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Abstract

As the main reservoir space and important migration channel of the shale gas, the fractures are
frequently found in shale with a variety of distribution characteristics. The uniaxial and triaxial
compression tests under different inclination angles of the non-fractured shale specimens were
conducted, so as to obtain the shear strength parameters of foliation and matrix. Through the
compression test data and previous literature data, it has shown that the Jointed Rock model is
numerically suitable in calculating the rock which contains crack and foliation. The numerical si-
mulation tests of different foliation dip angles and fracture inclination angle were conducted, it
found that (1) for the different foliation angles, the influence of fracture angle on the compressive
strength is similar, the influence of fracture inclination angle 0°, 15°, 90° on the compressive
strength of shale can be neglected, the fracture inclination angles 30°, 45°, 60°, 75" have great in-
fluence on the compressive strength and the degree of influence is 60° > 75° > 45° > 30°. (2) The
weaken degree of same fracture inclination angle on shale foliation dip angle 0°, 90° compressive
strength is approximately equal and influences slightly on 60°. (3) The fracture weakening degree
on the compressive strength of the shale is two-times-function relation with the fracture inclina-
tion angle, and the linear-function relation with the ratio of the compressive strength of the rock
under the same confining pressure.
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K (1) NARBEEBAKTCET S, AN SRR ZOEmMERIEL, BMAR0°, 15°, 90°
HIZEBRXT T BT IRE R m] 28, ifH830°, 45°, 60°, 75 HIRERN TUE T ERERMWEK,
HmREE R R/MRUCN60° > 45° > 75° > 30°; (2) MFRRERMBUAXTEEM A N0, 90°TUATUERZH
HISSRRERBAESE, X60 RIS/ N TRIE: (3) BEDAKI, REXMTCATURRE RFEE
MR B2 KRB R, MEESZEETERETATURRE K R R RBCRR .
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1. 51§

Bt T FB M 22 G AR B DT A B R X AR B T, 1 5% [ R RE IR T ) 75 SR AN IR n - Xt
A PR RIS G RER I 33t H as e, AV HE BRI A R4, TUA R B2 R e
M2 RIE[L] . WETTRMY, AR s U i SR XA 28 8] DA S s e 1) R B TE, R A A R S R A2l
TUE BRI E RN —, M ICES R e EHI[2]. 74h, FEX TUA SHAT IR, TUA
RIRRBEHITEAS « FE 8] S B R X K ) RBAR A ROR A R Em[3]. PRI, IR ZI B
R TUE (25 I B R 7 SRR A U BE A S B R R OC N 2

HAl, [ENAME &R TUA A —ERE I TT. Blin: ZHOU %[4S 1 S HURERER 0T A i
SRR R BT A I, BT TR TUS S U PR BEc e S5 (5] Ea SR AR A Il 567
%, WS RIRRBNENE U (AT KRR LT e TR 7T, AR [6]58 A Bl S AL 258 0 7E T B, Xt
E ALY TUA B S AT 1 0 #rs RABLRR[TIHEAT T AR A D TUA B B TR ka0, AT 7T T
JE BRI KT ARG MR RE R FEE BYAF[81AI T CT 3 BoAXS il T B TUA BEAT 1 Sos Ul A 73
s IRTC Tl IS AR BRI U GBS [914E BB 45 [ P AMJE TUA BT TR I 2t E, 04T 1T
TUA R IR R RFAE LA ZR B 35 SR R 52 s MK 2 S [ 10T R ) 2 B BOP P A A 1 IR AL U
HISREE, NN RCRREN TUA AR B AT B PERISENT; SP Morgan[ 111554 4 44 [ J= BT A) D s
T ARBRREE X T I 4 1 AT TR BT TR SRR S ST KRR s K. Sun SE[12]3 5 =4
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IK TR ZEMAR R G0 01U 7K ) 2R v AR Z 7 ) 4B e i semm . DA BT R 24 T ila 2
BRI 4 S RAE R AR S L], & RBRUUE )RR R SRR S A B D WL, 25 B 2R
TEVUA SEATE BT R R I E AR, R 2 BT 2 AN [F) 2R U A8 DU TR 1 22 R A
FEAE B % PRI 7T & REBRTUE IR VeI, SR Bl i o A2 2 0 R SRR ™ AR K 30,

