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Effects of Poisson Ratio on Response Variability of Plane Structures
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ABSTRACT
The structures have intrinsic uncertainties in analysis/design parameters contrary to the assumptions of perfect
constant over the structural domain. The material and geometrical parameters are the exemplary ones. The
influences of uncertainties in Young’s modulus, which are the representative random design variables, on the
structural response have been the center of focus in the realm of stochastic analysis. In this study, a formulation
to obtain the response variability due to the randomness in the Poisson’s ratio is given. In that the previous
researches in the literature deal with the response variability due mainly to the uncertainty in the elastic modulus,
with the results of this research, it can be asserted to obtain the response variability taking into consideration of

uncertainties in all the material constants becomes possible.

1. B

TZAZL WE3T e 28ALL FERASASF, F2YYUAF T3 FE3E 5 A A
W F Utk HIZ7R FA22 84 (stochastic analysis) EolollA F2 71 Y FAS
& Aggrst FRPYJAF Gl g G125 V0le, FgatEel JjMe] g e >
Aed AR EP oz Rasodgs & £ gt A& T2A 4545 Q9g¥e 724
o) A%e &g uxA H=d oz A3 Q@%’“Eﬂ’i‘](determlmstm analysis) @ 7ol ¢

s

&S ke

stel 7z REgY 853 EAL AAlSA Bt

FAEH 4L F 7/HAZ v & Qe e 2HER PEs XPelE 548 §4

Holel e st HIBATH AdYozAM AFY, FEEIH, JMFEEY Sol Y

G09 B Ao v EASE FALHH4Y & W 7HE LY (weighted integral) o] 4
¥olFH| g Y& s FASE FYstuzl s

BH$Y (plane stress)F A2 HHHAY E (plane strain) FAE U 4 itk Fo}

Hd

THE AT eRd AFEHN S Bdd: AsAFEN dAZozE: MY E o
AN Fo4dol A& Aoz gAdnt mEA, B =Mt HUIHEANN Foldul g
Y 28U & FxA gAY JEEIE A% FAJE AN A T}

AR, AulE ALS )AL AZAME, FETEr)EY
- 219 -



2. QUSY/YUHYRYENA ] SB-HYg HE

frtess AP ENA LopgulE T FRES $Y-UYE PFF2AM 4 ()L BESY
FE (psn)eelM g §E-HY g Pdo|d}

(pss) X HHd

5 1 v 0 £ 1-v v 0
D = v 1 0 R =l v l-v 0 0))

PE 1oyt 1+ vl -2v -

Vil o 1 (1+v)i-2v) o o L

2 2
A BEY 7 R4S L ofFis} Zo| gy A JMed HHE FHan U= HE ¢ F Ut
——1—~=1$x+x2$x3+---, L=x(1¢x+x2~T-x3+---) )

I+x 1+x
A9 AANL ¥ <10 A 4 x9 gol A&5E 1 $A=s} AL

AL FHE BHAYL TUSGE i BPe H§she] Toppud T 2o
qe v=y[l+ £,x)] 2 2ol BRSO (71A, f(x)E TUHE x 9 52 FojAs

Tohduld F2HE BN S FHsH: FAREFoIT 3o B3 f(x)2 dehdg) A
(205 AL3E 3Y-HPE YL 37 Zo| ¥y P2 BT & Yo
e, ¢, 0
) Dp:s=E e21 e22 0
0 0 ey
3)
€am  Can2 0 0 TR () 7] 0

D,,.=D+Dyy=Ele.n € 0 [+E €on €2 0
0 0 6(0)33 0 0 1/3

AZelA, BAEHIHE Yehds SH-A¥E PEA 4 24F ¢; & ot Hels pAH,
EHE FAE JHz EdE

€ =€y o a, a1
en=eyr=\p B BRK/S 4)
€33 N oY Vs f2

AZNAN @, f,7, £ Eotbule BE@A v, o owd Yz Foun. AR w4
/<102 8¢ wEso Foisuel o84 Adgol 05022 v! 37 no 1A ¢
e RAE 4 A% AEZ H¢ A0% AYste] AFetAch o FURHE B 20
9 gl Yehtuz Totule TUA 8574 AAAHolor 99%olas AR AW £ 9ok

- 220 -



3. LU

_1) (1) ()

D,, =D+ f(x)p" + f*(x)D )
&y P O

o} 7)ol A], DV=E B, a, 0| =012
O 0 7i+1

a5z 24 BAYE k'E dgw go] AAg
k= j B'D, BdQ*

(6)

= j B’D”B4Q° + j f(x)B'DYBAQ + j A(x)B"D®BdQ"
o371e)4, DO = 2AEd A5 f(x)7h AYIRA G B $P-H¥E P2 Told
wel BEFAQ v, 7t AL T &, GHEH $H22 HMolH FAHE SH-HYE PAY £
Asich, 78 EE eARAREL e AP o] & % gtk odJ)oA olRFA o = HE
2 dnjgh.

k® =k +Ak*V + Ak?

