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Preliminary study on relationship between brittleness index and
elastic strain energy for hard rock
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(1. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China; 2. Key Lab of High-
Efficient Mining and Safety of Metal Mines ( University of Science and Technology Beijing) , Ministry of Education, Beijing 100083, China)

Abstract: To study the relationship between brittleness index and elastic strain energy, the lateral strain response
method was used to determine the crack initiation stress of hard rock. By using the crack initiation stress and peak
stress of rock, the relationship between brittleness index and elastic strain energy was explained based on fracture
mechanics theory and energy theory, and a functional relationships were constructed between brittleness index and
elastic strain energy from uniaxial compression test for two types of rock. Results show that the brittleness indexes
By, By, are in power function relationship with the crack initiation elastic strain energy (single variable) , and the
brittleness indexes B,s, B¢ are in power or linear function relationships with the crack initiation elastic strain energy
(single variable). However, no apparent functional relationship was discovered between the brittleness indexes
B, B,,, B,s, B,s; and the peak elastic strain energy ( single variable). The new brittleness index could be either
obtained from both the crack initiation strain energy and the peak elastic strain energy (two variables) , or the crack
initiation elastic strain energy ( single variable). The relationship between brittleness index and the peak elastic
strain energy is of great significance for studying rock burst proneness. The calculation method for brittleness index
was redefined. Besides, the verifications of two examples show that this method, using the crack initiation elastic
strain energy, demonstrates certain credibility. This study provides a new method determining the relationship
between brittleness index and the crack initiation elastic strain energy of rock.
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Tab.1 Summary of brittleness indexes at home and abroad
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Tab.2 Summary of mechanics and energy parameters of Sanshandao granite samples

ore o/MPa  o./MPa E,/GPa Ues/ Ve Wb
(kJ-m™) (kl-m™?) By, By, Bis Bis
S01 -01 52.110 122.100 40.960 33.148 181.987 18.745 0.899 397. 664 19.942
S01 - 02 16.360 68.220 16. 660 8.033 139. 675 33.359 0.942 69.755 8.352
S01 -03 43.090 101.280 41.170 22.550 124.577 18.803 0.899 272.760 16.515
S01 - 04 42.710 112.120 66.960 13.621 93.869 21.001 0.909 299.290 17.300
S01 05 27.750 102. 600 30.420 12.657 173.024 29.578 0.935 177.947 13.340
S01 - 06 39.570 101.320 27.450 28.521 186. 990 20. 484 0.907 250.577 15.830
S01 =07 50.300 93.900 52.600 24.050 83.814 14.934 0.874 295.198 17.181
S01 -08 29.340 70. 400 36. 140 11.910 68. 569 19.196 0.901 129. 096 11.362
S01 - 09 49.440 93.500 31.010 39.412 140.959 15.129 0.876 288.915 16.997
S01 - 10 29.720 102. 470 55.230 7.996 95.058 27.583 0.930 190. 338 13.796
01 -11 53.650 96. 890 58.300 24.685 80.512 14. 448 0.871 324.884 18.025
S01 - 12 16. 140 73.110 35.490 3.670 75.304 36.238 0.946 73.750 8.588
S01 -13 33.770 88.540 33.700 16.920 116.311 20.975 0.909 186. 875 13.670
S01 - 14 41.080 101.750 45.090 18.713 114.804 19.815 0.904 261.243 16.163
S01 -15 28.130 108. 960 37.550 10.537 158. 086 30.988 0.937 191.565 13.841
S01 - 16 47.150 104. 380 34.260 32.445 159.007 17.710 0.893 307.595 17.538

RTR2 SRS AR R =B
M AN FNEVERE bR (B3 Byy B)s M1 Byg) 5L S
REMINAESCR. K3 A1 HEVESE AR B s By \Bys I
B 5 RHEN A fE (PR D) AT R BOC R,
PRAGULS BOARSCIE R 4000500 0. 743 88 0. 669 31,
0. 664 28 0. 677 71, Z A IXI LR LA FEHE — i, ik
BoRds HA — R B AR vk, g PR R bR B
B, \Bs Fl Bg SRR N AR RE (AR ) Z A0
W pRECC R
3.2 BfI2:RBMIERAKE

SCHRT 32 ] X6 37 4 K W) 4 b TN A IR BEAT T
Pk T A R R PS JA S  aRE on 2 A A
RORRRFE. KWER NS B2 ik A RHE
A ATIEFIR B, B B RO A, R A
2L RN S ~ 10 mm. ARIEAER AT 19 Bl , K

] 1) 17 A8 2 36 2 R A i TN S k240 718
WIGRATH 12 S RE R S HUE W3 3.

