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Abstract

The subject of this document considers the use of composite materials. These materials are very
helpful, and have seen a prominent rise in various industries, in the construction of many different types
of objects and structures. This document aims to develop a computational model which allows for
the optimization of beam reinforcements to be placed over a standard plane composite plate, given a
specific volume constraint, as well as optimizing the orientation of the fibers within that same plate. This
was achieved by using both DMO(Discrete Material Optimization) methods and SIMP(Solid Isotropic
Material with Penalization) topology method with the purpose of maximizing a structure’s stiffness.
The formulation of this model, is accomplished by defining the objective function, design variables,
weight functions, constraints and applying loads. The ANSYS software, is used to perform the finite
element analysis, while the optimizer used is from MATLAB’s toolbox, named FMINCON. MATLAB
is also used to create an interface between the two software. The developed computational model
allows to prove the effectiveness of the DMO method, and how both the fiber orientation within a plate
and standard beam placement optimization on the plate can be achieved simultaneously. The tests
performed included different sets of constraints and applied loads to verify the model under various
circumstances.
Keywords: Finite Element Method, DMO Method, Optimization Algorithm, Topology optimization,
Standard Beam Reinforcement

1. Introduction

This document aims to study and discuss the devel-
opment of a computational model with the purpose
of maximizing the stiffness of a composite structure.
This structure will be a combination of a composite
plate with beams acting as stiffners or reinforce-
ments, attached to the composite plate. Maximiz-
ing the stiffness of the overall structure, is equiva-
lent to minimizing the structural Compliance of the
structure.

In order to achieve this, the model has 2 distinct
objectives within the same computational model.
The overall goal is to select an orientation for the
fibers in each layer, from a pre determined set of
orientations[0, 45, +45, 90], and to select a specific
number of beams to help reinforce the plate, given
a specific volume constraint or maximum number of
standard beams allowed, and maximize the struc-
ture’s stiffness. The optimization of beam reinforce-
ments will be achieved through sizing optimization
using several techniques of topology optimization.
In order to do this, a computational model is im-
plemented in MATLAB, which uses an optimization
function from its toolbox, to handle the optimiza-

tion, while a seperate code is written in APDL, for
ANSYS to handle the structural and finite element
analysis.

2. Background

Over the last few decades, the important usage of
lighter and stronger structures, has led to the in-
creasing usage of composite materials. Composite
materials are widely used nowadays in aeronautic
and aerospace fields, as well as naval, automotive or
even construction. A composite material is made by
combining two or more materials on a macroscopic
scale, often with very different properties[1]. This
combination of different materials allows us to get
the best characteristics of each material, sometimes
even qualities that neither material possesses. Some
of the properties that can be improved by com-
bining different materials may include, strength,
fatigue life, corrosion resistance, wear resistance,
weight, thermal properties and even stiffness. Some
of these properties can sometimes be in conflict with
one another, as they are not always improved at the
same time. The main objective is therefore to cre-
ate a material that has the necessary characteristics
needed for a specific task.
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Topology optimization is an important and ever
growing field of particular interest in automotive
and aerospace industries. Unlike shape optimiza-
tion, topology optimization allows the introduction
of void spaces in structures which leads to savings
in weight or even the improvement of structural be-
haviour such as stiffness[2].

The main objective of topology optimization is
to obtain an optimum layout or configuration of a
given structure, within an admissible domain, for
specific loads and boundaries given. Usually the
idea, is to perform this optimization with a vol-
ume constraint in mind. Bendsoe created the SIMP
method (Solid Isotropic Material with Penalization
[3], which was implemented by Zhou and Rozvany,
in 1991. While topology optimization problems
were studied by Bendsoe and Kikuchi [3], new ex-
tensions of the problem appeared, with multiple
loads, bi-material structures and bending problems
with shells and plates[4].

In 2005, Stegmann and Lund [5], [6] and [4]
showed a new parameterization method called
DMO (Discrete Material Optimization). There
have been many recent works which use the DMO
method due to its versatility and easy implementa-
tion. One of these works has been done by Wang
and Wang who has used Sigmunds idea in a level-set
framework for solving similar problems. The DMO
method is also used in this document, to help max-
imize the stiffness of a given structure.

3. Implementation

Since the goal is to optimize two different parame-
ters within the same model, we can split the design
variables in two distinct groups, the first used to
optimize the fiber orientation within a lamina, and
the second in which each design variable symbolizes
the density of each available standard beam. The
DMO method is used for the first set of variables,
to choose from a group of pre defined candidates for
the ply orientation, these are [-45, 0, 45, 90].

