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Relationship Between Tensile Strength
of Natural Fibers and Their Sizes*
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An image analysis system was used to measure the sizes and shapes of natural fiber bundles such as jute,
hardwood, softwood, bamboo and lint, and other fibers such as polyester and glass fibers for the comparison.
Fibers were magnified through the microscope and the picture of the fibers was input into the image analyze
system to measure the length and diameter of the fiber. The ratio of fiber length to diameter was then calculated.

The moisture content of each kind of fiber was determined. The tensile strength of the fibers were then
measured. Based on the experimental results, the mechanical properties and the configuration of the fibers were
compared with each other, and the characteristics were discussed.

Experimental results revealed that in natural fibers the tensile strength decreases gradually with increasing
fiber length, but the tensile strength and the Young’s modulus in tension decrease remarkably with increasing

natural fiber diameter.

B B

WAZENT > A7 4 (IBAS) 2R WT, 1, ¥ 2— b, SHEEH, LESR, WE2LO0XRRRT 743
(MER) BLUOKBOBERTH I A, BVIXTNT 74 N—7% EEHES L OSHEMEDTEZNE L,
FNFNDT 7 A N—DEEW (length to diameter vatio) ZEH L7,

=7, INLDT 7 AN—DFFERRELEGRBELXE L 72 CNOOERELS, FHT 714/ —
ONFHIE TR JE - et L, EE L7

T AN—OFEENFHRBEORBRER LR, KRT7 74 -TIEESOHMIfE-TZD
GIRBENIRAIRTT5 28, 74, HEOWMIIME ST, 5IRMEB LUBIBEY v ZFE)HE 2K
TThILARDLNT,

¥ RO EA3E B AR EARSE (19934 8 A, B THE L7,
*E M EMEERSEF (Laboratory of Structural Function)

Key words: natural fiber, fiber length, fiber diameter, fiber tensile strength.



iR D7 7 AN D & SHEDRIFR

1. #&

KET 7 AN MO FRGME, SRBED DV IERBSREL C2RDPTAIEICLY, KET 74
NeK— FOBEL EOMRELEAT LI ESHIND, SO, BRONFOREICHLTAESR
BEYE5LORTLELT, 774N DESBIVBERLRE BT ENTEDL, 7 74 13— D}k
DREI L DFEHFRALNT VD, L CHVLRTVADIRHERERIC L b REANEE
BB - M L 2 EBNEETH D, SRSDOWEREFICHEI 2L, BIESTET,
BELEDE VI REND D, &2 TREGRATSY 25 L% AWT, #, Ya— b, SHEEM, 5,
W, WIABLORYZAFI - 7724 5—DFE - BREMEL, ZOREORMERSHIZ L,
7o, BERRRT7 7 AN—OTELEBELOBRBICOWVTEIRIZENZ 0P v, REFFE T,
BERART 7 AN—DFERELHEL, FROEREHBL, 774 5—OFEERE L OGS
BOACT 5 EEbIT, ZORBIOVTEE L,

2. ¥ B&

il

2.1 774 N=0O% - BROBE

R s AN—RBEBETITEDN, Ya—t, LES (57 VH), BIXUHEHEHEN (%), &
BEDRKRBHMEE KBERABE LTEBEO IR - 77 AN—BLUVAEEFTFORYIZAFNV - 7 7
AN—DFTHEETH 5,

T AN—OF3% - BIROBEIZE, FA Y KONTORN BILD ANALYSE #t & O B{E#AT S X 7 4
IBAS (Interaktive Bild-Analyse System) %72V, 7 7 4 N—OBEZEOWEIZOVTHE, L7 HEED
TAN—%, RFHEHMBEELBCCEBEANL, 1, LESBIUCHEHO T 7 4 313128012, Y2 —
be 77 AN—IIBMFIIER LR, TTREI -V LVEHCTCHEER2 ML -1, 774 NN—DEZF
PRE L ZOB, 77 AN OBKBEEXMHERE LR, 774 /15— ORSOWETIE, JLREM L
BT 7 AN DOBAITI2/ITILK Lf:f&, FMMDOT s AN-DHERILKRETIZ, EEESTHE
L7266 ROTT7 7 AN—ORELEHHEHBLZEM L2, BL, 774D IFMTIEEILTL
b—ETREZVOT, EELIHHEL, 2o DFHELHV,

