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Abstract. In this paper, a new estimate criterion is introduced to make the optimization process
reasonable and credible, and it has a good control effect for the convergence of solution. An
improved optimization program is exploiting for the directed building structure by means of a
distinction design between the active and non-active elements. With the help of this plug-in
program, the data can be exchanged between the FEA software of ABAQUS and the post-processor
package in MATLAB. Several examples have shown the computer program can be used for
directed structure topology optimization and portion construction design. This method is presented
here for a wide used in structure design.

Introduction

In the traditional, structure design process is design - Analysis - check — redesign.[1] And this
blind check is depending on the designer's experience, which is hard to get the optimal design
scheme. Structure optimization design is aimed for the minimum volume, higher stiffness and
suitable frequency by changing the size, shape and topology of the structure. Building structure
topology optimization is one of the active research directions in the field of topology optimization,
which is an initiative and well-regulated search process in order to achieve the predetermined
optimal goal. [2]

Compared with other methods, the Bi-directional Evolutionary Structural Optimization (BESO)
is convergent, clear boundary and good versatility, which is more and more widely used in
engineering design.[3] However, it is hardly to get the desired results just by the stress or energy
elimination criteria. [4] It is just because some unimportant components for the mechanical
properties but with actual function must be consider existing and retained. Such special components
optimization problem needs to be solved before practical engineering application.

To compensate for the imperfection of traditional BESO, the improved criterion and regional
design are established. It is successfully used for the particular function or aesthetic requirement
building structure, which is expanding the BESO method in practical engineering application.

The improved BESO algorith

To get the minimum mean compliance for structure with a given volume of material, the
structure is optimized by elements removing and adding elements step by step. And, the
optimization problem with the volume constraint can be stated as:

min C:Efm
2 (1

N
st. V*_ZViXiZO X = X, OF 1
i=1

Here, C is the mean compliance. f and u are the applied load and displacement vectors. N is the
total number of the solid elements. V' and v; are the volume for the given structural and element,
respectively. Here, x; is the design variable, which sets as Xmin and 1 in the system.
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The filter function

The balance equation for structural can be set as.
KU =f (2)
Here, K is the structure stiffness matrix.
The stiffness change (AK) caused by the deletion of the i-th element from the structure is
equivalent to the stiffness matrix of the i-th element, and can be expressed as follow.

AK =—K, (3
So, the structural displacement changed by the elements removed is:

AU=—-K™"AKU (4)
The structural strain energy caused by the external loading can be changed into AC :

AC:%fTAU=%uTK‘U‘ ()

Herein, Kiand U denote the elemental stiffness matrix and displacement matrix. It can be seen

that the above sensitivity number can be got from the elemental strain energy. !
AC- ;—U ‘KU Jor solid material

0 Jor soft material

(6)
To overcome the formation of checkerboard patterns, the sensitivity number is smoothed. !
Firstly, the nodal sensitivity numbers ¢y are defined by averaging the elemental sensitivity

numbers as follows.

a?=;a)iaf (7

Where M denotes the total number of elements connected to the j th node. ¢, is the weight
factor of the i th element can be defined by
. r, (8)
M -2 ;ru

Obviously, ia);lo The more close to the node, the greater the influence of the element on the
i=1

sensitivity of the node.
In order to ensure the convergence of the iterative process, the history of the iterative is averaged
by the follow equation. !

"y
m:% (1D
Where n is the current iteration number.

The evolutionary criterion

Based on the statistical principle, the discrete degree of data set can be assessment by the mean
square deviation; the larger the data means more dispersed. So, the unit compliance variance PI, as
a new BESO performance index, is introduced in this paper.

N, 2
ol ;(Cik_ék) (12)
A

Here, N«is the number of entities in the K iteration. Cikand Cx are respectively the strain
energy of the i-th solid element and the average strain energy of all the solid elements in the K
iteration. The smaller of P, the more uniform the stress distribution of the structure is.
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Building typical optimization problems

An inverted L column design area shows in Figure 1. Fixed the bottom and concentrated load
applied at the right side of the midpoint. The elastic modulus and density of the materials for steel
are respectively 2.1e11GPa and 7800kg/m3. The L column is modeled using 6400 four-node brick
elements. The objective volume is only 18% of the design domain. BESO parameters are defined as:
ER=2%, rmin=1.5and £¢=0.001.
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Fig.1. Dimensions of the design domain for a L column  Fig.2.0ptimal topology for the L column
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Fig.3. Evolution histories for the L column Fig.4. Evolution histories for the estimate Criterion

Fig. 2 shows the final reasonable topology shape, which is beneficial to the processing and
manufacturing. And the material distribution is uniform, so the optimization results are satisfactory.
Fig. 3 shows the evolution histories of the compliance and of the model decreases step by step until
the objective volume is reached. It is clearly to see that the compliance exist big jump at the 45
steps as shown in Fig.3 and Fig.4. It is mainly because the connecting rod of the structure is
changed from four to three, so the mechanism of force mechanism is changed in the process of
deleting. And after that the evolution histories come to a reasonable and stable stage.

For the architectural design, some holes with certain size, such as doors and windows, needed in
order to meet the need of the use function. For the topology design, those specific needs of the
reserved area are defined as non-design elements. A wall with a door is given in Fig.5.
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(a) The size required no_less than the prescribed; (b) the size required is exactly as the prescribed.
Fig.5. Dimensions of the design domain for a wall:

(a) The result for the size required no less than the prescribed,
(b)The result for the size required exactly as the prescribed.
Fig.6. Optimization results:
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A wall with different geometrical constraints door is given in Fig 5. And the functional
requirements results shown in Fig.6 are got by the method given in this paper. And both of them are
beautiful and reasonable.

Conclusion

In this paper, the improved BESO optimization method is used to make the optimization process
more reasonable and credible. The new criterion makes the discrete degree of data set judgment
more reasonable. And it makes the objective function converges steadily; the accuracy of elemental
sensitivity number is improved by its historical information.

Two examples are given to illustrate that the regional definition can be used for the specific
function and beauty requirements structure, which expand the practical engineering application
BESO method.
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