The purpose is to choose only one candidate.
The second set of variables utilizes a much sim-
pler methodology that refers back to the SIMP
method, in which each variable represents the den-
sity atributed to each standard beam. These two
methodologies are implemented within the same
function, seperately but are changed together, in
order to minimize the objective function, and max-
imize the overal stiffness of a given structure.

3.1. Structure parametrization

The DMOs parameterization uses finite elements.
The constitutive matrix, [D], is defined as the sum

of all candidates constitutive matrices.

[D]l=1 =

Nc∑
i=1

wi[D]i

= w1[D]1 + w2[D]2 + w3[D]3

w4[D]4 + wNc [D]Nc

0 ≤ wi ≤ 1 (1)

The weight functions are represented by wi and
are directly connected to the design variables. The
weight functions assume values between 0 and 1 to
ensure that we dont obtain solutions without any
physical meaning, often called grey solutions. The
purpose of the DMO method is to ensure that the
weight function values are 1 or 0(present or non
present). As we utilize 4 different candidates, which
means 4 different possibilities, in the previews ex-
ample, only one is allowed, therefore must be a
weight that is equal to wi = 1, while the other
three weight functions must be zero, wi = 0. Any
element with values far away from 1 and 0 cannot
be used because it doesnt have physical meaning.
In this case, as we expect one choice for the ply
orientation, the following expression must also be
satisfied:

Nc∑
i=1

wi = 1 (2)

Over the years, many schemes have been devel-
oped. From the general form of the DMO material
interpolation, several interpolation schemes can be
derived. In this particular work, three of them were
tested, while DMO4 ended up being the one used
in most tests[5], [6], [7].

1. DMO 1

For a general case, scheme 1 can be written as:

[D]l=1 =

Nc∑
i=1

wi[D]i =

Nc∑
i=1

(xi)
p[D]i, p ≥ 1

0 ≤ wi ≤ 1 (3)

[D]l=1 = w1[D]1 + w2[D]2 + w3[D]3 + w4[D]4+

+... + wNc [D]Nc

[D]l=1 = (x1)p[D]1 + (x2)p[D]2 + (x3)p[D]3+

+... + (x4)p[D]4

+wNc [D]Nc (4)

2. DMO 4
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[D]l=1 =

Nc−1∑
i=1

wi[D]i =

=

Nc−1∑
i=1

(xi)
p

Nc∏
j=1,j 6=i

(1− (xj)
p)

 [D]i

p ≥ 1, 0 ≤ xi ≤ 1 (5)

This expression written for 3 different candi-
dates can be written as the following example,
for N c = 3

[D]l=1 = (x1)p(1− (x2)p)(1− (x3)p)[D]1

+(x2)p(1− (x1)p)(1− (x3)p)[D]2

+(x3)p(1− (x1)p)(1− (x2)p)[D]3

p ≥ 1, 0 ≤ xi ≤ 1
(6)

3. DMO 5

In general, scheme number 5 can be written as:

[D]l=1 =

Nc−1∑
i=1

ŵI∑Nc−1
k=1 ŵk

[D]i

ŵi = (xi)
p

Nc∏
j=1,j/neqi

(1− (xj)
p), p ≥ 1, 0 ≤ xi ≤ 1

(7)

3.2. Objective function
The compliance is the work done by all applied
loads in a structure, when it is in balance. Mini-
mizing the compliance, C, means finding the maxi-
mum stiffnes, but also minimizing the displacement
caused by the loads. Through the finite element
method, it is stated that the global stiffness ma-
trix of a structure is obtained through the sum of
every single stiffness matrix from the various ele-
ments that form the overall plate, more specifically
however, the stiffness matrix of each element is, in
turn, obtained through the sum of every stiffness
matrix within the ply[8], [9].

[K] =

Ne∑
e=1

[K]e (8)

[K]e =

N l∑
l=1

∫
v

([B]l)T [D]l[B]ldV (9)

where [B] represents the extension-displacement
matrix.

The Compliance can then take the form of,

C = fTu (10)

Using the force vector f and the stiffness ma-
trix [K], one can easily fnd the displacement vector
through:

[K]u = f (11)

Therefore, the Compliance can easily be found by
using the following expression:

C = fTu = uT [K]u (12)

This result allows us to establish the objective
function and its derivative relative to the design
variables xi.

