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Fig.1: Damage modes for brittle coatings due to tensile stresses [2]
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1 Cohesive Zone Model (CZM)
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1 Discrete Element Method (DEM)
2 Granular Material
3 Contact Softening Model
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Fig. 2: The flowchart of DEM calculation procedure
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Fig. 3: Bonded contact
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Fig. 4: Force-displacement diagram for bonded contact (a) in the direction of the centerline of the particles and (b)

perpendicular to the centerline
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Fig. S: Hexagonal packing arrangement of particles

DVF] 015 o IS 00ls 0095 Ll 10 S 59,500 Ao 40 g 00id
Sl el oads ools L Y SE o Wig g9 5l Oy s eles
o 090y e Jlail (ol anSh 5l LB U s g5 5l mles
L] o 4S5l o Lol S o Jos L8 )3 o g (22T o
Sl 50 Lo 0)3 98 o (Slbgen Slml 5l 6ol jolaie @
S Oy Sl om0 Shp S L adal) o 0 e Jes g l23
Ol o wBlioe GBI B3 0)3 93 (et Hlade 4 (LD
SV 05 S0 4 g8l )18, (iludand jshaie 4 (g

VYov

Sl @ (plralrg s aul) baigy Gl )13 098 00 obn]
oo 5o oole 0098 [l L S asgezme LS, a5 Sgd oo iy
gy wile) 9,5k slagtg, OIS p dly yo Bl LSy Sk
9 0 el GRS 5 R (e abaily Slie a8 (agame (o]l
S35t J18) 008 (et B3 (i Sladin (oleS aan (Lol
ol slnl (65,m A WSl (g lAS,L JI o pizen el 0ols

1 Finite Element Method (FEM)
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Table 1: Material properties and dimensions of the model [1]
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Fig. 6: Geometry and boundary conditions of the problem
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Fig. 7: Qualitative comparison on damage evolution pattern in the sample with thick coating (a) experimental observa-
tion [1], (b) FEM simulation [1] and (¢) DEM simulation
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Fig. 8: Qualitative comparison on damage evolution pattern in the sample with relatively thin coating (a) experimental
observation [1], (b) FEM simulation [1] and (¢) DEM simulation
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Fig. 10: Comparison of the force-displacement curve for Fig. 9: Comparison of the force-displacement curve for

relatively thin coating thick coating
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Fig. 11: Crack growth pattern in the structure with 0=-0.7 in (a) relatively thin coating and (b) thick coating
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Fig. 13: Crack growth pattern in the structure with o=0in (a) relatively thin coating and (b) thick coating
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Fig. 14: Crack growth pattern in the structure with 0=0.2 in (a) relatively thin coating and (b) thick coating
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