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Abstract: The previous researches have studied the deformation and fracture characteristics of shale containing natural cracks
subjected to uniaxial compression. In order to further indicate how the deformation and fracture characteristics are influenced
under coupling effect of confining pressure and cyclic loading, the equipment of MTS815.03 is employed to conduct loading
and unloading cyclic triaxial compression tests. The experimental results show that under triaxial cyclic loading, the main
failure mode of the shale samples containing natural cracks is a mixed failure, performing tensile-shear propagating mode, and
having at least one tensile crack propagating the natural crack for each sample. With the gradually increasing confining pressure,
the peak strength rises linearly. For the entire shale sample already subjected to 11 cycles of loading-unloading, the peak
strength increases by 9.98%~25.03%; whereas for the shale sample with crack already subjected to 15 cycles, the peak strength
increases by only 1.47%~6.98%. For the sample with crack under the same cycle loading, the elastic modulus is larger than the
deformation modulus, the unloading elastic modulus is larger than the loading elastic modulus, and the unloading deforamtion
modulus is larger than the loading deformation modulus. Simultaneously, the larger the damage-area coefficient F, the larger
the difference between the unloading elastic modulus and the loading elastic modulus. With the increase of the cyclic times, the
loading deformation modulus and the unloading deformation modulus firstly increase and then monotonously decrease; whereas,
the elastic moduli of both loading and unloading exhibit increasing initially then decreasing gradually with wave-shape. The
serious variant of elastic modulus is the direct evidence that the inner structure coordinates in local locations. The research may

provide constructive references for the mechanical investigation

of crack propagation to form complex crack net. EeWE: HESHEATRERIY (863”7 &) TiH
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Fig. 1 Field place of shale sampling
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Table 1 Basic parameters of shale samples

WRE mme Ee KB mE B

s REF /mm /mm /g Ngem?)

Y0-6 0 49.10 99.60  488.0 2.588

YO0-7 0 49.08 99.36  489.0 2.601
Y0-8 0 49.20 99.18  489.0 2.593
Y0-12 0 49.18 99.30  490.5 2.601
YO0-13 0 49.20 99.88  489.5 2.578
YO0-15 0 49.02 99.58  490.0 2.607
Y-1 0.334 49.04 99.80  486.5 2.580
Y-6 0.503 48.96 99.80  486.0 2.567
Y-7 0.223 49.06 99.88  487.0 2.581
Y-8 0.591 49.06 99.82  486.5 2.580
Y-9 0.581 49.02 99.46  485.0 2.585
Y-10 0.274 49.90 99.78  503.5 2.581
Y-11 0 49.04 99.42  485.0 2.584
Y-13 0 49.24 99.52  487.0 2.571
Y-14 1.526 48.94 99.40  486.0 2.603
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Fig. 2 Location of cracks and length of shale samples
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Fig. 4 Stress-strain curves of entire shale under triaxial

compression
F 2 TIERHZHMERRIEER

Table 2 Test results of shale samples under triaxial compression

WFE M fEsmpE i TFA L VA Y
%% /MPa  /MPa /GPa - 45/10°
Y0-6 10 149.8 46.30 0.40 4.24
Y07 20 206.8 50.06 0.39 4.89
Y0-8 30 238.1 56.44 0.43 5.94
Y0-12 10 170.3 39.57 0.37 4.26
Y0-13 20 216.3 52.97 0.42 5.37
YO0-15 30 229.1 56.45 0.41 5.74
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Table 3 Test results of shale samples under cyclic loading

A,

W BE AR i(Esm WeERhm (RN
Yas /MPa  IR¥ /MPa NAF/10° NAE/107
Y-1 0 7 53.5 5.88 4.92
Y-6 20 15 214.6 8.32 430
Y-7 30 15 249.5 11.30 3.80
Y-8 10 5 150.2 5.43 1.42
Y-9 20 13 228.7 9.12 2.87
Y-10 0 6 49.6 8.96 1.97
Y-11 30 10 220.5 8.77 2.17
Y-13 10 11 187.3 7.69 4.20
Y-14 0 11 71.5 5.13 5.24
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Fig. 5 Curves of stress vs. strain of shale samples under triaxial

cyclic loading
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Fig. 6 Relationship between peak strength and confining pressure

