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Abstract: The natural rock masses are situated in various complex geological conditions. Quantitative description of the
deformation and failure behaviors of rock fractures under these conditions is of fundamental importance for the studies related
to their mechanical behaviors. In this study, the unconfined compression tests and the elastic-plastic contact numerical
simulations are implemented to study the compressive deformation and failure behavior of two kinds of rock fractures under dry
and saturated conditions, together with acoustic emission detection and analysis. The results show that the normal
stress-displacement curves and the plastic failure areas obtained from the experiment and the numerical simulation agree well
with each other, which verifies the reliability of the contact method. The mean increment of plastic deformation decreases
nonlinearly with the increasing normal stress with a decreasing rate, and a fitting formula is established using mechanical and
geometric parameters. The position of acoustic emission (AE) sources matches with the damage area obtained from the
experiment and the numerical simulation. Both the AE ringing count and the cumulative count are higher in dry rocks than
those in saturated rocks. The AE ringing count and the mean increment of plastic deformation follow an identical changing
trend. These results reveal the controlling role played by the fundamental mechanical parameters and geometric properties in
the deformation and failure behaviors of rock fractures.
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Fig. 1 Rock samples and dislocated fractures
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Table 1 Fundamental properties of rock samples
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GD 14894 4733 024 3179 6.11
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Table 2 Loading and unloading plans
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Fig. 2 Diagram of experimental equipment and settings of sensors
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Fig. 3 Morphological characteristics of fracture samples

56 RUARBR TS R IR BIR 5 § MR SRR I )
%_(xi_x) %:(yi_y) %:(Zi_z)
A @ ox R ’6y VR oz VR

6‘ 2 2 2 .
6—tt'=1, Rz[(x,.—x) +(y,—y) +(z,—2) ]2 o

XFF N AMERERSS, ATRREI N A TR, FHAERE TR
AR A

AN =B 3)
EAAA
ox oy Oz Ax .y
o, o, ot o
R o M =
o, o, o, Al fon =l
ox o 0Oz |

PR b ek gzl (3) wifE
A"ANO =A"B ,
T -1 4T } )
AO=(A4" A A B .
IR (4 RBIERE, PLO+AIE AT
R, R, EER R R R
1.3 BEERERMSGE
BT 8 ) # AR oy JR R, DRk R G d N
REAOMES OV ZEAL, St T 2R B3 I B A Py S S A - B
FERIN2] Z AR T i Boussinesq fife P4 0Ks 24 B 2 T 4% fir
RIS IR ARSI, 1T S E SRR 2 i 42 A (1) SEpL B
AR AT B o RET PR A 2R 0 2 T ek P 3 28 1 A T
B, R EANARE VTR RIE Ry
V= %”Q Gn;z(x,y)dxdy - ”Q o, |:;:(x,y) - %Au;’ (x,y)ildxdy,
(5)
X, Q NI, o, NIEIIRTT, ) REEAIX
NI A RENEFNLHS , u, (x,y) FHEA X 3% A A
B AR T U SRS, Au? RS )
IRBE A R AT, PRV T XS B G G R 1

%, Wo,>H, HFBUERRE k5T UCS 17
MWAAXBB, R HBUE R TE (5 B, &
-4 foh T B SR AE TV B T S M A, 1% AR S RS R
FERAT (10 LB TV S HE — B0 o R 1 B A ] R,
1 FH 240 SR LA B SRR PO AR AR B Al R A,
Wikt o, >0 H 2o, =F.

Ha 0 BRI B ASGRAR  RLUR T — 4 LT B AT
SEMEEE (0.1 mm) Ry, A g = AR R
W 3 pirR, AL kS = AR R B B
Hh BT SEPREEBR R TRFAE . TERUE v AR R
| WEANFRETEANIESE, [HE TR, %
H Ao, =0.1 MPa 12428 8 ) In# 3 2RI, 1054k
AP BR A AR VRN SEPERR Xk
TR S5 5047

2 FEENMMEATHETHEBIATA
2.1 ZUPRT AR AR IR X I8 5 i

B 4y B e 4 B0 AU E T R AR B LR A S
L AR RE R R ) - R AR R R 4R

04

0G-D, Experi | data —G-D, Simulation by EPM= - <G-D, simulation by FM
©G-S, Experimental data =—G-S, Simulation by EPM = . <GS, simulation by FM|
OR-D, Experi 1 data —R-D, Simulation by EPM— - -R-D, simulation by FM