H IR 5175 K ERBR[10]. BRItz Ah, RIRKIRS 2B E R R IR E %, EN R ERXFEA
JE DA BRI Z R A T S5 DL 2 PRES I LA A2, AR SR F BUE 7 VR AL R AR 4Bt
RV SRR s . EAUETT RS AR, 1 Jeil i DA LRy SRR AR ) 47 10 B B E
Jointed Rock HE 7 5 F  al 477 . 4R 5 R Jointed Rock #5754 g 37 LY (it & 24 Bt T BB AR, IR
PSS FITTS 1) 0 2 S B2 BT 0t FUA TR R SRR BRI 256 DL 3 P AR M ) s

2. NEREHA TREEHAE

BT 78 B UL B B RS K BN o I3 AR AT 46 T IR BUMBE TR B i U0 85 3k, SRR/
BNZNIATERE, HERRTIER 50 mm, EHMEIMA N =07, 60° K& 90° (Wil 1 Fraw, e B NEiE
77 ) (103 r) 5 2 387 1) BT RSCAR 55 ) () 04, A 5 BRI T2 & 100 mm, 3 1147 FE | R PR 29£0.02 mm,
w2 1 FBR9£0.05 mm PARAE R ARAE . R4 E0aE i PT )1 K2 MTS815 Flex Test GT A /12450 &
Gk, ZRFAEH T EN BRI RS, Hhirar g 4600 kN, 678 +£50 mm, il 5]
ih+4 mm, A 51HTF-2.5~12.5 mm, FSEEIICRATEG R ARSI, I [F D il AR A
B 77- AR Al 2. 5K FH B LVDT 15 (kA s 4 7 20, in#ig #24 0.05 mm/min.

BRI R I T A R AT S0 51058, RIS TS A P33 By 2650 kg/m®s 43 5% #4451
TAF AR AT Bl R 48R 56 DA K 4 FhAS [R) BB R 1 =il R 483056, AR B ORGSR 3 AN, | Tt
B3NP, FE LA LA B BB HOIRAS T iR I8 45 R (R 1)

Table 1. Mechanical parameters of different angles of the shale foliation
#* 1 TRBEEAETIENNZESH

JEEAfA FilJE/MPa P58 E/MPa P/ GPa TR LE
0 123.52 14.92 0.23
10 169.50 22.85 0.23
0 30 245.75 27.20 0.30
45 289.00 29.05 0.34
60 342.70 30.00 0.36
0 83.10 16.14 0.15
10 152.20 27.60 0.20
60 30 207.10 33.40 0.30
45 250.60 31.60 0.34
60 302.95 33.10 0.36
0 121.31 18.49 0.13
10 196.10 28.65 0.21
90 30 258.80 32.20 0.30
45 324.85 34.90 0.33
60 348.45 34.60 0.36
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Figure 1. The definition of angle of foliation
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Figure 2. Typical failure modes of different angles
of shale foliation
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Figure 3. Shale matrix and bedding strength parameters fitting
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LR BT V)9 SR

o,, =b+ma, =137.72+3.4210, @)
@, = arcsin 13300
m+1 @
b(1-sing)
c, =—— ) -37.23 MPa
2cosp
R BT SR
o, =b+mo, =118.85+3.0120, 3)
@, = arcsin m=1_ 3025
m+1 @
b(1-sin
¢, ~20=5) _ 54 14 Mpa
2cosp