. @)
=k! + Ak’

YR EE FAFLFY Aol Gotol BANE FBUFE TN Astel WA-¥FE
49 BE 4408 242 At 4598 B9 SUAY B4 p o §9 GO dehhe

B=B,p,, i=12,,N

, sumon repeated index (8)

N, & A5-4%E %% B 238 SHUTY p, o 8 vehdoh o] A% 7HARIBELS

e 2.
AV = [ fxB'DUBdQ  Ak® = [ f*(x)B"DPBAQ
9
=8B X0 =B'DYB x .

017]/{1 l',j=l,2,"‘,Np°]U1, Q%tﬂ'}l:"\f' (k)_'J‘ f x)p‘pdeeO]C}

- 221 -



adE2 AR Ak s 88 XM g4de o 5 gon, gy Aunyad

& Efste 247499 k° 9 AARYYY K= g885 XY #5492 §58 + Uk

dedy Ut AAZ4959 9943 dyezos Zox= 532 ¥y Fo Foz Zox
22 Hdy U 94 885 XY g7 9

U=u(x¥) (10)

A9 U 4 FBRAY HBESE FE Npy =N, o+ N, 03 FAA, orldy 2ax

2 A48 W F @ =37 xS Lx)e =Eies 29 dedE 3844
g BN

4. SEH W0l Chst HYHE{e] Taylor i

BEWT X9 HEAo i HAYE U 12 AN oS Zoh

& ¢ 4 oK < -
U, - ;;X V(I)Kal[aXeV(n):LUo_Z;WZ( RV aff RV“))K l[aXeVm:lE 0

N,

o oK
—U - Xe l<_1 2 2 Ua
Z‘ " {aX; } ”Z {RV"aXeV(,)

Xz =E|Xg [o1m(E[s]e Bzansh, 299449 e were ool oee A% 3

U

n

45 %E} (1,3,5)
[ a‘f ] .—.—K;‘[ alf } U, (12a)
Xy |, Xy |y
o0 =0,Xgn= [ Ry (E=0)pp,d2 =} [ pp,d2 =0}, (12b)

ggwse ol Haz A28 RVW =12= 713483 AkV g AkPe z39 g8
4% Uehyy] gste} AgHgon, ¥ 2ARAY f(x)E T¥5A g 22 JEAE
dehlel 4 (1D 9 Yoy & thehdch

4.1 B (Ensemble mean)
Hge B oS3 o] A€,

E[u]=1u, +o2K;' KU, (13)

- 222 -



N, N,
4714, K, =Yk, K?=Yk® and k@ = [ B'DPBd"

e=] e=l
Z g4 (Covariance)

4.2
Mgs FEAL e 4oz dg 5 Utk
Cov[U, U]= E|auAUT | (14)

AU=U-EU]=-3 S x5, K {ax;VLU”

e=l RV

cto-o[genf 2o 5 el ]

ei=] RVi RVi ej=1 RV} (15)
N,
= ZK;I Fue_/ EK;T
el e
P =E[Ak”‘UaU§Ake’]ﬂz Fe=d, ol o 2ol mde
e,e, E = I - R/, (f) k“(‘)U UTkej l)derdQu .
+ .[ﬂu jﬂe] o-jf‘ + 2R; (f))ke‘(z UOUZkLJ(Z)derdQei
7144 kP =B'DYB,, i=1,,N,
TEAS Aate] Hew AFABIFSEE ol T}
&+
R (¢)=0F exp{—-l_’|_67|_{2_| n

g BgFel AMEE ¢ e ABAAALE HERY o, = FAZY SAATE YERLS

5. ofixIsHA
2 d7oldE FASHAAAARFC L ol &% dFEEY 4T JNY BEL AL

ez AlgHoldE st 1 ZAFHE Wnagit. FAF FAY 54
A Eolol = GEEEY FE 4dxnfxN, oW, nf & G588 ¢neFY dFoln N, =