3 THAFESH
3.1 HhETRAFIE

M2, 3TTHN, BE I EE R, il (R AR
BIEAHCHR, JFHAHRIBE AT, —Hhaerfr 2k
TR (1 A ) W AR B A v T R AR . Y
3410, 20, 30 MPaltf, SEAEIRFELE = Al R 45 A5
RS- S4) B 1) WA AR 4350 4,25 X 107, 513X 107
FN5.84X 107, & Z4BURFELE — S8 PR 7 2R 56 P i
) WA R A5 435 R 7.69 X 10 GRFEY-13, F=0) . 8.32
X107 GRFEY-6, F=0.503) F111.30X10° GRFEY-7,
F=0.223) . 5E#AREY- 134000 11 B InEn 8453k 5, 1§
E N AL 3 K 80.94%, T B FE Y-6F1Y-728 5 15 TN
EVEAEI G, WEAE AR 23 5l K 62.18%1193.49% . ik
FEY-62 LBt Wi IR0 K THRAE Y -7, T LU N AR
HEMEED AN TARREY -7, 100 2R B I R W R AR K
N2 BERZ B R (P20, S BRURT UA(E  A 1 L AR S A7
Rt — 2.



2266 a5 oE L OB ¥

2015 4F

3.2 {RFARLZEHHIE

FRBAREY-6. Y-THSEBRAEY-13 (i ) -
WRANAR B 77 . NI T B2 R D Y 75 = AR
AR e, SEHUREIR P N A2 L ) d K s )l
[F) N 7 RAARAR N AL, 5 5 = Jh s 2 1k ) i 2 ) 5 4
BANARTEFR, LA R] AN 2307 3R R ) 5 4k
BUNAR 156 24 i £ B8 P 7S o

200

1 1 J
1.0 15 20

L 1 1 :. 1
-30-25 20 -15 -10 05 0 05
PRBUREAE1073
(a) XFEY-13( EE10 MPa, '=0)

230 25 20 15 -10-05 0 05 10 15 20 25 30
PRANAE1073
(b) KPEY- 6( 20 MPa, /=0.503 )

0 10 1s 2 25 30 35 40 45 50
(e) E#Yﬁg?%gol (I\)/;;a, F=0.223)
B 7 =BG T AR - (R T # 2%
Fig. 7 Curves of stress vs. volumetric strain of shale samples under
triaxial cyclic loading
MIE 8 WA, Al AR R R AR R N AR 5 = A
iy I 1) 44 SCAR BN AR B w3 A 3 By
B OWBUARTEBBL, AR RAR a2 ) S g 39 i
FRLNERAL, BWBTBINe>2 | & |, ZEIMRI AR
BN QAR B, AEdbBBeA . Bl
JI8Emm, AN REAEE DN, RN Ae=2 [ e,
T I AR . OF AHr B, ik Y )

RN, ARRRNAR KRB, Mhdem 2o ih, By
Be<2| el , BEMEIAEBIEAEKR, RATH
TRFE R AR o SE3RE Y-13 (48 Y% 714 81.0
MPa, SEHEARFE YO-12 (9 A K )12k 80.6 MPa, P4
HUE/NESENAE | e - U AR 0 N ) ) 567 S A (B
INENETT 20 588 DU (R4 5 Hs J) FIRBR B 7 1 56
BN, ABXARTERFE R SR, AT =4l i
R, MR B8ORS KA R B AN AR R, s
AR AR .
300

YO -8(30 MPa)

——Y-13(10 MPa)

& —=—Y-6(20 MPa)
50l ~—Y-7(30 MPa)
X PER
L 1 0 z'; 1 1 1 1 ]
-2 -1 0 1 3 4 5 6

ﬁkﬂﬁ;&/lﬁ
E 8 R/ - RFAR T gh 2k
Fig. 8 Curves of stress vs. volumetric strain

M 7, 8 WA, FE=HAEF g R, Rl R
B0 R IR g — AARRUY AR it 4 22 1) A fugz]
B K AR BN AR By T 4 R R B AR K . i FE Y-6
(F=0.503) S5ifFft Y-7 (F=0.223). Y-13 (F=0) #}
FEER, A Y-6 2R BRI e m e K, RS 45 R ]
Al ERARE Y-6 R AN (6=0.0025) 1K
TEHBEREE Y-7 (6=0.0045), P TUAREE IS
FRRE B2 [ g, i B AR T ik 7
3.3 fRINBRMEEHS T

TE VA SR B8ORS T, X R — g B
IR EEEI A R R A (SL 264—2001)
ORI TREA AR Y ki &

IR E R

Gh — Gmin

Esy = ’ (5)
gh - gmin

Arh, Eso WRTERE, o AERIEFN R 1m B )
2, Omin REOEIBARAHN I Y )5 A on X0 Il i) Y
A, Emin K Omin R N A 1] NV AR

W Eso BT IWAY ) - NAR KRR INZMEBL, tHELH
PERLE VAR
Ao
e (6)
Arf, ECNBRIERCR, Ao b Eso AT 10 MPa [ )
%, Ae N5 Ao SRV AR ZE