Hol, gy (0)) B, (e ) AP BT (2 O BERE A SRR (ZI KR S5 o, Rl 4P IR
o, F 0" 60 RPELEHSE

3. Jointed Rock & &Y 57 FHI&iE

Jointed Rock 1554 2 F& T & S5THI A AR 38 5 J1 B KR ORE, AR AN 55 55 T AR S50 2 % ) [R5 A
5% im) SR B A, 55 T R REIRRAAIE B s Sz A 48 16 % 15) 554 Mohr-Coulomb #E 1) #R5€ . /£ ANSYS17.0
Hh, 55 AL B R I I HE ] m) B wRE SR o BB IR ] 55 TR AR AR 2R (U, v, W) 5 B AR R (X, y, )W) 5
R ST z WA A FE o, SRS SSIE LY AT ARAR RN v BlIERS p, SIEIE Bk 2 e SRR
SEPRE A TR E, e 2 5 ST AL T AN,

w =[cosasiny —sinasiny cos;/]T (5)

ANSYS17.0 Hf# Jointed Rock 5 5) HANELSRAE A (1 J LA RS Foxof E ER AN AT X 43, TRAE E
SO R 14 7 AR AIE R Ik R o o S7 152 B 3 1) o S B S A IR [15]) o i ALK DU M —Fh ¥ 51 & 1) 57t
YAk, ARELZE IR A B RS . 2B S ZERRH A A ) R IR 55 1 A5 W TH 8 — X £
H EWEA e X JEES I X A EERIIEN IR KA T R R E S, WE T3
LEHBNM; MRINRRS I 0 (25 B A H R0 4, BT 0.6~2 mm, J7mIBENL[16]. A %
43 3% Jointed Rock A5 24 7E J72 B A SRR 4 b iR FH M m DABSHIE

3.1. Jointed Rock &I FE SFR A 9 L A 38 E

Ghazvinian ZE[17]\FF /& T il 2L R (R BEAR AL A RHALS, 531 T 280 Tl Nl P s s
SCRR[L7] R R BRAR A (B R SR LE 20 508 1.43 GPa F1 0.31; ERBRIEIIKG 45 /1 S BEHE A1 00 59
4 1.6 MPa 1 39.5°. % 4 HANETEA 1) & 2B 31T T 6 A AN [E [ 4 (0.5 MPa, 1 MPa %) T ¥ 4 ik
5o, WEIRAERERM, UEWA 0 R OB R A BIY) KBS RN, 30° I R A BRI B AOR, 157
Jo 450 R AR BE R T IR

FESCHR[L710F 90 AR B Bkl bk B A R B iR (00, 15°, 30°)EATHUE THE, 564k
I 2 Fiom o
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Table 2. Compressive strength of different fracture angles under different confining pressures in Ref. [17]

2. XE[17]PEEE T ARIHR A RERE

[l H/MPa 0.5 1 15 2 3 4
0 8.18 10.96 12.10 14.09 19.76 24.33
15° 5.58 8.84 11.89 14.56 18.98 23.97
30° 3.05 6.09 8.56 11.58 15.94 20.52

[FIRE, BRI KSR SR (B A, M) 2 v 30" IR E IR M S 15 21
W RS R OR R AR R R &R
o, .., =b+mo, =1.066+4.9450, (6)

1,30

TR, REIRERM o, JKERITC,, 318

@, = arcsin nm1_i = 4158
+
. ()
_D=SINg) 6 24 Mpa
30° 2c0s g

& B ANSYS17.0 Jointed Rock #5137 3 FiAS [RIZ4FR T/ 0 FIREEE RS, Hodr, JER 8 E S5
SRR, 24T Jointl & Joint2 HY5RE S HECAR(T), PEAME B FRRE,

o =0,=0
=0 (8)
v, =90° +6
o, OKIKHUE 00, 15°, 30°. BT ABMIJIFRE, WO SR KA TN 0, % TH N

BEMSI T4 3.

Table 3. Numerical solution of different confining pressures (/MPa) in Ref. [17]

3 3. MRk [17]h B RS T A REER K ER(MPa)

viiTe 0.5 1 1.5 2 3 4

0 8.31 10.71 12.83 14.99 19.21 23.45
15MPa 5.30 7.97 10.53 13.10 18.07 23.15
30 MPa 3.63 6.18 8.73 11.26 16.27 21.30

XFEEAE 2~3 I, KER MRS 5 B AR ) i 225 /T 5%, TIEW] Jointed Rock 574 x5 2 [ A 1Y)
HE R A EK .

