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Identification of stages before and after damage strength and peak strength
using acoustic emission tests

ZHAO Yun-ge, HUANG Lin-qi, LI Xi-bing
(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)
Abstract: The damage strength and the peak strength are the important indexes for rock engineering. The two indexes
identified by the acoustic emission (AE) tests are of high practical value in engineering application. As it is difficult to identify
the two indexes by the AE tests, the corresponding identification method is studied based on the laboratory AE tests. Firstly, the
AE tests on typical red sandstone samples are carried out, and the whole process of the uniaxial compression tests can be
divided into three stages on the subject to damage variables characterized by the number of AE events. The three stages include
the stable evolution period of damage (before damage strength), the aggravated evolution period of damage (between damage
and peak strengths) and the residual strength period after the peak strength. The appropriate AE parameters for identification are
selected based on the Spearman correlation coefficient between AE and damage state. Then the identification model is
established based on the principle of SVM classification. It can be used to identify the stages before and after the damage

strength and peak strength of rock. The RBF kernel function and the PSO algorithm are determined as the optimal algorithm
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based on the analysis of different kernel functions and parameter optimization algorithms. The itentification accuracy increases
Key words: rock; acoustic emission; damage strength; peak strength; SVM; wave speed
=

with the decrease of the difference of wave velocity between the test and training samples. With the close wave velocity
=]

between the test and training samples, the identification accuracy of the three stages is over 96%. The research results may
provide reference for identifying the strength states of in-situ rock through AE monitoring.
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Table 1 Samples of red stone

RFEG ST /(mm X mm) PoE/(ms 1)
S| $ 49.30X100.24 1809
S ¢ 49.22X99.48 1853
$3 ¢ 49.38X100.06 1925
S4 ¢ 49.12X100.00 1997
S5 $ 49.38X100.16 1961
36 $ 49.20X100.26 1924
S7 ¢ 49.28X100.38 1927
S8 $ 49.38X100.18 1969

1.2 REHRS

R RF A A INB ARG NAERERGMFER
SRERGILFEMI R, WEM 10 LR 2 70 SRl R 4
W AR RN 7 AR RS R S A SR S 5

TNk RS RMT-150C A4 AR A2 48,
3R FH st 8eme =, a2k AL A% s e,
INEGE R E N 0.002 mm/s. P YIZ-16+5 AR
TR ARBHE RS, I 7 200 2 R R o B AR
oy Bl B A E . ARSI R GCR
PAC /A & JF & ] Micro-II Digital AE System. A/
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FREHER, KRR [ E A I A MR ATAT B, 18
R AR 5 A FE R T IR OE R RG ME i & DLER
R R AR R v, RISk F AR T
FERM, 50 RE R BOR B EWE 1 Fis.
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Fig. 1 Uniaxial compression tests on acoustic emission of red

sandstone and failed samples
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Fig. 2 Characteristic strengths determined by crack volumetric
strain method
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Table 2 Characteristic stresses of samples

wEe  WARE R PUERE WERE
= o, /MPa o, /MPa o, /MPa o, /MPa
S1 7.29 21.93 39.10 49.35
S2 11.91 22.37 38.36 51.17
S3 12.78 23.22 39.94 49.06
S4 10.03 19.91 37.50 52.49
S5 7.75 18.82 39.97 52.66
S6 12.20 21.60 40.00 49.63
S7 12.56 22.28 42.34 49.98
S8 9.59 21.73 43.59 54.85
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Fig. 3 Curves of damage parameters and axial stress
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Table 3 Typical AE signal parameters
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Fig. 4 Correlation coefficient of optimized AE signal parameters
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Fig. 5 AE signal parameters of sample S1
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Fig. 6 Principle of SVM classification
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Fig. 7 Identification of stages before and after damage and peak
strengths of rock
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Table 4 Identified results of pre- and post-peak stresses

- L SVM 2% AT
B g% ) % wagﬁﬁiﬁ%
PSO 3.45 15.24 99.44 96.71

RBF GA 3.29 7.56 99.44 96.16
K-CV 5.27 16.00 99.44 95.15

PSO 3.16 16.43 99.44 96.56

Polynomial GA 4.83 16.40 99.44 96.57
K-CV 5.28 16.00 99.44 96.15

PSO 0 15.57 98.68 96.06

Linear GA 0 7.06 98.12 94.69
K-CV 0 23.16 98.95 94.83

PSO 3.18 19.09 86.68 72.33

Sigmoid GA 4.16 6.48 86.04 72.67
K-CV 5.39 16.21 82.98 71.98

x5 MpREERNLSMEIRUMERIRAIZER
Table 5 Identified results of stages of stable evolution and