OR-S, Experimental data =—R~S, Simulation by EPM~ - -R-8, simulation by FM|
o

6,/MPa
4 RIESHETESRAEERE S - LR BIIZITEL
Fig. 4 Comparison of experimentally and numerically obtained

normal stress-normal displacement curves

ZORRY], REZEAEdET, ERAE o5



12 4, LTRSS AR 2R S KSR 2253

R-D R-S
50 0.30
40 - Io.25
N £\ 0.20

30 g 30f -
£ w | 015
S~
. 20 . 0.10
BT e 10 2 % ¢ Io.os
s N N a N 0 X X 0
10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
X/mm X/mm X /mm X/mm
a=0.48% C2=0.66% Ca=1.68% 2=2.07%
‘ (a) BEWft '
50 030 50 030 50 030 50 0.30
ol /o 025 4ol 025 49 / - Io.zs 0 / ’\IO'ZS
"\ 020 0.20 " » 0.20 s\ 10.20
£30 £30 £30 g£30f -
§ 0.15 é 0.15 £ 0.15 é s | 015
20, 010 20 010 20N\ NJoao ~ 20 - ! 0.10
10 Ioos 10r 005 10r N\¢ " - " Io.os 10 g % @ '0.05
. . 0 . : . . . . 0 , . 0
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
X/mm X/mm X/mm X/mm
C2=0.41% C2=0.59% Ca=1.49% Ca=1.86%

(b) BfETHE

5 NN E S HETT RS MR ERIF XXt

Fig. 5 Comparison of experimentally measured and numerically calculated asperity damage areas

RN ) RARLRMEIG KOG R, IR B L ] BT (1)
BB, 5 DA A5 B I B AR — 2T,
DAAE AT 7St ol A A SO AR, R AR
RS2 O AR R B AR T, S Bk Y SRR T
SEABPETT R (EMD 5810375 M A B TR0 45
T/ e AR B EUE 77 (EPM) E &
TEARMREEVEAR T, BB A AR B T R U
MR,

WK 1 Fon, THERE T WIR S A AP R 50
L R E YRS LR AR . MRfE A
(PRSP SR L SR M R AR Bl A3 ) T iR
X NS EU 89.4%, 95.1%F1 96.3%, AL D A [1)iX
3 WUIEARZHUR TR 56.0%, 74.2%F1 87.8%
SR, BT AR B A N B PORM I, FLERRAR
(0.9%), AfPkEAKMET, FTeUE A2 KIER
(RN /N s TTALRD 2 T TRk S PR, LB -4 fi
RS, FLEE K (9.8%), HEH & KRR
W (2958 10%), FEfK R AAEFBON R .
Kl 4 Flos, fEMRISIM0T, dba e T
TR, WRLRE TR &K T RS 16 %
& [FHETAHEARIEN 128 (R D #7
BAEH, BRI S - MR g S5REEMEy 4 R
U, USRI SRECE AR AT RRE T
SR DL S SR PR AR T T 3 A HE B VTN 2R R AR T AR R R
TE

W IR AT 1) B 00 BT 5 LSRR T TR 3 i =3
AR, PITFRER B IX 5, Wil 5 Fow; Sl
SR P MR E BN TR, KHAH KRR

K%, BONBET AR BRI, WKl s fios.
IR I R R T SRS B B 2R R AR T RS [X ) 5
4, B IAE T AZEUE T i R R R S AR T AIAT
B Rk 1B 5 T Al T &G BEAE HARRL
iR R R T A AR L Cay BIZRBE 17 i
ARG SRR, AZZHURBR T E R IR X 5,
TAR AR/ o P A IR O 5 A AR ELBE R, T 7K
AN AT P B ARA A I R A T 2 54
fE A RS, VRN SR, P DL R
AR EUBE K o W PR RS IR 25 5 51 JA 2 0K (1T 2
FABhE s, WA FRX L i e e L TR
T M, BUETHSEACE kb b AR
R, R4 3 A R DX o 6 T B /)
2.2 BURTREMZFARIRX IS 54

