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Abstract: The accuracy of brittleness evaluation critically influences the effectiveness of hydraulic fracturing in deep coal
reservoirs; however, conventional methods, largely developed for shale, are inadequate for coal rocks owing to their complex
cleat systems and pronounced sensitivity to confining pressure. To address this, triaxial compression tests were conducted to
obtain the stress-strain curves of coal rocks. A damage variable was introduced to quantify the nonlinear impact of pre-peak
crack evolution on energy distribution, formulating a dual-parameter pre-peak brittleness index, B,., based on damage and
energy. Incorporating the dynamic constraint effect of confining pressure, a post-peak brittleness index, B,,, was established
by coupling the stress drop rate with confining pressure. Subsequently, a comprehensive coal brittleness index, B.,, was
derived by employing the harmonic mean method, integrating both pre- and post-peak energy characteristics and confining
pressure constraints. Experimental results demonstrate that B, effectively differentiates the brittleness of coal rocks across
varying confining pressures, demonstrating reliable evaluation within the confining pressure range of 5 to 20 MPa, and
exhibiting superior sensitivity and reliability over traditional methods. This study enhances the accuracy of coal brittleness
evaluation, thereby providing crucial theoretical support for the optimization of coalbed methane fracturing strategies.

Key words: deep coalbed methane; brittleness evaluation; pre-peak and post-peak energy characteristics; confining pressure

effect; triaxial compression test.
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Fig. 3 Scanning electron microscope images of coal-rock microstructure
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Table 2 Physical properties of the tested specimens

% il (MPa) 2 2 (mm) P34 B A% (mm) 3% B (g/cm®) 4 Fidi (g) Pk
1 5 46.80 25.23 1.36 31.03 9
2 10 47.76 25.25 1.35 32.34 9
3 15 46.71 25.26 1.39 32.55 2
4 20 49.46 25.24 1.43 35.30 2
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Fig.4 Representative standard core plug samples utilized in the testing
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Fig.6 Failure characteristics of coal-rock under triaxial compression at varying confining pressures
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Fig.7 Failure morphology of core F-T33-4D under varying
confining pressures

a. 5 MPa; b. 10 MPa; c. 15 MPa; d.20 MPa
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Fig.8 Failure morphology of core S-72-9D under varying

confining pressures

a. 5 MPa; b. 10 MPa; c. 15 MPa; d.20 MPa
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Fig.9 Schematic of rock stress-strain behavior and associat-

ed energy conversion
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Fig.10  Stress-strain curves under varying confining pressures

a. 1.-90-3D; b. L-102; c. L-112; d. L-69-1D; e. L-55-7D; f. S-37-1D; g. S-85-6D; h. F-T33-4D; i. S-72-9D
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Table 3 Triaxial compression test results

e Fl & s 1z 1 PP AR —
(MPa) (MPa) (GPa)
1.-90-3D-2 5 50.15 5.29 0.402
1.-90-3D 10 66.15 5.48 0.399
1L-102-2 5 43.68 4.66 0.385
L-102 10 58.99 4.85 0.383
L-112-2 5 36.76 3.85 0.419
L-112 10 50.23 4.11 0.426
L-69-1D-2 5 23.92 2.52 0.383
1L-69-1D 10 40.20 4.73 0.380
L-55-7D-2 5 33.14 4.02 0.370
L.-55-7D 10 52.47 4.83 0.396
S-37-1D-2 5 42.69 5.22 0.402
S-37-1D 10 58.93 5.29 0.390
S-85-6D-2 5 37.82 3.67 0.398
S-85-6D 10 67.79 4.99 0.389
F-T33-4D 5 39.14 4.59 0.385
F-T33-4D-3 10 60.79 5.65 0.372
F-T33-4D-2 15 63.85 5.69 0.383
F-T33-6D 20 72.11 7.16 0.387
S-72-9D-4 5 37.41 4.28 0.377
S-72-9D 10 56.60 5.32 0.386
S-72-9D-2 15 63.57 5.53 0.394
S-72-9D-3 20 76.45 5.72 0.408
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Fig.14 Brittleness indices for seven coal-rock groups under varying confining pressures
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