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Abstract text: Multiscale modeling is in great use for understanding and predicting the mechanical behavior of composite
materials. However, this powerful approach still poses issues in practicality due to large computational cost, especially
when numerous simulations are to be performed in the material-by-design setting varying design parameters [1]. To
alleviate the problem of computational feasibility, model order reduction (MOR) methods have been used successfully to
accelerate simulations at only a marginal accuracy cost in many other engineering fields [2]. However, MOR techniques
are still in the initial stage of research for the prediction of macro-mechanical properties of fiber-reinforced composite
materials from microscale simulations. In the work of Radermacher et al. [3], they used MOR to accelerate nonlinear
multiscale simulation of fiber-reinforced composites with promising results. However, its applicability for the parametric
studies of composite materials is still missing.
In this work, we therefore explore the applicability of MOR for parametric studies of fiber-reinforced composite materials.
We  propose  the  use  of  the  proper  orthogonal  decomposition  (POD)  approach  for  setting  up  the  reduced  order  basis
which can be exploited to construct a reduced order model (ROM) for accelerating numerical simulations [4]. In order to
construct a representative ROM to predict the response of composite materials, an appropriate set of parameters needs
to  be  included  in  the  POD  procedure.  Common  parameters  encountered  in  the  design  of  fiber-reinforced  composite
materials  include  material  properties  of  the  constituents,  microstructural  geometries,  and  external  boundary  conditions
typically  applied  to  the  microstructures  as  uniform  or  periodic  displacement  boundary  conditions.  Parameter  selection
remains one of the critical questions in practice [5,6]. 
Besides  the  aforementioned  issue  regarding  the  selection  an  appropriate  set  of  parameters,  varying  microstructural
geometrical  parameters  raise  another  issue  in  MOR  with  respect  to  the  treatment  of  variable  meshes.  Since  the
randomness of the composite microstructure has a significant influence on the composite elastic constants [7],  the fiber
arrangements shown in Figure 1 are proposed to solve the problem of mesh variations. The mesh on the left in Figure 1
represents the simple microstructure to investigate the effect of varying fiber volume fraction only. The mesh on the right
in Figure 1 represents the more realistic microstructure to investigate the coupled effect  of  varying fiber volume fraction
and fiber distribution. The proposed meshes allow the incorporation of varying fiber packing in MOR.
A number of numerical simulations on the microscale volume elements of unidirectional fiber-reinforced composites were
performed under uniform and periodic boundary conditions. To assess the applicability of the MOR in parametric studies
of  fiber-reinforced  composite  materials,  this  study  presents  the  comparison  of  the  homogenized  elastic  properties
obtained  from  the  full  order  model,  reduced  order  model,  and  analytical  homogenization  models  [8].  Reduced  order
model  allows  the  consideration  of  realistic  microstructures  in  the  prediction  of  linear  elastic  behavior  of  fiber-reinforced
composite materials when compared to analytical expressions commonly employed and without increasing computational
cost when compared to performing full order model simulation.
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