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Abstract

Most dynamic systems have various random properties i excitation and system parameters.
In this paper, a procedure for structural response and reliability analysis is proposed for the
linear dynammic system with random properties in both excitation and system parameters. The
systemn parameter and response with random properties are modeled by the perturbation
technique, and then the response analysis is formulated by probabilistic and vibration theories.
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Probabilistic FEM is also used for the calculation of mean response which is difficult by the

proposed response model.

The first passage analysis by the integral equation method is used to analyze the
probability of failure. The integral equation method results in the first passage probability in
terms of crossing rates and first passage probability densities. In this study it is assumed that
excitations, system parameters and responses are Gaussian. As an application example, the
probabilities of failure at transient state are calculated for a sdof systemn with random mass
and spring constant subjected to stationary white-noise excitation and the results are

compared to those of numerical simulation.
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2AKKRTH
mx+ cx + kx = f(t) 2.1
x+ 2w, x+ 0 Lx= p(t) (2.2)
£ =%e,, £ -0}
_ 1
& p(t)= mf( ) 2.3)
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x(8) = x(t) + ex(t) Q7
0,2 FAH Ea an x(¢) F@e z
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x(t)=x(w,, t)=x(m, k,t) (210)

2.3 HERBQLN OJ3t 2% B
Sg85E] e Monte Carlo AE8lol4e
2 SHANel sty dA SR HRe A
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(2,167, 12.15), 2812 (213b)e] &A= 23 H
d&ol A" n, A3 gdFL (213a)9 93



9

o AAE 1& Hagge] geg Fazo
Elxl=x+ ax (2.18)
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(3.3b)
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4.1 sHIsZE Si

deje] HEHE X(#)7t AT E(barrier
level) a% JI2XE2E AAE HAsE B
(barrier level crossing)2tx 3k, ) ¥ X(¢)
7t Ad $9Y AfoE F2 FAFES 9=
Hojus gL B4 didte]l Hm o]3te]
71gol M) BRALAL ARFTHE 9ndi.

X(t)7t AFEE Boste ¢l 1 @S
FAFE o9 21, 2 £57F 49 g 7RI
a3ee 3 AL X(t) =aollN &5 &
o] e 7HAE Aldog AHAY & Udm, T3
Aol 2AE ThsAdE onidhe & (crossing
rate) £, (£)E @DI g o] BHg oz
FH2AE Riced! F2olgtn 3m{13], A71A

bz x t)e Al elAde B X(0H)9% 2
&£xo] AfsE YEIFE guisict

ff1 (= fo x p,.(a x,Hdx (41

4.2 31X81 &=
ool goie] ARbEdel PATEE B
B Abzio] @A BEES 1 ARG o
o}

o}
s
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v}
=

E338(passage probability)oletx  &h,
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BE Fr(0& 2 AHERY Hzx%Fa &
(First passage probability)elgtx 3t} HzxEx1
FE2 d3HE AR di dyge] ¥
o, (419 AL FTIAHE s ol
Hrt.

A" A yollMef kHEg g S sta, &
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AlE At 3ab aEw AlzE [0, t]olA 9]
53 &-&(probability of failure) P,(t)e (42)¢
el & F AL, 9714 1-P(A4y))E A&
t=00A &FEHFo] dHFGHe] A qHT} &
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(first-passage probability density)& Yehdch

PAO=1-PA)+ KAy [ fddr a2
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5.1 AXSN SBUCH 13 NYTA|
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7} dold H9-o H&E I A ’F}Dk u}
2A (527 A€dtn, o #AE x5 I8
Uxo] oigh HEWAA(ntegral equationjo]2hil
gt

Fiadd=rr(D+ | K a (0o 1)

(5.2}
A7\ K 4 (t]H)e t=00M HHFD

REBIEMEEGHRE 5 34 & £ 4 9% 1997% 1178

95

oM S¢d HEAHC] oM AFoE FH7L
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(272)*'N/melx, o] AL  w, = 2x( rad/ sec)
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