C(u, x) = fTu (13)

dC

dx
(u, x) =

∂C

∂x

+
∂C∂u

∂u∂x

= fT ∂u

∂x
(14)

3.3. Adjoint method

vT
∂[K]

∂x
u + vT [K]

∂u

∂x

−vT ∂f

∂x
= 0 (15)

Reorganizing the previous expression we can write,

vT [K]
∂u

∂x
= vT

∂f

∂x

−vT ∂[K]

∂x
u (16)

Imposing this adjoint displacement v as the solu-
tion to this problem,

vT [K] =
∂C

∂u
(17)

This would be the same as saying that the adjoint
displacement is the structure’s displacement for an
adjoint force of ∂C

∂u

From equations (14), using both (16) and (17) we
can obtain:
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dC

dx
(u, x) =

∂C

∂x
+

∂C

∂u

∂u

∂x

=
∂C

∂x
+ vT [K]

∂u

∂x

↔ dC

dx
(u, x) =

∂C

∂x

+vT
∂f

∂x
− vT

∂[K]

∂x
u (18)

Taking into account that ∂C
∂u = fT (12), (17) be-

comes,

vT [K] = fT (19)

Since the stiffness matrix is symmetric, the ex-
pression above is the same as the equilibrium equa-
tion and therefore,

v = u (20)

Once again, we can see how the force vector f, is
independent of the design variables, therefore ∂f

∂x =
0.

By nullifying ∂f
∂x = fT and ∂C

∂x and replacing v
by u in (18), we finally obtain:

dC

dx
= −uT ∂[K]

∂x
u (21)

In order to obtain the objective function deriva-
tive, using multiple design variables, the final ex-
pression takes the form of,

dC

dxi
= −uT ∂[K]

∂xi
u, i = 1, 2, ..., Nx (22)

3.4. Stiffness matrix derivative
The previous expression shows that we only need
to know the derivative of the global stiffness matrix
∂[K]
∂x , as well as the displacement vector u, to be

able to determine the components to the derivative
of the objective function dC

dx .
Whichever method is chosen from the previous

section, one still has to determine ∂[K]
∂x in order

to obtain the various components of the objective
function’s derivative dC

dx .

1. 1 Lamina

w1 =
ŵ1

ŵ1 + ŵ2 + ŵ3 + ŵ4

w2 =
ŵ2

ŵ1 + ŵ2 + ŵ3 + ŵ4

w3 =
ŵ3

ŵ1 + ŵ2 + ŵ3 + ŵ4

w4 =
ŵ4

ŵ1 + ŵ2 + ŵ3 + ŵ4
(23)

where,

ŵ1 = (x1)P [1− (x2)P ][1− (x3)P ][1− (x4)P ]

ŵ2 = (x2)P [1− (x2)P ][1− (x3)P ][1− (x4)P ]

ŵ3 = (x3)P [1− (x1)P ][1− (x2)P ][1− (x4)P ]

ŵ4 = (x4)P [1− (x1)P ][1− (x2)P ][1− (x3)P ]
(24)

As stated earlier, the global stiffness matrix
is obtained through the sum of every element
stiffness matrices within the structure, which
in turn are obtained through the sum of every
stiffness matrix within the lamina.

[K] =

Ne∑
e=1

∫
v

[B]T [D][B]dV (25)

[K] =

Ne∑
e=1

N l∑
l=1

∫
v

([B]l)T [D]l[B]ldV (26)

We can write the previous equation considering
a structure with only one ply, N l = 1 and any
number of candidates, N c

[K] =

Ne∑
e=1

∫
v

([B]1)T [D]1[B]1dV

=

Ne∑
e=1

Nc∑
l=1

∫
v

([B]1)Twi[D]i[B]1dV (27)

For a structure with only one ply, with 4 can-
didates to choose from, the previous expression
takes the form of,

[K] = w1

Ne∑
e=1

∫
v

([B]1)T [D]1[B]1dV

+w2

Ne∑
e=1

∫
v

([B]1)T [D]2[B]1dV

+w3

Ne∑
e=1

∫
v

([B]1)T [D]3[B]1dV

+w4

Ne∑
e=1

∫
v

([B]1)T [D]4[B]1dV (28)

The previous expression can be written as,
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[K] = w1[K]1 + w2[K]2 + w3[K]3 + w4[K]4

