
23 May 2023

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Advanced models for the accurate evaluation of interlaminar stresses in composites with applications to free-edge
effects and delamination / de Miguel, A. G.; Carrera, E.; Pagani, A.; Zappino, E.. - (2018). (Intervento presentato al
convegno 1st International Conference on Mechanics of Advanced Materials and Structures (ICMAMS) tenutosi a
Torino, Italy nel 17-20 June, 2018).

Original

Advanced models for the accurate evaluation of interlaminar stresses in composites with applications to
free-edge effects and delamination

Publisher:

Published
DOI:

Terms of use:
openAccess

Publisher copyright

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/2709927 since: 2018-06-26T15:25:51Z

MAMS



ICMAMS 2018
First International Conference on Mechanics of Advanced Materials and Structures

Turin, 17-20 June 2018
www.icmams.com

Advanced models for the accurate evaluation of interlaminar
stresses in composites with applications to free-edge effects and
delamination

A.G. de Miguel1,*, E. Carrera1, A. Pagani1, and E. Zappino1

1 Mul2 Team, Mechanical and Aerospace Engineering Department, Politecnico di Torino, Italy
* Corresponding author: alberto.garcia@polito.it

The present study presents a novel methodology for the accurate evaluation of inter-
laminar stresses in generic composite laminates which is based in the use of refined 1D
theories with non-local assumptions over the cross-section. The numerical simulation of
the interlaminar stresses in laminated structures is a topic of major interest in the com-
posite community. In many structural applications, the high stress concentrations that
arise at the free edges of the interfaces provoke the appearance of delamination zones,
which reduce the performance of the composite component and give rise to further failure
modes. In this matter, analytical and semi-analytical models have proven to be a useful
tool, although they are usually limited to certain geometries and boundary conditions. On
the other hand, the use of 3D finite element models can extend this study to general prob-
lems, but they require very refined discretizations to capture the localized effects that arise
at the interfaces between layers, restricting in great manner its use. To solve this issue,
in this work the Carrera’s Unified Formulation is employed to reduce the 3D problem to
a 1D analysis in which non-local higher-order polynomials are employed to expand the
variables over the cross-section plane. Standard shape functions are used to interpolate
the variables along the beam axis, whereas only-displacement assumptions and mixed
displacement-stress assumptions based on the RMVT are considered over the section of
the laminate in a layer-wise sense. The use of locally-defined expansion domains allows
the user to refine the model in the zones of interest, i.e. the free-edges, while the mesh of
the longitudinal axis remains coarse. In this manner, the computational size of the model
can be reduced by orders of magnitude in comparison to solid models, and moreover, dif-
ferent boundary conditions and geometries can be evaluated. Results of tensile, bending
and torsion cases in composite laminates are presented, as well as bonded joints tests.


