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Fracture characteristics of two types of rocks based
on digital image correlation

JI Wei-wei, PAN Peng-zhi, MIAO Shu-ting, SU Fang-sheng, DU Meng-ping
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan, Hubei 430071, China)

Abstract: The critical fracture characteristics of rock, such as the length of process zone and crack mouth opening
displacement(COD), are the fundamentals to solve the fracture problems of rock by using fracture mechanics. Traditional measure
methods, such as strain gauge and LVDT, etc., cannot obtain the full-field displacement of rock specimen. In that case, it's difficult to
achieve the above mentioned critical fracture characteristic of rock. Digital image correlation (DIC) method is a optical measure
method which can obtain the accurate full-field displacement of the specimen by comparing the original image and deformed image.
A series of three-point bending tests is performed on the semi-circular rock specimens(relatively hard marble and relatively soft
yellow sandstone), and the DIC method is used to measure the full-field displacements of the specimens. The obtained displacements
are further analyzed, and the critical fracture characteristics of the specimens including the length of process zone and the crack
mouth opening displacement are revealed. It is shown that the length of process zone in marble is obviously shorter than that in
yellow sandstone, while the values of COD of yellow sandstone are higher than the ones of the marble with same crack length, which
demonstrates that the soft yellow sandstone is prone to be affected by boundary effect. Those researches can help us to further
understand the fracture process of rock ,and to solve rock engineering problem using fracture mechanics.
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Fig.3 Three-points bending of semi-circular specimen

1
Table 1 Dimensions of specimens
a R S
/ mm / mm aR / mm
M-1 15.75 48.50 0.32 38.80
M-2 15.37 48.59 0.32 38.87
M-3 18.84 47.42 0.40 37.90
M-4 18.87 47.38 0.40 37.90
M-5 23.68 47.46 0.50 38.00
M-6 23.43 46.90 0.50 37.50
S1 13.72 46.01 0.30 36.80
S-2 13.98 45.92 0.30 36.70
S-3 18.55 46.04 0.40 36.80
S-4 18.13 45.30 0.40 36.20
S5 23.16 46.34 0.50 37.10
S-6 23.48 46.08 0.51 36.90

2
Fig.2 Calculation procedures of digital
image correlation
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Fig.5 The Force-COD curves

Fig.6 The displacement on the surface of sample M-1
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Table 2 The fracture process zone length of specimens
/ mm / mm
5 8.8 mm M-1 2.196 s-1 6.013
0.732 mm 6(b) M-2 1.795 s-2 6.448
M-3 1.438 S-3 5.462
A B M-4 1.054 S-4 6.656
C D E M-5 1.384 S5 9.275
7 M-6 1.005 S-6 8.818
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Fig.8 Horizontal displacement in the sample line
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67 @ Table 3 Critical opening displacement of specimens
4 1
M-1 M3 M5 S1 S3 S5
M-2 M-4 M6 S2 S4 S6 I mm mm
M-1 0.011 S-1 0.031
9 M-2 0.013 S-2 0.053
Fig.9 Distance between neutral axis M-3 0.013 S-3 0.035
and upper boundary M-4 0.014 S-4 0.035
M-5 0.019 S5 0.042
M-6 0.021 S-6 0.050
3.2.3
COD
55 6.5mm
1 2mm
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+1 mm
S-1 10
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