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Stochastic Finite Eleent Analysis of Space Truss by Neuann Expansion Method
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ABSTRACT

The Neumann Expansion method has been used for evaluating the response variability of three
dimensional truss structure resulting from the spatial variability of material properties with
the aid of the finite element method, and in conjunction with the direct Monte Carlo simulation
methods. The spatial variabilites are modeled as three-dimensional stochastic field. Yamazaki
[1] has extended the Neumann Expansion method to the plane-strain problem to obtain the
response variability of 2 dimensional stochastic systems. This paper presents the extension
of the Neumann Expansion method to 3 dimensional stochastic systems. The results by the NEM
are compared with those by the deterministic finite element analysis and by the direct Monte
Carlo simulation method
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Bdo] =l g AMATE 2780 3.0 Y A (15)2 AHHe e sPA¢YES FA3

Freste FE98dY =XE FU3A 43 AMANDE V3] A7l U1 223 AHE T}
AT AP 4,51 2 SEso]d (Pertubation) 5ol Sl £ =R ¢ iAW T
Hr] PUE ol 8 HEEH R4 NS fishd I 1 3} L2 22 Egjs FRE M3l
Hele] kg EMsidon Y O 20 e 3 MY Erjs F2EY HAY Y
el WS AREMstAc ¢ el el HHEE drisi Had LA N
Uyt A7 +¥Yslgen ol§e dFANE FixE U TIE 2 9 A Zd F2Ed
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2. g3 g sjauby
2.1 MBS HH

A2 Holg Ukl YFALAL WYASE) F Tokdul()5E Aokl ¥ &
VoANNE $UY 4 dou B ATolME Hely de] $AY WAL, Ex) & BHFE A
Yeigon £y SaAse] Yeik cheat 2ol

E(z) = E,(1+a(z)) (1)
Ela(z)] = 0

A7) AoA E[- 1= 7 E Uehds 71Zon, Bt 2 22 ' A4 7oAl & Fe ¥y
23 FuesMols ARRE ATl alx)= FAE SYL 7= ¥&AH(randon field).o
24 7}9-A|¢H(Gaussian) X2 JPEsldct 3 a(x)e AMEY AL 29 e 2 7HsA
< ujA|517] $j3le] EelLE R F-g o] (Monte Carlo simlation)X] Th2] Heol J¥A]7)40c).

_1+e§a(z)S1—€ (2)
o oe2 o oM 0< e <1 E syct

2.2 Auto-Correlation ¥

A2ArSe] Wol & A(L)oIM WA Adel Holg Urhhe a(x)8] Auto-Correlationiid-s 2t
zte) Rale] FVHEo HE FTVAS Yehie RSN Thet ol Felstaint,

R..(£) = Ela(z)a(z + £)] (3)
71 HolA a(x)E A(1)3 Pol gALe] ol Ushle A$EA 339 Y29 fttass)y
Ax={zyz}" & Ax Weleln £ = {£,£¢,)7 £ F $aAhole ArhAz Helolth. w4
8] Ho 7l FlA Fd(isotropic)e]d $1¢] Auto-Correlationfte= ] ArhA 2] Vectorql

|£qte] 42 71AY 4 gJong H =Hoa: Euld Auto-Correlation TS Al on]
ch3Alz} o] EAIY 4 oltt. (1]

Ry (€) = ogexp [- (%)2} (4)
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2}7] AlofA] die ore] misfHgol culs BSASF a(x)e] EEUAZA 2 AN E 0.2 & A
gsldr). B3] d= AuAle] HE(Scale of Correlation)E Y 4 olon ol & 55 &
TAZ AolAE ehhdct. (5]

2.3 A+ B4

Zo2 fes M A 490 TG 47 sl Y FRES FHHE JHe
2L Mesh2 Haslel $agich, B AFexe woly Exja 722 2 FHE NodeR 251 /Y
f44s Elre] Hxj4el BUSISF stadch. wetd NS ©4ASE Auto-Correlation R4E
2y 28tk g, =a(z); 1 =1,2,...,n 27Ul B EHY EXolU AR BF IAF
2= UEolth © "z e it W $a9 FAdelch 2EY] AT EANY, Ca B Th
2} o] vehd <alrh,

Ci; = COV{aiaj] = Elaia;] = Raa (&i5) (5)

W € =2 — 2 & Uehi] ols 84 "i" 9} 5 Alole] Alelch Wela = {a1,az,...,ax}TE
chedos 7 4 Atk

a=1 (6)

o A(6)NN Z={2Z1,Z2,---,Za}T BA 7ltigto] Mol EEHAL 1" A N9 HHAA 7t
© A]QHGaussion) Hgwi4olty. Iz LS HAZMAB(Lover Triangle Matrix)2A 4t %4E
Caa &] &dlA7](Cholesky) E3H2E ofel Azt Zrh.

