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A preliminary study on relationship between sound wave and rock
strength in geological advanced forecast
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Abstract: The main purpose of the study is to reveal the relationship between the sound produced during the advanced
drilling process and the rock strength. Based on the method of frequency band analysis, the drilling tests on rock
specimens of different strengths were conducted. The acoustic data were collected through the indoor signal acquisition
and analysis system, and the characteristic signals were extracted. The frequency spectrum characteristics of drilling
sound of specimens of different strengths were recognized. After the frequency band was divided, the average amplitude
of each frequency band was calculated to conveniently observe the overall distribution trend in the frequency domain.
The research results help to reveal the influence mechanism of rock strength on the acoustic frequency domain
characteristics of the drilling process, and provide the possibility to develop a method for evaluating the rock structure
information collected by the drilling acoustic signal.
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Fig. 1 Drilling model of a cutting bit
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Fig. 2 Modified Nishimatsu model
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Fig. 5 Indoor drilling vibration and sound wave acquisition
system
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Tab. 1 Specifications of data acquisition system and equipment

N ERS e FA%/Thie 38
GBM13-2RE \
FHgh RRHFLER 13 mm fEH:
Professional
PR . i BRUEL & KJZAR SOUND &
o BK 3053-B-120 4 P 24 fii. 51.2 kHz
REAX VIBRATION MEASUREMENT A/S (HQ)
i IRUECRAE . AR HORFE
‘ 3 DASP-V11 ik . \ U
PR IRAN I3 AT R A - INV SRS LI ik JE R AR Ty PR B A R T T
o ¥ B, 0%
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Tab. 2 Concrete proportion

i MoEH &
KVeTRESES  AFER R S
B gE| K K W
75 & kg/m? 199 185 850
c1o HEL 1 0.93 4.27
75 & kg/m? 253 185 750
s HEl 1 0.73 2.96
PC (HEHREMREL/KYE) 32.5R C20 RARR kgfor 330 18 o4
HEl 1 0.56 1.94
75 & kg/m? 385 185 586
“ HEL 1 0.48 1.52
75 & kg/m? 440 185 532
&0 HEll 1 0.42 1.21
Fz3 HAERMESINE
Tab. 3 Properties of rock samples
Fagi T I/ (g/lem®) H A /MPa Pihi s /MPa i 55 /HL P I I8 /(y/s)
TR+ C10 2037.4 1.6 0.6 172.5 3109.3
TR e Cl15 2118.8 6.9 0.1 178.1 33833
TR e C20 2129.7 8.8 - 220 37383
TR+ C25 21434 13.7 2 240.3 3844.0
TR C30 21722 15.7 - 280.8 39363
IR EE D 612.4 2.1 - 209.6 1 698.6
Fi E 1656.7 24.8 3.1 509.2 2764.6
iaska F 2809.4 90.7 10.3 805.0 5465.8
HA G 22473 27.1 34 540.7 2977.7
KEAH G 22346 473 6.3 623.8 45225
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Tab. 4 Applitudes of sound pressure
e B/ (mm/min)
Wgm s PR RRE/MPa B
Fah 16.5 33.1 47.4 716

F1 95.6 0.000 364 836 0.000 528 616 0.000 487 553 0.000 579 001 0.000 619 072
F2 104.8 0.000 546 443 0.000 546 182 0.000 595 926 0.000 655 455 0.000 614 909
E 243 0.000 160 602 0.000 138 684 0.000 215071 0.000 248 382 0.000 236 336
D1 1.9 0.000 145 214 0.000 104 203 9.780 08E-05 9.774 29E-05 9.688 25E-05
C10 1.6 0.000 137 131 9.031 81E-05 0.000 107 364 0.000 123 08 0.000 148 288
C15 6.9 0.000 113 048 0.000 117 769 0.000 153 543 0.000 154 117 0.000 149 849
C20 8.8 0.000 129 829 0.000 102 498 0.000 121 615 0.000 141 456 0.000 147 54
C25 13.7 0.000 123 141 0.000 127 857 0.000 129 524 0.000 138 626 0.000 139 828
C30 15.7 0.000 142 968 0.000 146 737 0.000 163 152 0.000 154 721 0.000 156 008
Gl 26.1 0.000 212 493 0.000 206 254 0.000 216 194 0.000 230 484 0.000 217 439
G2 27.1 0.000 217 347 0.000 224 774 0.000 230 796 0.000 223 349 0.000 218 535
H1 57.8 0.000 335 638 0.000 327 59 0.000 338 625 0.000 397 523 0.000 353 302
H2 47.3 0.000 346 674 0.000 359 214 0.000 262 697 0.000 372 009 0.000 374 694
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Fig. 6 Concrete samples
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e f%ﬁ?ﬁi, mm/min.
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Tabl. 5 Evaluation of regression analysis results
iz i)

(miimin) 16.5 33.1 47.4 716
R Square 0.972 0.977 0.989 0.977
PR % 5.967 5.352 3.785 5.37
LA 13 13 13 13
SignificanceF  7.0E-10 2.1E-10  4.6E-12 2.2E-10
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Fig. 7 Scatter plots of different rock sample strength and

borehole sound pressure (consider the feed rate)
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