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1. Introduction

Deding with uncetainty is an esentia pat of the structural design process Traditiondly
uncatainties are taken into acount by means of safety fadors spedfied by appropriate design
codes. For mog of thetypicd problems this approad all ows to obtain safe structures, however the
adud safety level of such designsis hard to estimate. On the other hand, a progressve increase of
computationd cagpabiliti es and development of reli ability analysis methodsand spedali zed software
allows for more rationd treament of inhaent uncetainties of material parameters, structural
geometry and the applied loads The contemporary “computer aided” reli ability andysis provides a
valuable tool for designe's and dedsion makers by enabling them for more redistic estimation of
the probability of structural failure, identificaion of the wedkest elements and evaluation of thar
influenceon the safety of entire sructure.

The gtructura reiability andysis can be performed by a nunber of software padages, such as
ANSYS PDS and DesignXplorer, CdREL/FERUM/OpenSees, COSSAN, NESUS, PERMAS
RA/STRUREL, PHIMECA-SOFT, PROBAN, PROFES, UNIPASS all of them reported in the
spedal isale of Structural Safety jouma [1]. The structura reliability andysis usudly requires
many evaludionsof the so-cdled fail ure fundion, which is defined by means of seleded structural
respongs. Since these respongs are mog often computed usng the finite element (FE) method
therefore, areliability andysis system mug interad with the FE andysis program. This is usudly
redized in two dternaive ways: eithe therdliability and FE codes are closaly integrated (linked) or
reliability analysis code have interfaceenabling it to modify and real input and output data fil es,
respedively, of athird-party FE andysis system or other structural andysis program.

Althoughthe first approadh has unquestionable advantages such as easy accessto FE model
parameters or acommon graphicd user interfaceetc., it restricts applicaion ofreliability andysis to
problems suppoted by the integrated FE andysis code The secnd solution gives possbility of
peforming the rdiability anaysis for any problem, provided tha the corresponding FE
computationscan be exeauted from the command line This approad is often preferred and used in
mog of the systems listed éove

The key to successin developing any large software padage is a propa organization of its
code fadlit ating future modificaions and allowing it to be simultaneoudy developed by many
programmers. The code architecure should also fadlit ate integration of new algorithms into the
existing environment. Such a flexibility is offered by objed oriented programming and therefore it
was C++ tha was chosen as a programming languagye for creding reliability andysis software
STAND (Stochastic Andysis and Design), developed in the Inditute of Fundamental Technologicd
Reseach (IFTR) of Polish Academy of Sciences. By andyzing reports in [1] it can be concluded
that only few from the abovelisted programs benefit form usng objed oriented paadigm.

Thegraphicd user interfaceimplemented in STAND is easy to use and provides the interface
to the externd computationd programs by the concept of data fil es pasing. Paameters of, say, FE
modd can be easy identified and linked to random variables in the stochastic modd by simply
highlighting appropriate fieldsin atemplate inputfile. Similar approad was employed in COSSAN
[2] and PROFES [3], for ingance Andogousmethod is employed for colleding the FE andysis
results. As it was mentioned, this type of interfaceis suitable only for the FE programs tha can be
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run from the command line and rea text input daa files as well as produceresults in the text
format. This, however, is the case for mog of the commercial and research oriented FE codes.

2. STAND environment description

So far, these are mainly time invariant componant reliability problems that can be addressed
with STAND. In addition to standad reliability andysis methodslike FORM, SORM, crudeMonte
Carlo, unimodd importance sampling or mean valuefirst order method STAND offers multimodd
adaptive importance sampling method (MAISM), develope recently in IFTR. MAISM proved to
bevery efficient in deding with nosy nonlinea limit state fundions(LSFs), see[4].

The basic statisticd analysis is available in STAND as well. It is based on two sampling
methods crude Monte Carlo and a very efficient descriptive sampling design - optimal Latin
hypercube (OLH), see[5]. OLHs can be ether creaed duiing the problem exeaution or, if available,
loaded from the attached large database of pre-generated OLH designs

Some of reliability andysis algorithms implemented in STAND take advantage of parallel
computing, which now becomes the standard in commercial codes. Thusthe tasks performed with
STAND can be submitted on a singe PC as well as on paralel computers, which should be a
default choicefor red life problems involving computationdly expensve FE smulations

STAND has bean successully employed in crashworthinessreli ability analysis of the welded
shed metal car components. Due to manufaduring impefedions and fatigue deterioration
significent nunmber of spot welds may missng in opeationd vehicle. This effed may significantly
reducestrength of an important car component such as thin-walled s-rail. A grea number of joints
makes predse stochastic modding of spot welds unreasonable. Thus it was proposd to modd the
uncetainty of element connedionsby adding a randomnoise to LSF. However reliability andysis
problem defined in this way is very difficult to solve. This is not only due to difficulties with
asessng failure probability for noisy LSFs, but also dueto time conauming FE andysis tha is
involved. An effedive method for solving this classof problems was implemented in STAND, see
[4]. In the conddered example there were assumed 8 randomvariables corresponding to metal shed
thicknesses, theinitial velodty of impading mass and material parameters. The fail ure event was
defined as inaufficient energy absorption.

The seacond example demondrates cgpabilities of STAND integration with third paty FE
andysis programs. Influenceof geometricd impeafedionson the budcling behavior of a cylindricd
shdl presented in the ABAQUS example problems manual (example 1.2.6) has been studied. In the
origind example imperfedionsare modded usng a linea combination of the eigenvedors of the
linea budkling problem. For the pumos of stochastic andysis codficients of the linea
combination are assumed to be randomvariables. Then it was possble to estimate probability tha
the budkling load of the investigated cylindricd shdl is lower than an assumed value Applicaion
of STAND to the modified example problem of widdy used FE code clealy illudrates its
integration posgiliti es.
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