E[z2Z"|=1 ; LL"=Ca (7)

I & wgigidols A(6)oll o3l T a & the A& W&l

It~

Elad"] = E[L2(L2)"] = LE [2Z7| L = Cur (8)
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3. wem way

SgeadolNE theat ol FBWYWRAL FUF 7 BAKIE =X BHE ¥

+ gk,

[K]{A} = {F} ; {Ak} = (K] {F} (9)

Ab7] Ao A {Ale= 9, [Kl= Z48g aea (Fi 3H5-& Uehdch
7] £x e Aol whel Addare] CPUZE Bashe oljt A4t AlHE Z4StY] $131
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7H-A12H(Gaussian) &4 Y, &dl27](Cholesky)Z3EE W 7Pdol ZidEldlct. £ d3olde +
% &u 2] (Modified Cholesky)E3WH & AM&3lo] WS chazt o] E3istdch

(K] = [U]" (D] (U] (10)

A7\AlolN [UIE BE ojzZd AEo] “1"Q 4¥atzHUpper Triangle)® @€ Uehim (D& thzhy
gdg Yepdth 4 (108 29l chgsie] Bejsha

1" [D){U]{A} = {F} (11)

olch.  whek [DI[UN{A}=AX}, 2e|3 [VHA{YIE chxshd Hsidgt {A)= olele] Alx} o]
AF oz Akl 4 olr,

U {xy={F} ; [DI{¥}={X} ; [UH{A}={Y} (12)
53 FEY S 442 (Upper triangle)¥d [U& (K1 22 2719] Bandwidth& Zeth.

HERTL LYol E AT ol Uste] £ATE PHULL THRAIZ o] MR
= Z3sel Uehd + 9o,

(K] = [[K,] + [AK]] (13)

2371 Aol [Kol= 71thRY] 748 E & BAALE A o] ASEE= BEATE BE fEH

Z248EE e [AK)E 2 Haid ¥ "6‘74]-1--4 "41}%‘01] wE Zdde 2t 4 Wikl 3

7HE8] I vepdch Ef’éia HE {L}E A (9)89) Pol =X J2 2] (12)8} o] &3y

L2 34 glch & =Fode 4 (12)¢ g t*ﬂ‘ﬂ—fr'- T3t et -9 (Neumann) 31y &
S8 A5io] B TheAH Qo] Z4ach

[KO] {Ao} = {F} - {Ao} = [KO]_I {F} (14)

A(13)8] ZE¥EY =Xt w1 HPYL o83t ofele} Po| & 4 Yrk

[K]= [K,+ AK]™
= (K7 = (K7 KT AK] + (K7 E) T AK] K [AK) = (15

= [Ke] 7 [ - [P]+ [P]+ [P} - -]

F [PI=[Ko ] [AKIE $8AS BdS Ushdth, meby bel(A)e Ab] Ag ol sto] theat 2
o] w37},

(K] {F}
{8} = [P1{Ac} + [P][P]{Ac} — - (16)
= {Ac} — {A} +{A} — {As} + -

{A}
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2 (16)olM 2 7] {Aile thast o] ddres 3¢ 4 glch

{A} = [Pl{Ain} 1=1,2,-- (17)

& A(14)8} ol [Kolo] 438 &elAF](Modified Cholesky) 3ol 3hA {Ao}E 4 Ailsiz
chAlZ A(17)o] 3N {A}EES XHEE FIFE 2(16)0] Y3 {A)E 2FHoE 34 4 9l
th 53] 2 dFolAe A(16)8 FolM (A} AL FRE oA £E2AL UEFAI|E= {
A7 33she 208 JHEsigct

max {A,}
> |l—
Serr 2 maz {A,}

(18)

271 HollA Ferr THE U 371 AT HBAE UL & AFoME 0.0012] FgL2213%
< Mgt 53] w98 PP [Pl=(Ko]-1[AK]S] RE eigengtEe] AdighEel 1.0 B} &
< Z-Solrt st (1]

4. 4254 o)A

X0l AFRE dAlE I3 1 9} B2 23 EdA(Truss) F2E3 3¢ 2 o 32 33
E3A(Truss) F2Eolct. EE 298 a8 W8As 2 B 1 of =23 Hch A
Auto-Correlation@ ol FBBAAE] d= ko] HAHel whe covgle] +HE AL a(x)e] E&H
A2M 02 = 0.2 & M3 €W I3 3 & 23l EYA oA wigAA o] whE Hx)g
A 5 ol x Wy W Helol thY A4t B S|oix @ BFZhe wlmY Rolth. 7 Axhrg
3ol ol AE 5ol M Wee] WIS thAZ 10 WA HE3S $Ysln ULS ¢ $ U
th o7 E 087 4= HE 126049 N ol e x, y R z WP HAZE B33 Q). F
& oA EeLE 2Y7YPeld 27EHE HL PHEAMISEE 108 3= 48 ¢ 4+ Uk

