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Experimental research on acoustic emission
property of salt rock under cyclic loading

REN Song', BAI Yue-ming', JIANG De-yi', YANG Chun-he"?, CHEN Ji¢'

(1. State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing University, Chongqing 400044, China; 2. State Key Laboratory of
Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: The fatigue damage characteristic of salt rock is researched based on the acoustic emission (AE) technology by changing
the upper limit stress, lower limit stress and loading rate. It is found that the AE count increases slowly with the stress increasing, but
for sandstone, the AE count is intensive around the upper limit stress. The fatigue life of salt rock is more dependent on lower limit
stress than sandstone. The higher the upper limit stress is, the more the AE count is, and the higher the loading rate is, the damage
becomes much earlier. It is found that the AE cumulative curves are in keeping with strain curves which show that they can both
show the fatigue damage process of salt rock. In the end, the constant amplitude load is instead by three-level variable amplitude load.
The AE count becomes much more in the third level which shows that the variable amplitude load makes more serious fatigue
damage in the salt rock than the constant amplitude load does.
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Fig.1 Loading test instrument and probe layout
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Fig.2 Manufactured salt rock specimens
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Fig.3 Uniaxial experiment curve and the different upper
limit cyclic loading experiment curves
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Fig.4 The AE characteristics of different
upper limit stresses
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Table 1 AE counts under different upper limit stresses
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Fig.5 Uniaxial experiment curve and the different lower
limit cycling loading experiment curves
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Fig.6 AE characteristics of different lower limit stresses
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Fig.7 AE characteristics of different loading rates
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Table 3 AE counts under different loading rates
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Fig.8 AE cumulative curves and strain cumulative curves

5 BT ORSHRRAE ) 4 g0 B0 5

W5

HIPR ST T #hoa Aeta iR 2 R 1 i
PREHURHE, T 5 7e 2 h T g e B A e =X
AT T8 3 AR A 2 RS R R P R SR A TR
I eI INEIEEE 2R 360 kN/min,
FEAEN ) B 16 MPa 4b#EAT 100 MEFS, K5
¥ ERREE S 2] 24 MPa n# 100 7555, e R
$eTHh 32 MPa BEATEIA INEN AR5 . 73 Zom G
B TR R SRR 9 Frow,  AREG 1 H
& WS AR Af AR IME FH R 3h2a i s ol, MK
I B8R 10 ANMIEFR TR 155 o # I GO 1 75
SR HINK 4 s, WRATLLEH, 7255 1 40,
TR, SR RN RS E B BUE AR AT R
SHE S 5 2 JOmEI BRI KT B
Wi, IF HARE B BUS RO RS THR 4 R
PR IRE BIEAMIA . XIS | RGN,
B R R G B A B . 5 3 g,
B R, B TR R RS SR A H L e
IR T U, 12 T2 2 o2 st 4k
AW RN, SEERA N E R AT



1618 E= I S ) =5 2012 4F
A, (5) g T, AR BIRAN Ty

X AR W Ay BATEL 4 28 3 75 A S e £
R e n] DA, ARy 2808 ) e 0% 57 1
TR TEMRAT 8 75 TR SERR b Ehoa 1 2 21 A2 I
BT EL AR BT PR, DRI, R 5T
D33 e

1. 77/MPa

LKL/ 10” R

IR /107 s

B9 I RIEFRINE R RFE

Fig.9 AE characteristics under multi-stage cyclic loading

R4 DB T HE R REE

Table 4 AE counts under variable cyclic loads

A e S KR Es %
W% 2
W29 20
$3 % 180
6 4

(D AR 3, A IR Kbl
RN K3 TG e JF AN 28 BOR 2
VI AT R A RIS, T P RS
i BEEE PR N AL, BLHTERS AEARFA N
B B, JF AN A A N
VARTRRVAY SIS

(2) £ T BRI BRI #h20 P RSiR#% BE A
ANAR, AELLE I I3 BN 200 7 A W] Sk P P
S BRI ™ A K P R PR i i B
TR R IEASR R R Eha I 57 3 finxl R R
(RO HCASRE P W] S K T

(3) IR AR, 75 AR TIEAAAE,
EF RS R AR, IR R, RS
K, R A S IR ) A 7 2 PR 98 57 SR ] A
TN R 3§ v S D R (K0 57 A

(4) PEAINENAEHT T 5o PR R gk
VAR RE I ERATIR A IR DGR, BEWIAE e e
W, BAT 8.

MISEm, WIRES R kB, SEER A4
KI5 03 LA R i 4 1 T 22K

2 % 3 M

[1] 3%, CARLOS D da G ROk, dilin{ebd atm ki
FRIERIGHTE[T]. A L FE2AR, 2008, 30(5): 745—749.
XIE Qiang, CARLOS D da G, YU Xian-bin. Acoustic
emission behaviors of aplite granite[J]. Chinese Journal
of Geotechnical Engineering, 2008, 30(5): 745—749.

2] VFL, FPREZE, WA, 55 IR BRI T
RS AR I B ITI]. A 2%, 2009, 30(5):
1241—1246.

