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Evaluation of Mode | Fracture Toughness of Rock Based on

Brittleness Index of Strength Parameters
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Abstract: On the basis of experimental data collection, three typical strength brittleness indices
were selected as the investigation object. The linear relationship between mode ] fracture
toughness and brittleness index was established, and the mode [ fracture toughness
parameterization models of rock based on different brittleness indices was obtained. The cross
validation method was adopted to get the accurate model parameters, and the simulation results
were tested to evaluate the applicability and differences between the models. The results show
that the three evaluation models have strong reliability in evaluating and predicting the mode [
fracture toughness of rock, and can be used to evaluate the mode | fracture toughness of rock by
means of brittleness index. There are certain differences in the evaluation and prediction accuracy
of the three models. On the whole, the evaluation model based on the Mohr circle brittleness
index is superior to the compression-tension strength brittleness index evaluation model and the
compression strength brittleness index evaluation model. It is proved that the mode [ fracture
toughness is the embodiment of the comprehensive mechanical properties of rock, and a more

accurate and reasonable mode [ fracture toughness value will be obtained by using the multi
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strength index to establish the evaluation model. Because of the convenience of the compressive

strength, the evaluation model built with it also has high evaluation accuracy. In the requirement

of rapid evaluation, the mode [ fracture toughness evaluation model of rock based on the

compression brittleness index can be considered.

Key words: mode [ fracture toughness; brittleness index; strength parameter; multi strength

index; optimization model
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Tab.1 Empirical Relations Between K, and

Other Physical-mechanics Parameters of Rock

ES- ¥ e B R 51 R? SCHk
Kic=0.004 4o +1. 04 R=0.72 [7]
Kic=0.099 5Is50 +1.11 R=0.67 [7]
Kic=0.073 65, +0.76 R=0.73 [7]
Kic=0. 026 5¢.+0.001 4 R?*=0.94 [8]
Kic=0.1991:z0 R=0.948 [9]
Kic=3.350—6. 87 R?>=0.70 [10]
Kic=3.21p—6.95 R?=0.91 [11]

6. =38.32Kic [12]
6:=9.35Kic—2.35 R?=0.62 [13]

0. =28. 88K{c%? R?=0.94 [14]
o= 6. 88Kic R?*=0.78 [15]
Kic=4.28X10 *g.+1.05 R=0.55 [16]
Kic=3.5X10"'V,—0.18 R=0.80 [16]
Kic=7.1X10"*V,—0.29 R=0.66 [16]
6. ="5. 37Kic R?=0.97 [17]
Kic=0.131 36,10.009 2 R?=0.947 [18]
Kic=0. 354 60, R?=0. 88 [19]

0. =83.41K1c R?=0.72 [20]
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Fig.1 Relation Between Internal Friction