(29)

where,

[K]1 =

Ne∑
e=1

∫
v

([B]1)T [D]1[B]1dV

[K]2 =

Ne∑
e=1

∫
v

([B]1)T [D]2[B]1dV

[K]3 =

Ne∑
e=1

∫
v

([B]1)T [D]3[B]1dV

[K]4 =

Ne∑
e=1

∫
v

([B]1)T [D]4[B]1dV (30)

2. Muliple Laminae

Figure 1: Referential and numbered laminae in a
composite plate

The constituitive matrix [D]l for a Composite
laminate with multiple laminae can be written
as,

[D]l =

Nc∑
i=1

w(l−1)Nc+i[D]i (31)

As an example, considering a structure formed
by 2 layers(laminae), where we attempt to eval-
uate 4 different candidates, N c = 4, we need
to define 8 design variables, as

Nx = N lN c (32)

Therefore the design variable vector can be
written as,

x = {x1, x2, x3, x4, x5, x6, x7, x8}T (33)

The constituitive matrices for this particular
example can be deduced from equation (31).

[D]l=1 = [D]1 =

4∑
i=1

wi[D]i

= w1[D]1 + w2[D]2 + w3[D]3 + w4[D]4

[D]l=2 = [D]2 =

4∑
i=1

w4+i[D]i

= w5[D]1 + w6[D]2 + w7[D]3 + w8[D]4 (34)

This next example refers to the previously dis-
cussed DMO 5, using only 2 plies, considering
four different candidates for ply orientation to
choose from.

w1 =ŵ1/(ŵ1 + ŵ2 + ŵ3 + ŵ4)

w2 =ŵ2/(ŵ1 + ŵ2 + ŵ3 + ŵ4)

w3 =ŵ3/(ŵ1 + ŵ2 + ŵ3 + ŵ4)

w4 =ŵ4/(ŵ1 + ŵ2 + ŵ3 + ŵ4)

w5 =ŵ5/(ŵ5 + ŵ6 + ŵ7 + ŵ8)

w6 =ŵ6/(ŵ5 + ŵ6 + ŵ7 + ŵ8)

w7 =ŵ7/(ŵ5 + ŵ6 + ŵ7 + ŵ8)

w8 =ŵ8/(ŵ5 + ŵ6 + ŵ7 + ŵ8) (35)

where,

ŵ1 = (x1)P [1− (x2)P ][1− (x3)P ][1− (x4)P ]

ŵ2 = (x2)P [1− (x1)P ][1− (x3)P ][1− (x4)P ]

ŵ3 = (x3)P [1− (x1)P ][1− (x2)P ][1− (x4)P ]

ŵ4 = (x4)P [1− (x1)P ][1− (x2)P ][1− (x3)P ]

ŵ5 = (x5)P [1− (x6)P ][1− (x7)P ][1− (x8)P ]

ŵ6 = (x6)P [1− (x5)P ][1− (x7)P ][1− (x8)P ]

ŵ7 = (x7)P [1− (x5)P ][1− (x6)P ][1− (x8)P ]

ŵ8 = (x8)P [1− (x5)P ][1− (x6)P ][1− (x7)P ]
(36)

The global stiffness matrix can be obtained
from (25). By applying the result from equa-
tion (31) into equation (25), we can deduce the
following expression,

[K] =

Ne∑
e=1

Nc∑
i=1

N l∑
l=1

∫ h/2

−h/2

∫
Ω

([B]l)Tw(l−1)Nc+i

[D]i[B]ldΩdz
(37)

This expression leads us to determine the
global stiffness matrix,[K], relative to the
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weight functions, that correspond to each de-
sign variable, and the constituitive matrices
[D]i referring to each candidate. In it, the
omega symbol Ω represents the transversal
area in the median plane relative to the OZ
axis, as shown in the referential in figure (1).
The methodology follows a similar pattern as it
does for one Lamina, the expanded methodol-
ogy is detailed in a specific chapter within this
document, but ultimately, the final expressions
for multiple laminae can be infered from know-
ing that only the weight functions alone depend
on the design variables, we can then write,

∂[K]

∂x
=

[
∂w1

∂x

Ne∑
e=1

∫ 0

−h/2

∫
Ω

([B]l)T [D]1[B]ldΩdz

+
∂w2

∂x

Ne∑
e=1

∫ 0

−h/2

∫
Ω

([B]l)T [D]2[B]ldΩdz

+
∂w3

∂x

Ne∑
e=1

∫ 0

−h/2

∫
Ω

([B]l)T [D]3[B]ldΩdz

+
∂w4

∂x

Ne∑
e=1

∫ 0

−h/2

∫
Ω

([B]l)T [D]4[B]ldΩdz

]

