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In this study, the
effectiveness of density and
heat treatment on the physico-
mechanical properties of
unidirectional round bamboo
stick boards (UBSBs) made of
Makino bamboo (Phyllostachys
makinoi) was investigated.

The result revealed that

the density profiles of all
UBSBs with various densities
were uniform, and most of
their properties increased
with increasing density up
to 1000 kg/m3. By increasing
heat treatment temperature,
the thickness swelling and

water absorption of the UBSBs

/@f%w o ,9{@27

Bamboo culm Splitting

Y &7 4

UBSBs Flat-platen
pressing

Bamboo strip

Parallel
orientation

In conclusions, Wood fiber-
reinforced polylactic acid
(PLA) composites (WFRPCs)
were used as a filament to
manufacture the unidirectional
WFRPC components by means of
fused deposition modeling
(FDM). The physico-mechanical
properties of the WFRPC
components printed at different
extrusion temperatures (200,
210, 220, and 230 °C) were
determined. The results
revealed that most of the
physical properties (moisture

content, surface roughness,

g (b)
WFRPC
filament

§£=0.2 mm

- 0.4 mm

(c)
ra
The extruded
’/ﬁlumcn[ segments
Y X

(a) Schematic of a customized FDM system

(b) The cross-section of the WFRPC component

printed with the filament segments

(c) Appearance of the FDM-printed tensile sample

(extrusion temperature: 200 °C).

Pecling the outer
and inner

Immersing in
PF resin

The manufacturing process of a unidirectional
round bamboo stick board (UBSB)

2 .FOm A 3D 7| i ekt 2 R AR

Peeled bambaoo strip

@ -
p
&

Round bamboo stick

Drying

Heat
treatment

water absorption rate, and
thickness swelling rate) of the
printed WFRPC component were
not significantly influenced by
extrusion temperature, while
its density and color difference
increased as extrusion
temperature increased.
Additionally, the tensile and
flexural properties of the
FDM-printed WFRPC component
decreased when extrusion
temperature was more than 200
°C, whereas the compressive
strength and internal bond

strength increased by 15.1%

i* and 24.3%, respectively, when
y

extrusion temperature was

WFRPCamn

significantly decreased.
Additionally, the UBSB with 155
°C heat-treated bamboo sticks
exhibited the best mechanical
properties among all UBSBs, and
then it decreased as the heat
treatment temperature increased
further.

«d Comparison of the bending properties for various construction

Bending strength (MPa)

materials

g

g

5

“WERPCo10
Surface appearances of the FDM-printed WFRPC

UBSB

‘ Techi
cerani
Metal

Glass

Foams, Fabries,
Fibers

Waood, Plywood,
Glulam
Bamboo, Straw,
Cork

Concrete
Stone
Brick

o1 i ity
Bending modulus (GPa)

increased from 200 to 230 °C.
Furthermore, scanning electronic
microscopy (SEM) demonstrated
that the fracture surface of
the tensile component printed
at higher extrusion temperature
exhibited better compatibility
at fiber/PLA interfaces and

good adhesion between the
extruded filament segments.
These results indicate that

the FDM printing process using
different extrusion temperatures
has a substantial impact on the
surface color, density, and
mechanical properties of the

printed WFRPC component.

WFRPCa20

WEFRPCoe

components extruded at different

temperatures.

Ty
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