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Zonal damage information and critical failure identification of CT
images of rock under triaxial compression

LIU Shu-xin', XING Jie', ZHENG Xu', CHEN Shi-jie?
(1. Mining Institute of Inner Mongolia University of Science and Technology, Baotou 014010, China; 2. Cold and Arid Regions

Environmental and Engineering Research Institute, Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: The CT image and value do not change obviously before the macro-failure under triaxial compression experiments
on rock during damage accumulation, so it is difficult to analyze accurately the damage information only through the change of
CT number. In order to identify the damage information and critical failure characteristics of sandstone, the CT image is
partitioned, and the change of grey level on the position line is used to represent the change of the gray level in the subarea. The
grey value curve is a rough curve representing grey change of a certain location online in the CT image. It is used to describe
quantitatively the rules of sandstone damage by fractal Rq index, the damage variable is defined as the sum of Rq value of all the
position line in the CT image, and it reflects the damage degree of rock. The calculated results show that when the load is about
0.84, the value of R4 has obvious fluctuations and the damage variable increases rapidly, which denotes that the damage has
entered a phase of accelerated development, and the rock is in a critical damage state. The proposed method can be used to
predict reasonably the damage and failure of rock.
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Fig. 2 Relationship between stress and strain
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Fig. 3 Image of 3D rock specimen
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Fig. 4 No.1 to No.8 CT images of 20th layer
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Table 1 Values of H and SD during loading

E T T A DY F20HH#E FI0HHE
5 Ji/MPa A% H SD H SD
1 0 0 2207.4 37.6  2192.0 409
2 5.82 0.25 2208.8 40.7 2191.7 399
3 12.71 0.43 2208.8 38.9 21939 404
4 24.53 0.76 2209.2 400 21924 416
5 32.14 1.01 2207.1 442 2190.5 45.7
6 38.24 1.26 2204.2 50.2 2182.7 483
7 25.61 1.67 2177.6  123.3 2168.4  70.7
8 24.36 1.83 2172.5 1423 2165.9 79.8
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Fig. 6 Relationship among H, SD and axial strain
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Table 2 Values of R4 of different position lines

gk ) Ry
EEET]
K R \
KT 15° 45°  75° 105° 135° 165° i A0
/% /MPa
1 0 0 94.05 98.36 100.15 94.77 94.19 95.25 576.77

2 0.15 5.82 90.10 94.52 93.78 93.20 93.03 90.20 554.83
3 033 12.72 85.34 95.27 90.81 86.61 92.91 89.70 540.64
4 0.64 24.54 85.97 98.44 91.60 87.90 93.43 89.29 546.63
5 0.84 32.14 81.45 85.23 89.90 85.99 84.26 84.48 511.31
6 1.00 38.24 86.65 88.37 91.69 84.99 90.73 93.89 536.32
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Table 3 Value of R4 of different position lines

Tﬂﬁ% ﬁ?@i ?[h f"ﬂ Rq
W K¥ Ry 15° 45° 75°  105° 135°  165° &N

/% _ /MPa
0 0 98.26 105.05 99.05 100.75 99.77 99.39 602.27

0.15 582 9352 98.68 9429 9520 91.28 98.03 571.00

033 12.72 95.07 85.71 90.34 9470 88.61 9691 551.34
. 2454 9527 96.50 90.87 9429 91.21 94.02 562.16
0.84 32.14 8523 81.14 86.35 8848 89.80 8526 516.26
1.00 38.24 88.18 82.67 73.86 78.20 90.21 87.12 500.24
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Fig. 9 Relationship between Rd and load

106 —=—15°
%83 —o—45°
—A—75°
130 —v105°
96 —135°

—»—165°

Ry
0
o]

0 OI.2 0.I4 0t6 OI.8 1I.0
FiBAE
& 10 25 30 & ReFEtrPETTE L X R

Fig. 10 Relationship between R4 and load
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Table 4 Values of damage variables for 20th and 30th scanning
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H3W 033 0.38 0.49  540.64 551.34
FAW 0.64 0.40 0.52  546.63  562.16
BSK 084 0.84 0.86 51131 51626
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