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Fragmentation Tests on a Single Bamboo Fiber Reinforced Biodegradable
Resin Matrix Composites
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Kunihiko NOMURA? and Toshinobu TOYOHIRO

{Received October 1, 2008)

Abstract  Mechanical properties of bamboo fiber are investigated in terms of the effects of chemical
treatment. Fiber fragmentation behavior in a single bamboo fiber reinforced biodegradable resin matrix composite
is confirmed experimentally and further analytically. The weak alkali (1.6wt% concentration) treated bamboo
fiber is showed the increase of tensile strength and efastic modulus. The results of fiber fragmentation tests are
considered using the statistical approaches on composite materials, An extensive fiber pull-out failure is observed
without alkali treated bamboo fiber in the fragmentation test. It is found that the alkali treatment is effective to
exhibit the removal effects of the contaminations and the parenchyma cells on fiber surface. Furthermore, the
narrow slits are formed into between fiber monofilaments. When the resin matrix was embedded into the slits,
according to an anchor mechanism, composite interfacial shear stress, © is enhanced. However, it is shown that
the brittle fracture mode of composite is caused to the higher interfacial shear stress, 7.
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Fig.1 Schematic illustration of tensile specimen for
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Fig.2 Appearance of specimen for the fragmentation test piece
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Fig.3 Typical stress-strain curves after the tensile tests of

the bamboo fibers with alkali treated and untreated
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Fig.4 Tensile strength, (a), elastic modulus, (&) and fracture

strain, (c) of the alkali treated and untreated bamboo fibers
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Fig.5 Fracture morphologies after the tensile tests in

bamboo fibers with alkali treated and untreated
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Fig.6 Typical stress-strain curves after the fragmentation

tests and tensile test with biodegradable matrix resin

Fig.7 i3, B—M##EEHBO7 I 74 07—
a YRBEO~ 7 o RERIRRET LEELOTH
B, 7oA Y AEM T, NEOBET L A i S
FlEHPNTEY ., pull-out BEEE Va2 R L, ROLE
MR A R L=2%, Bl &bl
EERKEL ER-T W, FOHIZ, ROBEH
THATRRAE S = R ) w7 AOBERN BN R - T
Tohs, TAK ) B OB EIIZIERI U THY |
Wi~ ) v AOEEMRBEBS R L
TRILHZEMNbioiz, THULBEMONEI
HOIAE NI R RET 508, RO EN
DFENIY HLEOCTHL AL CEE LD L LBE
TEk,

(b) Alkali untreated

Fig.7  Variation of fracture morphologies after the

fragmentation tests
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Fig.8 Weibull plots of the fiber distributions for bamboo

fibers with alkali treated and untreated
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Table 1
treated and untreated based on Kelly’s model

Change in interfacial shear stress, v with alkali

Treated Untreated

Average fiber strength
at critical fragment, o,/ MPa 930 774
Interfacial shear stress, ¢/ MPa 123 250
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Fig.9 Fracture surfaces of the bamboo fibers embedded into
resin matrix after the fragmentation testing. Fiber pull-out is

observed both specimens.
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Fig.10 Surface morphologies of the bamboo fibers after
alkali treated and untreated. The contaminations and
parenchyma cells are removed.
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