
J O U R N A L O F T H E M E C H A N I C A L B E H AV I O R O F B I O M E D I C A L M A T E R I A L S 4 ( 2 0 1 1 ) 1 5 1 4 – 1 5 3 0

available at www.sciencedirect.com

journal homepage: www.elsevier.com/locate/jmbbm

Research paper

Structure and mechanical properties of Saxidomus purpuratus
biological shells

W. Yanga,b, G.P. Zhanga,∗, X.F. Zhua, X.W. Lib, M.A. Meyersc,d

a Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences, 72 Wenhua Road,
Shenyang 110016, PR China
b Institute of Materials Physics and Chemistry, College of Sciences, Northeastern University, Shenyang 110004, PR China
cDepartment of Mechanical and Aerospace Engineering, University of California, San Diego, La Jolla, CA 92093-0411, USA
dDepartment of Nanoengineering, University of California, San Diego, La Jolla, CA 92093-0411, USA

A R T I C L E I N F O

Article history:

Received 26 October 2010

Received in revised form

6 May 2011

Accepted 7 May 2011

Published online 17 May 2011

Keywords:

Shell

Strength

Fracture

Microstructure

Bending

Compression

Bivalves

Saxidomus purpuratus

A B S T R A C T

The strength and fracture behavior of Saxidomus purpuratus shells were investigated

and correlated with the structure. The shells show a crossed lamellar structure in

the inner and middle layers and a fibrous/blocky and porous structure composed of

nanoscaled particulates (∼100 nm diameter) in the outer layer. It was found that the

flexure strength and fracture mode are a function of lamellar organization and orientation.

The crossed lamellar structure of this shell is composed of domains of parallel lamellae

with approximate thickness of 200–600 nm. These domains have approximate lateral

dimensions of 10–70 µm with a minimum of two orientations of lamellae in the inner and

middle layers. Neighboring domains are oriented at specific angles and thus the structure

forms a crossed lamellar pattern. The microhardness across the thickness was lower in

the outer layer because of the porosity and the absence of lamellae. The tensile (from

flexure tests) and compressive strengths were analyzed by means of Weibull statistics.

The mean tensile (flexure) strength at probability of 50%, 80–105 MPa, is on the same

order as the compressive strength (∼50–150 MPa) and the Weibull moduli vary from 3.0

to 7.6. These values are significantly lower than abalone nacre, in spite of having the

same aragonite structure. The lower strength can be attributed to a smaller fraction of

the organic interlayer. The fracture path in the specimens is dominated by the orientation

of the domains and proceeds preferentially along lamella boundaries. It also correlates

with the color changes in the cross section of the shell. The cracks tend to undergo a

considerable change in orientation when the color changes abruptly. The distributions of

strengths, cracking paths, and fracture surfaces indicate that the mechanical properties of

the shell are anisotropic with a hierarchical nature.
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