3.2. Jointed Rock #=8Y7E o SBR 51 & A A9 B2 A 38 E

T 1A ) BN BB R R Sk i R T Sk 3 BB M, iR S Sk B R B ELAR 43 il N
2105, HHELEBNRFERMN 2 5. 2 2 Ao K2 Bl k5 sk B2 MR, [FE
53 & HC Contact170. 174 /E 4 HARTH SR C AR AL I 570, FF4% 170 Hoc R REORE N 0. NS0T 75 2
LRI R AL (XL Y 2)1a), AR I(X. )1 BL R THER LA A 1 (XL YY)l AR SO @5
T Sk B AR ) R ML RS HEAT N, KT =R R ARSI S, KA CofPres [ & 2@ 2
e RN : B S T MR it N KN A CofPres (BRI, 4R J5 T & Sk - 3 it in K /Iy CofPres/4 )
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B s (Fs Sk R i AR O A R T AR K 4 £5) -

55 2 W UUE IS AR g 1 A R BRI BT V)5 S AL,y SCHR[18] AT A5 AH L (T L5, %2 i
ERA 5. BBUETHE S RBEMZEZR ST 4. & 4 A4, BR 60754 H 4ot S (KB K BASR, AR
(R 5 IRIHA LA . Rk, Jointed Rock A5 8] 2R T4 Bt e 5k B2 R T B0 02 A

Table 4. Numerical solution (MPa) and deviation (%) of shale compressive strength

4. TUARERE BUER(MPa) R ARZEZ (%)

AN [7) LS T O BB (1 227 (%))

fwish
0 10MPa 30 MPa 45 MPa 60 MPa
0 124.28 (0.6) 155.90 (8.0) 220.47 (10.3) 269.84 (6.6) 319.11 (6.8)
60° 108.40 (30.5) 137.06 (9.9) 194.71 (5.9) 238.55 (4.8) 283.16 (5.0)
90° 124.03 (2.2) 155.99 (20.5) 220.65 (14.7) 269.74 (16.9) 318.64 (8.6)

g TR, e HA 3 SRR DL ASCHEAT R R RS, FURT Jointed Rock H%1 55
SR AR AR UL 38 AT, R IR 5 B A B O 21 R
Jointed Rock Hi % 4 LM 2 IR 4 33 MO B (B 502 AT 1.

4. FEARKEHATRAENEEENEETSE

WmE 4R, ATHRIERSERX RSN, &8 3283t 21 4 HAREMERES R TUE R 1
i B =0°,60°,90° 2 R A5 N 7 AR R, Bif 0 /T 0°~90°, HBhREE N 15°,

=

3=

0° 15° ~75° 90°
. s

Figure 4. Typical configurations of bedding and fracture
E 4 BEREBEARRMEEE
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A, JUEE

BRI BT P 0T . 23 BB T 9 FE S 0,22 5. SR A Jointl BADUZE 3, Joint2 B
T, KA R SRR R S RARYE TSRS . £5 =N R4 REx BB T, EH 6 HEE
(0, 10 MPa, 20 MPa %5)%} S A E AR FEAT IHAL, THE TN 126 #p. FEGRE, 5N R,
HE ARG % 7 20 MPa &, JLH I7E T 58 & A9 U E 50 25 SR e .

Table 5. Numerical simulation of the strength parameters

F 5 BERUAFEESH

Bl BESE S ol Kk 71 c/MPa K58 E MPa K £ dre

35 33.20 37.23 6 33
ZH Jointl 30.25 34.14 3 20
47 Joint2 25 25 3 25

GlE— N ICEYVE A REBALMIA A B BT TUE SR MIFEM, Ao IR /IN LA S W 2 B0 DU T 48
S8R F 59 A R o

A = S0 (©)
O—l,/f
Hrit, o, NEBRUAN p R ICAURIREE, 07, 607, 90°/ZHLMfA XKL 20 MPa [l T (1470 3
i 5> 579 183.05, 165.79, 187.95 (MPa), HARMUMAMUMAE 45 o, 5 ARIBIAN po RERBUH N 0 1
TUAPURSRE . THEA TOUT I AR LT3R 6. & 7 f14E 8,

