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Abstract: In order to rapidly predict the damage state and constitutive behavior of ceramic matrix compos-

ites (CMCs) under arbitrary loading, the mechanical behavior of CMCs under arbitrary loading was studied. A
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simplified method of arbitrary load curve was proposed based on the shear lag model, and the equivalent load

curve that determines the damage state of CMCs was obtained. The distribution of slip regions of CMCs under

equivalent load curve was obtained directly, avoiding the point by point calculation of the load curve. Then dam-

age state and the stress—strain behavior of CMCs were predicted. For a given load curve, the sum of peak and val-

ley loads is reduced by 63.16% after simplification. The original load curve and the equivalent load curve were,

respectively, introduced into the shear lag model and the calculation process of the distribution of slip regions pro-

posed in this paper, and the distribution of slip regions and strain of CMCs were calculated. The results show that

the calculated results obtained by two methods are consistent, which proves that the simplification process of load

curve and the calculation process of distribution of slip regions proposed in this paper are feasible.

Key words: Ceramic matrix composites; Load curve; Simplification method; Shear—lag model; Distri-

bution of slip regions
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Fig. 1 Flow chart of simplification method of load curve
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Fig.2 Schematic diagram of load curve
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Table 1 Micromechanical parameters of unidirectional
CMCs (UD-CMCs) of SiC/SiC

Material property Value
Modulus of fiber E,/GPa 170
Modulus of matrix £ /GPa 200
Fiber volume fraction V /% 0.23
Fiber radius ri/pm 6.5
Initial interface friction stress T,“/MPa 20
Final interface friction stress 7, /MPa 5
Saturation crack spacing L, /um 300
Weibull constant m 5
Weibull cracking characteristic strength b,/MPa 300
Empirical constant @ 0.1
Empirical constant A 0.1
Empirical constant o ,/MPa 200
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Table 2 Distribution of slip regions of UD-CMCs under equivalent load curve and original load curve based on shear-lag

Method Equivalent load curve Original load curve
Number 1 2 3 1 2 3
Length of forward slip regions/pm 6.06 42.44 24.25 6.06 42.44 24.25
Length of reverse slip regions/pm 9.09 9.09 54.67 9.09 9.09 54.67
- + - + - Bonded
region

Number of the
slip regions

1
|
Bonded !
region !
|
|

7

d, L2

Fig. 4 Schematic diagram of distribution of slip regions and fiber stress
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