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Studying the macroscopic fracture rule based on rock
“equivalent damage”

ZHANG Xiangdong, WANG Hao, JING Pengfei
(College of Civil Engineering, Liaoning Technical University, Fuxin, Liaoning 123000, China)

Abstract; According to the present research, rock damage is mostly caused by coupled damage brought from
multiple factors. In this paper, we propose a theory of equivalent damage through SEM test and the analyzing
of common evolution law of various damage cracks with IPP digital image processing software. By using fractal
and statistical theory, not only the influence of meso-damage on macroscopic fracture is studied, but also the
formula of macroscopic fracture strength considering the evolution of meso-damage is derived. The results
show: (1) statistical self-similarity exists in different damage cracks; (2) the key development phenomenon of
meso large defects is the micro-reflection of macro-stress concentration ; (3 ) the propagation rate of microcrack
width is much lesser than that of length; (4 ) the “equivalent damage” is still valid at macro-scale, resulting
from the validation by loading failure test of coupled damage for macro-fracture strength formula, which can
help to solve the macro-fracture problem caused by coupled damage.

Keywords: equivalent damage; digital image processing; fractal theory; statistical theory; mesoscopic

damage ; stress intensity factor; macro fracture
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Fig.1 Binary image processing under different thresholds
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SR J5 F FH “ Measurement” TJ g X SEM 4b # 53 1)
F B 23 B 320 2% 1) JU AR e AR 28 45 000 4, 450 0 Jl 25 9 23
R L
x1 WMH“AIO” LAEERER

Table 1 Part of “AIO” geometric element extraction

Hugi's  WA/pm  KE/pum SE/wm GBI R4
8 402 40.03 20.33 7.31 1.23
112 1766 115.11 45.92 18.45 1.34
278 68 16. 01 7.05 3.10 1.24
494 5753 183.89  116.20 20.74 1.21
789 178 35.47 12.19 6.32 1.23
1033 6 696 152.29  101.76 18.83 1.29
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Fig.3 Comparison before and after specimen injured
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Table 2 Pore geometry factors in freeze-thaw cycle
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R3 BEHRGRYIAMER

Table 3 Geometric elements of creep damage pore

it E/d CEHBK/um 2RREE RRTA/ um B4R
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Fig. 4 Correlation between crack length and width and area
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Fig.5 Coupling damage images processed by SEM
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Table 4 Coupling damage statistics

WIS MERSEE VA PR E/um BSR4 D
1 4154 49.49 1.98
2 3597 49.63 1.79
3 4527 53.21 1.99
4 3892 51.32 183
5 4123 48.99 .85
6 4453 44.23 1.89
7 4623 42.32 1.77
8 3699 38.98 1.92
9 3954 53.78 1.78
10 4724 49.86 .85
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Table 5 Comparison of test value and theoretical

calculation value

B STTNNTBRE ML R o -0, |

gy o, /MPa o /MPa R o = x 100% /%
1 20.32 21.08 3.74
2 22.23 23.47 5.58
3 25.292 26.32 4.07
4 23.41 22.53 3.76
5 24. 45 23. 34 4.53
6 23.44 22.56 3.75
7 24.78 26.22 5.50
8 22.95 24.16 5.27
9 27.62 26.78 3.04
10 26.53 25.43 4.14
5 #Hie
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