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Fig. 1. Physical domain, fictitious domain, and extended
domain

35 o 53k 5 54 05 e 1y () dolas amti s

f eTaCe dQ =f ulab dQ +f ulfsdr ¢)
Qed Qed FN
"y
1 in Q
= 0
a {0 in 'Qfd ( )
et 5100 Jbe g5 b OS]

Slp s Ll 3 130 4l 5l 05,0 el S olad b -
TCW R P R P3|

Lol gl 5 Llass S 30 4l 05,0 DulS 8 slad sho -
(el S ol

G5 0 S L @l Q 4l e by &S plad e -
S Lol Gl cplpls S o sl SKawsul (o801 Kol
oslizul (ghnss glad (giluarnnS 5 23l p-:-.’)ji”
(V) IS8 O gomanr 255 o0

Sy K85 d b eles CL.;;;! L mbﬁwd Lals

m
ned=Unc )
c=1
ngﬁj)l:ﬁ)wwjlﬁw\ﬁb..sﬁda&x{ﬁwﬁJ}L.d
Al o sty 3 lailss 5l e
K = j #BTCBE dO V)
QC
F¢ =f aH b dQ + f HeTesdr W
Qc T

e Al sl sl S B, Sl eslinad U
s sho 225 Gy S5 S SJSEIL Ulse 1 Jbe S

6.X~J)AJ,9 )‘ c&lﬁ OL«.H k)'i’}) Lolea .J‘)ji Cewddy

y Quadtree

\RA

ot Ol jos owdige Sa g — oede aloe
osb a ey s am el ens &U SIS 4 b
el Giate O 2 S bl 5 ab J ke (oS Sl

b Jobw 9y =Y
O 5 0l s dow 55 0L e (Sl 2 5o J b 255
[16 9] L o315 anw b ik Tk (hs) e 5 A B ime
b s Jske sl B, Sl ealatal b Blus (gl
JBT g Al e Ly ol 4o 3 5 el eale B
SIS 5 3 U b Kol 5 e s sl 4
ol b Je sy S gleddbe bl Slasls
el gl Alis 55 ashge 5 Lol wuls 53 iy
o r Sl mV s (S SVols i ol
et

V:e+b=0 in Q

u=u” on Ty M)
s-n=f¥V on Iy

sl 513 et SaVl aliess O gaals s dslas ol &S
Lg‘ﬁL}:;E«)L:fN .W‘Jw)wbﬁjdwdjﬁlb
el ekl dead Ty CT) s 50 )2
2258 45 o Mgl e dlasl e g5, 58 I € 1)
Ldres ply pbral-- 5 S

6=Ct , £€=Bu )
awwrﬁw‘w‘y‘w}'ucd)wu{‘))é
gk e ads paSa (V) dolee

j gTCe d =f a’b dQ +f u’fs dr )

Q Q ry

E sl ol bl oals b ull S
M‘J‘QJJNJ)MJZJJJ\‘:)LMHJMd)bwé‘j
o313 UL (V) Ko 55 48 555 0 e3ls s By als 4 Q
&MJ&ZW&L&J%L‘)J{.J}M‘Jw@N‘GM


http://dx.doi.org/10.22034/23.5.10
https://mcej.modares.ac.ir/article-16-69124-fa.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-17 ]

[ DOI: 10.22034/23.5.10]

OS5 Ly

b s i sl Sl V1 Bl iolas Lo

Isbe 25 ol @ oolss (2 bl Dos 3 G sk o
sldas U e s 4 C3> 4 ol Bal e ol 55 o e
UMM‘}})‘J.{; r‘j\v\.ﬁ gnMu{'ﬁ;‘J’;ﬁ)‘ QMC.EM

S5 lwesly awle GBS 50 s andis

Oolai b Jokw oy Y

Sz Jgo b 1!

