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Fig.1 Schematic of uniaxial compression testing process
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Fig.2 Load-deformation curve (a) and corresponding digital camera
photographs (b) for a quasi-static uniaxial compression test of

low porosity (32%)
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Fig.3 Load-deformation curve (a) and corresponding digital camera

photographs (b) for a quasi-static uniaxial compression test of

low porosity (45%)
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Fig.4 Load-deformation curve (a) and corresponding digital camera
photographs (b) for a quasi-static uniaxial compression test of

low porosity (57%)
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Table 1 Basic statistic for toughness index (T) of porous SizN4

ceramics with different porosities

Porosity/% 32 45 57

Yfracture (area) 3655.3 1142.5 372.5

Yinitiation (area) 3088.9 733.6 57.86
T 1.183 1.557 6.42

Fz2 ARERFLBERE SisN,FAER Kic B

Table 2 Kic value of porous SizN4 ceramics with different

porosities
Porosity/% 32 45 57
Kic/MPa-m'?  2.7530.05  2.3420.03  1.2640.04

Note: K¢ values in the table are determined by SENB method
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Fig.5 Typical o-¢ curve of the fracture toughness Kic tested by
SENB method
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A Novel Method for Evaluating the Toughness of Porous Ceramics—
Uniaxial Compression Testing

Chen Meng, Jin Haiyun, Pan Xide, Wang Hongjie, Jin Zhihao

(State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Traditionally, the fracture toughness (Kic) of porous ceramics is evaluated by single edge notched beam method (SENB). For
porous ceramics, the fracture toughness tested by SENB increases with decreasing porosity, and it demonstrates that lower porosity
improves the crack propagation resistance. However, previous experimental experience suggests that the thermal shock damage resistance
(R™") of porous ceramics will increase with increasing porosity, indicating that the high-porosity ceramics have the better capability to
improve the crack propagation resistance in thermal shock situation. The SENB method is obviously concluded to be in contradiction with
the thermal shock damage theory. The uniaxial compression testing of porous ceramic shows that the o-¢ curve can be divided into two
parts, linear part and nonlinear part. Due to the metastable propagation of multi-micro-crack, the o-¢ curve displays nonlinear behavior.
The fracture energy measured by uniaxial compression testing can be also used to characterize the quantity of mirco-crack-toughen effect,
and it can improve the test method of fracture toughness for porous ceramics.

Key words: porous ceramics; fracture toughness (Kc); single edge notched method; uniaxial compression testing; thermal shock damage

resistance (R"")
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