+

[
∂w5

∂x

Ne∑
e=1

∫ h/2

0

∫
Ω

([B]2)T [D]5[B]2dΩdz

+
∂w6

∂x

Ne∑
e=1

∫ h/2

0

∫
Ω

([B]2)T [D]6[B]2dΩdz

+
∂w7

∂x

Ne∑
e=1

∫ h/2

0

∫
Ω

([B]2)T [D]7[B]2dΩdz

+
∂w8

∂x

Ne∑
e=1

∫ h/2

0

∫
Ω

([B]2)T [D]8[B]2dΩdz

]
(38)

This expression can be rewritten as,

∂[K]

∂x
=

∂w1

∂x
[K]1 +

∂w2

∂x
[K]2+

+
∂w3

∂x
[K]3 +

∂w4

∂x
[K]4 +

∂w5

∂x
[K]5+

+
∂w6

∂x
[K]6 +

∂w7

∂x
[K]7 +

∂w8

∂x
[K]8

As can be seen from the expression above, we
can state that the derivative of the global stiff-
ness matrix, can be obtained through the sum
of the product between the weight function’s
derivative and the stiffness matrix correspond-
ing to each design variable. This result allows
us to generalize an expression for any number
of design variables, Nx,

∂[K]

∂x
=

Nc∑
i=1

N l∑
l=1

∂w(l−1)Nc+i

∂x
[K](l−1)Nc+i

[K](l−1)Nc+i =

=

Ne∑
e=1

∫ (zl)max.

(zl)min.

∫
Ω

([B]l)T [D]i[B]ldΩdz (39)

3.5. Constraints
In this document, two types of constraints were
used. Inequality constraints were used to define the
lower and upper limits of each design variable. In
this work the upper limit is one and the lower limit
is zero, for the set of design variables regarding the
orientation of the fibers.

0 ≤ xi ≤ 1 (40)

For the design variables representing the density
of each standard beam, a lower limit of 0.00001 is
used instead, because giving 0 density to a beam’s
respective density would lead to erros in the FEM
analysis software, so it is a way of representing void
material.

0.00001 ≤ xi ≤ 1 (41)

The other constraint is a volume constraint that
is used simply affecting the design variables cor-
responding to the standard beams. This is used to
force a maximum number of beams that can be used
to reinforce the plate at any given test.

4. Computational model
The computational model is developed with the
help of two different softwares, ANSYS and MAT-
LAB.
ANSYS software is used to write and help create

the plate and beam structure, using plate and beam
properties which are given by the MATLAB code,
which are input by the user, the ANSYS software
will then perform a finite element analysis using the
properties given, as well as loads and constraints ap-
plied on the structure, also derived from the MAT-
LAB code, as input by the user.

The ANSYS software runs through MATLAB
without any user intervention in batch mode, both
input and output files obtained through the pro-
cess are written in .txt files, to be used by the code
developed in MATLAB [10].

The necessary outputs given by ANSYS are the
Global and element stiffness matrices, a list of nodes
detailing the node corresponding to each element,
and the respective degrees of freedom in each node.

4.1. Matlab written code
In order to initialize the optimization model, we
have to call the main fucntion, and the user can

6



make several choices that impact the overall anal-
ysis. The user can choosen between which DMO
method to be used during the analysis, the num-
ber of elements used to mesh the plate struc-
ture, by changing NDIV , the number of divisions
used to divide the overal beam reinforcement struc-
ture, which directly impacts the number of stan-
dard beams used. The properties corresponding to
both the plate and the standard beams can also
be changed any time in the main function. As for
constraints and loading cases, there are several pre
defined examples already written in the code that
the user can choose from, however, it is simple to
add in any other load and strcutural constraint by
writing directly into the APDL code.

The FMINCON function is called once to run
the overall computational mode, while Ansys is run
multiple times through the iterations to obtain the
necessary outputs to evaluate the objective func-
tion.

The following flowchart shows the methodology
that is used in this process.

Figure 2: Flowchart representing the computational
model

5. Results
In this section the most relevant results of this
work will be presented. The element SHELL181
was the element chosen for the plate analyses, while
BEAM188 was the element chosen to perform the
beam analyses. SHELL181 is an element with four
nodes and six DOF per node, while BEAM188 is an
element that contains only 2 nodes, with the same
6 degrees of freedom.

