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Motoi OTA: Studies on the Properties of Bamboo Stem (Part 9)
On the Relation between Compressive Strength Parallel to
Grain and Moisture Content of Bamboo Splint
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Table 1a.
bamboo splint with whole stem wall (I)

Ranges of mechanical properties of

Number, Moisture Specific Compressive t Ratio of strength]
Specimen of content gravity strength ‘to specific gravity,
tests | % (u) gr/cm3 (S) kgfcm? (a¢ ) 1 (0¢/S)
1 5 50.0~75.3 1.059~1.191 582.5~ 7719 550~ 652
2 5 18.2~22.1 0.731-0.984 594.3~ 809.1 ) 782~ 830
2 3 5 15.7~16.1 0.748~0.956 5951~ 8339 | 796~ 882
g 4 ‘ 5 12.2~12.8 0.789~1.000 7242~ 915.7 890~ 956
'9; 5 : 5 6.3~ 6.8 0.768~-0.949 987.6~1,218.4 1,212~1,306
Lo} 6 ! 5 57~ 6.2 0.765~0.942 948.6~1,217.6 1,235~1,293
= 7 5 28~ 33 0.757~0.929 1,140.2~1,441.5 1,307~1,582
8 5 0.7~ 1.6 0.742~0.924 1,257.5~1,603.3 1,587~1,847
9 5 | 0.6~ 0.9 0.744~0.916 1,278.7~1,656.1 1,614~1,861
!
1 5 60.1~79.0 1.124~1.213 5744~ 706.3 494~ 613
2 5 18.6~21.6 0.811~0.949 653.7~ 700.8 728~ 815
@ 3 5 14.6~16.8 0.821~0.963 7382~ 790.3 767~ 903
E: 4 5 12.0~13.2 0.860~0.949 729.7~ 806.3 792~ 938
2 5 5 6.8~ 7.7 0.839~0.941 967.9~1,066.5 1,048~1,221
= 6 5 6.1~ 6.8 0.836~0.926 1,082.9~1,110.7 1,189~-1,312
) 7 5 2.9~ 38 0.822~-0.926 1,145.1~1,241.8 1,237~1,420
8 5 11~ 18 0.838~0.911 1,284.3~1,422.4 1,527~1,616
9 5 09~ 1.1 0.810~0.928 1,297.1~1,510.1 1,476~1.665
1 5 56.2~69.7 1.178~1.260 634.3~ 7529 538~ 602
2 5 21.5~28.4 0.869~1.049 662.0~ 7448 673~ 790
o 3 5 14.8~16.1 0.934~0.995 714.0~ 858.0 764~ 862
[ 4 5 11.1~124 0.918~-0.987 768.3~ 862.4 823~ 906
8 5 5 6.1~ 7.2 0.904 ~0.965 953.1~1,0994 1,037~1,186
él 6 5 6.6~ 6.7 0.908~0.937 1,059.5~1,082.9 i 1,156~1,167
7 5 3.7~ 41 0.889~0.983 1,102.9~1,340.0 | 1,241~1,444
8 5 11~ 24 0.857~0.946 1,182.6~1,500.0 | 1,380~1,661
9 5 | 1.0~ 1.7 0.893~0.930 1,284.7~1,523.5 } 1,439~1,627
\
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Table 1b. Ranges of mechnical properties of

bamboo splint without inner-layer (II)

