturation point of bamboo splint of MOSO-CHIKU (Phyilostachys pubescens
Mazel), MA-DAKE (Phyllostachys reticulata C. Koch) and HA-CHIKU (Phyll-
ostachys nigra var. Henonis Stapf.), with the stair-type specimen.

The shearing tests were carried out with 112 specimens with their moisture
contents varied in seven classes as shown in Table 1.

The results of this study are summarized as follows:

(1) The moisture content of specimens in the six classes, @, @, @, @ and
®, have low coefficient of variation below the fiber-saturation point, but
the specimens of class ® which were kept in a desiccator containing
water in its lower part have high coefficient of variation, resulting from
the development of fungi.

Therefore, the results from the specimens of class & were treated
only as reference data.

(2) The specific gravity of MOSO-CHIKU adjusted to 15 % moisture content
from specific gravity of specimens having lower moisture content than the
fiber-saturation point falling in the range 0.603 to 0.823, MA-DAKE 0.701 to
0.916 and HA-CHIKU 0.790 to 0.856, and the values of former two species
are within the range of results reported fomerly and the specific gravity
of HA-CHIKU seems to be proper values as shown in Table 2, although
there are not enough comparable data.

This result clearly shows that the bamboo splints used in this study
have not peculiar properties.

(3) The shearing strength parallel to grain increases and reaches the max-
imum value at about 8 % moisture content and then decreases linearly as
the moisture content of specimen increases from the oven-dry condition
and it keeps a constant value above the fiber-saturation point as shown in
Table 1 and Fig’s. 1a, 1b and 1c.

This shows clearly that the shearing strength of bamboo splint has its
maximum value at about 8 9% moisture content as F. Kollmann's descrip-
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tion on wood, and there is the fiber-saturation point in the relation between
the shearing strength and the moisture content.

(4) It is found that the shearing strength has linear relation with the moist-
ure content in a narrow range near the air-dry condition, and the empirical
formula between the shearing strength and the moisture content is shown
in Table 4.

There is no significant correlation in some of individual bamboo splints
but each species has significant correlation, and the summary of the three
spicieses is most significant. The empirical formula between the shearing
strength (Sh) and the moisture content (#) for three species is S = 290.4
— 7.821u.

The shearing strength of each splint adjusted to 15 9% moisture content
is shown in Table 5.

(5) The fiber-saturation point calculated from the shearing test of bamboo
splint is higher than that from the compressive test, the tensile test and
the swelling process, and its average value is 204 + 1.12 9% and the coeffi-
cient of variation 9.29% as shown in Table 5.



