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Determining the internal structure of objects such as identification of impurities, estimation of
mechanical properties and identification of internal boundaries and cavities is one of the important
issues in industries. Objective of the present article is to investigate the effect of the mechanical
properties and the effect of the location of the interfacial boundary in solving the inverse problem of

identifying the internal boundaries of a Non- homogeneous body, consisting of two homogeneous
bodies, along with the estimation of the modulus of elasticity and Poisson's ratio of its components. The
solution has been done using the combination of the numerical method of boundary elements method
along with the optimization method of the Imperialist Competitive Algorithm (ICA) and the simplex
method. The obtained results, show the effectiveness of the ICA optimization and the simplex method
in estimating the mechanical properties and identifying the interfacial boundary configurations. But, as
the boundary approaches the lower part of the material and the mechanical properties approach, the
boundary estimation error increases to 8.65% for the solved examples, which again indicate the strength
of this method to estimate the boundary. Also, in the investigation of the effect of unavoidable errors in
the measurement of displacements, with the increase in the error percentage, the convergence to the real
boundary is reduced, so that for error greater than 5%, the geometry of the internal boundaries
converges to unrealistic boundaries and the calculations are no longer valid.
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Fig. 1 Non-homogeneous body composed of three homogeneous
materials with an irregular boundary

PUESHESUR PR V- PIPRIS RULSUIER SV HPOWES) Iy L W

g dlge ple> dwain (Sl Aol e dies o

o ‘) L:nks'l:ub U‘ uuLw‘ » aS wloadds ol 6)).0 Ja.“).u.v



B30 o) S0 9 5 pdlbo (pawa oo

Sibwdisg SlaEiagill Alung &y ilwlidh (Juglae dliume Ja )3 Slge SSHlle olgd 86 )2

sl 50 (5550 el gy (owbusl 4y 105 ¥
Gomgd SVl g SO gl p Jobs Yol ¥ S 5k
Sygods Sl (I8 o IAF L cow & Co Sy Cwlxs b

ol Y doles
0011 0017 _
x 0%, -
60'112 00'22 (\ )
0xq 0%, -
d‘m h),:...b 6[.@4.‘1]}0 O3> 9 011 013 ¢ \ C\JQJ‘) )\J

> Gy, a5 ol onls Py OYoles U"‘ 5O A
51 Bl le YU SY¥olae gl (650 Ll 2 .0 )l05 39>

u; = fi(s) on T, ™)
ti=o;jnph=gi(s) on L D)
5o STy slbadlie ty i slael o Slouls sleadlie u;

S I odgee &5 oy bbadion,gng d olal
At polre 2lei 8i(S) 9 £i(S) 9T 50 cuz o Slaaisne
lailse cows 1) doles g oo Sep (4586 5l ool L

g abmlr

Fig. 2 Two-dimensional elastic object
Sdxgd Sl POWES ] JS.J:

_ duq duy
011 = Cyq 7%, +Cy2 %,
0u1 6u2

022 = C12 + C22 e ™

6u2
012 = C33ax +Ca35.-

oQLc UAM.’> L .losg)a w‘I«o C119C12 4C22 4C33 45
LGij sl o ) aobee ;o F aoles ol JI3 L aus

G 2ol sbadse s o |y Jols Yol lsi o Cih
13 59] Cowd

o (C11 aUI +Co2 aﬁ) + g(csa e 4 Cs3 &) =0 A

(:( (C33 321 + C33 gzz) ( 125, aul + Ca2 &) =0 ©

slaylo s ¥ dsle o \° AJoLu 6)‘35%'.1-? L iz
-v\;ﬂs& Cewd &y ool lbadlie cans p piST S