‘Number Moisture Specific Compressive !‘Ratio of strength
Specimen of + content gravity strength i to specific gravity,
 tests % (u) gricm?® (S) | kg/cm? (gc) ‘ (0¢/S)
1 5 51.2~86.0 1.047~1.205 531.8~ 857.6 508~ 712
o 2 5 17.8~21.5 0.720~0.983 563.2~ 902.5 782~ 918
E 3 5 15.1~16.2 0.701~0.980 595.5~ 915.7 825~ 934
jast 4 5 11.5~12.7 0.745~0.962 675.8~ 971.1 895~1,009
Q 5 5 6.2~ 6.6 0.730~0.950 864.3~1,185.8 1,184~1,316
'8 6 5 52~ 6.3 0.729~0.929 853.7~1,238.9 1,171~1,334
=) 7 5 1.7~ 35 0.721~0.926 1,039.8~1,426.5 1,436~1,589
= 8 5 09~ 1.3 0.719~0.914 1,207.9~1,643.6 1,677~1,851
9 5 0.4~ 09 0.712~0.906 1,165.3~1,588.8 1,629~1,805
1 3 62.6~69.4 1.159~1.229 628.5~ 716.1 512~ 618
2 3 185~21.1 0.901~0.939 635.9~ 749.4 698~ 832
E 3 3 14.4~15.7 0.901~0.943 682.8~ 796.9 738~ 845
< 4 3 12.0~12.7 0.925~0.949 757.0~ 8574 818~ 903
=) 5 3 6.8~ 7.3 0.928~0.931 1,046.3~1,107.3 1,127~1,193
< 6 3 6.0~ 6.7 0.908~0.953 1,099.7~1,193.7 1,211~1,269
= 7 3 3.0~ 3.6 0.906~0.937 1,186.2~1,300.4 1,309~1,388
8 3 1.2~ 2.0 0.886~0.933 1,375.8~1,448.8 1,553~1,576
9 3 0.9~ 1.6 0.887~0.935 1,348.7~1,536.0 1,521~1,643
! i | I
| | |
Table 1c. Ranges of mechanical properties of
bamboo splint without outer-layer (III)
i |
Number. Moisture Specific Compressive Ratio of strength|
Specimen of content gravity strength to specific gravity,
tests % (u) gr/cm? (S) kg/cm? (oc) (0¢/S)
1 5 54.8~83.1 1.092~0.214 !r 502.0~ 749.7 460~ 655
o) 2 5 | 185~20.3 0.754~0.972 | 607.8~ 812.1 747~ 835
X 3 5 i 156~16.2 0.717~0.959 | 586.4~ 797.5 818~ 868
ool 4 5 12.2~13.0 0.768~0.955 | 684.3~ 857.6 875~ 916
Q 5 5 6.2~ 7.1 0.751~0.952 880.7~1,225.3 1,173~1,318
g 6 5 57~ 6.3 0.756~0.929 881.6~1,190.0 1,160~1,284
o) 7 5 3.0~ 35 0.740~0.922 ' 1,123.3~1,439.7 1,333~1,582
= 8 5 0.8~ 1.3 0.728~0.910 | 1,201.8~1,617.1 1,606~1,801
9 5 ; 0.3~ 0.9 0.727~0.907 i 1,094.8~1,645.6 1,506~1,849
1 3 57.4~67.0 1.158~1.223 593.8~ 671.7 508~ 556
2 3 19.5~22.7 0.881~0.948 651.9~ 698.2 706~ 748
g 3 3 14.6~16.7 0.944~0.995 7172~ 7705 784~ 816
< 4 3 10.9~12.7 0.932~0.973 774.3~ 801.4 824~ 849
a 5 3 7.2~ 8.3 0.920~0.943 981.8~1,021.7 1,041~1,111
< 6 3 6.2~ 7.1 0.925~-0.949 1,097.9~1,154.9 1,157~1,249
= 7 3 3.5~ 39 0.914~0.953 1,127.8~1,280.1 1,230~1,401
8 3 09~ 15 0.892~0.932 1,368.9~1,464.2 1,333~1,641
9 3 0.7~ 09 0.886~0.935 1,199.3~1,422.4 1,459~1,605
i




Table 1d. Ranges of mechanical properties of
bamboo splint without inner-and outer-layer (IV)
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Number Moisture Specific Compressive Ratio of strength|
Specimen of content gravity strength 'to specific gravity
tests % (u) gr/cm? (S) kg/cm? (g¢) (0¢/S,
1 5 55.3~99.2 1.068~1.200 490.3~ 808.5 459~ 674
=} 2 5 16.6~21.8 0.669~0.946 562.4~ 821.3 733~ 868
E 3 5 15.6~17.0 0.689~0.963 540.5~ 896.8 784~ 931
Jest 4 5 10.4~12.4 0.724~0.958 618.3~ 989.8 854~1,033
Q 5 5 6.1~ 6.6 0.709~0.953 808.8~1,210.2 1,141~1,270
f% 6 5 5.3~ 6.0 0,704~0.945 804.7~1,162.2 1,143~1,321
e 7 5 1.9~ 33 0.700~0.927 956.3~1,381.0 1,366~1,539
=] 8 5 0.7~ 1.3 0.693~0.917 1,094.2~1,584.0 1,579~1,869
9 5 0.4~ 09 0.706~0.902 1,125.6~1,576.4 1,594~1,801
| i
1 3 | 621~722 1.187~1.220 576.0~ 693.8 472~ 584
2 3 ¢ 191~220 0.863~1.024 618.4~ 815.5 701~ 796
‘é 3 3 | 146~165 0.857~0.978 703.7~ 816.1 781~ 834
< 4 | 3 1 122~126 0.915~0.948 7445~ 8004 795~ 844
A 5 3 | 7.0~ 7.6 0.887~0.949 884.7~1,121.1 995~1,181
<ﬁ 6 | 3 ' 6.4~ 7.0 0.864~0.941 993.8~1,170.5 | 1,150~1,244
s |7 3 | 29~ 35 0.879~0.949 969.6~1,251.9 ‘ 1,103~1,319
8 3 | 1.3~ 19 0.855~0.913 1,195.8~1,447.2 1,399~1,589
9 3 ! 1.2~ 13 0.891~0.913 1,248.0~1,396.3 ‘ 1,401~1,538
i |
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Table 2. The correlation, regression and empirical formula

