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SR LS N L I R R T |
(Kaiser,1953) . FET I, 20 AL 704-ATT UG, V42
B T UR ST M BTGk ) Kaiser ZU0 o 1963 4F,
Goodman il 13 i 50 1 UCGIESE T 54 (5 ) M RHE
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Dinmohammadpour et al ,2022; FLIBCEE,2023)
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Fig.1 Experimental equipment and acoustic emission system

A 5T R TN A8 1) [ 2 (Nicksiar et al, 2012)
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Table 1 Stress thresholds of granite samples
MY o /MPa o, ,/MPa  o,/MPa o /MPa
Ul 44.5 72.2 126.5 146.6
U2 47.1 78.8 127.6 152.8
U3 46.8 76.5 127.3 150.3
S 46.1 75.8 127.1 149.9
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(Bf#5%4%,2015; Wang et al,2017) , 4018 3 ff 7w .
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W, PRI TR AR 5 08 1 ) DRI [R]85 R 1 h,
it A BN 4R F8 0 RS TR HL AL b 7 268 7 b
J3iz 3l 5 B L B RR RS . Sy — T,
HuRE IR T 2 DR e ZeNg A A A AR A T
A AR, b 5T 3 58 A8 1 AL 7 A Y M R U, BT
(DI a2 AU i) & S E AT ey VIR Z7Hr SN L]
H BRI AR % IR R I R) A LA 2 LR Z (]
(Zheng et al ,2021;Cao et al ,2024) .
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Fig.3 Experimental data of granite creep curve and fractal
derivative model, Nishihara model(Wang et al,2017)
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FEIIRRE Mk o 7R I HLS P R St 4% Sk 422 fik T
AbTRAR DL AR, B0 DR 75 R S 5 RE S Bl R A U
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Fig. 6 Time-stress—AE curves of granite under different stress levels
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TE =56 LTI R 1 OREERY B, 75 R SHE S 2
BRIEIN .

2385 o (30 MPa) B iRRE AL F 3 B B, N
TR BGE WA & L A R AT TAERE IS Y

o PRFRGY B SR N, Tk AR g —
i/Fl‘ﬂA FRIUT- A 7 RS =4 IR B

SEHE R S Ak Sz gk, SRR T R R % B B
PEAL BRI M B, 1E 0y 5 o BN SRR I B
5 o BIRFE B BOR RIS 1T U B A7 e /D s
RS ORI RS ASE B B S R SRS
T EL 2B B A TR T o M oy B
TR AR = A I AR R, S BER I B E, HL
PRFEB B A7 K S R

SN IS5 A UG XHARESEAT TR A R
A, RIS LR bt i A Hh 4K B iR Y 7 2 S R
% MWE 6 R LIFE 2 i e imagik ks ,
5 St A RTINS A RN LT K. AR
P Kaiser K00 09 J B, 0] LATR B AR 1 RETE 4 ) T
S INERJR , AT RN R Y Kaiser 808 B S48, %
70 RE Kaiser BN N I E N FRIEANER 37~ H
FE3TA, BFP TSR AL B A IR S8 B B
) Kaiser R0 , FRAE Y} 0.9~1.1, £ W18 5 4 15—
SE IR N RS TC A2 S A K T
Sy i — AR ST AL B % T S 2 R ) BEZ

j:l X e 6 R PR 4R 5 P 1 R Kk S Sk

TAIHT SRR T MR LR S ER G 45 G
mjwiﬁﬁf*uiiﬁﬁm% K, TR R =AY
18 b A 1R A I 0 Rk 3 LT S 2 i e /N )
W8 (30 MPa) i}, Wﬁﬁﬁﬁﬁf%ﬁﬁi Frik
B AR ICAC X — R 16 8o BRI, Bl 25 0L 7 4k
éiiﬂ,ﬁtfrim—zfn403S&LLIJLT$ HIF%

£33 FLHET Kaiser W 551t

Table 3 Statistics of Kaiser effect point under each scheme

UE e ARG Sl KN ER N F7/MPa Kaiser s J1{/MPa FR{H I1-FRI
T1-1 74.4 79.2 1.06 0.06
Jr%— T1-2 76.3 77.1 1.01 0.01
T1-3 742 76.5 1.03 0.03
T2-1 743 70.6 0.95 0.05
TR T2-2 74.7 69.8 0.93 0.07
T2-3 73.6 75.1 1.02 0.02
T3-1 745 76.8 1.03 0.03
= T3-2 74.8 77.1 1.03 0.03
T3-3 75.5 78.2 1.04 0.04
T4-1 723 72.9 1.01 0.01
L T4-2 74.3 80.6 1.08 0.08
T4-3 74.8 78.7 1.05 0.05
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Identification of the Kaiser Effect and Acoustic Emission Behaviour of
Granites Under Multi—Phase Stresses

JIANG Tianle, LI Xibing, CHEN Jiangzhan
School of Resources and Safety Engineering, Central South University, Changsha 410083, Hunan, China

Abstract: In the field of deep underground engineering, comprehending the historical stress memory capacity
of rocks is essential for determining the in-situ stress conditions of rock formations. To investigate the memory
capacity of granite subjected to multiple stress periods, an initial uniaxial compression test was conducted to
derive the stress-strain curve of the granite. The threshold values for each stress level were determined using the
strain response method. Subsequently, four distinct prior loading schemes were established to simulate the multi-
period stress conditions induced by various geological processes on granite. Following the completion of these
prior loading schemes, uniaxial compression tests were performed on the specimens, and the Kaiser effect was
evaluated. The acoustic emission parameters, including AE counts, cumulative AE counts, peak frequency, and
amplitude, were identified and analyzed to assess the Kaiser effect after the uniaxial compression test on the
preloaded specimens. The results indicate that when the uniaxial compression test is conducted immediately
following the conclusion of preloading, the Kaiser effect in granite is pronounced. This is evidenced by
significant acoustic emission signals occurring when the applied stress reaches the value of the previous
maximum stress. Granite exhibits a capacity to retain memory of prior multi-period stresses, specifically, when
the preloading stress exceeds the crack closure stress (o,), even if it does not match the previous maximum
stress, a distinct and strong signal is observed in the subsequent uniaxial compression test. During these acoustic
emission events, granite generates low-frequency, high-amplitude signals. Conversely, if the preloading stress is
below the crack closure stress (o,.), granite does not retain this memory.

Key words: Kaiser effect; multi-phase stress loading; acoustic emission signal; crack closure stress; stress

memory properties
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