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Abstract: Recently, the structures are becoming more complex and performance requirements
are becoming more ambitious. On the other hand, the requirements for safety and cost reduction
are also becoming more demanding. To balance these inconsistent requirements, the need for a
structural reliability analysis, which employs probabilistic information of loads, material properties
and geometry of components, has been growing. In general, a structural reliability analysis requires
the failure probability of the structure which is defined by the multi-dimensional integral of the joint
probability density function of basic probabilistic variables. However, it is usually difficult to directly
compute this multi-dimensional integral because of the arbitrary nature of the integration domain
and typically high dimension of the problem. To overcome these difficulties, indirect methods such
as the first-order reliability method (FORM) or the second-order reliability method (SORM) has
been proposed as well as the Monte Carlo simulation methods.

An important step of FORM/SORM is to find a design point, the point on the limit-state surface
of minimum distance to the origin in the standard normal space, and the total computation time
of FORM/SORM mainly depends on this procedure. To find a design point is also useful for the
Monte Carlo simulation method because once a design point is found, the failure probability can
be efficiently computed using the importance sampling technique weighted around the design point.
Basically, any constrained non-linear optimization algorithms may be applied to find a design point
and a variety of algorithms have been applied or proposed to solve structural reliability problems.
However, recent development of the finite element reliability analysis requires more efficient algo-
rithms because it takes much more time to calculate the inexplicit limit-state function by the finite
element, method.

In this paper, some modifications are made to an existing constrained non-linear optimization
algorithm in order to improve the efficiency to find a design point without losing generality, robust-
ness and capacity. Through numerical examples typically appearing in structural reliability analyses,
the proposed algorithm is compared with existing algorithms which have been already shown to be
suitable for structural reliability analyses. The comparison reveals that the proposed algorithm has
not only efficiency but also superior generality, robustness and capacity.

Keywords; Structural reliability, Failure probability, Reliability index, Non-Linear optimization
method, First-order reliability method, Second-order reliability method, Monte Carlo simulation,
Importance sampling
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Table 1  Statistical properties of basic variables for w E:X] I=X5 P=X3
example 1.
Bl 1 IS8 3 BRFRTHOHEEIEE \ 4
Variable Distribution Mean Std. dev.
X, Weibull 3.5 0.7 WQ/
X Normal 1.0 0.35 L < “LPR O
g 1
Table 2 Comparison of algorithms for example 1. Fig. 2 ;ﬁgggaggl%n%ie;%minate beam of example 2.
BIRE 1 (6T 3 & 70T ) XADHEBHER o
Optimization Convergence VG(u) G(u) X
Method 7
PF Converged 154 1297 X
AL Converged 69 384 6
SQP Converged 9 75 X X3 X 4
HL-RF Not converged — — 2
MHL-RF Converged 176 528
SMHL-RF Converged 17 93
X1 X5
Table 3  Statistical properties of basic variables for 7, 7

example 2.

i 2 IS8 1 3EATHOMEIEER

Variable Distribution Mean Std. dev.
X1 Normal 2.0-10'° 0.5-10%°
X5 Normal 1.0-10™* 0.2-10*
X3 Normal 4.0-10° 1.0-10%

Table 4 Comparison of algorithms for example 2.

FE2 IS T B3R F LT XLDLERHER

Optimization Convergence VG(u) G(u)
Method

PF Not converged — —
AL Converged 93 565
SQP Converged 9 75
HL-RF Converged 10 96
MHL-RF Converged 799 3196
SMHL-RF Converged 11 45
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Fig. 3  Frame structure of example 3.
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Fig. 4 Failure mode of example 3.
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Table 5  Statistical properties of basic variables for
example 3.

Bl 3 (2B 3 BEAEROMETHIMHE

Variable Distribution Mean Std.dev.
X Lognormal 134.9 13.49
X Lognormal 134.9 13.49
X3 Lognormal 134.9 13.49
X4 Lognormal 134.9 13.49
X5 Lognormal 134.9 13.49
Xe Lognormal 50 15
X7 Lognormal 40 12

Table 6 Comparison of algorithms for example 3.

FREI T IETLITY) XLOLEERFR

Optimization ~ Convergence VG(uw) G(u)
Method

PF Converged 88 1148
AL Converged 43 516
SQP Converged 12 155
HL-RF Converged 13 105
MHL-RF Converged 14 112
SMHL-RF Converged 13 105
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