W) - AR R 5L B ISR B, v BN
[NERPS T

E

S



12

Botte, 5. BRI BT BUA A R AR AL B 5T

2267

<, 7
Ag, @

L, v IR L, Ae A PTIERPE B I N AR 72, Ae,
hy JIT HR P B g AR 2%

IR FE Y-6, Y-7 F1Y-13 FRI 45 5L, 64
FEIRIN . EE PTG PR AL (Ess Esos v, &
BURFE Y-6 ITHEES R 4 Fros. AR 4 5
GERL, 1335 2R Y-6 HOTBERSRIE B S R R

WEEAFL N 7 (9G24 2k

Bl 9 ik FE Y-6 IS PE R, A B SRR
WA SIS AR k. AN 9 W, AER]—PRIA A 5
PERR K T AR AR, S A K T n s A
i, WA T INEAEAE . SR
F4 ERH V-6 REERITESR

Table 4 Elastic parameters of calculated results of shale sample Y-6
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A /107 /107 /MPa ~ /MPa  /MPa  /10° /107 /MPa  /GPa  /GPa g
51Nk 0.248  0.078 10.01 4.92 4.44 0.157  -0.013  10.01 29.90 2833 0.08
551 KV 0250  0.010 10.01  0.40 4.88 0.140  -0.01 1001 3926  35.39 0.09
552 Nk 0.590  0.040 2034 0.40 10.21 0.280  -0.05 40.12 3625  37.13 0.16
552 KV 0.740  0.200 2042 101 10.05 0230  -0.05  40.12 3575  43.89 0.24
553 n#k 1.120  0.200 3519 1.0l 10.13 0290  -0.05  70.07 3699  35.30 0.18
55 3 KV 1.360  0.390 3515 1.6l 9.97 0260  -0.06  70.07 3447 3834 0.22
554 Nk 1.730  0.380 50.25 1.61 9.85 0.300  -0.06 10046  36.06  32.83 0.19
55 4 KV 2.010  0.520 5029  2.22 9.97 0290  -0.06 100.46 3228 3438 0.21
55 Nk 2280 0510 65.18 222 10.09 0300  -0.07 130.20 3555  33.63 0.23
555 KV 2,640  0.620 6530  2.87 10.01 0300  -0.07 13020 30.85  33.36 0.23
556 N 2.580  0.620 70.07  2.87 9.69 0300  —0.07 14090 3422 3230 0.24
556 KN 2.880  0.700 70.11 291 10.05 0310  -0.08 14090 30.73  32.42 0.24
57 Nk 2.790  0.700 75.03 291 9.81 0.300  -0.07  150.63 3439 3248 0.23
557 KV 3120 0.740 7523 3.23 9.89 0290  -0.07 150.63 3024  34.10 0.25
558 Nk 3.060  0.740 80.16  3.23 10.09 0300 -0.08 160.55 33.15  33.63 0.27
55 8 UKL 3.430  0.800 80.36  3.47 10.05 0310  -0.08  160.55 29.23  32.42 0.26
559 Nk 3.140  0.800 81.45  3.47 10.01 0.320  -0.08  162.65 33.32  31.28 0.25
559 KN 3.540  0.800 8137  3.39 9.97 0300  -0.08  162.65 2845 3323 0.27
F10®m#E&K  3.330 0.800 84.96  3.39 1001 0320 -0.08 170.60 32.16  31.28 0.25
%510 EIE 3.760  0.830 8492  3.63 10.13 0310  -0.09 170.60 27.72  32.68 0.29
FLWE 3.590  0.830 90.17  3.63 1001 0320 -0.09 180.57 31.33  31.28 0.28
511 KEIE. 4.000  0.880 90.00  3.83 9.85 0300  -0.10  180.57 27.58  32.83 0.33
F12kIn#E  3.840  0.880 95.09  3.83 10.09 0310  -0.09 190.62  30.79  32.55 0.29
S22 KEIE 4310 0.940 95.17  4.04 10.05 0320 -0.10  190.62 27.02  31.4l 0.31
EA3WINE 4050 0940  100.05  4.04 9.81 0300  -0.08  200.11 30.84  32.70 0.27
13 KEIE 4680 0940  100.09 4.8 9.89 0320  -0.11  200.11 2559  30.90 0.34
E14WINE 4410 0940 10522 4.8 9.97 0340  -0.09  210.44 29.05  29.32 0.26
914 REIE 5120 0950  105.18  4.44 9.97 0320  -0.11  210.44 2413 3115 0.34
WS Wnd 4592 0947 107.12 4.44 9.73 0320 -0.110 21456 28.17  30.40 0.34
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Fig. 9 Elastic and deformation moduli of shale samples Y-6
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Fig. 10 Elastic moduli under triaxial cyclic loading
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