XU Jiang, TANG Xiao-jun, LI Shu-chun, et al.

Experimental research on acoustic emission rules of rock

under cyclic loading[J]. Rock and Soil Mechanics, 2009,

30(5): 1241—1246.

B]  VHEL, FERRZE, WA, 55 PR R N oa A At
I AR )]. FEDOR244R, 2008, 31(6): 672—676.
XU lJiang, TANG Xiao-jun, LI Shu-chun, et al
Space-time evolution rules study of acoustic emission
locations in rock under cyclic loading[J]. Journal of
Chongqing University(Natural Science Edition) 2008,
31(6): 672—676.

(4] VAT, FEBEE, ZORR, 55 IR BT 1 I AN R 44
TNRD Y SO RESERRAT ST, v E RS AL,
2008, 3(7): 511—516.

XU lJiang, TANG Xiao-jun, JIANG Yong-Dong, et al.
emission
different

loading[J].

Experimental research on the acoustic

characteristic of sandstone under the

experimental  conditions of  cyclic
Sciencepaper Online, 2008, 3(7): 511 —516.

(5] JIaE%, Aot XK, &5, NSO AR A ARG

WEENI M I]. 7 TRER R K254, 2001, 20(4):
469—471.
WAN  Zhi-jun, LI Xue-hua, LIU Chang-you, et al.
Influence of loading velocity on the rock's acoustic
emission activity[J]. Journal of Liaoning Technical
University (Natural Science Edition), 2001, 20(4): 469
—471.

[6] M, ERUC, BBk, 5. H A InECRI 7 Z0m#
W BIR A RS SEI I IT )], BEAR 244K, 2010, 35(7):
1099—1103.

LI Nan, WANG En-yuan, ZHAO En-lai, et al. Experiment
on acoustic emission of rock damage and fracture under
cyclic loading and multi-stage loading[J]. Journal of

China Coal Society, 2010, 35(7): 1099—1103.

THE 1639 T



$e T RASE: FRIEE R R ot P R SR AE IR B 5T
(71 FUENI, ARHEAR, AR, AF. E AR RSP ET ZHANG Ru, XIE He-ping, LIU Jian-feng, et al.

(]

[10]

(11]

RSO TERFAERE ST ). 640 023 5 R4, 2009,
28(z2): 3383—3390.

YIN Xian-gang, LI Shu-lin, TANG Hai-yan, et al. Study
on quiet period and its fractal characteristics of rock
failure acoustic emission[J] Chinese Journal of Rock
Mechanics and Engineering, 2009, 28(z2): 3383 —3390.
TR, RS, MRt 8 KA AR InE EaR%
K5 R SPRERTIE[D). 1%, 2009, 30(10): 2929 —
2934.

XU Su-chao, FENG Xia-ting, CHEN Bing-rui.
Experimental study of skarn under uniaxial cyclic loading
and unloading test and acoustic  emission
characteristics[J]. Rock and Seil Mechanics, 2009,
30(10): 2929—2934.

RN, RIELR, TKAZR, 4. R ARAAATEROR A
SHRHE I ZR B T 0], A6 023 5 TR AR, 2007,
26(z1): 2794—2799.

CAO Shu-gang, LIU Yan-bao, ZHANG Li-qiang, et al.
Study on characteristics of acoustic emission in outburst
coal[J]. Chinese Journal of Rock Mechanics and
Engineering, 2007, 26(z1): 2794—2799.

. I AR R S R TR P I AR S
W L2008 30 D). Kb TRk, 2009.

kAl WA, IR, A 2 GmECE £ oK R
KRR IR ST ). A0 e S TR AR, 2006,
25(12): 2584 —2588.

[12]

[13]

[14]

[13]

[16]

Experimental study on acoustic emission characteristics
of rock failure under uniaxial multilevel loadings[J].
Chinese Journal of Rock Mechanics and Engineering,
2006, 25(12): 2584—2588.
LKA, BEeatm, FOLRE, 45
PR S5y T 55 IR AR AET].
2413—2418.

JIANG Yong-dong, XIAN Xue-fu, YIN Guang-zhi, et al.

A N AR AT FR (K
A+ %, 2010, 31(8):

Acoustic emission, fractal and chaos characters in rock
stress-strain procedure[J]. Rock and Soil Mechanics,
2010, 31(8): 2413—2418.

A TCE R RE PR A il U7 ) MR S
iR D). i BB 12T, 2009.
SURESH S. #EHRIEZTM]. £, Jbnt: BT
Ak AR, 1999.

Wkor/E, PR, XX, A PR T AL B AT
FR[T]. TCHHGII, 2002, 24(1): 23—28.

GENG Rong-sheng, SHEN Gong-tian, LIU Shi-feng, et al.
An overview on the development of acoustic emission
signal  processing and  analysis  technique[J].
Nondestructive Testing, 2002, 24(1): 23—28.

HAKAN A. Percolation model for dilatancy- induced
permeability of the excavation damaged zone in rock
salt[J]. International Journal of Rock Mechanics &

Mining Sciences, 2008, 46(2009): 716—724.



