#26% %3l
2009 £ 6 A

it 5O

Chinese Journal of Computational Mechanics

Vol. 26, No. 3
June 2009

XEHE.1007-4708(2009)03-0294-07

BEHL 25 4 B 71 4 1 5 T 4% K bR 0%

N5 W

O

(EFFH TR SRS E b WA R E R E LR E. ] M 510640)

W OB AELEMESZEFIASEARFEEFERT R — I 007 %K AT 20 J 55 M 0 AT By 4 8 o 7 2
RREAXTHARUEHERGENFALEAM L TR AEAAXHATRENA LB IAEH L 7 &
oy AR BUME L R F B B AR R R R DL RO AT BB T O R A S AR A BRI T WAL A B ) B o AT A R
Bk, NBEEATUER ENERHAT . AX T EHERE Monte-Carlo W& KA Yy &, i E M E &
BEWHERETE AX T EN A ERD TRAMIARTENITH &,

KGR ML M s W ALIR 26 5 30 o 4 M s AR A B B0E
hE S ES 0313 STk ARIOAD A

1 5]

SR Bl T3 R R S R AR B Y [ R L R A5
1M ALl . H E SR ) ) R v e B Y —
PR B A2 S 800 45 0 m) 8, /T 76 A4 R RR I
AR 4 1 32 25 7 TR B A7 7E 0% 2 o (25 40 (R b1 2
O TUAT S8R B v DRSS 8 3l ) R
HARWENE . W58 45 2 B REALE XS 2544 30 )
FEE B S0 0 25 R BT 5 0 A VA R A O U L 2
PRSP R A HEEE X,

TEH A AL 2 B 45 09 3y 58 M 4 A b
Monte-Carlo 4 FRICH: & — F g8 1 8y i, Ho e 5
] B AT BR B R VRB IR 22, 0 AU A J B AL 45 44 5
TIRES BT CRE S 0y . 1% S BEHLA PR T 2 —Fh
LG8+ J5 ¥ B R E A BR TR RN Bl vk A Rl
BL3 BRE 45 5 Bk . © 0B W T B 22 45 A [ A A5
YT o M LA K B T e X 45 i S 0 R R
SR ARTESE Sh AL A BR T 2 o IR B A AR B
DR A% o B AT B 5T 1) A% Rl AL 37 I A o 3 fifE 5 () S8 AR
PR 2R . 4R &5 ) B ok B b ML i L 22
KA FRIC LR T RERL S Soc b Bl — A Bl HL Y 5
TCEALHE — 2 JLAA Rt AL PR JCiE A 7
By 2 P A BR e ik R 4 Bl T A ke 1Y) [ A e i [

T

%5 B 89 :2008-08-28; f& Bt AR e 2 B #3 :2008-10-23.

E&£TH : B ERHE TR 7 I8 (2006BAJO1BO7) 5 fE
PR TR A A H SRR 2 B R S I = B R
B (20082CZD B H .

EZE®- . R (1968, 5 4, ##%

(E-mail: cvchsu@scut. edu. cn).

B — G IR TR, A TR A LA
BRIC (0 1T 555 L o B BIL 370 1 g 1 o 7 v 0
ORI EER Y R 8P Bk O o6 B0k S YL
BT AR TAE RIS T, A
W B R ) AR G R BEHIL 3 A T %

TE B0 7E 1R 25 AL F ) [l A bR e Bk oo el T
FHT [0 J5E ) RE AR g o DAY 0kt 38PN 2 1 A o O e T AR
BN VS R BI N - O E  E7/B L 77B i i
XTI A A RN B B A% A 2 A Ak LRIV RT A5 3 R A
25100 o BXORIZ M AR T T BE L4 A ) L i
OrHT R R B LAk o AEREHLES A )b A L
SE X RTPF N BRI BE AT B 1045 A AT LA
BICHEAT R o3 - N AN AT AE SR S BEHL A FROCIE P A
BIR TG o0 s B2 it S AL 37 0 Ak 247 400 1) A7 6 o DA T
B 1 AR R A B AL 7 0 20 20 T R R 0 Y
)R, SCHRL7 .+ 8 1 B i SR FH A A bR i X B HIL 45
Ky I R R BEAT T 23 M - 9 82 T AR AR i T 42 Wil
EED S8

e R TARSREAN b AR SCHE— 2048 ) T REPLAS
e B 7 R A 20 B M PR o B R A R R R 3 T
BEALES 14 3l 3 e o3 B T o B BEHL S R4
A HR) B 7 R 20 W 48 A — b 2R B g 1) B BIL 0
Jiiks

