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Determunation of random vanables 1n structure and loads
and Expansion of the stiffness matrix and the load vector
accordine to the eauations 1 to 5

!

Import the random variables i Equations 6 and 7 and
apply the change of vanable techmque to explicitly
calculate the probability density function of response in

!

Calculation of capacity function according to structural
loading conditions and statistical distribution of random
variables in structure

l

Meshing based on the scale of oscillations of random
variables and calculation the probability density function
\_ of response i number of different elements

s

Calculation the reliability mndex according
to Equation 10 m each number of elements

I

<Does the reliability index converge to a'\ YES

he optimal number
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specific value on a certain number of
elements?

calculated

_\'ol

Fig. 1. Flowchart of the solution procedure

| Calculations are repeated with
| more number of elements
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Fig. 4. Reliability analysis in different number of elements at
0/T=0.25 in simple beam Example 1
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Random variables Statistical distribution

Statistical characteristics

E (MPa) Log normal pn=25279 c=3791.8

I (mm?) normall u=5.55*10° c = 1.3875*10°
L (mm) normal p=5500 c =220

W (N/mm) Typel p=100 B=19.5

Table 1. Random variables in simple beam in example 1

Jwggu'cwlimy;ﬁﬁbwmﬁpuyuwlm}@gbﬂyﬁ#ﬁ\{%ow;l,\gwm.oJS..:

Number of element based on reliability index
125 guEEEEEREN
12{ gmm ™
1.15
1.1

1.05

Reliability index

1+ r r r r
0 2 4 6 8 10 12 14 16
Number of element

Number of element based on mean of

20 1~
response

161 ¢ o o o o
i e
S 12 -
o
(72}
g g
=
o
c 44
I5s]
D
= o0 : : : : : . ,

0 2 4 6 8 10 12 14

Number of element

Fig. 5. Comparison of the number of optimal elements by considering the average response and calculating the reliability index
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Random variables Statistical distribution

Statistical characteristics

E (MPa) Log normal pn=25279 c=3791.8

I (mm?) normall p=2.133*10° 6 = 5.3325*10’
L (mm) normal p = 5000 c =50

F (N) gamble p = 10000 B=1950

P(N) normal p=5000 c=1250

Table 2. Random variables in cantilever column example 2
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Reliability analysis using pdf of response and resistance,
in simple beam and 6/T=0.25
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Fig. 7. Comparison of (pdf) using explicit function with Monte
Carlo results. For 8 / T = 0.25 in simple beam
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Fig. 9. Comparison of (pdf) using explicit function with Monte
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Abstract

Reliability analysis, considering the randomness of geometry, materials, and loading variables, is a
proper guide for structural design in engineering. The stochastic finite element method is used to
analyze the structural systems, concerning uncertainty in random parameters of structures. Solving the
equations of stochastic finite element leads to the calculation of all possible structural responses taking
into account all the random variables of the structural system and loads. Because of the uncertainty
effect on the response of structural systems, reliability analysis seems essential. However, due to the
limitations of the classical methods of reliability analysis, there is a need to calculate the reliability
index based on the probability density function of response in structures. In this study, by combining
the perturbation method and the change — of — variable method and without the limitation of the
statistical type of random distribution of random variables, the probability density function of response
is calculated. By calculating the probability density function of the static response of the structures, as a
result, the probability of failure and the reliability index are obtained directly. It is obvious that the
accuracy of the result of the stochastic finite element analysis depends on the random field element
meshes. For this purpose, the distributed random field is discretized over the number of elements of
equal length in structural members for each random variable.

In the stochastic finite element method, due to the uncertainty of the characteristics of random variables
in the structure, it is necessary to define a correlation function between a random variable in different
elements. The reliability index is considered as a measure of convergence by considering the scale of
fluctuations and the correlation function of random variables in adjacent elements in structure. In each
number of elements, the structural reliability index is calculated directly by using the explicit
probability density function of static response and the structural resistance function to converge on a
certain number of elements. In this study, the stochastic finite element analysis is performed in linear
static mode for a simple beam and a cantilever column. The variables of geometry, materials, and
loading are also considered randomly with real statistical distributions according to the literature
review. As can be expected from the deterministic finite element method, as the number of elements
increases and the meshing is smaller, the reliability index increases. Considering the lower scale of
fluctuations for random variables makes the reliability index converge to a larger value. However, on a
larger scale of fluctuations convergence occurs in a smaller number of elements due to the greater
correlation of random variables in adjacent elements. Additionally, the results of the probability density
function of the static response with the explicit method compared to those of the Monte Carlo
simulation method show a better match. The advantage of using the reliability index as a measure of
convergence in meshing the configuration of limited random components is taking into account all the
possible structural responses instead of using the average structural response in the design of structures.
Keywords: Probability Density Function, Stochastic Finite Element Method, Reliability Index
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