- 223 -



FERAUS 24 Folr},

%é“xg {;1”?fWA AR T2 FH FZEA 7R A2 Z 109 77
i 4 B 7INZ WY AR A¥oz FERIIFT] AL
FZolt. @AAFE 1.08 AHEsidn, TolfulE 0.25
ojth, ZAZAL AALFE ALdde F49 AL B9
3tk A E WAV MR 3A SgsE ARl o
3t A A st

FAEF §4 AzE dkged o HFgs TEMoE

Fo|A A FEA MR TE HEY HIEEE 3 5)7)
';{,, F 7 Jde¢oz YwHoz EFUAY FFY Hz Edd:
- AN > W 3} 5 Al 4= (coefficient of variation, COV) S A A 3HA|
a8 1 sieA A 243
cov =2z as)
R

EE7HEZ A Bl A% Wed FFFRE FHEHAYTH AY AR FAE Ui £
ATl Ate FEAHERS B¢ A (13)3 Zo] Y F77E v FrtEE #e B7A
oz AL

9 0.5% olWEZM Audoz AL ¢og Yehyoh
0.12 0.12
[ LTI [T T [
—©O—6— 16 MESH MCS X-DISPL. 90 16 MESH MCS X-DISPL
0.1 |—{ ~#-—a~ 356 MESH MCS X-DISPL E‘F: 0.1 — - ‘3: :ES: MCS X-D:SPL
—~A—4&~ 64 MESH MCS X-DISPL J:: =& 4 64 MESH MCS X-DISPL
o g T
-&—a- %M g
0.08 — —a——&— 64 MESH Wi X-DISPL 0.08 | a—a- 16 MESHWI X-DISPL [ A
Y/
3 oos 3 ooe ’/
o - o ,//
004 uiidlr, % 004 - a V
h
0.02 0.02
g
0 0
0.01 0.1 1 10 100 1,000 0.01 0.1 1 10 100 1,000
Correlation distance d Correlatin Distance d

¥ 2,3 ABFAAR do HEgEAT (BREY, HHEIE)

2% 29 32 ABBAAY g9 W] BE WIEASF COVY g&E RAFa 4. EHIER
MC) WS 99 A 7tFAER A% s 24%9 AEse wet 47 a3 A S
FRAAAE JHAE FEE A& B F At MCSY S d9 #el AL FRAgX s FAF
i A ZAbE Brbsstel COVE grol AdiEoz aA vevde AL £ £ Y. DY F
Zbell W& FHAQA 0.1% 0.12& I¥ 19 A¥2eE FAE HY x—1F dfel g do]
B y-3% Hoe] de e el A2 gE vehin RoiX3 Qo ol stFe A4 W

- 224 -



el x—wraro] Eobd zho] 2@ Qo] Ath: A el glod ol: Huel g8 Ans
AN P BLERES) FHAE FALH 0. RTGE FAAYE(0.12) AeelA © A e
U

0048 — T T T 11110 ! [ 03 !

~0—&~ PSS Confined It r‘“‘f"‘ﬁ'" |—*JI wirss | //‘ o
0.0¢ || B8~ PSN Confined 0.25 |- ~@—@~ MCs PSS .

~{—8~ PSS Unconfined il & WIPSN .

-g i PN Unconfined it MCS PSN //‘/

p ;

‘§ 0.032 ] g o2 o //

§ / g

goou § 018 &/

;ioms § 01 “//i o

3 Pt :/"_ |/
©0.008 o ¢ 0.05

o et g
o P < e il > o
0.01 01 k] 10 100 1,000 0.05 01 0.15 0.2 0.25 03 0.35
Correlation distance d COV of stochastic field
a¥ 3. BARA 3 A a8 4, FAF YA EY ¥F(d-10)
5000 at T 1= a9 32 3% 19 FZA x-28e HIYgE F
o | e | o TE AR SEUE AAne HeRe B¢

