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ABSTRACT

Appropriate estimation of reliability index is very important in structural reliability
analysis. The first order reliability methods, i.e. HL-RF, may mostly diverge in
complicated problems with high nonlinear limit state functions and performance function
with several local minima in the neighborhood of the most probable failure point. The

essential difficulties of numerical instabilities are revealed including periodic oscillation,
bifurcation and chaos of iterative solutions of the HL-RF method.

In this study, the convergence difficulties of the HL-RF method have been illustrated in
reliability analysis and it has been improved based on the relaxed method to overcome
these difficulties. An appropriate relaxed coefficient has been defined between 0 and 1
using the information of three points from the new and the previous iterations of the HL-
RF algorithm on the basis of second-order fitting to enhance the HL-RF method.
Capability, robustness and efficiency of the proposed algorithm, as compared with the
HL-RF, have been studied through the comparison of the results of several examples.
Results illustrated that the proposed enhanced method, is more efficient and robust in
computing failure probability of structures compared to that of the HL-RF.

In this investigation, an appropriate Conjugate Gradient (CG) formulation has been
established for determining the structural reliability index in first order reliability
analysis. Step size and the search direction vector are computed using Wolfe line search
conditions and CG methods, respectively. Computational time and global convergence of
CG methods were compared based on several numerical examples to illustrate the
performance of the proposed algorithm. Results demonstrated that the CG methods are
successfully applied for computing the reliability index and have suitable efficiency and
robustness of structural reliability analyses. Some conjugate gradient methods may
diverge in some examples. Therefore, a new modified CG algorithm has been proposed
for inefficient CG method with hybrid optimization algorithm. This new method ensured
convergence to some of the examples. The results illustrated that the new methods of
modified nonlinear conjugate gradient are converged with less number of iterations and
more efficient they also brought to light appropriate convergence performance for
calculating the reliability index compared with the old CG methods.

Finally, a corroded pipeline with internal load pressure was investigated using reliability
algorithm of modified HL-RF method. A probabilistic model including model error, burst
model of intact pipeline and remaining strength model of defect, is developed. The best
burst pressure model of corroded pipeline is chosen based on some statistical
comparisons which are applied for efficiency goodness-of-fit measure. Effects of the
mean and standard deviation of random variables were investigated using the MHL-CD
algorithm for pipeline with time-depended corrosion defect. Results illustrate that the
MHL-CD algorithm was converged with stable results in this complicated example and
the failure probability of pipeline is more sensitive to defect depth.

Keywords: First-order reliability method, Reliability index, HL-RF method,
Conjugate gradient, Wolfe line search, Probabilistic corroded pipeline model.
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