TR 3 I ERES SR TR N
N E A FMETESE bR (B)s By Bis F B ) 5 HMEN
HEMINAE R N 4 ol 50, MatE4E 4% B B, 5
EAFRPE N SRR (L) FF AR REOC R , sREL
A BIFHDCHE R B 510 0. 919 56 F10.907 55, it
$6¥5 Bs B, SAEAHPEN AR RE (AR ) fF AN
PREICE R, LA 1Y AH DG PE R i o 0. 885 32 FiI
0. 891, 2 4H 1250 Bl #0015 75 82 A, 5 1 R A A
BRAR LA A L a8 AR By (B, JBys M
B¢ SUE(ETLPEN AR RE (BRAR R) Z ] T i pR EIOC
F. Al 5EF) 125 FXF AT 1 A B A
ﬂﬁ?"tﬂ T Mk Fe b 5 A 2P 1 AR B 22 1] A oR 5K




- 84 - S N D A N S ¢ 51 &
401 401 098
L}
350\ . 3sr . 0.96 F
0F \" 301 . 0.94+ =0.998 98- °
" )=63.018 7950 . - R=0.660 31
.25+ R*=0.743 88 _25F L092F
<Q < <Q
20F . 20+ . " - 090} . '
L}
151 LY 151 ’ L 0.88 . =
L]
10+ 10 0.86
5 1 1 1 | 1 1 1 1 1 ] 5 1 1 1 1 ] 0.84 1 Il Il 1 1 Il 1 1 Il |
0 10 20 30 40 50 0 50 100 150 200 250 0 10 20 30 40 50
LN AR RE /() - m™) WP B A8 B /(K] - m™) if’”?ﬂi P A8 fE /(kJ' m™)
a) B Iﬁff_ﬁu Y %’5 BEX R (b) By BB E RN AR RE G R c) By ERZRAPERN AR RE G R
0981 500 500
0.96 F y=48.235 09+
’ = 400F  R’=0.664 28 L] 400 - "
0.94F ",
L] L L]
0.92F 300 300 LI
=+ v v n
Q " n <Q < "
0.90F . . 200F 200 D
0.88 . . .
! 100F 100F
0.86 " .
0 84 | 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1
) 50 100 150 200 250 0 10 20 30 40 50 0 50 100 150 200 250
WA e B A2 i /(kJ m™) AL AR RE /() - m™) AP LR 10 A5 RE /(K - m™)
(d) By 5B SRR AR REOC A () Bys AL HIIEN A RESC R (f) Bis SUE{ESRME N AR REOC 5
251 251
):5.697 8x0.33427
ol R=0.67771 ol .
l. . i n .
S5t £ 15F -
L]
10}F 10F
L] n L]
5 I 1 1 1 1 1 1 1 1 ] 5 1 1 1 1 |
0 10 20 30 40 50 0 50 100 150 200 250
RN AZRE /() - m™) WA R 358 P 137 28 BE /(KT - )
) Bis ‘3%_5"1 ﬁ‘@ﬁjiﬁﬁp‘é?\ h) Bys SUE{E BN AR BEOC 7R
l§l3 S BEREEER TR 'ﬁziﬂﬂf'fi?ah?&?
Fig.3 Relationship of elastic strain energy of Sanshandao granite with different brittleness indexes
®3 IXWERAKERENZSRESHCAE™
Tab.3 Summary of mechanics and energy parameters of Tianhu granodiorite samples'™’
Mt 4\
P o, /MPa  o./MPa E,/GPa e/ Ve Wt 4 b
(kJ-m™) (kl-m™) B, B, Bis Bis
THO1 -01 88.930 181.780 64.080 61.708 257.834 16.353 0.885 1 010.356 31.786
THO1 -02 78.270 182.370 60.700 50.463 273.961 18. 640 0.898 892.131 29.869
THO1 -03 84.980 182.510 60. 840 59.349 273.750 17.181 0.890 969.356 31.134
THO1 - 04 81.150 181. 600 59.570 55.274 276.805 17.903 0.89%4 921.053 30.349
THOI -05 77.600 180.920 58.510 51.459 279.713 18. 652 0.898 877.462 29.622
THO1 - 06 75. 640 182.390 61.410 46.584 270.853 19.290 0.901 862.249 29.364
THO1 -07 87.180 181.950 54.370 69. 895 304.449 16. 696 0.887 991. 400 31.487
THO1 -08 78.750 178.480 62.620 49.517 254.353 18.131 0.895 878.456 29.639
THO1 -09 80.760 176.220 60. 140 54.225 258.177 17.456 0.892 889.470 29.824
THOI -10 88.340 188.580 60.280 64.731 294.977 17.078 0.889 1 041.197 32.268
THOI - 11 73.180 188.740 60.920 43.954 292.374 20.633 0.908 863.250 29.381
THO1 - 12 67.630 187.960 61.870 36.963 285.510 22.234 0.914 794.483 28.187
THOI -13 84.570 177.340 60. 790 58.826 258.673 16.776 0.887 937.353 30.616
THO1 - 14 88.250 179.960 62.730 62.076 258.135 16.314 0.884 992.592 31.505
THOI —-15 69.470 187.470 59. 660 40.447 294.544 21.589 0.911 813.971 28.530
THOI - 16 85.670 182.890 61.000 60. 159 274.170 17.079 0.889 979.262 31.293
THO1 - 17 73.180 180.010 61.490 43.546 263.487 19.679 0.903 823.321 28.694
THOI - 18 72.930 186.220 59.590 44.628 290.971 20.427 0.907 848.814 29.134
THOI -19 84.980 172.940 60.310 59.871 247.954 16.281 0.884 918.528 30.307
THO1 -20 79.830 181. 680 60. 650 52.538 272.116 18.207 0.896 906. 470 30. 108
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