aggravated evolution of damage

% 8 it b SVM &% TR HERF /%
~ Bk y C eSS
PSO 4.02 89.64 94.96 90.69

RBF GA 42.95 73.75 96.36 90.17
K-CV 3.03 256.00 95.17 90.01

PSO 4.04 86.37 93.75 90.32

Polynomial GA 4.87 57.92 93.83 89.73
K-CV 3.03 256.00 93.75 89.86

PSO 0 22.03 91.62 89.44

Linear GA 0 88.62 91.62 88.81
K-CV 0 27.85 91.54 89.39

PSO 4.02 89.17 60.47 59.28

Sigmoid GA 4.69 45.75 57.94 55.95
K-CV 4.02 89.17 60.47 59.28
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Z AT R B B AR B HER R LK 6.

SR ZEE TR R AR R )1 R A O 2 S /N )
S4~S8, T4 T A 1956 my/s; MR EE A A FE S1~S3,
Hodb ST 1809 mi/s, Sl ZRIRFE T ik 2
S5 K ZAFE I A I BRI A e 38 b T AR K
F M BORBIUERA R T8 81.01%; MIRAFE S2 ik
WY 1853m/s, WIHAHE T S1 HIIGREZ H 1) 257 A
FIridesi, By B iR AR R 3 BT T, S BOR
HER 23N 91.66%; FE S3 S IE N 1925 nv/s,
NSRS 1) (PR 22 e de by, FL & B B iU T
AT S2 M1 S1 A WA MIRTE, &b B HERf
FRPIN 95.47%.

MR b3 5 A I 72 S 5 R i R 2R 2 [A] 11 O%
F, o AR 1 20 A ) [0 1 2 S B s e LA

*® 6 MXARBGM EIRAEER

Table 6 Identified results of damage stages of rock samples (%)
e TARRFE e R N ZRARPEERG R
WM B
S1 (1809 m/s) S2 (1853 m/s) S3 (1925 m/s) S4~S8 (1956 m/s)
R ALY B 81.74 91.48 96.79 95.78
WA IR ALY B 85.04 93.33 98.36 91.92
Ve J5 TR A R P A B 70.93 89.90 97.18 99.11
AR AR 81.01 91.66 97.10 95.47
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DAL, FESGBRIIA B T X% S E00 A B L,
T PR B D N ZRER S M) X 3 () e 22 e, A
REIE I IS, SRR A AU 6 B AN (R TOW
SR A R GRS 77, 38 IR AR () mT Sk .
4.2 HmifamelEw I BN

PLER 6 HHiR R B AR ARE S3 R, BUlgh
Bk 8 Fras.

o EHIRMEER

® Ginia R 5 AT B
f_A_\
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IR A W B
— !
mE o0
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Fig. 8 Identified results of sample S3

K8 R W, SN R BOMIGE 5 5 A% 9 E i B iR
BIRCR RAF, SRR 32 B T AR SR 5 AR e AL R A,
FE NI B 9 5 FR A KT IS A7 A4 e 5
W B B Bea AR AU LIREY RN ES
HABRERECRII AR EY I, 0 7 Rk 2
HURPE S B0 2 JE ML, S BRI R AR
— i Bei A RS S HOR AN R IR AL B

FEAR AT IR AL I B B A A B I 45 1 5 L
BRAME S B, AU R BGRIAEEET], B
I, AZMEB R AT uiE A e A N R AT RIS A B B
MIRTIRHFIE, va AR et s R 2% .

5 & i

(1) M4 75 R S PR B A (5 B, SR
A T (PO T T A e R R 4 i
5 T A $5007 R S A RITUGE 43R 3 /MR,
% 3 AN B RS BAE S SR A R, [
ST 0 R B BB R T U SR

(2) R L AR P U S R AE B85
BRI ACE 2 56 RAATR G, 07 T 75 0% S
BHG EAARPIRAS I ORI, TR 6 AU

TES TR WA SR FE AT R I BN 250, 9 Ml
JRAFAE S BT VR N A 5 BE 1T 5 B B iR 40

(3) J:T SVM 42K J5#, RHUAF RS
SN EIEAE B, 48— M Bddit H RBF
% PR R FH PSO BT HIGA S R AL B, AR
BRI, WA AR AL IR AR RN 97.10%.

(4) MHRAFERIN SR A R 2 7 5 1R S HER
R AR AR, BEENE B SN GFEA 1%
2SN, RAMER R R E T, A AR
75 RS S BURRAE 52 e N 30 S5 A A B R 1 LB S

(5) MR G INGFEAR M PR BT R, U8R i
o IR EEE PSR E AR, X2l T
ZM B A R AL TR SUR R Y Tk 8N
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