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Abstract
polynomial chaos expansions (PCE) surrogate model to address design problems considering random field load uncer-

This paper proposes an efficient reliability-based topology optimization (RBTO) method based on the

tainty. To this end, a single-loop RBTO model is established to minimize the structural volume fraction under probabi-
listic constraint defined by compliance response. The Karhunen-Loéve (K-L) expansion is utilized to characterize the
random field of loads, while Monte Carlo simulation is employed to estimate the probability of structural failure. In order
to mitigate the substantial computational demands of Monte Carlo Simulation method in calculating structural response,
the PCE is implemented as a surrogate model, effectively capturing the intricate nonlinear relationship between random
field loads and structural compliance. A high-precision PCE surrogate model can be constructed using a limited number
of high-fidelity finite element analysis samples, Once the explicit expression of the surrogate model is constructed, the
failure probability can be directly calculated at random samples based on the surrogate model, without the need for
further finite element analysis, thereby significantly reducing computational time without compromising accuracy. The
sensitivity of the probabilistic constraint function with respect to design variables is thoroughly derived, and the
optimization problem is addressed using the method of moving asymptotes (MMA). The efficacy and superiority of the
proposed surrogate model-based RBTO method are validated through comparisons with an analytical model-based
RBTO approach. In addition, the effects of failure probability thresholds, compliance limits, mean and standard
deviations of load random fields, and correlation lengths on the optimization outcomes was discussed through four
numerical examples. The results indicate that when uncertainty factors increase, the structure needs to consume more
materials to resist the interference of uncertainty factors. In the bargain, the surrogate model-based RBTO method
significantly reduces the computation time and improves the optimization efficiency compared to the analytical model-
based RBTO approach.

Key words topology optimization, random field, load uncertainty, reliability-based topology optimization, polynomial

chaos expansion
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Fig. 1 Schematic diagram of cantilever beam structure
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Fig.4 RBTO design based on PCE model
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Table 1 Optimization results of cantilever beam under different

methods
Methods t/s V%
FEA 486.6 38.94
PCE 6.7 35.96

XFECE 2 ~ & 4 BT %0, DTO #1115 RBTO it
I RAFTE 23 22 . RBTO & iF %+ DTO
Wi A FEMHA . VAT NE RN,
A A AR HTAN T 1 R 22 5% 45 440 1 A TR 52 M, DTO
WitH RBTO Wit [ 22 5 5 B T s AN e 1
X EE R I EZ IR A AN T 2R .

BT i 53 F PCE B () RBTO #it
(¥ A B 22 S S, 3 T B SRR A B AR I,
439N 38.94% F1 35.96%. RT3 T PCE B[
RBTO AL & vHAHE T3 T /0 B Y (1) RBTO 4k
BT &, v E T (A KR4 5.

5%~ [T PCE B RBTO Wit 5
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LIy E/
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Fig. 5 Iterative history of volume fraction and failure probability
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Fig. 6 Schematic diagram of L-shaped beam structure
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Fig. 7 DTO design and RBTO designs under different failure
probability limits
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Fig. 9 Schematic diagram of simply supported beam structure
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Table 2 Optimization results of simply supported beam under

different compliance limits

cYJ Method V%
DTO 11.82

25x1072
RBTO 45.98
DTO 8.72

55x1072
RBTO 22.15
DTO 7.57

8.5 %1072
RBTO 17.39
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Fig. 11 RBTO designs under different correlation lengths
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