S b dike sy St e i ol 3
ool anw g SSkal Wl Bl gl (oleds )
3l eslatal b (.l.mjs L5]1J§:J\ dolee (g3de > g 355 00
PPl Ly 53 Sz Ll wns b Je S
A dal g eslanal gslad b Jgke g, ol

oarb Aal slal Ol SO anete Yl (o aniler
s Ol s A8 a Ol o 1y dalad anc

C(x,0) = E(x,6)Cy QAD)
Co ool Sl K5l o pie itV o Slo 0 3 &S
A Popgls L b Bolad Olbes 452 Lo

E(x0) = apE (%) +af2@- 0:(08(0) )
i=1
Ui g3 dhaxr 5 ke Jion e s S Gl S w0
o5y @S ey polie das e DL ) Bslal Ol Sl s
00 y3lie Al e Sy s b ISl dslas g3ae J L
S wals Glag 5 0ke olie L Bl s ja o

Db

KE=K§+ ) K £(6) 00)
i=1

Q‘ )J 45

K§ =f aoE (x)BTC,B° dQ %)

QC

J

K¢ = \/Zf ar i (x)BTCyBC dQ Y
QC

$3de (6, SJ1S L S (..:.1)}@\ S aS cl
= oaleul LAJ‘Ji';v\ U‘l\ wbw Ls\f JV\J‘}S—)}‘LJJ—LJA}@

\RAS

Dok 5o Glam 5l 5 SWslas 2l (51 Sl 55
— S e SISl s, 5l elKT s e eslina
5 3 n o3lital 3l 005 S L ol e - L)

25 el Shdske sa 5 plralr olie 4 plxes Gy
13 g oo eslial

u=HU QY
PS5 slralr U IS w5 e Sl SUWH
CASJSEl 5 bl @l S s wigel gln ol
9 X3 uJL,a.N palde 3l P 45 e L;L:b Jske Gl p goae
350 g0 ol 53W3 S5

x3=[—1.0000, —0.4472, 0.4472, 1.0000],
w3=[0.1667, 0.8333, 0.8333, 0.1667]

SV glagldar i olal 5 b Jslo o) IS5 ol 5
Jﬂw&igbwdlfg;m\).b\‘}j—j;b)j—wjgjéu;bb\ﬁﬁ
bl CU S Cl o SNV G Y a5 e sdass b

L.*C,M‘f‘juc;w‘)‘é

= 0.3906 (r+0.4472)(s+0.4472)
X (r—0.4472)(s—0.4472)(r—1.0)(s—1.0)

)

Q)
s S bl gl shaasie s 51 aSOLer

o s b Jshe s
KU =F av)

.w‘ajbg}swdﬁ_ﬁuK}}J%)‘sﬁFﬁ

ool o b gileananS 5l gl Y S

Gl

a7 aunill Mlasa: e
I I P

5"

T

-

Fig. 2. A partitioning with quadtree method
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Fig. 3. Cook’s membrane
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Eigenvalues
Mode FEM[5] SFEM [5] FCM [14] SscM
number \ 1 ch 19x8 Mesh 3x2  Mesh 6x8 Mesh 12x16 Mesh 3x4 Mesh 6x8
(distorted) (distorted) x=3 k=4 k=3 k=4 k=5 k=6 k=4 k=5

1 875.2335 879.3547 879.4268 877.4833 877.3155 876.3058 880.5349 878.5941 879.9246 877.9817
2 202.1285 205.7641 203.2473 202.7703 202.6721 202.4204 204.1946 203.7173 203.6388 203.1626
3 66.7507 69.7813 67.2191 67.0017 66.9690 66.8723 68.1686 67.9561 67.6220 67.4083
4 58.9065 60.9066 59.4620 59.1859 59.1921 59.0531 59.8930 59.6143 59.6481 59.3703
5 31.7229  34.4315 31.9590 31.7897 31.9002 31.8204 32.8349 32.6783 32.3437 32.1763
6 28.0920 30.9499 28.1728 28.0567 28.1858 28.1432 29.5829 29.4661 28.7513 28.6349

Table 1. Eigensolutions obtained for the Cook’s membrane

y Distorted mesh
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5] 5] SFCM [14] SSCM
Point Measure 'lﬂze:g Mesh 3x2  Mesh 6x8 Mesh 12x16 Mesh 3x4 Mesh 6x8
(distorted) (@ISOM€d) k=3 k=4 k=3 k=4 k=5 k=6 k=4 k=5
Mean  23.7773 24.9384 24.5173 24.5789 24.2455 24.3210 24.9199 25.0605 25.4724 25.4840
A (?;f‘lrl‘:t?;ﬂ 18806  1.9997 19351 1.9403 1.9131 19191 1.9620 1.9723 2.0023 2.0018

Table 2. Vertical displacement at point A on the Cook’s membrane
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Eigenvalues
FCM [14] SCM
Mode number
Mesh 6x6 Mesh 12x12 Mesh 4x4 Mesh 6x6
k=5 k=6 k=4 k=5 k=6 k=7 k=5 k=6