between the strength (¢,) and the moisture content (x),

and the fiber-saturation point

j Correlation Regression Empirical Fiber-
Specimen ‘ formula ac=ae?1i saturation
coefficient coefficient | a JI b point %

1 | _og92 x| _o0212 ¢ | 1667 | —0.0488 153

Al DL | —0989 +e 00223 ®rx | 10664 | —0.0487 166

I | —0993 *** | 00209 ** | 10664 | —0.0482 165

IV | —0965 ** ~00241 ** | 1568 | —0.0555 153

I ~0985 *** | _o0181 *** | 1468 | —00418 16.4

gl I —0994 *** | 00204 *** | 1540 | —0.0469 162

11 —0.990 *** | _00165 *** | 1475 | —0.0381 19.0

o IV | —00992 #** | —00193 *** | 1468 | —0.0444 17.9
&

= I —0983 *** | 00210 *#=* | 1550 | —0.0483 15.9

S |o| I —0991 *** | _00237 # | 1528 | —0.0545 14.2

) 11 —0.996 *** | 00218 *** | 1623 | —0.0502 17.4

2 IV | 0987 ** | —0.0253 * | 1504 | -0.0582 14.1
=

I | —0984 ***  _00185 ** | 1284 | —0.0425 186

g| I -0982 %% _00181 ** | 17156 | —0.0417 186

111 —0988 *** | (0205 ** | 1211 | —00472 165

IV | —0989 **  _00203 *** | 1101 | —0.0467 17.3

L ~0982 *** | _00165 *** | 1545 | —0.0381 18.8

I ~0988 *** | _00158 *** | 1530 | —0.0365 15.9

G| m —0974 ***  _00201 *** | 1513 | —0.0463 159

IV 0887 %% | 00166 ** | 1565 | —0.0382 173

i | ‘ [ )

C 10 -0gor e | _00180 *vr | 1416 | —00414 | 218

A I —0988 **x  _00195 *** | 1419 | —0.0449 181

A —0971 ***  _00176 *** 1386 | —0.0406 K 189

IV —0961 *** . _00174 ** | 1235 | —0.0402 19.0

I ~0971 *** 00208 *** ' 1443 | —0.0479 160

g g I ~0.084 *** . 00236 *** 1595 | —0.0543 14.8

< Boom —0969 *** | 00166 *** 1350 | —0.0383 202

= —0077 *** | —00216 *** 1460 | —0.049 169

g I —0995 ***  _00238 *** 1545 —0.0549 15.1

S ~0992 *** 00189 *** | 1520 | —0.0436 17.2

11 ~0.982 *** 00193 *** 1495 = —0.0444 182

IV 0990 **x 00153 #** | 1460 | —0.0353 187

CE | 1 | —0994 #x | _00170 *x* ’ 1,366 | —00392 | 209

F| 1 0989 *+% | —00176 *** | 1377 | -00406 | 164

A ’ 1| -0979 e | 00199 ¥ | 1503 1 ~00458 | 172

|

BB 1 | -08w | o091 % | 1552 | 00439 | 178

T olc 1 | -09mwx | _00165 %+ 1285 | 00380 | 168

= ol 1 ’ 0986 *+r | 00213 ** | 1521 | —0.0490 | 161

E 1 —0983 *** | 00191 *** | 1466 | —0.0439 |  17.1

*** Significant at the
** Significant at the

0.1 per cent.
1 per cent. level of probability

level of probability

93
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Table 3. The values of “b”

