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Structural Optimization using Reliability Analysis
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I Abstract I

This paper presents a reliability-based topology optimization (RBTO) using bi-directional evolutionary structural
optimization (BESO). An actual design involves uncertain conditions such as material property, operational load and
dimensional variation. Deterministic topology optimization (DTO) is obtained without considering of uncertainties
related to the uncertainty parameters. However, the RBTO can consider the uncertainty variables because it has the
probabilistic constraints. In this paper, the reliability index approach (RIA) is adopted to evaluate the probabilistic
constraint. RBTO based on BESO starting from various design domains produces a similar optimal topology each
other. Numerical examples are presented to compare the DTO with the RBTO.
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Fig. 1 Initial 100% design of a cantilever beam

Fig. 2 Optimal topology of DTO obtained from an initial
100% design domain

Fig. 3 Optimal topelogy of RBTO obtained from an
initial 100% design domain

Table 1 Comparison between DTO and RBTO obtained
from an initial 100% design domain

DTO RBTO
Volume 30.9% 36.6%
Deflection 00599 00508
Mean Compliance 2.995 2.541
Reliability Index | 0.028 2999
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Fig. 4 Initial 20% design of a cantilever beam

Fig. 5 Optimal topology of DTO obtained from an
initial 20% design domain

Fig. 6 Optimal topology of RBTO obtained from an
initial 20% design domain
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Table 2 Comparison between DTO and RBTO obtained
from an initial 20% design domain

DTO RBTO

Volume 31.25% 37.1%
Deflection 0.0593 0.0508
Mean Compliance 2.965 2.541
Reliability Index 0.117 2.997

Table 3 Comparison between DTO and RBTO obtained
from an initial 40% design domain

DTO RBTO

Volume 30.8% 36.4%

Deflection 0.0596 0.0508

Mean Compliance 2.982 2.541

Reliability Index 0.107 2.998
T AR S 98 5 UL 2 2 FES Table 3]

A2k

oFA] 4843t Axje} nfA7Ix 2 RBTOY %971 DTOR
o RS o ALY 2RAE A e HEde
o % Qe 27|AHo] THE A AAYAS SAT 3

T AEo|AA e vlaPS o F Fho] A x|k
ABE A4 5 Utk 27|AF0] 100% 4 Het 20%,
40% U wjo] $j4fo] ok7ke) Apolg Wo|A|gt H &}l
A, Z BESOY 243k 7H DTO, RBTOA AY 7
2 3 YeRSIT) ol Hung®t Xied) /HAE aF A
37 72 JA43} PO 2" ARG HIS G
®ole}.

5 2B
27| MRS DEjste] P4 HHSE sstn A=A
4o 3 A% e 2 AZS dg 4 Atk
(1) BESO7]¥ g o] §3}0] BR AFEA4E &t 2
72 Agich RBTOY A< DTOY| H|ko] £4] 23t

2HPS S 27 B BARGEY, ol a7

RRAEASE HEA77) S AAS & 4 9k

(2) 27|45je]l Agle] BESOZ|Me Mzl 71ut 914 3
Asjo] BRH02 A% e Ak



ro

=S3E7|AHEE X vol.19 No.2 2010. 4.

(3) 2714 50| T2 A9 HH o] Aol Rolg B
A B AEeold gol Yol fARE due

i xg2

(1) Kim, C. I, Wang, S. M., Bae, K. R., and Moon, H.
G., 2006, “Reliability-Based Topology Opimization
with Uncertainties,” Int. J. KSME, Vol. 20, No. 4,
pp. 494~504.

(2) Bang, S. H. and Min, S. 1., 2006, “Reliability-Based
Topology Optimization Using Single-Loop Single-
Vector Approach,” J. of KSME, Vol. 30, No. 8, pp.
889~896.

(3) Kim, S. R, Park, J. Y., Lee, W. G, Yu, J. S, and
Han, S.'Y., 2008, “Reliability-Based Topology Optimization
of a Cantilever Beam using ESO,” Annual Spring
Conference, Proceeding of KSMTE, pp. 280~285.

229

(4) Haldar, A. and Mahadevan, S., 2000, Probability, Re-
liability and Statistical Methods in Engineering De-
sign, John Wiley & Sons, Inc., New York.

(5) Chu, D. N, Xie, Y. M, Hira, A., and Steven, G. P., 1996,
“Bvolutionary Structural Optimization for problems
with stiffness constraints,” Finite Element in Analysis
and Design, Vol. 21, pp. 239~251.

(6) Xie, Y. M. and Steven, G. P., 1997, Evolutinary
Structural Optimization, Springer- Verlog, London.

(7) Yang, X. Y., Xie, Y. M,, Steven, G. P., and Querin,
O. M., 1999, “Bi-directional Evolutionary Method
for Stiffness Optimization,” 4744 Journal, Vol. 37,
No. 11, pp. 1483~1488.

(8) Hung, X. and Xie, Y. M., 2007, “Convergent and
mesh-independent solutions for the bi- directional
evolutionary structural optimization method,” Finite
Elements in Analysis and Design, Vol. 43, pp. 1039
~1049.



