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1. Introduction

Optimization by explicit and deterministic variables is called deterministic optimization. It is known that
there are wide varieties of uncertainties which are originated from the errors in modeling and simulation and
condition of services such as changes in loading. Moreover, we must consider these uncertainties in different
stages of design process of structures. Some of the most important factors which should be considered in
structural designing are variation of material properties, geometrical dimensions of the structures, and the
loading patterns. On the other hand, deterministic optimization on structures uses the strong safety factors
instead of uncertainties. Thus, the resultant designed-structures are leading to the excessive conservative
structures that would not be economical and optimal. According to, existing some uncertainties in each level of
engineering design process; it is required to consider safety factors in computation of the deterministic
optimization. In order to resolve this problem, an efficient approach is recently developed which is called
reliability based optimal design. In this method the safety of structures are evaluated based on the failure
probability and the aforementioned uncertainties are modeled by the probability distribution of random
variables. Finally, the investigated components embedded in the assessed acceptable ranges of safety which is
introduces with the failure definition. This practical method can be applied to different structures.

Space structures are one of the most common structures that covering the large landscapes. These
structures are light-weight possessing high stiffness due to their skeletal configuration. Specially, these
structures are extensively used where middle columns are undesirable. On the other hand, since these
structures are designed and constructed in large scales, classical design method leads to non-optimal, heavy,
and very costly structures. Consequently, in recent years optimization of space structures has been one of the
significant fields for optimization researches.

2. Methodology
2.1. Genetic Algorithm

Genetic algorithm is a stochastic optimization method to find the set of state variables that minimize the
weight of structure. The algorithm has the task of exploring the appropriate values of parameters for which the
minimum weight of structure is obtained and the same time all the constraints are satisfied. GA uses natural
genetic rule to find an approximate solution of complex engineering optimization problems. This technique
provides an efficient approach to search large space of design variables handling a population of possible
solution as chromosomes. Each of these abstract chromosomes experiences a set of reproduction operators to
improve their position in search space. GA initiates the search of solution by first generating a randomly created
population of chromosomes. Then, genetic algorithm performs an iterative process to make the population
involve (Sivanandan, 2008).
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2.2. Reliability theory fundamentals in space structures

A branch of statistics, so-called reliability theory, provides a sensible and mathematical framework to take
into account the probable uncertainties in variables of phenomena. Assume that in a space truss comprising
from n bar elements is under a loading case. Now, we are to investigate the conditions in which the allowable
stresses and applied loads are stochastic variables. Moreover, the safety margins are also a stochastic variable,
therefore, the failure probability of each element can be calculated as:

M;(A;)
Fri== o <_ GMi(Ai)> @

Where, @ is the normal distribution standard function? And, M;(4;) and oy, (4;) are average and variance of
safety margins for i-th element, respectively.

2.3. Proposed method

Regarding vast amount of computational efforts needed in heuristic approaches and reliability theory,
performing probabilistic analysis would be very time consuming specially in large scale structures. Moreover,
exploration of large solution spaces increases the probability of trapping in local optima. Then, in order to
resolve these difficulties, we need some robust algorithms with high performance. Based on these facts, in this
paper we mostly target this kind of problems. In the proposed method, several efficient suggestions are made
to increase the convergence speed of problem solving algorithm and decrease the probability of trapping in
local optima.

The basic idea of the proposed method is use of a constraint for the reliability index. In this idea calculated
amounts of reliability due to stochastic parameters for each member would be controlling criteria for selected
values of genetic algorithm. Generally employing this method can resolve the problem of local optima in
heuristic algorithms.

According to the reliability theory formulation, the reliability index is calculated from:

3=E[M]= E[RI—E[S] _ mr—bs
© DIM]  [Var[R]+Var[S] of +o2

(2)

Where, 3. is reliability index or safety index, the stochastic variable R is the yielding stress of material and S
is the stochastic variable of observed stresses. Moreover, M is safety margins, E[M] and D[M] are average safety
margin and its variance, respectively. Var[R] and Var[S] are variance of yielding stress and variance of observed
stress, respectively. E[R] and E[S] are average of yielding stress and average of observed stress, respectively
(Thoft-Chri Stensen, 1986).

In the presented method, reliability index is considered as additional constraints in the penalty function.
This constraint is employed to explore the feasible solutions in such a way that the reliability index embedded

in the acceptable and practical range.

3. Results and discussions

Three examples have been showed in this paper. We have optimized these structures with reliability
constraints of structural components and reliability constraints of structural system as whole. Proficiency of
the proposed algorithm can be concluded from these numerical examples. The first example is 72 bar space
grid that we have achieved better results than others. The average time of repeating computation of
probabilistic optimization is about 5minutes. While, deterministic optimization of this structure is done
approximately in 4 minutes. The weight of this structure has been improved by about 3% compared with the
deterministic case. The second example is 120 bar space dome that the weight of this structure has been
improved by about 14.2% compared with deterministic case. By repeating the computation of probabilistic
optimization, the average time is about 20minutes. Deterministic optimization of this structure is done
approximately in 15 minutes. Because of the reliability index is so sensitive to the loading pattern, this
developed method can operate more impressively on the symmetric structures under symmetric loading
pattern. The third example is 200 bar space grids that we have reached similar structural weight. Computation
structure is done approximately in 15 minutes. Because of the reliability index is so sensitive to the loading
pattern, this developed method can operate more impressively on the symmetric structures under symmetric
loading pattern. The third example is 200 bar space grids that we have reached similar structural weight.
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Computation of probabilistic optimization, took about 30minutes. This observation would be meaningful when
deterministic optimization of this structure is done approximately in 30 minutes too.

4., Conclusions

According to the results obtained from the numerical examples the following consequences can be
concluded:

e Using of proposed algorithm, computational time in probabilistic optimization of large-scale structure
decrease to the time needed for deterministic optimization of these structures.

e Applying the constraints based on the reliability index, the desirable convergence is achieved in the initial
generations and the problem of trapping in local optima is almost resolved.

e This developed method can operate more impressively on the symmetric structures under symmetric
loading pattern.

e The structures designed by this new method would have desirable degree of safety during their life times;
however, there is no such a guaranty for the deterministically optimized structures.

5. References

Sivanandan SN, Deepa SN, “Introduction to Genetic Algorithms”. Springer-Verlag Berlin Heidelberg 2008.
Thoft-Chri Stensen P, Murotso Y, “Application of Structural Systems Reliability Theory”, Springer-Verlag, Berlin,
1986.



	Dr. Hadidi
	Word Bookmarks
	OLE_LINK160
	OLE_LINK21
	OLE_LINK23
	OLE_LINK54
	OLE_LINK55


	Dr. Hadidi 1
	5- روشهای کرانهای احتمال خرابی سیستمهای سازهای
	5-1- کرانههای کرنل
	کرنل احتمال خرابی یک سیستم سازهای بر حسب کرانههای فوقانی و تحتانی را به صورت زیر پیشنهاد میکند (Cornell، 1967):

	7-1- خرپای فضایی 72 عضوی

	Abstract Hadidi



