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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, Bpre, based on damage and energy. Incorporating the dynamic
constraint effect of confining pressure, a post-peak brittleness index, Bpost, was established by coupling the stress drop rate with
confining pressure. Subsequently, a comprehensive coal brittleness index, Bcoal, was derived by employing the harmonic mean
method, integrating both pre- and post-peak energy characteristics and confining pressure constraints. Experimental results
demonstrate that Beoal 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 exhibits 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.
Keywords: Deep coalbed methane; Brittleness evaluation; Pre-peak and post-peak energy characteristics; Confining pressure effect;
Triaxial compression test.
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Table 2 Physical properties of the tested specimens

(mm) (mm) (g/em?) (2
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. 6. Failure characteristics of coal-rock under triaxial compression at varying confining pressures

i T 2R S P R R A A
e, TESAE DA DA F] B 0 i 2 I
IET . & 7 AN 8 43Sl JE R T %5 0 F-T33-4D
HI'S-72-9D fEAN A Fl 25 4% (5. 10,
MPa) NIRRT RE . BT,
FR B R T R 2R 2 (K
Fe R DUBS IR 3, BRRL DR R LA
A SR P R B 3G OK, BEIRTEAS 1]
BN, Wi TP, WD

15+ 20

2 BBl B, R S VO BT A T R A B
PR (B 7d. B 8d). HALHEAET: =
RLJIVEFT, dlie) 827 Rt i A B 5,
WL SR e K BY B ) THI 8 [0 4 Jg e Bl R 410
HIRRBLURE , AL BT D)7 4 vh BE
— B BTN R, BE R g R ¥k 1) 8 g 1
REREE, S1RR il kv, mARMN
et 3 S B YRR .



K] 7 F-T33-4D & O AEAN A BBl IR TE S (a)
SMPa (b) 10MPa (c) 15MPa (d) 20MPa
Fig. 7. Failure morphology of core F-T33-4D under
varying confining pressures: (a) SMPa (b) 10MPa (c)
15MPa (d) 20MPa
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Fig. 8. Failure morphology of core S-72-9D under
varying confining pressures: (a) SMPa (b) 10MPa (c)
15MPa (d) 20MPa

3.2 NA-RTRL

Boe AE = Hh 5 4 T A TR i R 2 3
SRS VYR BOAFAE (i 9 B : M6 %
BrBL (OA B, PWHBSLERS A= 5 i 1]
& ARSI KT PR BERIIR B A T
PEARIERT B (AB B, NA-RAR R MER A,
FERRION AR R SR (LR &
B EE IR iE mD, AR TRE: 2
EMERKEN B (BC B, RASFEA GG
HHEL B BN R, AT i S
[ 2AVE S, SR INR, ARRR h  4 i
Ak, ZRE A AR L A i K L R A R
W AF e U AT BE (CD BO), TR SRR

I RETFTUE I R M REE, S e R AN
PERIIR, ARERE )82 T B IE A N ) k%
PG BEE KPR T B ik 22 g JU By
Boptf, (B psam N Saba . 18R a5 i
et s AfFEREER. B, Haig

{E 58 P 5 AR, A 50 IFETE 10 MPa BBl &
N HIEAE R EVE R 208 56.91 MPa, @K T [A
LN RN S (£005 132.85MPa). B
H (LN 196.35MPa) FI U H (41N
146.45MPa) (52K (ZEWEESE, 2022;
BERFRE, 2025). X FEFR T A NG
2N, HAFR & R ERENL A7 R
B S AR BE A HLSTZE 7y, AR A
55 1 H AR R 1A K. AL, A X
Fe )RR B v, L D02 2 B ] S 1 K 10
SEIRTE N R, R R R AR R 1Y
PH G 880 % 85 e B A A (R B T A o L B30
HARE. EEEANURTHE A, T
B UL AR AN 54T, AR A
AL s 1) 7 ik B 2 A 1) vy L (1 B b X
OIS, PR 2 s . DR, A
WL AR« B PE” 76 T HOBE 22 WL,
T “RPRAE” TR T2 B B 55 10 45 4 3 301
SREEAR. ARTE R RS AR U S N AE S
Ve, AR S I R A AL TN TR
AR R X R A T A



B9 A — NAZ 2R 2 RE B R B

Fig. 9. Schematic of rock stress-strain behavior and associated energy conversion
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Fig. 10. Stress-strain curves under varying confining pressures: (a) L-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

HiS & (MPa) WM. 71 (MPa) AR (GPa) THFALL
L-90-3D-2 5 50.15 5.29 0.402
L-90-3D 10 66.15 5.48 0.399
L-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 50.23 411 0.426
L-69-1D-2 5 23.92 2.52 0.383
L-69-1D 10 40.20 473 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 37.41 428 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




[ [ [ [ [
( } 1 1 1 1 1
L (= 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
80 - I I I I I
1 1 1 1 1
6ls' 1 1 1 1
1 1 1 1 1
1 1 1 1 1
?60 - 1 B9 1 1 1
1 1 1 1 1
g 5050 | 5023 LR
1 1 1 1 1
pal | B I 402! i
gm - I 136760 | I I
1 1 1 133.14 1
1 1 1 1 1
| | 123920 | !
20 | 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
] ] ] ] ]
1 1 1 1 1
n 1 1 1 1 1
L-90-3D L-112 L-112 L&-ID L5570 837-1D S8%46D F-T3+1D 57290
8 [ [ [ 1 [ [
1 1 | I 1 |
(1 1 1 1 1 1
i 1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
6 1 1 1 1 1 1
548 | 1 1 I 1 1
5-29- 1 1 1 1 1 5.22% 1
AN U R |
g 1 1 1 1 1 1
Mal I 1 3as = 1 42 I I
o= 1 1 1 1 1 1
ﬂ 1 1 1 1 1 1
= | 1 1 1 1 1 1
1 1 1 1 1 1
1 1 ) 252 1 1 1
1 1 1 1 1 1
21 1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
: 1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
o 1 1 1 1 1 1
L-90-3D L-102 L-112 110 L5570 3371 S856D F133H4D 572901

K11 AFEEE RS 2S5 () Wb (b) sk
Fig. 11. Mechanical Parameters of Coal and Rock Under Different Confining Pressures: (a) Deviatoric Stress; (b)
Elastic Modulus
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Fig. 13. Comparison of brittleness indices between two

coal-rock groups under varying confining pressures
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Fig. 14. Brittleness indices for seven coal-rock groups under varying confining pressures
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