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Abstract

In this paper new method of analysing nonlinear systems, consisting of thin-walled bars with imperfections is presented. Description
of thin-walled bars is based on modified Gruttmann-et al element [1] . In stochastic analysis Monte Carlo simulation and stochastic
finite element method are applied, which are presented by Shinozouka et al [3,4]. This method can be used in engineering practice to
analyse geometrical and material nonlinear steel structures with imperfections.
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where tis assumed to be a piecewise consfidra given sector
1. Introduction coordinates)¢&,, &) and amplitude of warping(S) is defined

within Vlasov constrained torsion theory for bars. The cross-
The theory and methods of stochastic analysis have beesmctions of the beam therefore lie in planes described by the
developed significantly during the last ten years. Most of théasis vectorsH,,Ej].
studies were made to develop methods of quick integration of Transformation of vectorst;(S) after deformation and

probability integrals by means of first and second-order . . . .
reliability methods, to extend knowledge about perturbationti(S) before deformation occur in accordance with following

methods, sensitivity analysis and optimisation in order to findzquations (2):
the design point of reliability. In this paper dissimilar approach, _ 2 2
is presented. It is tried to show that modified Monte Carlo'1= (=62 /265 12)E1+ O3B, -0, B3, (2a)
method of numerical simulation is equally efficient, especially ) .
when applied to bars structures, and because of its conceptda™ 05 caB+6& sigh ), +(cop—65 12E, +(sip+08/2 Eg,(2b)
simplicity it can be easily implemented in engineering practice
without necessity of introducing concepts of second-ordet ;= & sif+6, cog )k, + sing+8.65/2 )E2+(co¢—¢§/2)E3,(2c)
reliability methods. Designing of steel structures involves ) . .
mainly analysis of structures consisting of thin-walled bars wittVnere 6,(S)and 65(S) are the bending rotations an(S) s
imperfections and this is the subject of presented paper. torsion angle.

The components of Green-Lagrangian strain tensor can be

2. Formulation for thin-walled element written as:
1

Finite element formulation for arbitrarily curved thin-walled Fi1 5(911‘ &)
bars is presented in accordance with Gruttmann approach [1], F=2R2|=| 0127C2 |, 6;=99;. G;=G[G; (3a,b.c))
which Timoshenko element was modified, taking into account 2E3 013~ Gi3
effect of rotation and buckling of sections across bar’s centre of.th th tri fficients:
gravity independent of linear displacements. wi € metric coefneients:

In presented paper scope of investigations is limited toGlzR(1)+£2E(21)+53E(31), (4a)
small rotations caused by bending and moderately smal
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rotations caused by torsion, which enables to obtain explici 2=E; G3=Es, (4b.)
form of deformation tensor. As a result, in limiting cases, e.gg, =r® +{2t(21) +{3tg1)+a)({2,{3)a(1)t1, (4d)
for straight or circular barsthe solution is consistent with

classical apmach of engineering mechanics. To take into 92=t2+@Wa0ty, g3=ta+wanty, (4e,f)

consideration finite rotations, co-rotational element should bef the reference configuration and current configuration
analysed, which takes into account the fact, that large rotationgspectively. Index® denotes the customary symbol for
are caused by rigid movement of the element [2]. Hence, it cagiifferentiatins  with respect to the arc-length S.

be stated that presented approach can be also used in analygjgnholsw, and w, stand for partial derivatives of warping
of large rotations. ’ '

The position vectors of point M: Ry, (S,§5,¢3) of
undeformed and), (S,¢{5,&3) of deformed cross-section in the

function with respect to$, and£;coordinates, respectively.

3. Stochastic finite element of thin-walled bar
space(S,&,,&;) (S=[0,L] is arc-length parameter of the spatial

curve) are given with the following kinematic assumptions: Formulation of stochastic finite element method is made in

Ry (S,&5,&) = R(S) + +EEa, 1a accordance with Shinozouka approach presented in [3,4], by
M (5:62:63) (S)+¢Ea* s (12) means of Monte Carlo Simulation (MCS) and Neumann

v ($.6.,&3) =1(S) + & § o+ EF 3+ a(En&)a((S) (1b)  expansion for stochastic finite element equations of 3D thin-
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walled structures. Requirement of the Neumann expansion In case of systems consisting of bar's elements of
method that the absolute values of all eigenvalues of m&tsx relatively small number of degrees of freedom, presented

given as method is very efficient and conceptually accessible for broad
_w-1l range of engineers. Also due to high and sufficient power of
X =Ky AK (5)
) o nowadays personal computers, presented method can be
for solution of stochastic finite element problem successfully used in everyday engineering practice.
(Ko +AK)u=P, (6) Because steel structures are mostly built of thin-walled

should be less than 1, can always be satisfied, even for largars, presented method can be called as engineering method of
components of the deviation matrix compared to theestimating design displacementross-section’s forcedimit
corresponding components i6f, after a modification proposed points, load capacity and reliability of steel structures with
in [5]. geometrical, material and structural imperfections. Reliability
Universally used perturbation methods, in which expansioindex defined by standard [12] can be calculated based on
stochastic system matrix to the Taylor series expansion arebtimated failure probabilityps according to dependence
first-order  approximation (FORM) or second-order ) . ) ]
approximation (SORM) [6,7] are used, are replaced by spectraf =—® ~(p;), where® = is the inverse standardized normal
representation method, in which stochastic field expands as distribution.

sum of trigonometric functions with random phase angles and

deterministic amplitudes, presented in [8] in SFEM analysis Oheference;

elastoplastics space frames made of Euler-Bernoulli bars.
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