77.5171 77.5190 77.4781 77.4800 77.7774 77.7833 77.6039 77.6116

14.7097 14.7097 14.6889 14.6889 14.8829 14.8829 14.7703 14.7703

13.8498 13.8511 13.8307 13.8320 13.9823 13.9863 13.9011 13.9064

4.8087 4.8088 4.7995 4.7995 4.9751 4.9751 4.8735 4.8735

45599 4.5601 4.5519 4.5522 4.7073 4.7082 4.6201 4.6212

ol |~ |W[IN|F

2.6031 2.6033 2.5988 2.5990 2.6740 2.6746 2.6292 2.6299

Table 3. Eigensolutions obtained for the plate with hole
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SFCM [14] SSCM
Point Measure Collocation-based StFEM [18] Mesh 6x6  Mesh 12x12  Mesh 4x4 Mesh 6x6
k=5 k=6 k=4 k=5 k=6 k=7 k=5 k=6
0.4990 0.4985 0.5095 0.5094 0.5636 0.5543 0.5123 0.5105
A Mean 0.4891E-2 E2 E2 E2 E2 E2 E2 E2 E2
Standard deviation 0.08E-2 0.0920 0.0919 0.0937 0.0936 0.1013 0.0998 0.0944 0.0941

E-2 E2 E2 E2 E2 E2 E2 E-2

Table 4. Vertical displacement at point A on the plate with hole
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Fig. 10. Cumulative distribution function for vertical
displacement at point A on the plate with hole
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Fig. 9. Probability density function for vertical displacement at
point A on the plate with hole
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Abstract

Nowadays, advances in numerical methods have led to model real-life physical problems effectively. One of
the difficulties in modelling the real-life physical problems is the geometric creation, because the mesh
definition for a complex geometry is hard. In order to overcome this issue, one can use the spectral cell method
due to employing a Cartesian mesh even for a complex geometry, such that constant Jacobian is considered
for cells in the mesh. Spectral cell method is a combination of the spectral element method and the fictious
domain concept, which uses an adaptive integration employing the quadtree or octree partitioning for the cells
intersecting arbitrary boundaries as well as the cells including nonuniform material distribution. The
interpolation functions of Lobatto family of spectral elements are utilized in spectral cell method. The spectral
cell method is an efficient numerical method to solve the governing equations of continuum structures with
complicated geometries. On the other hand, uncertainty naturally exists in the parameters of an engineering
system (e.g., elastic modulus) and the input of that system (e.g., loading). Thus, the effects of those
uncertainties are important in the response calculation of the engineering system. There are two types of
uncertainty: aleatoric and epistemic. Aleatoric uncertainty is defined as an intrinsic variability of certain
guantities, while epistemic uncertainty is defined as a lack of knowledge about certain quantities. An
alternative to a deterministic modelling is a stochastic modelling, but analysing such a stochastic model is
harder than a deterministic model having deterministic material properties and configuration. This is because
the behaviour of the stochastic model is inevitably stochastic. Traditionally, Monte-Carlo simulation analyses
a stochastic model by generating numerous realizations of the stochastic problem, and then solves each one
like a deterministic problem. Nevertheless, Monte-Carlo simulation needs very high computational cost,
particularly for large-scale problems. A systematic technique for uncertainty quantification is the stochastic
finite element method providing a variety of statistical information. However, the method is computationally
expensive with respect to the finite element method, and thus there are many developments for stochastic
methods. Consequently, this paper presents stochastic form of spectral cell method to solve elastostatic
problems considering material uncertainties. Therefore, uncertainty quantification of an elastostatic problem
with geometrically complex domain can be modelled more efficiently than the traditional stochastic finite
element method. In the proposed method, Fredholm integral equation is discretised using spectral cell method
to solve Karhunen-Loéve expansion used for the random field decomposition. Also, this method uses fewer
cells than the stochastic finite cell method, and does not require formation of the eigenfunctions. In addition,
Karhunen-Loéve and polynomial chaos expansions are used to decompose the random field and to consider
the response variability, respectively. Simple mesh generation, desirable accuracy and computational cost are
the main features of the present method. In this study, two benchmark numerical examples are provided to
demonstrate the efficiency and capabilities of the proposed method in the solution of elastostatic problems.
The results are compared to those of stochastic finite element method and stochastic spectral element method.

Keywords: Elastostatic problem, Stochastic spectral cell method, Probabilistic structural analysis, Fredholm
integral equation, Material uncertainty.
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