2 BENLEh 4SHES ITRIE IR TR
FFPE2 T3 M 5007 (00 0 B2 D 7



A% FEALEE A B ) e 1 AT AR B Bk 295

%5 4 +
i[E@-)Au) d[{im] —am (DU
d V(“] = am (DOV(x)

(D
K MR AR AR L E () JA () BT 435
R T B P A R T AR s m () AT
HL BB U(xe) F V(e 4550k FF4 0 fl ) 4
B PR BRI LB IR L, B AR IEH A = o' v
F g E(o) A 1) Fl m(a) 1978 3k 8
EANTE RN I E R 5 e A
E(x) = Eg +0E (), Alx) = Ap +8A () |

[(o) = I + 61 () s m(x) = my () +om ()|

(2)
K Thr ECGERBCAHIE) ME MR, N
i 5 S Z S (E B AL 37 o A N M L 437 8% 3R AT 7 4R
B R EE ML, 3 TR EE A B BENLAE &, Ei1d
] LI R 8 A A IR s
Ux) = Ug () +0U(2) s V() = Vi () +6V(a)
0(x) = 0:(2) +80(x), N(x) = Ng(x)+0N(2) l
Q) = Qe () +6Q (), M(z) = My (2) +6M(I)J/

A=+

(3)
A 0(2) s N(2) . Q) Fll M) 43 53l F s AT 14 Y
B PRI ) AR Y L B g R B ORN S AR iR AR

Bl 2) A R A K (D £ —

MLl s ONESAE T . 3= B 2
HE1s

EEAI. d Ut(l)

d 2
d4VE(I)

d 4
SN EOR A EINEB%
d? oU(x) _

d 2
Aeom () Ug (2) — Agme () U (x) —

dUI (I) dU}; (1)
dx dx

A]- meg (l)U}- (1)1
9]

- /\EH’LE(I)VE(I) J
) D & R

—me()Up(x) —

EEAF

+ EpdA () ]

i[(SE(I)A}
dx

(5
d*sV(x)

dx*
/11;5)71 (I)VE (1) + A[:mE (J)SV(I) -

‘ d*Ve () d*Vi ()
dx? dz?

EE IE

- 6/17711.:(1')‘/};(1”) +

+E1-81(1) ]

() M) 43510 BT R 30 1 55 5 B
HP G T AR I A A AR 43 T R R G i i ) A £
O35 R AR LK () Rl (5) 1SS A b I
BESMmE. WaXD MG fERR L5
o S AR TR A2 5 0 ) R 4 o A oy O R — B0
VT AT LA SR FH # F7 [) 0 10 6 A fige 77 oK it . R
LA St v (R B AL S BOR T LART 2 5000 43 31 B A 1) o
BHEx Ap 1 I,

3 HENAARESMEBREDN
WX %
FFPF PO IR 5 (BRI B2 56 R Ny

N(2) = E()A(y) U

dx
Q(x) — —[F(x)l( 5 & V(”] 6)
M(o) — E(ol(o) & Vx(f)

B2 (2) F1= ) FRAFARARK6) , IF i
(1) 51 7 12 kb 3RS AT 45 FF 78 I9 38 78 0 34
A 12 43 ) A

NE(I) _ EEA].; dU}(I)
dx
3 ~
Qi () = Egl, & V;fl) , .
2 ~
M, () = Epl, 9Vl
dx
N () = EgA, UL
dx
[OE () A dUé(I) + EpdA () dUCI-lr(I)]
X
8Q(x) = Ep I, d’ 6V§.r) 4
dx
{iEBE(.T>IF duvl‘jgl)g’,E}aI( )dV]-(_T):I}
dx dr e
SM(2) = Egls d“é;lng) 4
dI dx
€))

