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1. Introduction

Engineering problems are included various uncertainties such as: the material, geometric properties, external
loads. Therefore, the structural reliability analysis can be used to consider uncertainties based on a probabilistic
model, efficiently [1, 2]. The failure probability is estimated by a multi-dimensional integral as follows [2]:

P =[] (X, X,)dX,...0X, = D(—=1) (1)

g(X)<0

where, g(x) is the limit state function (LSF) which separates the design domain into failure (g(X)< 0) and safe

(g(x)>0) regions with respect to basic random variables X =(x,,x,,...,x,)" and g is the reliability index. The

various approximation methods including the first-order reliability method (FORM) [1] and the second-order
reliability method (SORM) methods [3] are used to estimate the multiple integral Eq. 1. The HL-RF iterative
algorithm is the most widely used for the structural reliability analysis [1, 3]. The HL-RF scheme may be converged
to unstable solution such as: periodic, bifurcation and chaos solutions in highly nonlinear problems [4]. In this paper,
a new iterative formula has been presented based on the finite-step size for estimating the failure probability. A
finite- step size is developed by Armijo line search rule and the sufficient descent condition. The robustness and
efficiency of the finite-step size method were compared with the HL-RF shame. The results illustrate that the new

method is more robust and efficient than the HL-RF scheme in the structural reliability analysis.

2. Basic iterative finite-step size method

The basic process of FORM is to search the most probable point (MPP), ﬂ:‘U* [2]. Typical FORM involves

the three steps to estimate the probability of failure as
Step 1: Transform the basic random variables from the original space into standard normal space by Rosenblatt
transformation [1, 2] i.e. u=o™{F, (x)}.

Step 2: Search the MPP i.e. U™ =(u; ,u,,..u;)" based on an iterative process
Step 3: Calculate the probability of failure as P, ~ ®(-p) .

2.1. finite-step size algorithm

The iterative formula of the finite-step size (FS) algorithm for calculating the reliability index can be written as

UkF+S1 = ﬁkualfu 2
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In this method, «” is the finite-sensitivity vector of random variables, which is computed by

Ay = 3)

in which, point U/, is finite-vector of random variables, which is calculated as

Ui =Ug -4V gU)) (4)

where, A4 is the finite-step size that it chose a large value as 4 >> 0. Also, the reliability index in iterative formula
Eqg. (2) is written as follows:

_9(U)-V'guUyY, 5
k+l — T 2 ()
VigUag,

The FS approach is as simple as the HL-RF. The finite-step size iterative algorithm is adjusted to the HL-RF
method, when 1 — o . Therefore, the phenomena of convergence failure may occur, when the step length is too
large in the FS algorithm. In the iterative process (2) is dependent on the degree of nonlinearity of the limit state
function. Therefore, more iteration is needed to attain the stable results for highly nonlinear performance function.

2.2. Selecting the step size

The step size is an important criterion on the iterations of the FS scheme. If 4> 4, , the iterative sequence of

FS algorithm may be failed in highly nonlinear performance function and if A is chosen too small, the iterative
scheme is converged slowly. If 1 is well-defined, then convergence of FS algorithm can be obtained, robustly and
efficiently. Suppose that 1 satisfies Armijo-type line search [5]; the maximum step size has been suggested based
on Armijo line search rule as

M

Amax =TS T (6)
Vo)
In which, 10<M <100 and Vg(U,) is gradient vector at the start point in normal standard space. Assume that

this step size satisfies the sufficient descent condition i.e. v'gu,)d, <—c[vau,)[ - If |d | >[d, [+ therefore,

AL A

max

/c inwhich 1.2 < ¢ <1.5; This step size holds the sufficient descent conditions with Armijo line search as

L A if Hd"HSHd'HH ()
ko % otherwise

where, d, is the search direction vector that computed as d, =U ka’l -U sz

3. Results and discussion

The computational performance of the FS was compared with the HL-RF by a nonlinear and complex structural
performance function in FORM. This example indicated a type of problem with non-normal random variables and a
complicated performance function as [2, 3]

g =Fs—KsxP(E[x*])" (8)

where, Fs denotes force capacity, P is considered as a deterministic constant with the value of 3 and E[x’]is as
follows:
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7S XA (&0, +&0d)o
2 I I S U IS ©)
4o, £ E (A, +07) + 78, 4.0,
. M o, + o, w, — o, &pt+&s . . . .
Inwhich, = =5, @, =—F > 0= ,and &, = B S, is intensity of the white noise [3]. The means
p wa

and standard deviations of independent random variables with Lognormal distribution are listed in Table 1.

Table 1. Statistical basic random variables
Random variable M, M, K, K, S & FS

Mean 1 .01 1 0.01 005 0.02 100 15
Standard deviation 0.1 0.001 0.2 0.001 002 001 10 15

The safety index value is taken from Ref. [2] and has a value of 2.01646. The convergence history of this
example based on the HL-RF and FS methods is shown in Figure 1. It is seen, the HL-RF method is converged to
the periodic-2 solution of the reliability index as {4.9807, 4.2170}. The FS algorithm has shown excellent and stable

convergence (the reliability index is attained after 46 iterations as [ =2.016643).

3 ——FS method ——HL-RF

Reliability index

0

0 10 20 30 40 50
Iterations

Fig. 1. Iterative history of reliability index based on FORM.

4. Conclusions

A new iterative FORM formula has been proposed to solve complicated structural reliability problems. This
method is founded based on the new sensitivity vector using the finite-step size based on Armijo-type line search.
The proposed reliability analysis performed better in terms of both accuracy and the number of function evaluations
in the same case reliability examples. The FS is proved to be robust and more efficient with the minimum number of
iterations to achieve stable results than the HL-RF scheme in nonlinear structural reliability problems. It is
concluded that the FS algorithm has better performance compared with the HL-RF method.
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