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Composition of Eggshell
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Mechanical Evaluations of Structural and Material Composition of Eggshell

Juhachi ODA, Shinobu SAKAI and Satoru KEMMOCHI

An eggshell is craked easily by an inside load, but has strong resistance to an outside load. In this study,
the structural and material composition of a hen's eggshell is analyzed by microscopic observation, static
and dynamic penetration tests and FEM. The results obtained are as follows. (1)From microscopic
observation, the eggshell is found to have a laminated structure of many material compositions. (2)The
outer eggshell membrane acts as a strong adhesive between the inner eggshell membrane and the eggshell.
(3)A cone-type punch and striker makes an initial crack easily, but large penetration energies are required .
(4)The penetration energy required from outside of an eggshell is bigger than from inside and consists of
the energies required to break the membrane and peel it off the eggshell.

Key Words: Biomechanics, Biomaterials, Eggshell, Composite Material, Laminated Construction,
Material Testing, Finite Element Method
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Figure 1 Cross section of eggshell
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Table 1 Shapes of eggshell and membrane
" L(mm) 5880 ~ 61.95
D(mm) 45.05 ~ 47.25
Ry(mm) 12 ~ 15
Ry(mm) 15 ~ 17
Eggshell / Membrane
0.355/0.077

A Outer eggshell

membrane

Thickness(mm)

Inner eggshell
membrane

YMembranes
Eggshell

Figure 2 Surfaces of inner and outer eggshell membranes
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Table 2 Material properties of eggshell and membrane

Eggshell Membrane
Young's modulus(MPa) 7760  4.38
Tensile strength(MPa) 1.99 2.23
Peel strength(N/25mm) 0.327(3)
Buckling pressure(MPa) 3.53
2.50 I I l
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Figure 3 Stress-strain diagram of eggshell and membrane
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Figure 4 Measurement set-up of buckling test under
hydraulic pressure
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Figure 5 Static penetration test and three types of punch
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Figure 6 Static displacement-load diagram
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Figure 7 Shape of fracture after static penetration
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Figure 9 Static penetration energy U (J)
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Figure 10 Peeling mechanism of membrane
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Figure 12 Results of FEM analysis
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Figure 13 Measurement set-up of dynamic penetration
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