Composites

=

Vol. 32, No. 1, 50-55 (2019)

Paper

Research ISSN 2288-2103(Print), ISSN 2288-2111(Online)

o
i
Ot
oM
Ot
=2
R
>
=
=
o
>
do
oM
l&

HUIIHO| 7|AI™ 75 o3

A
-

A Study on the Mechanical Behavior of Biomimetic Fiber-Reinforced
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Composites under Pressure Loads

Jinho Lee*, Hyun-Seok Jo**, Myungsoo Kim***

ABSTRACT: In this study, we investigated the effect of fiber alignment in helicoidal structure on the mechanical
properties of biomimetic fiber-reinforced composites. Using finite element analysis, circular biomimetic fiber
composites were designed and studied. Various amounts of pressure loads were applied to a surface of the composites,
and then bending and failure behaviors of the composites were analyzed. The results showed various failure
morphologies according to the orientation of the fibers, and it turned out that the fiber alignment in helicoidal
structure significantly improved the bending strength of the composite under pressure loading. This was because the
fiber alignment in various directions for each layer dispersed effectively the fracture energy from the external load
into multiple directions.
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Fig. 1. The hierarchical structures of the exoskeletons from
Homarus americanus, Callinectes sapidus and Popillia
japonica. Helicoidal structural pattern is observed in dif-
ferent regions of all the exoskeletons. Reprinted from
Cheng et al.,, Composites: Part A, Vol. 42, 2011, pp. 211-
220 with permission from Elsevier [5]
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Table 1. Elastic and strength properties of uni-directional carbon
fiber/epoxy composites

Young’s Modulus (E,,) 123,340 MPa
Young’s Modulus (E,,=E;;) 7,780 MPa
Shear Modulus (G,=G;;) 5,000 MPa
Shear Modulus (G,;) 3,080 MPa
Poisson’s ratio (v,,=v,;) 0.27
Poisson’s ratio (v,;) 0.42
Tensile Strength, X direction 1,632 MPa
Tensile Strength, Y direction 34 MPa
Tensile Strength, Z direction 34 MPa
Compressive Strength, X direction -704 MPa
Compressive Strength, Y direction -68 MPa
Compressive Strength, Z direction -68 MPa
Shear Strength XY 80 MPa
Shear Strength YZ 55 MPa
Shear Strength XZ 80 MPa




52

Jinho Lee, Hyun-Seok Jo, Myungsoo Kim

0.757} "k A& on|gict. o= A=
ot shejete APAAF A2 2|7 H B

R EE R

sh1)7h Qof
A Ae

etk

e ES
A AEL F 5EHE A
2718 71202 Bstgick A2 9
27152 it

12508 T4
1258 A

Table 2. Five samples and fiber orientation changes

Sample Name

SO

S90

545

S30

S15

Orientation Change

Q°

90°

45°

300

15°

Table 3. Fiber orientation for each layer in the composite sam-

ples

layer SO $90 S45 $30 S15
12 0° 90° 135° 150° 165°
11 0° 90° 135° 150° 150°
10 0° 90° 135° 120° 135°
9 0° 90° 90° 120° 120°
8 0° 90° 90° 90° 105°
7 0° 90° 90° 90° 90°
6 0° 0° 45° 60° 75°
5 0° 0° 45° 60° 60°
4 0° 0° 45° 30° 45°
3 0° 0° 0° 30° 30°
2 0° 0° 0° 0° 15°
1 0° 0° 0° 0° 0°

Fig. 2. Fiber orientations in the designed samples: (a) SO, (b)
S90, (c) S45, (d) S30, (e) S15
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Fig. 3. Shape of the composites, boundary condition, and pres-

sure load
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Fig. 4. Total deformation of S15 under the pressure of 14.7 MPa

Fig. 5. Matrix failure of SO under the pressure load 1.7 MPa, hori-
zontal axis — x axis and vertical axis - y axis, (a) the top
layer (b) the bottom layer
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Fig. 6. Matrix failure behavior of the top layer according to the
fiber orientations, 2 MPa, horizontal axis — x axis and ver-
tical axis - y axis, (a) S90, (b) S45, (c) S30, (d) S15
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Fig. 7. Failure behavior of the top layer of S15, (a) matrix failure,
1 MPa, (b) fiber failure, 1 MPa, (c) matrix failure, 5 MPa, (d)
fiber failure, 5 MPa, (e) matrix failure, 10 MPa, (f) fiber
failure, 10 MPa

Table 4. Maximum pressure loads to withstand and deforma-
tions of the composites

Total Deformation
Sample Maximum load Maximum Average
(MPa)
(mm) (mm)
SO 1.7 12.952 6.390
S90 3.0 16.276 8.053
S45 13.5 45.850 21.131
S30 14.1 43.593 21.598
S15 14.7 44.295 22.092
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Fig. 8. Load caring directions, (a) a unidirectional fiber compos-
ite, (b) a multi-directional fiber composite
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Fig. 9. Matrix failure orientation of S90 under the pressure load
1.5 MPa, horizontal axis — x axis and vertical axis - y axis,
(a) the top layer, (b) the bottom layer
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