Specimen ! Range E Average
MOSO.CHIKU |  —0.0365~—0.0582 —0.0461
MA-DAKE ~0.0353~—00549 ~0.0439
HA.CHIKU ~0.0380~-0.0490 —0.0441

I L _0.0381~—0.0549 —0.0443

il —0.0365~ —0.0545 , —0.0464

11 —0.0381~ —0,0502 —0.0452

v 00353~ 00582 | —0.0460
Whole | —0.0353~ —0.0582 —0.0450 + 0.00247

AFER (—0.035~ —0.058) ZHHMEE® | KERE B BkiEE™ Ao b O (—0.
025~ —0.069) (T g ILETRA E—FHTH LS5 TD b,

NEE b OB ERER RO LHEBREEZ B 2RO IS5, ROV TE
AEZEEADONT, 242K ITNERS ARERTIERLRA NS,
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Table 4. The values of fiber-saturation point (%)

Specimen Range | Average
MOSO.CHIKU | 14.1~19.0 16.7
MA-DAKE 14.8~21.8 179
HA-CHIKU 16.1~17.8 17.0
|
1 15.3~21.8 173
11 142~186 165
111 15.9~20.2 17.8
v | 141~19.0 | 171
Whole 141~218 1724172
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LIEDDR, HB2ROEMZFEREBINGE B4 K O L 5 R KOO
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Table 5. The values of ratio of strength
_for ovendry to green (afo)

Specimen 1 Range | Average
!
MOSO.CHIKU | 1.78~2.41 | 217
MA-DAKE | 2.10~2.49 1 2.24
HA-CHIKU 1.85~2.40 214
T : A
I ! 1.85~2.47 | 217
1 ; 1.78~2.35 ; 216
11 | 2.06~2.41 | 223
v ] 1.94~2.49 ! 292
Whole ‘ 1.78~2.49 21940049
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Table 6. The correlation, regression and empirical formula

between the ratio of strength for specific gravity

(¢’;) and the moisture content (z%)

Above the fiber-saturation point Below the fiber-saturation point
. . . . Empirical
Specimen | Correlation Regres'swn Efrgfrg:ﬁzl Correlation | Regression formula
coefficient | coeficlent |57 45, : . g/=Celn
g ffi
| (B) (4) coefficient coefficient © l D)
a I —0.987 *#* —4.9 *¥% 910 —0.978 *** —0.0210 *** 1 1,742/ —0.0483
% II —0.967 ** —4.6 ** 900 —0.972 *** —0.0226 *** | 1,743 —0.0520
’8 III —0.961 ** —45 ** 854 i —0.974 *** —0.0237 *** | 1,760, —0.0546)
iQ ;
b= IV | -0864 ** —4.7 ** 903 i —0.960 *#x —0.0237 *¥** | 1,748/ — 0.0545
| | o |

@ I | -0989 * —3.8 ** 812 —0.969 *** —0.0202 *** | 1,627 —0.0465]
ﬁ 11 —0.958 ** —4.9 *x 888 —0.982 *¥%* —0.0218 ¥** | 1,657, —0.0501,
Qa
é 111 —0.973 ** —45 *¥* 826 ©—0.962 *¥** —0.0214 ¥** | 1591 —0.0494

v —0.952 ** —-51 ** 858 ~0.95] *** —0.0210 *** | 1,554 —0.0484
5 i
= ;
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Table 7. The values of strength properties adjusted
to 12 percent moisture content

: Specific Compressive Ratio of strength to
Specimen gravity strength specific gravity
o f ]

2 1| 0.909 887 976
= I g 0.912 852 934
S | I 0.943 862 914
S IV | 0.888 807 909
M I 0.896 834 931
4 1 0.942 855 908
a

< 111 0.977 | 860 880
= v 098 | 841 869
D

=

5 I 0.923 862 934
< |

5 i
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STUDIES ON THE PROPERTIES OF BAMBOO STEM (Part 9)
On the Relation between Compressive Strength Parallel to Grain
and Moisture Content of Bamboo Splint

(Résumé)
Motoi Ota

Since the physical properties of bamboc resemble those of wood, the
relation between the strength properties and the moisture content of bamboo
splint must be similar to that of wood.

The purpose of this study is to ascertain the above-mentioned idea.