5. ZE 9 £¥ d7=H

E =Re Egi FRES EgZE (Monte Carlo) 2271 W Ze|z 2 (Monte Carlo)22]7]¥
o] ZAPg o s A H-99(Neumann) HA71Ho] 2%t HEHFE 84 siMo] B Aoy F¥o] M
o Z3E ZY F2REY 004 Mo A TREHe Hel @ ekAd HILE T JX
Al dFAz}o|ch

AYH 79 (Neusann) 7Y e ZE Zo7PHS BEY £oUE T5Y 223 /¢
a8y o ZEas HALY A Taln staLEe] A ALY 4 gloale} Ty
th 53] w9 (Neumann) 3PS5 Felo] ool o3 EUY fRe A5 SUsiA Al
| 4 olon, B HEEY {84 YL 2¥o) Al 22E2] ¢hHA HIlel ALY 49
= 5 Ydolel Bzt 2 Ao ALsto] Hewlo|d(Pertubation)y, 7HEX HEW Fol
o HER/e 4 s yel U AFE ¥ $£ystaz} gl
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E 1. F2d 23As (2214 Eg) & : kg/em?
2
W1/ 7/13 2/ 8 3/9 4/10 5/11 6/12 | Bwgk | EEHER
20 ‘

2.731E+03|1. 548E+03|1. 079E+03|1. 511E+03{1. 804E+03{2. 374E+03
H¥ 1 |[2.622E+03|2.569E+03]1. 687E+03 (1. 946E+03|2. 135E+03}1. 403E+03| 1967.08 | 496. 368
2.163E+03

1.558E+03 |1, 602E+03|2. 173E+03 (1. 918E+03{1. 885E+03 ]2, 713E+03
HE 2 |1.425E+03|1.583E+03 (1, 680E+03 (2. 210E+03|2. 740E+03]1. 877E+03| 1952.54 | 401.618
2. 019E+03

2.120E+03|1. 690E+03]2. 119E+03 1. 643E+03 (2. 069E+03}2. 565E+03
& 3 |1.895E+03|2, 308E+03|2. 239E+03{1. 985E+03|1. 230E+03|1.912E+03| 1983.62 | 320.652
2.012E+03

-122 -



J" 1. 2 Y Egas 2d

by
¢y 4 (& &
(1) ) |(7) 12
3 @ Jan \? 4n

1 8 —eme - X

, () (6) 1) 7 (13) L)

'51

1 463m=12 1

3% 2. 3 )l B3 Egx 2Y

3m

-123 -




28 3. 2 X EyA o] AA 5o HHIE

2.00E+01
1.00E+01 + —— o= o —‘—"/'3*//—\VN—/::/‘\\~—-7’:X;:/*‘/‘\—“Mv°w—’\—/‘\—/
0.00E+00 - 4 X-2}3k 9)

0

§ -1.00E+01 A

g -2.00E+01 1

S .300E+01 |

&

a -4 00E+01 + — Y-4ahs o)

 _5.00E+01 - !

o T e T U U S AU S
¥ -6.00E+01 + ’ - - !
-7.00E+01 S O T e T e ey S B S L e 1 U S S WU S SV R

el e eI RRRES85BT225 3
RHE3 4 : Number of lteration
X-3ra (A=) Y-4arasl (A3}
—————— XRPAAER) - CUPAARD)
a3 4. 3 A EgA 2o HFH 129 HeEHAE
8.00E+01 /\
LO0E+01 b o/~ R S0 VO AN W st W D/_ N
6 V e \//\M \/\\V/_/
.00E+01 |
2 4.00E+0 { y-uparstse]
é 2.00E+01 +
§ 0.00E+00 + _iﬁx-é&feﬂ% )
& -200E+01 { o
(=] - 7_ulEkE{e
= 4.00E+01 - v\ f e A
'E\—'J -6.00E+01 __/{‘_;\,A__\(_Ml;/_,._:..-x.:‘ _.7>.C..’_._<»J~An,:»\—:.:\7/.._\.>(.:,:../_7‘__5.;7/\_,\../.I:..\_.\A:.._/{_.._ii.,-.‘T(:.XVK_A:.TJ
N ~
-8.00E+01 4+ttt
e R e I N I i R ENE . A R i I )
- "~ N NNNN®ODOOOIF T < <+
HHESI= - Number of Iteration
Y-wara el (A3 -ggE(dsd) -————- Z-33R e (A=)
--------- YRREA(BR) e XUPHS(ER) oo RPN (B2)

—-124-—-