Figure 3: Standard beam section area

The section area used to model the standard
beam was of a rectangular shape with H and

B=0.003.
The first few tests merely involved testing the

model to see if it optimized the fiber orientation
within a plate subjected to several constraints and
loads. Two different DMO methods, 4 and 5, are
used to see which method is more useful in these
configurations and number of laminae. Three dif-
ferent sets of loads are tested using laminates com-
prised of 1 through 4 laminae. DMO 4 provides
a correct solution and one candidate in every test,
despite taking much longer to converge to a solu-
tion, while DMO5, which is much faster in con-
verging to a solution obtains several grey solu-
tions(solutions different than 0 and 1) throughout
these tests, which makes DMO4 the more useful
method in these particular sets of constraints and
number of laminae tested. The penalization used in
these tests was P = 3.

The three different constraint cases used in these
tests and throughout the document are represented
below, all 3 were used with uniform distributed
loading for the first set of tests.

(a) ConstraintA (b) ConstraintB

(c) ConstraintC

Figure 4: Different sets of constraints

5.1. Comparing the results obtained using the dif-
ferent sets of standards beams

Several standard beam configurations using various
constraints of volume were tested, two from each
set of tests are here represented.

(a) Set with 20 standard
beams

(b) Set with 42 stan-
dard beams

Figure 5: Different beam configurations

Three orientations of standard beams were used,
which is important to keep in mind since, while they
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have the same volume, their stiffness matrix is dif-
ferent according to their position within the plate.

Figure 6: Three standard beams used, beams
C(inclined) reprsented in black

At first, the sets of beams were tested considering
the use of only vertical and horizontal beams, and
then we tested the same configurations with hori-
zontal beams added to the sets, a comparison of the
results obtained using the sets with and without in-
clined beams was then made. Throughout the next
figures displayed, the lines in black represent the
possible beam reinforcements available, that were
not chosen by the model, while the lines displayed
in red, represent the beam reinforcements chosen to
reinforce the plate. Lines colored in green, represent
the displacement constraints.

Using Constraint A, and only one lamina, some
of the results obtained using the two different sets
of standard beams are presented below.

(a) Using 8/12
beams, θ = 0◦,
C=30.8

(b) Using 8/20
beams, θ = 0◦,
C=28.583

Figure 7: Case Awith uniform distributed loading,
using the two different beam configurations

In this example, once we introduce the third set
of inclined beams, the model chooses to reinforce
the plate using two of these, instead of the same
two vertical beams used in the first test, reducing
the compliance even further.

(a) Using 6/12
beams, θ = −45◦,
C=3.8

(b) Using 6/20
beams, θ = −45◦,
C=3.8

Figure 8: Case B with uniform distributed load-
ing, requesting 6 standard beams using two differ-
ent configurations of beams

This particular test, is interesting because it is
also one of the few examples where it doesnt take
advantage of using any of the inclined beams as the
obtained solution is the same as example(a) and the
Compliance remains the same.

(a) Using 6/12
beams, θ = −45◦,
C=0.2198

(b) Using 6/20
beams, θ = −45◦,
C=0.208

Figure 9: Case B with a load Fz, acting at the cen-
ter of the plate(blue), requesting 6 standard beams
using two different configurations of beams

This example shows yet another benefit of us-
ing inclined beams, where it managed to reduce the
Compliance by 5.37%, from a value of 0.2198 to
0.208. It is to be expected that such a set of con-
straints would benefit from using this new type of
beam, considering its symmetry.

(a) Using 6/12 beams,
θ = −45◦, C=5.1413

(b) Using 6/20 beams,
θ = −45◦, C=4.93

Figure 10: Case B with a load Fz, acting on the
edge of the plate(in blue), requesting 6 standard
beams using two different configurations of beams

The same can be said for this example, where
the local force is applied on the edge of the plate
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instead, yet here it benefited less than in the previ-
ous example from using the new set of beams, still
managing to reduce the Compliance by 4.11%.

(a) Using 6/12 beams,
θ = 0◦, C=2.154

(b) Using 6/20 beams,
θ = 0◦, C=2.154

Figure 11: Case C, with uniform distributed load-
ing, requesting 6 standard beams using two different
configurations of beams

This example shows yet again the priority put
in the horizontal beams, as requesting a volume
constraint of 6/20 beams in (b), with a new set
of beams available, lead to no improvement, and it
used the same beams as before. This case, shows
that for this particular set of constraints and dis-
tributed pressure, using fibers with an orientation
of 0 and horizontal beams are the more important
factor in increasing the plate’s stiffness.

