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Motivation

There is a need for 
efficient computational 
methods to characterize 
large composite 
structures
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The nature and manufacturing procedure of Large Composite 
Structures lead to multilayered laminates with shapes that are 
complex to discretize as a solid model with volumetric 
elements.

The elements distribution must fulfill two main requirements. 

• The discretization must be such able to capture the variations
of the fields involved in the problem.

• Ensure a certain proportionality between its edges.

The total number of elements and degrees of freedom of the 
system became unaffordable from a computational cost point 
of view even in elastic regimes.
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Alternative: Reduced Dimensional Models based on kinematic 
theories to parameterize the real kinematics of the structure and 
reduce the number of Degrees Of Freedom (DOF), i.e. Euler and 
Timoshenko Beam Models and Kirchhoff–Love and Reissner-
Mindlin Plate Models.

They require certain specific geometrical features such as cross-
sectioning or laminations with a certain continuity like regular 
laminates or single plies. Equivalent

Shell Model
Surface Mesh

Equivalent
Beam Model
Linear Mesh
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Alternative: Reduced Dimensional Models based on kinematic 
theories to parameterize the real kinematics of the structure and 
reduce the number of Degrees Of Freedom (DOF), i.e. Euler and 
Timoshenko Beam Models and Kirchhoff–Love and Reissner-
Mindlin Plate Models.

They require certain specific geometrical features such as cross-
sectioning or laminations with a certain continuity like regular 
laminates or single plies. 

In the case of not complying with the geometrical characteristics 
it is necessary to rely on the costly analysis of the structure with 
volumetric mesh. 
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The main objective of this work is to improve the analysis accuracy of Large Composite Structures and reduce 
the computational cost related to their simulation.

The following to two approaches are proposed:

Multi-scale
approach

Definition of ROM using Mixing
Dimensional Coupling (MDC)

Characterization at 
Constitutive level
included the irregularities

Characterization at 
Stiffness level
defining layered ROM
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The Multi-scale analysis distinguishes between two scales, separated by various orders of magnitude in size
and are known as micro- and macro- scales.

• The macro-scale encloses the entire analyzed structure with a Macro-model. 

• The micro-scale is meant to be small enough for capturing the physiognomy of the material used in the 
structure represented by the macro-scale.
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The former scale is defined as a shell 
model and the latter subscales are 
defined as a solid model.

In the proposed approach it is possible to identify three different dimensional scales

• The Structural represents the structure with a Shell Model 
• The Substructural scale is used to represent the discontinuities in the structure that extends along the laminate.
• The Microstructural includes the periodical repetitive patterns in the regular laminate regions. 
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The constitutive behavior of the shell elements, at the structural level, are characterized with a
homogenization procedure that use the substructural and microstructural scales.

𝔻𝔻ABD𝑚𝑚𝑚𝑚

𝔻𝔻ABD𝑚𝑚𝑚𝑚 𝜺𝜺𝐾𝐾𝐾𝐾 = (εrx , εry , εrxy , κx, κy, κxy)
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To validate the proposed  characterization the following comparison between a full Solid Reference Model and 
its Multiscale Analysis is performed

Substructure

Microstructure

2.329.000 DOFs 630 DOFs
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A good correlation can be appreciated between the displacement field of both models as the resultant 
displacement fields only differ on the edges of the laminate next to the transition elements. 
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There is a very good correlation in the stress 
values, and its distribution, between both 
models, layer by layer and in the 
reinforcement.

As for the stresses obtained in y-direction, 
they are similar in their distribution, specially 
in the laminate.
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Definition of ROM using Mixing
Dimensional Coupling (MDC)
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The structure is divided into regions of regular or
continuous lamination and regions of discontinuity.

Regular Laminates → Conventional Shell Model
Discontinuities → Condensed in the form of ROMs

The resulting model built with the reduced dimension
elements and the BL and SLROM elements is referred
to as Structural Model.

u, v, w
𝜃𝜃x, 𝜃𝜃y

DOF

Structural Model

Conventional RM Shell Element 

+ SLROM

U, V, W
DOF
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When �𝑛𝑛 is perpendicular

And therefore

𝐭𝐭 = {σnn σns σn𝜁𝜁}

The coupling condition requires the equilibrium of work along the coupling interface between the solid and the 
shell model. The work is defined as:
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𝒖𝒖2 = 𝟎𝟎

𝒖𝒖3 = 𝟎𝟎

𝒖𝒖4 = 𝟎𝟎

𝒖𝒖5 = 𝟎𝟎

𝒖𝒖6 = 𝟎𝟎
To overcome the difference between the discretization
level on the Solid and Shell models we propose
interpolating the displacement field of the Shell DOFs
along the Solid Interface.

Depending on the continuity a different shape is generated
along the interfaces, in the present case a H1 continuity is
used.
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Four interfaces are used to Isolate a Solid representation of the laminate or irregularity. 

𝐏𝐏 =

N1
N12
M1
M12

Q
𝜀𝜀𝑟𝑟𝑠𝑠
𝜅𝜅𝑚𝑚

𝐮𝐮 =

ur
vr
θ1
θ2
wr
0
0

𝐜𝐜 =

cN1
cN12
cM1
cM12
cQ

c𝜀𝜀𝑟𝑟𝑠𝑠
c𝜅𝜅𝑠𝑠

𝐔𝐔 =

U
V
U
V
W
U
VNumber of CC = 7 x # nodes on each interface

Solid Model
Representation



ROM using Mixing Dimensional Coupling

19/23

To assess the performance of SLROM defined from irregular regions the following Open Hole 
laminate is studied under traction with a Shell model with a central SLROM. The results are 
compared with its equivalent Direct Numerical Simulation (DNS) Solid model.

Discretization

Structural model assembled 
with conventional Shell 

elements and a central SLROMDNS Solid Model
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The structural behavior agrees with the DNS
model despite having 3 orders of magnitude 
less DOF.

From the obtained deformed structural 
model, we can extract the solution at nodal 
level and interpolate it to the solid SLROM 
representation.

Equivalent DNS          5,683,320 DOFsStructural Model            6,690 DOFs

𝜀𝜀,𝜎𝜎
Nodal
interpolation

SLROM
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We have presented two different models for the 
analysis of large shell structures with irregularities. 

• The Multi-scale Approach allows simulating 
laminates with complex configurations or even 
small reinforcements

• The ROM using MDC allow replacing a large 
irregularity in the composite by a super-element 
that provides the same stiffness to the structure. 
Afterwards it is possible to analyse the structural 
element to evaluate its performance. 
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