)n1 + (G35

)nl + (Cag

6u1 du, 0u1

+ Cs3 auz)nz
3uZ *)
) 2

(C11
(C33

+ C12

auz 0u1 0u1

N Gl g ggre OLalS g Sy ek eSl by,
Sl JGsl o (A jo ol a8 5 & g0 K00SS  lagy
ookl b (gamgs SVl g G (9,0 (ol Condso o
Gl (bgy 3l eolaiul b 1,08 &l > Jlasl oYolss
Omized ] 00l 00) s Glojes jebay Ol elesl
SrSoilul slales ol Sla e fgamme O jgods Bun &l
G99y b At pubiae o> 5l oo acwle slales g oo
JOC COF W25 S IRNCIN PRV JPUTI SN S SRP S SO PN |
a4 olgx Cds 59, pallBl iz g ojlal (LBl Cosdge
[¥] 15 aslol yo a5 [A] o ol ooy cwyp odel Cans
Slasiie 5 Cumdye wain plojes (e 4wl
e gy 5 ool b USE lopls albl Sy
JUCES LR W P NI PV P EA RV INCU I
e 5ol bl sl L5t 5 o] cusdae o oallsl
Vo] o ol ond cwyp oae] Cows @ Olg> <85 (s,
Gy Sl e S B 0jie ol s Codse
ovgy ol ookl b lal Badow cpl )0 098 o0 08) yuesS
03 Gyeedd JSb (glopls &y 0yh> IS S a5
0y CuaBge g dwain maoie GLolS (Bgy b e g 00D
Eyome Dyt Baa a1l Bedow (pl j0 09doe lulid
@lelr g oad gpFolal plmlr o Joli Sl
-] 30 abbise g oledl gy 3l eolaiul b ouds aiule
o 55 (it ey 50 (Blas @ Glyige Lo [VF
55 o )lil g lno i e o SilSe ples lolis

Cand y305] 5l el Caws s ol 5l eolaiul b alie ol jo
CA-.'@)\@LQ:—? Slwdinte Ghsy 5l Aedl olen @y S
s poShars | ors 55lotings g, 5 (CA) (5 lani
(ool pur Sy (Al ol slaj e plulid ugSas
Olojpd (et olron 4y 09595l 5 (Kot a9 5l St
Ol sy S5 Slge (gmly cayd g etV Jooe
S g 95 e Joe 5l izen 05dice plxdl e
ths Gle 5 (2150 )3 (Seal pux oains S5 olge
odd plnl sla)lS S0o 5105 o0 S8 (o) 2 990 00 Sl
3 ol e slalbhd Sl ow)p @ Gl e dlie cnl jo
ssboles 3,5 o)lil ol Ken Wiy 55 b abul> (5 xS ol
Sire slagledl (g 5l altns i Jo sl 0B a8 oS
A asles 0ols (g paitue sy Aslol jo AT 59l e colaiul

! Global Optimization Method
2 Local Optimization Methods

1) oolaib Q0 9 N E-) oo Wl 3des 9 Al wikie



B33 0 o) S0 9 5 pdlbo (pawa oo

Sibwdisg SlaEiagill Alung &y ilwlidh (Juglae dliume Ja )3 Slge SSHlle olgd 86 )2

X1, Xy glaolaal ;o piS13 polie (g5 0,5 o 0 aSly
0,8 5l A Xy, Xy gleolael jo uST5 polde 5 0,5 51 L8

nn]
aals B b (LB Cwend [0 oas aaS Cllae 4 axgs b
35 3 oz ¥ S0 Blle o5 bty abl CS15iS, f el
ald O ygo ol o il ool LSl Sogig ] calise sole
Gl S aS 098 o e O, 0y asly 5 90 4 0
S by ates 353 (ol aleat¥l Jode 5 omlsy S

iloads laz oo 5 I (%) S e e

Iz

rg
X1
Fig. 3 Non-homogeneous elastic body with two domains
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Table 5 The effect of mechanical properties of Non-homogeneous
body on the identification of boundaries along with the estimation of
mechanical properties
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Table 4 The effect of mechanical properties of Non-homogeneous
body on identification of internal boundaries
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