RN i A s I8 KNS L R FE e A S T Al
SRR TCARAR R AR R IR I A, 45 2R RO AR
BYEIEE wp, HEEFBIRAZIIE 6 Frs. B
PEAR TR P 5 8 AR oo, ELREAE N
AR, FNBERR LD o INEATI R R A 1
A3 B RO, 31X B T NS R R T A Ak
TAREAN, S AR S b7 B B rp s 5 7 AR AR
FITESe FEXE A8 1 J 2 i R ki A A T oK, HL
Pefib I SR, PRI AR T B R B 2 TR
%o

X IR AR T R A B - 3k 1 N g IR REAT 29

A

= .

up 0 c eo -3.4

2 =35x107 x n = +0.0026 , (6)
e E-R-(RSD-C,C,)"



2021 4E

2254 H# L T B % W
0.04
o G-D
o G-S
AR-D
| <
0.03 o o RS
A
£ [e]
£ 0021
=
001
o o o
° g ® o 0 o o o
g o0 Q o o d
| 2 ? 2 A 2 9 ya)
0 2 4 6 8 10
On/MPa

El 6 BHTRINERE - EKENNXRE
Fig. 6 Relationship between mean plastic deformation increment

and normal stress

0.05
L o G-D
0.04 oG-S
A RD
o R-S
0.03 — sk
Oy Y=3.5 x 10-°X-34+0.0026, R>=0.948
< 0.02 /
0.01
A < I:\<> o &
X oA | LY o O g /o
0 1x1075 2x107° 3x10-5 4x107

eyl (E-R-(RSD-CaCai)?)
B 7 up/eo SNERIASHZ BHIXR
Fig. 7 Relationship among up/e0, mechanical and geometric
parameters
X, upy WV, eo R (RIFA
RSB SPRIFFEE, o, ERBLY), E AP

G-D G-S

0 10 20 30 40 50 0 10 20 30 40 50
X/mm X/mm

E 8 A&HEMRSIRIEN

B, RNIRFEPER, G VHIREMERLL, Cu JRYE
HUE B h s — NP R RIS B RIEAN R BT 2%
R AR TR LE, RSD ZRBRET- 00T 2 A X e
%o uyleo 5% RIS HZ AR AW T P,
BARNENG —, BT BRI EREE N K
MZEHT ALY, HEnHE 7 RE M) L2
HrPshifE i, TS R 52 i A rh AR 1
E AT

3 BETHRAFNRREZEZHMIAD

i
3.1 BERHEEMSH

AR S P B EE . BRI P B A 7S
IR B AR, R H Geiger Fi% AT 3113 A5 R AR
fr B PRSP BRI RIS BE IR, R
TR P A5 S R AR P B E PSRN T TR RRAEL, A
P A5 5 v ke A R L P P ) e i e v e 4
T3E P B FI

B 8 45 Y T R ) =4 R AR A B A R
DS L. N =4E R IR B X-Z. Y-Z B
A DA H OB 8 A B8R AE Z A8AR D9 50 mm
Bfif, X EREAE B, RUZIRBR LA
ZUGRAL .t R IRAL EAE X-Y Y 55 10 A
PR XSS BT, 505 iR P A 1 2B R T PR AR X
B, B ERALE VAT . 18R A R TR
FER, Hefbiatice /b Hieth s, b ket
AR RO AR HLRERRUR, IR E A R R 4
LA MR AR ARGV E A, 32 B BRORING 7 A P R A
PEU D, EALSCR MRS .

0 10 20 30 40 50

0 10 20 30 40 50
X/mm X/mm

B9 R E AR R it E

Fig. 8 Comparison between AE positioning points and experimentally measured asperity damage areas

e AON=YEEN A, FONZ4EEM AR XY #8058, WON=HEM RN X-Z #8657, SO =ge i mim) Y-Z #5185 .