(a) Using 4/12 beams,
θ = 90◦, C=0.004027

(b) Using 4/20 beams,
θ = 90◦, C=0.002776

Figure 12: Case C using a load Fy(blue), using 4
standard beams using two different configurations
of beams

This example shows the case where the overall
plate benefited the most, from using these new in-
clined beams. Using this new set, the model opted
for two of these inclined beams, instead of the ver-
tical ones used in the first example, and it managed
to reduce the Compliance by 31%.

(a) Using 6/12 beams,
θ = 0◦, C=18

(b) Using 6/20 beams,
θ = 0◦, C=16

Figure 13: Case A with two equal but opposite
forces(blue), requesting 6 standard beams using two
different configurations of beams

(a) Using 8/12 beams,
θ = 0◦, C=14.536

(b) Using 8/20 beams,
θ = 0◦, C=13.8

Figure 14: Case A with two equal and opposite
forces(blue), requesting 8 standard beams using two
different configurations of beams

This last set shows that the model chose to re-
place the horizontal and vertical beams acting on
opposite sides of the two local points where the force
was acting and it replaced the two standard beams
by two beams C, reinforcing more towards the cen-
ter of the plate. By minimizing the Compliance, we
are effectively trying to minimize some of the defor-
mations in that exact spot, where the local force is
applied.

5.2. Comparing the results obtained using the 2x2
and 3x3 configurations

The last objective in this document is to compare
the results obtained between the 2 different sets of
beams(2x2 and 3x3) by applying the same fractions
of volume. The goal would be to request for ex-
ample 8 beams using the first set, which would be
equivalent as requesting 12 beams using the second
set of standard beams. This proved to be a lit-
tle difficult, because requesting several of the same
fractions of volume using the second set of beams
as used by the first set, lead to several results with
grey solutions which wouldnt be ideal to compare
the results.

We managed to get one special case where re-
questing 4 beams using the first beam configura-
tion would be equivalent, as far as volume goes, as

9



requesting 6 standard beams using the second con-
figuration, and we did in fact obtain a much better
result using the second configuration. Note that the
plate structure is exactly the same, a square plate
of 1.8m in length and width, the difference being
the standard beam structure applied on top of this
plate.

(a) Using 4/12 beams,
θ = −45◦, C=8.25

(b) Using 6/20 beams,
θ = −45◦, C=5.15

Figure 15: Case B with uniform distributed pres-
sure using Standard beam configuration 2x2 and
3x3

6. Conclusions

In this master thesis project, the main goal was
to develop a structural optimization computational
model, capable of handling both fiber orientation
and standard beam topology optimization. The re-
spective computational work proved to be quite suc-
cessful, showing expected results in some cases and
interesting results in more complex, unpredictable
conditions. At first, the model was tested for pre-
dictable and already studied conditions to see if the
model was working properly. The overall design
model was based on a DMO - Discrete Material
Optimization approach, and the SIMP method for
topology. In this document, for this particular set of
loads and constraints, DMO4 method proved to be
the more useful method to use. The overall struc-
ture was tested using several combinations of differ-
ent structural constraints, as well as different types
of loads.

The model that was developed in this thesis, is
prepared to run with different plane geometries, any
type of loads and constraints. The FEM software
Ansys, proved to be very useful to model the struc-
tures needed, and to provide the necessary outputs,
like the stiffness matrices and degrees of freedom
of the overall structure. The FMINCON function,
while useful in obtaining a set of results, proved to
be very slow in converging to a specific solution, it
also demanded a lot of computational effort, mak-
ing the program and overall model last a few hours
in more complex cases.

6.1. Future work

As future work, it would be intesresting to look at
a few new aspects:

• Introducing different types and sizes of stan-
dard beams, for the model to choose from, in-
cluding different properties.

• Modify the model to work with different types
of elements(different number of nodes/degrees
of freedom), for both beam type and the plate.

• Modify the model to test non plane structures,
such as cylinder shell.

• test the developed model using a dif-
ferent optimization algorithm, such as
FAIPA(Feasible Arc Interior Point Algorithm)
or MMA(Method of Moving Asymptotes)
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