Angle and Mohr Circle
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Test Values of K, Based on B,
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Tab.2 Test Data
Ak Kic/(MPa » m*?) | 6./MPa | ¢,/MPa | ¢/MPa LRk ahk Kic/(MPa * m'/?) | g./MPa | ¢,/MPa | ¢, MPa SCHER
ViA k=2 0. 360 36. 00 4.70 [21] || gt 4.000 0 340.00 | 37.500 [28]
KA 1. 160 64. 00 8.90 [21] || A 1.7200 175.00 | 15.600 [13]
Vidsba 1.330 108. 00 10. 40 [21] [ 0.280 0 30. 00 3.500 [29]
VA b 1. 130 91. 00 12. 30 [21] KA 0.730 0 47.76 3. 840 [9]
B jE 1. 100 124.00 | 13.80 [21] KA 0.817 0 53.06 4.580 [9]
i35 1. 500 92.00 | 15.20 [21] WA 1.180 0 76. 31 6.150 [9]
IR 1. 100 97. 00 10. 50 [22] K& 1.700 0 156.73 | 10.150 [9]
piAs = 2.530 220. 00 12. 80 [23] || kA 1.830 0 132.36 | 10.580 [9]
WA 0.589 66. 90 4. 90 [24] || fAoEA 2.440 0 138.58 | 12.990 [9]
WA 0.795 66. 90 4. 90 [24] b 2.100 0 162.19 | 14.020 [9]
wa 0. 850 66. 90 4. 90 [24] || &1l 2.174 0 139.20 | 14.490 [9]
FER A 1. 360 148. 60 11.10 [25] || b fil 2.380 0 226.26 | 15.190 [9]
NN is= 1. 750 222.60 | 13.20 [25] || INK 2 2.2150 128.81 | 15.770 [9]
2 2.270 274.50 | 21.50 [25] | Nk % 2.770 0 274.82 | 18.420 [9]
KA 2.250 208.00 | 13.90 [26] W 0.600 0 66. 00 2.200 | 14.000 | [30]
KA 1. 840 205.00 | 11.60 [26] | KRy 0.910 0 66. 00 2.600 | 17.000 | [31]
A=k 1. 300 170.00 | 11.40 [26] | KRy 0.940 0 61.00 4.700 | 30.000 | [31]
A b= 1. 100 167. 00 10. 30 [26] || £5A 1.500 0 122. 00 8.800 | 21.000 | [32]
b 0. 660 45. 30 3.23 [7] || kA 1. 840 0 154. 88 4. 890 [33]
b 0.710 71. 00 3.71 (7] || kKEA 1.570 0 75. 20 7.520 [33]
b 1. 150 57. 20 5.94 (7] || kKEA 0.880 0 56. 04 8. 650 [33]
WA 1.570 93.10 7.93 [7] KELA 1.500 0 155. 00 9. 500 [18]
[ 1.470 114. 00 10. 10 [7] [ 0.300 0 46.17 2.610 9.510 | [12]
&= 1. 360 145. 00 11. 90 [7] [F = 0.370 0 56. 31 3.170 | 11.190 | [12]
e 1. 800 208. 00 12.10 [7] 1 0.147 2 18. 69 0.953 0.594 | [34]
Mz A 1. 800 177.00 | 12.10 [7] [ 0.310 0 35.07 2. 480 [35]
b A 1. 630 121.00 | 12.30 [7] [ 0.353 0 35. 67 2.650 [35]
[ 1. 780 142. 00 13. 00 [7] (= 0.480 0 48.78 2.680 [35]
M= 1. 720 157. 00 13. 20 [7] s 0.400 0 34.97 2.720 [35]
Mz 1. 660 172. 00 13. 30 [7] b 0.424 0 35.38 2. 860 [35]
Mz 1. 980 198. 00 15. 20 [7] b 0.430 0 41. 94 2.920 [35]
[F= 1. 780 203. 00 15. 70 [7] [E= 0.450 0 42. 66 2. 940 [35]
M= 1. 660 152. 00 16. 40 [7] W 0.540 0 49.56 3.010 [35]
Hza 2,470 264.00 | 17.00 [7] [F= 0.450 0 51.71 3. 320 [35]
iASE= 1.220 173. 00 7.88 [27] | KRy 1.260 0 79. 00 3.100 | 25.000 | [36]
16 1. 440 173. 00 7.88 [27] || £ A 1.880 0 166.00 | 10.700 | 37.000 | [36]
Ab= 1. 800 212. 00 12. 70 [27] [F= 1.670 0 194.00 | 15.700 | 46.000 | [36]
ViA=E= 1. 890 212.00 | 12.70 [27] | KR¥Z 2.210 0 202.00 | 17.600 | 51.000 | [36]
b 0. 380 49. 20 2. 60 [28] || KRHA 1.560 0 101. 09 7.130 [37]
s 0.510 50. 00 3.50 [28] || FRAE 0.990 0 117. 60 4,020 [38]
Tk 0. 880 49. 00 5.05 [28] | K¥dfr 1.090 0 160. 72 5.120 [38]
WA 1. 450 174. 00 10. 00 [28] KA 1.570 0 70.56 5. 540 [38]
K 1. 990 155. 00 13.70 [28] B 1.450 0 98. 49 6.560 [38]
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Tab.3 Parameterization and Validation of

K¢ Evaluation Model Based on B,
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Test Results of K,: Based on B,
x4 ETFB M KENEESHLNEIE
Tab.4 Parameterization and Validation of
K¢ Evaluation Model Based on B,
LT 2 B Ak 25 2R I8 E &5 R
Hom
- ) oRMSE/ ) ORMSE/
AR a R? ) R?
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Test Results of K, Based on B;
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Tab.5 Parameterization and Validation of K;: Evaluation Model Based on B,
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Tab. 6 Comparison of K;c Evaluation Models Based on Different Brittleness Indices
LAY 2 B A 25 2R AN
B8R AR
a a ax as R? orvse/ (MPa « m'/2) R? ormse/ (MPa « m'/2)
oc 0.010 8 0.843 1 0.268 7 0.841 2 0.341 9
B, 0.0557 0.857 1 0.2519 0.854 9 0.333 5
Ocs01sC 0.0094 | —0.044 3| 0.0190 0.923 4 0.176 1 0.855 6 0.293 4
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