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Probabilistic analysis of mechanical properties of SiC,/SiC composites

considering internal damage randomness
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Abstract: Ceramic matrix composites (CMCs) experiences internal damage such as fiber pulling out and matrix
cracks during usage, which affects the mechanical properties of braided CMCs. For SiC/SiC 2.5-dimensional
braided CMCs, a microscopic finite element model of fiber bundle and a meso finite element model of braided
CMCs are established respectively. Considering the randomness of internal damage quantity and location, the prob-
ability distributions of mechanical properties of braided CMCs are identified at the meso—scopic level model, and
the influence of damage rate on the strength and Young's modulus of the material is studied. Both parametric and
non-parametric methods are used to fit the probability distribution of CMCs mechanical properties considering the
internal damage randomness. The results show that, with the increase of damage rate, the strength decrease faster
than Young's modulus. In addition, the probability density curves of strength and Young's modulus in warp direc-
tion obtained by the non—parametric method are in good agreement with the histograms.
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Table 1 Mechanical properties of constituents
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Table 2 Mechanical properties of fiber bundles
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Fig.3 Constitutive model of cohesive element
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Fig.4 Axial tensile stress—strain curve of fiber bundle
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Table 5 Strength and fracture strain of fiber bundle
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Table 6 Degradation mode of fiber bundle stiffness
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Table 7 10 simulation results in longitudinal tension
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1 241.676 2 132.694 7
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7 241.500 8 131.9237
8 240. 3436 136.4450
9 241.1614 132.7050
10 241.1315 134.3705
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Table 8 OSL value of probability distribution model for

longitudinal tensile mechanical property parameters
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Table 9 Mechanical property parameters and scale of

decrease for longitudinal tensile at all damage rates
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Fig. 14 Tensile test piece model
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Table 10 Dimensions of specimen

U 4 AR RSE /mm W BLRSF /mm
01 200.10 X 12.20 X 3.06  74.07 X 6. 50 X 3. 06
02 200.16 X'12.25 X 3.16  72.81 X 6.18 X 3. 16
03 200.01 X 12.10 X 3.12  72.87 X 6.17 X 3.12
04 200.10 X' 12.08 X 3.14  75.76 X 6.36 X 3. 14
05 200.40 X 12.36 X 3.11  70.73 X 6.26 X 3. 11

ik g p, FIVRER B BT
0 301.706 4 0 142.650 0 0
5 242.568 3 17.60 133.8913 6.14
10 202.776 9 32.79 125.118 3 12.29

17.5 176.528 4 41.49
20 162.710 3 46.07

111.980 3 21.50
107.600 9 24.57
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Fig. 17  Stress—strain curves of specimens
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Table 11  Strength and Young's modulus of specimens
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Table 12 OSL value of the probability distribution
model of mechanical property parameters of specimen

I PSR/ MPa 1 LA/ GPa
01 229.02 136.937 5
02 226. 20 139.875 8
03 231.36 134.138 8
04 215.52 134.4857
05 229.82 140. 409 6

T B ) 225 g 7 fe i R % B B B 4 A FRRR
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3 43 A1 452 SR oy PR A 4
E&S A 0.302 93 0.559 81
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