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In this work a strain-rate based arclength model that enables geometric and material nonlinear
analysis  of  unidirectional  (UD)  composite  systems  on  the  microlevel  is  introduced.  The
micromechanical framework is intended to simulate the response of UD laminates subjected
to  a  predefined  strain-rate,  with  an  arbitrary  orientation  of  the  loading  relative  to  the
reinforcement direction, i.e., different off-axis angles. The model is designed for a thin slice
representative  volume  element  (RVE)  that  is  oriented  perpendicular  to  the  reinforcement
direction  of  composite  material.  The  challenge  addressed  in  this  work  is  to  meet  the
requirement that the deformation and stress state of the RVE, in its local coordinate frame, are
equivalent to the state of the laminate in the global frame of reference, even for finite strains.
The constraint equation of the arclength model provides that the RVE deforms according to
the strain-rate applied in the global loading direction, while the unit force vector, with forces
applied on the master nodes of the RVE with periodic boundary conditions [1], ensures that
the stress state corresponds to off-axis uniaxial loading. Several examples are considered in
order to show that the model accounts for different off-axis angles, captures finite strains
exactly, and resolves the rate-dependency of the material. The main purpose of the model is
illustrated with an example of a thermoplastic composite RVE exposed to different strain-
rates, while considering different orientations of the reinforcement with respect to the loading
direction.  The Eindhoven Glassy  Polymer  material  model  [2]  is  used  for  the  matrix  part
(PEEK), whereas a transversely isotropic constitutive law is used for carbon fibers [3]. The
simulations result in homogenized stress-strain curves and microscopic stress distributions.
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