A (7D M) AT L. e BEAL 3 71 54 o
Hh s P IR R A 6 AR IR R e ] B AR G AR
FEIE 2 b 5 g [ REAR [R] . AE A g 4k 28 i 5 62 7
IR 70 Al 22 8] A A 20 ok AR AE B X 5 0 Tl 1Y
A4 — B A U AR 5 R B2 Al R R B O



296 it & A

pY,
%

¥ R 26 %

i

4 BEUEHFNRES TSRS

FeVEATRATT M BE IR 1 R AT AE AT ab
SR —RAFF -y R ITT R R AR R
HAF i A bR R o, B 2oy, o % BTG 04 458 1 5820 T R R
KD, A Ey, 8 AR Ap o % w5
FEOA T o 7R AT 38009 7 B 253800 A fr 3% Fi (20 (G
—1.2) %

Fi(2) = Aeme (2)Us(2) |
| : 9
Fi(a) = apmg () Vi () |

FEFF ab i A5G AR [ B4 Rk BT 5 A T
o3 1 TE R AT IR AEFTF AR BRAE & ab A i 6 K
KA BT Xy G =1,2,3;5 = 1,2) MR
P B I DB L AE BRAN R T 3R Xy AR P A R 2R
Fi(o) BEFAVERT AR F ab 1047 8 4k 24 3 &
Py 1 IR

Ye(x) = i iGly(I;S])Xi;j +

i=1 j=1
2

> MG Fi@d

i=1

(10

£h Y RN EUVON. QMG (= 1,2,
3) AT 7 1) 3 A fige , B G PR K 359 J5 4 4 1T
FREAEAR — S 2 B Bl ) AT 2 (L 0 = 1 AR
B A ) faf 2 (DL G = 2 BR D B S (L =3
PRI 1B I 0 07 8% F P A7 A . LR =X I Sk
(6] o Ay g e A G o R RBP4 ) A
Eg Ag A1 I i F TR MRS58 S 5000 ¥ &, W
W AR BE A figt b T R Ay AT A2 5 g (] ) e A i
BT AL AR o, R 2, A0 AR A (10D L I % AR
3 TR AT R HICAL B L AT A5 BT it 45 2 0 R TR 2
H

{Se.) = [AJ (X} +Ae[B. I [Mp ] {ge )¢ 1

{Se ) = [AJ{Xe} + e[ By [ M T (g} |
(11

o {Sea ) F{Sey ¢ N BAITTH I SR (X )

v

X, Fix) X2

Y. e -

Flx) ® 4
Bl 1 FFOREERIT ab B R

Fig.1 Beam element ab and fictitious loads
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Dynamic eigenvalue analysis of stochastic structures by the Green’s method

SU Cheng”, FAN Xue-ming

(School of Civil Engineering and Transportation, State Key Laboratory of Subtropical Building Science,

South China University of Technology, Guangzhou 510640, China)

Abstract: In consideration of small variations of material and geometry parameters, the governing differ-
ential equations of dynamic eigenvalue problems for stochastic beams are decomposed by the first ap-
proximation method into two sets of governing differential equations corresponding to means and devia-
tions of dynamic characteristics, respectively. Based on the similarity between the equations derived and
those corresponding to static problems, the Green’s method for dynamic eigenvalue analysis of stochas-
tic structures is proposed in this study by the use of static fundamental solutions, together with the ap-
plication of ficititious loads outside domains and the multi-domain techniques. Numerical examples show
the results of the proposed method agree well with those of the Monte-Carlo method under the circum-
stance of small variations, while the computation cost of the present method is much less than that of the

perturbation stochastic finite element method.

Key words: stochastic structures; random vibration; dynamic eigenvalues; Green’s method



