
20ᵗʰ European Mechanics of Materials Conference - EMMC20
Florence, Italy | May 27ᵗʰ-29ᵗʰ, 2026

www.emmc20.unifi.it
 

Particle induced void growth under shear observed by in
situ laminography in a tension to shear load path change for

an aluminium alloy
Mathias Hurst¹, Jean-Michel Scherer², Xiang Kong³, Maryse Gille⁴, Simon Bode⁵, Djamel

Missoum-Benziane⁶, Tilo Baumbach⁷, Lukas Helfen⁸, Thilo Morgeneyer⁹

¹ IPS, KIT, Germany. mathias.hurst@kit.edu
² Centre des Matériaux, Mines Paris - PSL, France. jean-michel.scherer@minesparis.psl.eu

³ ETH, Switzerland. xiang.kong@mat.ethz.ch
⁴ Mines Paris, PSL University, France. maryse.gille@minesparis.psl.eu

⁵ IPS,KIT, Germany. Simon.Bode@kit.edu
⁶ Centre des Matériaux, Mines Paris - PSL, France. djamel.missoum-benziane@minesparis.psl.eu

⁷ LAS,KIT, Germany. tilo.baumbach@kit.edu
⁸ ILL, France. helfenl@ill.fr

⁹ Centre des Matériaux, Mines Paris - PSL, France. thilo.morgeneyer@minesparis.psl.eu

Paper ID: 271
Symposium S12: Experimental mechanics and microstructural characterization of materials

Abstract
We report the quantitative 4D characterization of ductile damage formation during a 'tension to shear' load path

change experiment in a recrystallized AA2198-T851 alloy sheet. This approach generates significant damage and

strain during the tension phase and subsequently quantifies its evolution under shear. It is shown that through

the void locking mechanism by broken intermetallic particles void growth occurs under simple shear loading.

Characterization is performed using synchrotron-based in situ 3D X-ray laminography, dedicated to investigating

regions of interest in flat specimens, and correlative surface imaging. Subsequent analysis by segmentation of

the 4D microstructural development and strain measurement via projection digital image correlation quantifies

relevant damage processes inside the sample bulk. Damage features identified are either grain- or intermetallic

particle-related. Grain-related damage features are found to be detrimental, exhibiting a volume growth by a factor

https://docs.google.com/spreadsheets/d/1aFAOtdZp-YuB2-6xBzDjnfzj1DFytjk4/edit?gid=1753479605#gid=1753479605


of one and a half under shear. For specific grain-related damage features, spatially coinciding with the fracture path,

a doubling of the volume under shear is observed. During the shear phase, additional notch-like damage features at

the sample surface play an important role in fracture, developing under high or under low stress triaxiality values.

Intermetallic particle-related damage is found to play a less prevalent role in fracture but shows a remarkable

volume increase by a factor of five under shear. To understand further this unexpected void growth under shear,

3D simulations of the meshed broken particles are performed in shear, using the boundary condition from DIC of

the experiment and also idealized boundary conditions for simple shear. Both confirm particle induced void growth

under shear.

Keywords:
ductile damage particle shear laminography finite elements


	Particle induced void growth under shear observed by in situ laminography in a tension to shear load path change for an aluminium alloy

