
Accepted Manuscript

Failure and fracture micro-mechanisms in metal-composite single lap joints

produced by welding-based joining techniques

S.M. Goushegir, J.F. dos Santos, S.T. Amancio-Filho

PII: S1359-835X(15)00397-8

DOI: http://dx.doi.org/10.1016/j.compositesa.2015.11.001

Reference: JCOMA 4112

To appear in: Composites: Part A

Received Date: 12 August 2015

Revised Date: 6 October 2015

Accepted Date: 1 November 2015

Please cite this article as: Goushegir, S.M., dos Santos, J.F., Amancio-Filho, S.T., Failure and fracture micro-

mechanisms in metal-composite single lap joints produced by welding-based joining techniques, Composites: Part

A (2015), doi: http://dx.doi.org/10.1016/j.compositesa.2015.11.001

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.compositesa.2015.11.001
http://dx.doi.org/http://dx.doi.org/10.1016/j.compositesa.2015.11.001


  

1 
 

Failure and fracture micro-mechanisms in metal-composite single lap joints 

produced by welding-based joining techniques 

S.M. Goushegir
a
, J.F. dos Santos

a
, S.T. Amancio-Filho

a,b,*
 

a 
Helmholtz-Zentrum Geesthacht, Centre for Materials and Coastal Research, Institute 

of Materials Research, Materials Mechanics, Solid State Joining Processes, Max-

Planck-Str. 1, 21502, Geesthacht, Germany 

b
 Hamburg University of Technology, Institute of Polymer Composites, Denicke Str. 15, 

21073, Hamburg, Germany 

* 
Corresponding author: Email: sergio.amancio@hzg.de Tel./Fax - +49 4152 87-2066 / -

2033 

Abstract 

Welding-based joining technologies have been recently developed for metal-composite 

lightweight structures. In this work, the welding-based joining technology, friction spot 

joining, was selected to study the failure and fracture micro-mechanisms of an 

aluminum-composite single lap joint. Failure analysis suggested that the radial cracks 

nucleate at the periphery of the bonding area and propagate rapidly until failure of the 

so-called adhesion zone. Upon further loading the cracks propagate into the transition 

and plastically deformed zones leading to a reduction of the stiffness of the joint. The 

findings of the fractography demonstrated a mixed brittle-ductile fracture. Three zones 

were identified on the fracture surfaces: a smooth and featureless area demonstrating 

brittle fracture, a quasi-smooth area representing a mixture of ductile and brittle 

fractures and finally a zone with a highly rough surface implying ductile fracture of the 

composite part. Further, fiber pull-out and breakage were identified as additional 

fracture micro-mechanisms. 
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