
Accepted Manuscript

Microplane Model with relaxed kinematic Constraint in the Framework of Mi-
cro Polar Cosserat Continuum

Joško Ožbolt, Serena Gambarelli

PII: S0013-7944(18)30184-X
DOI: https://doi.org/10.1016/j.engfracmech.2018.06.012
Reference: EFM 6034

To appear in: Engineering Fracture Mechanics

Received Date: 15 February 2018
Revised Date: 7 May 2018
Accepted Date: 11 June 2018

Please cite this article as: Ožbolt, J., Gambarelli, S., Microplane Model with relaxed kinematic Constraint in the
Framework of Micro Polar Cosserat Continuum, Engineering Fracture Mechanics (2018), doi: https://doi.org/
10.1016/j.engfracmech.2018.06.012

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.

https://doi.org/10.1016/j.engfracmech.2018.06.012
https://doi.org/10.1016/j.engfracmech.2018.06.012
https://doi.org/10.1016/j.engfracmech.2018.06.012


  

1 
 

Microplane Model with relaxed kinematic Constraint in the 
Framework of Micro Polar Cosserat Continuum 

 

 

 

Joško Ožbolt
1
 and Serena Gambarelli

2
  

 
1
Institute of Construction Materials 

University of Stuttgart, 70560 Stuttgart, Germany 

E-mail: ozbolt@iwb.uni-stuttgart.de 

 
2
Institute of Construction Materials 

University of Stuttgart, 70560 Stuttgart, Germany 

E-mail: serena.gambarelli@iwb.uni-stuttgart.de 

 
 

 

ABSTRACT: Modeling materials which exhibit cracking and damage phenomena in 

the framework of standard continuum together with standard finite elements leads to 

results that are mesh-dependent. In the present contribution a microplane model with 

relaxed kinematic constraint is formulated in the framework of higher order Micro 

Polar Cosserat continuum and combined with the regularization based on the energy 

(crack band method). Similar as for the standard continuum, the non-symmetric mac-

roscopic strain tensor is on each microplane decomposed into volumetric, deviatoric 

and shear component (V-D-T split). The model is characterized by the two length 

scales, torsional and bending, that for dominant shear stress-strain state assure objec-

tivity of the results with respect to the discretization. It is implemented into a 3D fi-

nite element (FE) code and first verified on a simple layer of finite elements loaded in 

shear. Subsequently, 3D FE analysis is carried out for typical concrete applications: 

simple shear, uniaxial compression, 3-point bending of pre-notched beam and the 

mixed-mode crack propagation performed on a single-edge-notched beam specimen. 

It is demonstrated that the higher order micro polar Cosserat continuum in combina-

tion with the crack band method leads to the results that are independent of the spatial 

discretization.  
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INTRODUCTION 

 

In the framework of standard continuum mechanics a solid body is considered 

through idealized infinitesimal volumes. These volumes are connected through the 
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