: = = share WMol tigt COVae uehd Aol

‘3 100 o= - L =  AeHAW FAxzA] %S (unconfined) $} vl w &t

-3 _ _

[ = oF o] Feele WY WAL WS o 3A
= Uehte Re @& 4 gtk o] APelE FAgY
£
L AHETE FUAEE AudAY W@dEsl 34
10 20 30 40 50 60 70

deht FAzA BALel Eotguld dgel

2% 5. 29 370 B SAAze vg T 0L WsEE FAENE AgdA Az
22 FA YedE B3I Aok 2% 45 FA

% 99447 = (intensity of randomness) ] F7F7} FZA dgHslko] v]x= J&S Ueld

RAolth, JABAE7} & A9 MCSsiA s dF e ooz Aste] F&dt 43
£ 71di3t7] oo, AAZ FAFS EFHUAIL 0.20]40] @ AE GEBAS Fito] 4 F
RE FASHANEL HEA2 85% FEE YEAt. 1¥ 4°ﬂ/~1 B ups} o] pEAR
o] 2 JAAEAME TEH FHE Rol= wrd MCSa4 S old £38A £ae= &
BF1 Qivh vgAEE FAEA 4 FFL MCSel uldte] |4 ujfo] Hoe oz
ol 1% 5¢ # vehtz Atk afelA HZo] MCSE 7SR Ryl vdte] & 2 2 8
AAZEE 23t AAAo] dolA 3 e RAE E F AUth

6. @ B

- 225 -



2 7oA e FETEAN Qg shud TopFH|d Y JgAddl qE TR
H3EE MY 9.1%:— M2 FA3E AL B4 oFy ANE A8 FAE
3ol 24BAHWES FLPH /ATy F oz BYE 7 AU olF Fho TS
9 FFF FEAY AEE AT FHHE SYSAT. ALY A3 AT DHe FAGH ¥
A MCSY 73¢9 & dAsgled, FAZY JANEET 5L B 9= 2 FHELHAUL A4
o BAARE L A2E UgHrh

ZolFul9 gl A% —'rLZ:E’l%Ql WeEE :r‘}_-‘ll 73?—“5&331] I
o, BHgYdEe] 3
T 1202359 ¥3E ‘—}EMM EOH—HMI 4‘& -—r"“?} tﬂﬁr_:_—ﬂ
F AT B =89 A= & AHFE Foo 72U EE HE’B‘
AEH 6H’ﬁ°l Heazichs AeM #E 5 Ao,

1

|

mlm ‘P
¥
o"x',.
e
lo
oX,
Q\,i
i
o)
offt
ne
o
oi
HU
4
KU
I
ot
u*)
R
o rir
0
o
K
o
ol
o
=2

(1

.‘.2. og
e I
o
>
oXx
2

B A7E #2ASATG U ASE AE7RAY ATAE(SISTeO Y ADo2 +85USS
g8l ole) FAL=HUTH

1. CK. Choi, H.C. Noh, Stochastic finite element analysis of plate structures by weighted integral method,
Structural Engineering and Mechanics, 4(6), (1996a), 703-715.

2. C.K. Choi, H.C. Noh. "Stochastic Analysis of Shape Imperfection in RC Cooling Tower Shells", Journal of
Structural Engineering, ASCE, Vol. 126, No. 3, pp.417-423, March, 2000.

3. CXK. Choi, H.C. Noh, "Weighted Integral SFEM Including Higher Order Terms", Journal of Engineering
Mechanics, ASCE, Vol. 126, No. 8, pp.859-866, August, 2000.

4. F. Yamazaki, M. Shinozuka, G. Dasgupta Neumann expansion for stochastic finite element analysis, J.
Engrg. Mech., ASCE, 114(8), (1988), 1335-1353.

5. G. Deodatis, W. Wall, M. Shinozuka, Analysis of two-dimensional stochastic systems by the weighted
integral method”, Eds. Spanos, P. D. and Brebbia, C. A. Computational stochastic mechanics, (1991), 395-406.

6. K. Liu, T. Belytschiko, A. Mani, Probabilistic finite elements for nonlinear structural dynamics, Computer
methods in applied mechanics and engineering, 56, (1986), 61-81.

7. M. A. Lawrence, Basis random variables in finite element analysis, Int. J. Num. Meth. Eng., Vol. 24,
(1987), 1849-1863.

8. To, C. S. W. The stochastic central difference method in structural dynamics, Comp. & Struct., Vol. 23, No.
6. (1986).

9. W. Q. Zhu, Y. J. Ren, W. Q. Wu, Stochastic FEM based on local averages of random vector fields, J.
Engrg. Mech., ASCE, 118(3), (1992), 496-511.

- 226 ~



