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Coatings are used in various industries in order to improve the surface properties of materials. Delamination of
coatings from their substrate, at the root of channel cracks, is one of the common failure modes in these
structures. In this paper, discrete element method is used in order to simulate the initiation and propagation of
damages, caused by the mismatch between the thermal expansion coeflicients of coating and substrate. Coating
and substrate are considered to be brittle elastic in which, substrate is stiffer than the coating, but the thermal
expansion coefficient of coating is considered to be much greater than substrate. The interface properties are
also considered to be the geometric average between the coating and substrate. Temperature reduction is
applied to the whole structure as loading. The effect of elastic mismatch and coating thickness was
investigated. The results showed that, by increasing the elastic mismatch and decreasing the coating thickness,
the temperature reduction, need to delamination initiation at the interface, increased. Also, changing in the
damage propagation pattern was happened by changing in the elastic mismatch. In coatings with high elastic
mismatch, damage propagation was happened inside them but by increasing the stiffness, damage propagation
happened at the interface.
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* Granular Material
3 Contact softening model
* Cohesive beam
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Fig. 6 Force-Displacement law for brittle elastic material behavior in
(a) normal and (b) tangential directions
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Fig. 9 DEM model of cantilever beam
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Table 1 comparision of results between DEM and analytical solution for block under uniform pressure

K,(N/m) K(N/m) d(m) (DEM)  dy(m) (DEM) E(N/m*)(Eq-10) v(Eq-10) ENm?) (Eqr14)  v(Eql4)
1 1 1.09e-5 -0.01 1.732 0 1.732 1.18e-3
1 0.5 0.0014 -0.0116 1.461 0.125 1.473 0.115
1 0.001 0.0044 -0.015 1.083 0.25 1.087 0.24
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Table 2 comparision of results from DEM and analytical solution for cantilever beam

K,(N/mm)  K(N/mm) E(N/mm?) v %107 (mm)DEM) 6%10° (mm)(Egq-15) Error(%)
k) 5 8.66 0 1.109 1.054 523
5 2.5 7.423 0.143 1.31 1.23 6.74
5] 0.005 5.777 0.333 1.67 1.58 5.65
25 09 obnl Gl 55, 2 2T S 4 ighi e &) 45 ol
P

Gl 00 0tk ot Jiiles Wl oo IS WSk Juab U g shitigg
Al a3t ool 25 B SE 13 Ty 3 )

aB S Sl 0 Seygdanl SVl o5 Sise 4 e g Gy LS,
s S e b el ol (b ) i e (S a5 (5 b S
Woas as s L s ey g Ay ol 5l eais (Sl S5 &
Gt et Sl s jleyd Ko &8 Jlail gogec i e sl
D3 g0 oy 2 (16) alal; & jg0 4 S oo Juate
Ki = JKSKS 16)
$oges (Faw KT g i D3 slp Jlail 390 (o K} 45555k @
sl 39)9 Gl all plo 1y ag) (ploizs by S5 gl Jlai!
Pl a8 oghee el (B Sle g5l W2 IS St Jad
5 ol el sl 205 el ol e Loy T e & b zall
g 40y 3B o S 2t Jad 2lys ol sl B ) en 5 sl Laugs
O s 9 28,5 18 ooliial 3590 (sloy Cujopals Ky 4 0aiiS Sy gis 6
=g Jyd o590

5 Bl p by Culs gimen 5 SVl cule B
50 0ad olml JS8 ok (rizmed 38 18 o) 0590 el 228
B Gl sz sghite @ 08 gy p Lo s Sl 3 By ghale
s gl (17) ala, aillas ' ypails dwrg byl iVl oyl
Sooslp a5 ol lad jgadls cadly o gl g e sslamie A0S
sl @ lys Sy n slp o SasFapl SmWlosle 33 5l S e e
13231 3,5 aalazal sy o Za )l g0 5l gl e o y2el L A

Ec i Es
T ETE
b= G.(1—-2v,) -G, (1-2v.)
26.(1—v,) + 26,(1—v,) an

35 G sl s Sl s aging g Ghds Siloc ugipg alal; ol o
) @illas g Col glazmio 255 Jgoe B (ppimes ol (Bp Jots
S L (18)

E £ 8

=T 1

1 -2 ‘ (18)

b b 4 cda el g p80 4 SV ) gl ;o e
T TSP PPOT SRPLT J Te RSN - S0 L A LY SO PRC RPN P
ol gdi e oy SVl culys sl Sl oy slpa el

! Dundur’s parameters

169

(®)

(<)
Fig. 10 (a) Cantilever beam with crack tended slightly to the upper
edge [30] (b) XFEM result of crack propagation [30] (¢) DEM result
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Fig. 11 Geometry and boundary conditions of the problem
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Fig. 13 Coefficient of thermal expansion mismatch effect on AT of
delamination initiation
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Fig. 14 curvature of the structure induced by temperature reduction
in (a) a=-.83 (b) a=-0.6 and (c¢) a=-0.3
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Fig. 15 The effect of elastic mismatch and coating thickness on curve
angle
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Fig. 16 comparison of the curve angle for a=-0.3. i/H=0.1and
h/H=0.2
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