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A basic study on the prediction of local material behavior of composite bone plate
for metaphyseal femur fractures

Seong-Hwan Yoo, Dae-Sung Son’, and Seung-Hwan Chang*+

ABSTRACT

This paper presents an estimating method for local property changes and failure prediction of composite
materials experiencing large shear deformation during draping process. The bone plate for the metaphyseal
femur fracture was chosen to apply the presented method because it has complex geometry. The local property
changes due to macro-/microscopic deformations of fabric composites during draping process were evaluated by
various tests and the result was applied to predict static/fatigue behaviors of the bone plate. This paper was

expected to present useful information on the design of composite structures with complex geometry and their
performance evaluation.
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Fig. 1 The metaphyseal femur fractures and bone plate application.
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Table 1 Material properties of carbon/epoxy prepregs

Plain weave

Longitudinal (0° 70
Modulus[GPa] ongitudinal (0%)

Transverse (90°) 70
Ply thickness[mm] 0.23
Fiber volume fraction 0.6

2

Aﬂm

Fig. 2 Picture frame test for prepreg deformation; (a) before shear
deformation, (b) after shear deformation.
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Fig. 3 Force-shear angle curve of the fabric prepregs during the picture
frame test.
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Fig. 5 Draping of prepregs on the bone surface; (a) orthogonal grid
lines, (b) draping and molding.
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Fig. 6 Chord modulus and compressive strength of the sheared specimens.

Crimp angle

Free surfaces

(b)

Fig. 7 Meso-structure of the fabric prepreg; (a) unit tow cell (b)
micrograph of the tow structure.
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Fig. 8 The correlation of crimp angle and shear angle.
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Fig. 9 Loading cycle for fatigue tests.
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Fig. 10 Fatigue life of the sheared fabric specimens according to the

shear angle.
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Fig. 11 Shear deformation map.
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Table 2 Shear angles of each position

position Shear angle(°) position Shear angle(®)
A 3 a 4
B 5 b 6
C 10 c 3
D 8 d 1
E 2 e 2
1 11 [ 2
2 5 B 5
3 6 Y 5
4 1 5 4
5 1 € 4
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Table 3 Local property variation of the draped bone plate according to

the position
Position Shear Crimp Modulus Strength

angle(®) angle(®) (GPa) (MPa)
Ref 0 5.57 15.5 170.6
A 3 6.36 16.9 170.0
B 5 6.87 17.9 170.6
C 10 8.18 20.9 175.6
D 8 7.66 19.6 172.9
E 2 6.10 16.4 170.1
1 11 8.44 21.5 177.3
2 5 6.87 17.9 170.6
3 6 7.14 18.4 171.1
4 1 5.84 16.0 170.3
5 1 5.84 16.0 170.3
a 4 6.61 17.3 170.2
b 6 7.14 18.4 171.1
c 3 6.36 16.9 170.0
d 1 5.84 16.0 170.3
e 2 6.10 16.4 170.1
o 2 6.10 16.4 170.1
B 5 6.87 17.9 170.6
v 5 6.87 17.9 170.6
3 4 6.61 17.3 170.2
€ 4 6.61 17.3 170.2
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Fig. 12 Strength distribution of the bone plate.
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