RN, LEMBLUSER 7 7 4 N2V TIE200K, Ja—-be#i7 74N —1ZD20Ti
60K, FIRARELRYIATNT 7 A N=|ZDWTHIHIORTHY, FNENEELEITEATHEICMRL -,
2.2 TrAN—D5RRARK

FIRRARERIZEN o C, 77 AN DEKRRFRE L, & B, FHEICHW-EEEEIIRESCTHE
T BRI LR, T 7 4 N OEKEE Table 1ITRT,

Table 1. Moisture contents of each kind of fiber.

Types of fiber| Bamboo | Jute |Softwood [Hardwood| Lint | Polyester | Glass

Moisture
contents (%) 8.6 9.3 8.4 8.6 6.0 0.77 0.13
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Fig. 1 Illustration of a fiber specimen prepared for tensile test.
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Table 2. Sizes, configurations, and mechanical properties of fiber bundles.

. . : Specific . .
Types of |Specific . Length to|Young's [Tensile Y . |Specific |Maximum
bf;llk;%rlc gravitie %Prg;h D‘ﬁi‘g’ diameter [modulus |strength | O8ES  strength |elongation

ratio  |(tonf/fem?) |(kgf/fem?) (kgffem® | (%)

(tonf/cm’)

390 | 0056 | 810 | 340 | 5500 1.67
Jote | 143 1 @y | 0024) | (G60) | 210) | 3300) | 238 | 3846 | (049)

46 | 0.146 29 59 | 1,300 243

Hardwood) 0.60 | 1) | 0059 | a5 | @9 |qaioo) | % | 2167 | o)
77 | 0212 e 61 | 1,400 2.47

Softwood | 050 | o) | @094 | @3 | @y |aoo0 | 2 | 280 | oy
Bamboo | 080 | 300 | 0130 [ 270 130 | 3,000 251

a25) | ©0s5 | aep) | 0y |csooy | 163 | 3750 | @32

287 | 1516xm| 1,900 | 120 | 4,800 4.43
150 1 agy | 73 | 3800 | 55 | 000y | 30 3200 | (1’59
68.3 [40.54um| 1700 | 46 | 5200 | o, 7es | 204
22) | (380 awo | en | €0 (.75)

484 | 1340xm| 3700 | 680 | 19,000 277
Glass | 250 | (1) | ‘@24) | 600) | 200 | 5,000 | 272 | 7600 | (g’6s)

Lint

Polyester | 1.38

Note: Figures in parenthesis are the standard deviations.

Legend: * The data are introduced from references 5), 6), 7) and 9).
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Fig. 2. Stress-strain diagram of each kind of fibers.
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Fig. 3. Frequency distribution in diameters of jute fibers.

Note: Ave. = average, S. D. = standard deviation.
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Fig. 4. Frequency distribution in tensile strengths of just fibers.

Note: Ave. = average, S. D. = standard deviation.
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Fig. 5. Relationships between jute fiber length and tensile strength.

3
—_ AA
g\‘: A
A
c AA A
) A A A A A A A
= A AA A A A A
< 2 A M A
o)) A
£ Mh,, 4, A A A A
5 AMAsa ma A
T Ay, T A A
AMMAAM A L4 A
£ A A
S 4 A
g 1 e a t
= h a
% A AA
=
0 . N . s
0.00 0.03 0.06 0.09 0.12

Fiber diameter (mm)

Fig. 6. Relationships between jute fiber diameter and maximum elongation.
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Fig. 7. Relationships between natural fiber diameters and tensile strengths.
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