512 1 PO, S TR SAE R AR TE S AR R T 5T 2255

3.2 EAHMELZHFMEMNE

B9 25t T nEn e AR o B AR AL IR B R SRS
T R (S S IRERER [ R R . R
BB B (IR 29 0~5508), PifhE ik ke f 75 &
SR T B T EI R B (W20 550~1055
$)o ML N JIEINET, 185 A AR R T A A 2
Ko BRI NREBY B, SRR T I B
AN, LR ATH 1 MPa 6% 2 MPa il f2rp, PRE2 T
Bk, RSG5 R e, 2B A
RGBSR R B o 75 R SR T A 3 B e N 7
AT, UM IR R BRI B, 5
K 6 B it BT IWEEEMIMEE, EiEinN 5
WIMA, RARGE A T Bk g, BlE R 3E K,
e fol ik DB PRI 8 sURE RO AR g, 7= 2B 75 R A
.

AR R BBEE F S A S IR SR, ik
EINAY TN NP w6 S R e 8 S R
Fao RV AERBTTEON Bt 58/ 116 59 55 R BE,
Be oSS AR U5 il 1Y o4 5 P A Y ;€7 SN e e
MREEE D, PR EAR TR, TR R
5SS EEE T T 50~100 dB, LW E(ESIREMESE
HF 50~80 dB, HITAE 7 am B RINE RO, Hefil
RS2 ERER P2 A (R B ST B R R, 15 7 R G 5
R S 5 o
3.3 IKITE AR S & S0 R FHERI 20

HAHE R, B T AR, K
I SR 24 R R R A i B I B AR S A7 TR
—EMZESR, BB AT A A R T B
ST AERN B B, 7 R 5 ) 7 R0 2 B R A
ZRPE. B 9T, FERASHIFE A IS KR
AU BTHH R FHALIRAS o X2 BT 24k
AbFAEFUIRAS I, LR T2 i Ak 52 A PR R SV 92 7
BRI, SRR Y, ERR)
BERE RIS, M R AHE S IR EARRIA RIS K
SRERGRENTIERE, SES SRS HEML
BAC S, AR BN B BRI, 507
T, K AIEARAE PG A RS A A R B D, R
S RN EME FRAR, A AR RE RO it B BE T BEAIK,
5B RS R
3.4 EATHBINTIZFHIFE %545

K 6 thvi ) 53R AS T Y R O R AN 9
TR A P R R TP A B R R R, i
HATE A A 2L RS2 e R b R AR I AR Tl IR T A 7
IRV, 1X 51 4 i a7 A A 28 s e
FREAPE E RE — 3. T KA 7 R R
B 1K) VG AR AR 5 T 8 P A S 1 i 184 B 1) U A o PR AE Y

W, X2 TR AR bl S A T IR b BOAFAE I
R, SRR R RBOK, (HRR A AN,
% AR BRI B IR RS BIR,  HBIRRRRE D, Xt
IS AR E 5 PO AR VE 2y 7y s PRI = B2 g D
0 DR PR 5 BUH AR SR I AL B o e — A B 2 A R
P, EARES THEU AR th H ILAE N ) 39] HL B A ANTE
A R FER AL 5

ey 1 120
0 PRETE = 2103500
L A 118030001110
P im/dB
g —ow/MPa 11502500100
s 6l 4120-2000190
-
%: g 190 150080
4
: * 460 100070
2 :
- 130 1500 60
« o Y Ty %
0 200 400 600 800 1000
tls
e 13500
—— iU 150735007120
10 R 130001 110
iE/dB {120
g |—— 0/MPa Y 5001160
csl .. : , 190 15000- 90
; g : %
b {60 1500180
i R 2 1100070
. B ITE FHE : 30
2 t Ea s 231 b 1
R AR m AR T 1 0 ey . 1500 |60
i allwlid ! L Vo Jo 50
0 200 400 600 800 1000
tls
e 1 120
—— RiHHBURTR 15071000
10 AT 110
R iE/dB 1120800
8 [ 6,/MPa 100
6l 190 1600 - gg
g :
g, 160 -a00 30
L .
: 70
g - {30 200
2 o : . 60
ﬁ ||.l‘|||uni||11|.l|l| Al 1 Vg o Is0
0 200 400 600 800 1000
tls
6 ey 1507100071120
— BB RS
I R 110
ﬁ;’ﬁ/l;m 1120800
—— 0,/MPa
al 100
g 190 600 o)
£
=
® {60 a00 180
2 .
70
430 {200
60
1 Ta 11 i M W re it MO 0 50
0 200 400 600 800 1000

tls

9 AAHMRE L FNERFHE

Fig. 9 AE response characteristics of rock fractures
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