The species of bamboo tested are MOSO-CHIKU ( Phyllostachys
pubescens Mazel), MA-DAKE (Phyllostachys edulis Riv.)) and HA-CHIKU
(Phyllostachys nigra var. Henonis Staptf.).

Each specimen of four types, type I (unshaved), type II (inner-layer
shaved off), type III (outer-layer shaved off) and type IV (inner- and outer-
layers shaved off), were given nine classes of moisture content (0.3~1.0 %,

0.7~20%, 2~4 %, 5~7 %, 6~8 %, 10~13 %, 14~17 %, 17~28 % and
50~99 %).

The test of compression parallel to grain were carried out with 348
specimens of bamboo splint.

The values of the strength properties are shown in Tables 1a, 1b, 1c
and 1d.

The results of this study are summarized as follows :

1. The compressive strength of bamboo splint has a maximum value in
the oven-dry condition and decreases to a marked extent as the moisture
content increases, but it keeps constant after a certain value of
moisture content is passed. (see Table 1 and Figs. 1a, 1b and lc).

2. The compressive strength (o) has an exponential relation (o,=ae™)
with the moisture content (z).

Measurements made on three species and four types of specimen of
bamboo splint vary but slightly, practically all values of parameter “ & ” of
the experimental formula falling in the range —0.0353 to —0.0582. The
average value is —0.04504-0.00247 and coefficient of variation 12.7 %. (see
Tables 2 and 3 and Fig. 2)

" The values of parameter “%” of bamboo splint approximate to those
of wood (—0.025~--0.069).

3. There is a fiber-saturation point in the relation between compressive
strength and moisture content of bamboo splint. Measurements made on
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three species and four types of specimens of bamboo splint vary but
slightly, practically all values of the moisture content at fiber-saturation
point falling in good agreement. The average value is 17.2 + 1.72 9,

coefficient of wvariation 10.0 %5 and those range 14~22 %. (see Table 4
and Fig. 3)

The values of moisture content at fiber-saturation point are lower than
in wood (20~35 %).

4. The ratios (a/s.;) of compressive strength (@) of oven-dried bamboo
splint to water soaked splint (o,,) must have constant values, judging
from the experimental formula. Measurements made on three species and
four types of specimens of bamboo splint vary but slightly, practically all
values of ratio falling in good agreement ; its average value is 2.19+0.049,
coefficient of variation 7.0 % and those range 1.78~2.49. (see Table 5
and Fig. 4)

5. The ratio (¢/,=0,/S) of compressive strength (s,) to specific gravity (S)
has a maximum value in the oven-dry condition and decrease to a marked
extent than in the case of compressive strength as the moisture content
increase below the fiber-saturation point, but it decreases more gradually
above the fiber-saturation point. (see Fig. 5)

6. The ratios (¢',) of compressive strength (s) to specific gravity (S) has
an exponential relation (¢,=Ce”) with the moisture content (#) below
the fiber-saturation point and the parameter in the experimental formula
“C”and “D” for MOSO-CHIKU are larger than those for MA-DAKE, acco-
rding to the measurements of two species and four types of specim-
ens of bamboo splint.

The moisture content (#) and the ratio (¢') of compressive strength to
specific gravity show a straight-line relationship (¢'.=A + Bu) above the
fiber-saturation point, and the values of parameter “A” in the experimental
formula for MOSO-CHIKU are larger than those for MA-DAKE but there
is no significant variation in the values of parameter “B” between MOSO-
CHIKU and MA-DAKE. (see Table 6 and Figs. 6 and 7)

7. The values of strength properties of bamboo splint were converted to
equivalent values for 12 percent moisture content. (see Table 7)

The specimen type I is the higest, type II is the second and type IV
is the lowest in the ratio of compressive strength to specific gravity. The
ratios of compressive strength-specific gravity ratio of MOSO-CHIKU to
that of MA-DAKE, for each type of specimen, are almost constant at 100 :
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96, and therefore it is presumed that the effect of shaving on the ratio of
compressive strength {o specific gravity has similarity in the both species.
(see Table 8)

8. In view of the compressive strength, MOSO-CHIKU has superior quality
to the other species and MA-DAKE has similar quality to HA-CHIKU.

9. There is similarity in the effect of moisture content on compressive
strength properties of bamboo splint to wood generally, but the two differ
as follows:

~a. The moisture content at fiber-saturation point of bamboo splint is lower

than wood.
b. The ratio of compressive strength to specific gravity is higher than
wood above the fiber-saturation point.



