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Fracture Analysis of Bone-Like Materials Using J integral
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The analysis of a crack in a bone-like material is performed numerically. The bone-like material is
hierarchically structured and each hierarchy is structured by mineral platelets and protein matrix
through staggered arrangement. Mechanical behavior of the composite can be analyzed using
tension shear chain model. The Dugdale model is adopted to evaluate the fracture energy of
Bone-like material. The fracture energy dissipation is assumed to concentrate within a strip near
the crack tip along the prospective crack path. Fracture criterion of the bone-like material is
estimated by using J integral. Effects of hierarchical level, ratio of elastic modulus of mineral to
protein, aspect ratio of mineral platelet and volume fraction on J integral are investigated. It is
found that the J integral decreases as elastic modulus ratio and hierarchy level increase. It is also
shown that the J integral increases as the volume fraction and aspect ratio decrease.
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o = effective tensile stress

& = effective strain

E = effective elastic modulus
o, = tensile stress in mineral
7, = shear stress in protein

&, = shear strain in protein

E, = modulus of mineral

4, = shear modulus of protein
A, = elongation of mineral

p = aspect ratio of mineral

@ = volume fraction of mineral
n = hierarchical level

E, = elastic modulus at level n

@, = volume fraction of mineral at level n
p, = aspect ratio of mineral at level n
#, = shear modulus of protein at level n
w = strain energy density
T, = traction vector
u, = displacement vector
a = longitudinal distance between mineral platelets
b= lateral distance between mineral layers
= length of mineral platelet
d = width of mineral platelet
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Fig. 1 Hierarchical biomimetic structure and tension-

shear chain model

Fig. 2 The staggered arrangement of mineral platelets
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Fig. 3 J integral contour
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Table 1 Geometrical parameters for various mineral
volume fractions

P:r}:r‘r’fggfs’(c;'n) ®=0.1|®=0.3 | 0=0.5| ©=0.7 | ®=0.9
a 200 | 200 | 200 | 100 | 50
b S60 | 134 | 48 | 26 | 52
L 800 | 800 | 800 | 900 | 950
d 80 | 80 | 80 | %0 | 95

Table 2 Mineral elastic modulii for various modulus
ratios and hierarchical levels

E,(GPa)

En/E,
n=0 | n=1|n=2|n=3| n=4
1 100.0 | 45.29 | 21.63 | 10.58 | 5.230
10 100.0 | 24.51 | 9.766 | 4.432 | 2.118
100 100.0 | 4.386 | 1.506 | 0.651 | 0.304
1000 | 100.0 | 0.476 | 0.159 | 0.068 | 0.031
10000 | 100.0 | 0.048 | 0.016 | 0.007 | 0.003
100000 | 100.0 | 0.005 | 0.002 | 0.0007 | 0.0003

Table 3 Mineral elastic modulii for various mineral
volume fractions and hierarchical levels
E.(GPa)
1=0{n=1|0n=2|n=3 | n=4
0.1 100.0 | 0.002 | 0.0002 (0.0000210.000002
0.3 100.0 | 0.025 | 0.007 | 0.002 0.000667
0.5 100.0 | 0.096 | 0.048 | 0.024 | 0.012
0.7 100.0 | 0.313 | 0.219 | 0.153 | 0.108
0.9 100.0 | 1.531 | 1.378 | 1.240 | 1.116

0]

Table 4 Mineral elastic modulii for various mineral aspect
ratio and hierarchical Jevels

E(GPa)

P n=0|n=1|n=2 1| n=3| n=4
10 100.0 | 0.096 | 0.032 | 0.014 | 0.006
20 100.0 | 0.382 | 0.128 | 0.055 | 0.026
30 100.0 | 0.851 | 0.285 | 0.123 | 0.057
40 100.0 | 1.494 | 0.503 | 0.216 | 0.101
50 100.0 | 2.296 | 0.777 | 0.334 | 0.156
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Fig. 4 Stress distribution near the crack tip
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Fig. 5 Normalized J integral as a function of modulus
ratio and for various hierarchical levels
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Fig. 6 Normalized J integral as a function of mineral
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Fig. 7 Normalized J integral as a function of mineral
aspect ratio and for various hierarchical levels
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