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†Laboratoire de Mécanique des Solides, Ecole Polytechnique
UMR7649- 0176, 91128 Palaiseau, France

lopez@lms.polytechnique.fr

‡Graduate Aerospace Laboratories, California Institute ofTechnology
1200 E. California Blvd, MC 301-46, Pasadena, CA 91125, USA

sergiop@caltech.edu

ABSTRACT

New designs for lightweight deployable structures requirematerials able to undergo high curva-
tures without damage. A possibility is the use of carbon fibercomposites with a soft elastomeric
matrix, such as silicone rubber. This type of composites canbe folded to very high curvatures,
while it retains the high axial stiffness of traditional epoxy-based composites. The reason is that
the soft matrix allows the fibers on the compression side of the material to form elastic mi-
crobuckles. Through this mechanism, the composite can be subjected to a large curvature while
the strain in the fibers is relatively small [4]. In this contribution we present an experimental
and numerical study of this novel composite.
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Figure 1:Folding of fiber composites with silicone rubber: (a) Micrograph of fiber microbuckling, (b)
experimental moment-curvature relationship showing strain softening under cyclic loading and (c) three-
dimensional simulations of the folding process, with the matrix removed to aid visualization.
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Experimental testing of the folding behavior of the composite shows a highly nonlinear mo-
ment vs. curvature relationship, as well as significant strain softening, similar to the Mullins
effect observed in particle-reinforced rubbers. Simulations neglecting damage sources capture
the micromechanics of the microbuckling. However, the model tends to overestimate the mate-
rial stiffness after buckling takes place, and is not able tocapture the strain softening [1]. This
shows the importance of considering a damage mechanism in the model.

In order to study the damage in the material, it is convenientto isolate its effects from those of
the fiber microbuckling. In order to do so, the composite has been tested under unidirectional
tensile loading perpendicular to the fiber direction. The strain softening observed in this loading
case is due to the material damage, and can be modeled introducing cohesive elements at the
fiber/matrix interface in a plane-strain finite element continuum model of the composite. This
approach, similar to the one presented in [3], provides a good approximation of the experimental
observations [2].

In the simulations two different approaches have been followed to model the arrangement of
the fibers. The first one is a random hard-core process. The second is a reconstruction method
based on the Random Sequential Adsortion algorithm by [6]. The goal is creating a model with
a fiber distribution statistically equivalent to that observed in micrographs of the material, which
is described with the second-order intensity function [5].The results show the importance of
using a realistic fiber arrangement to construct the model.
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[2] F. López Jiménez and S. Pellegrino, Constitutive modeling of fiber composites with a soft
hyperelastic matrix.Int. J. Solids Struct. 49:635-647, 2012.

[3] J. Moraleda, J. Segurado and J. LLorca, Effect of interface fracture on the tensile defor-
mation of fiber-reinforced elastomers.Int. J. Solids Struct. 46:4287-4297, 2009.

[4] T.W. Murphey, T. Meink and M.M. Mikulas, Some micromechanics considera-
tions of the folding of rigidizable composite materials, in: Proceedings of 42nd
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference,
Seattle, Washington, USA, 2001.

[5] R. Pyrz, Quantitative description of the microstructure of composites. Part I: Morphology
of unidirectional composite systems.Compos. Sci. Technol. 50:197-208, 1994.

[6] M. Rintoul and S. Torquato, Reconstruction of the structure of dispersions.J. Colloid
Interface Sci. 186:467-476, 1997.

8th European Solid Mechanics Conference

Gerhard A. Holzapfel and Ray W. Ogden (Eds)

Graz, Austria; July, 2012