Table 6. A (%) of Class | model under different calculation conditions
F 6. PEMTEIRAT | 2428 A, (%)

or 0 15 30 45 60 75 90
0 MPa 0.2 0.3 4.7 92.9 94.1 65.3 2.3
10 MPa 0.0 1.0 2.7 77.0 79.8 50.5 1.0
20 MPa 0.0 0.1 2.1 66.8 70.4 40.6 0.1
30 MPa 0.0 0.2 0.8 59.3 59.4 35.7 0.0
45 MPa 0.3 0.2 0.8 51.7 56.8 29.6 0.0
60 MPa 0.3 0.3 0.2 46.4 51.9 255 0.1

Table 7. A (%) of Class Il model under different calculation conditions
F7. AEMTEIRT I 2428 A, (%)

or 0 15 30 45 60 75 90
0 MPa 0.1 0.1 1.8 91.9 93.3 60.1 0.4
10 MPa 0.0 0.1 1.0 74.1 77.3 43.8 0.8
20 MPa 0.1 0.3 1.0 62.6 66.8 34.3 0.1
30 MPa 0.0 0.1 0.6 54.1 59.6 28.1 0.3
45 MPa 0.1 0.1 0.1 45.5 51.5 22.6 0.1
60 MPa 0.0 0.0 0.2 39.6 46.9 18.8 0.0
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TG, EE

Table 8. A (%) of Class Il model under different calculation conditions
8. FEITEILAT I 2458 A, (%)

or 0 15 30 45 60 75 90
0 MPa 0.0 0.0 4.4 92.9 94.0 65.6 0.3
10 MPa 0.0 0.0 2.7 77.0 79.7 50.6 0.9
20 MPa 0.0 0.1 2.0 66.8 70.4 41.6 0.0
30 MPa 0.1 0.1 0.8 59.4 64.2 36.1 0.1
45 MPa 0.1 0.2 0.8 51.8 57.1 30.4 0.2
60 MPa 0.2 0.1 0.1 46.4 52.1 25.9 0.1

XHE 6 | SR (R BUEL T S48 R AT 70 vl i SRR A AR X DU (S SR AT — e RE SRR,
M TR 0E S BB, B BRSSP 85 A FIBUA ZE0 TUA B S8 I 39 R A —: 07,

15°, 90°fH) A fEFz1T 0, HAthMifA T A WK E|/IMK IR 60° > 45° > 75° > 30°,

MEAE BRI G5 SRmT S, ZER54A 0 45°, 607, 75°HF, NASFEZLRGT [ R Ak B &, AR R 1) &
PRI X AR ST T HAh ER S A B A A =R A [19]
B B 3G, A R ZLBRATUA T Ae BB/, 32 T R TR A I 2R 58 T P03 R 52 )41
), ZRLBRNT T B 5 P S BT D55 o
B Ao, , BHAR, 5o, RIEMK. SIANWH oy/0,,» I 30°, 45°, 60°, 75 ERMWIMA T
ZHES A KRR, WHES, AcSo,/o,, RATMLNE, HER 304N, LIEXRANRFET 8. WA

TR, oy/0,, A%, RIRAIRAENT Ao ok, GO HT 58 B R R

A FEZRIGASIA 0 FOXE R B RIS, IF(E 0 = 45°~60° W U i KME, K% 6 s dt 1740

H1FE 6,

1.0

0.9

0.8

0.7

0.6 A

04 A

03 A

0.2 A

0.1

0.0

B30° €457 AGOT +75°
4,
e A
.
1 | A _m =g
0 0.05 0.1 0.2
0,/0 5

Figure 5. The relationship between A, and 0'3/0'1'/3 in

model |

B 5 | $ERA 50, /0, EFR
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Figure 6. The relationship between A, and 8 in model |
6.1 KIRBIA 5 0 KX R

o, /oy, Fl 6 AR AT, BEIA R RN (10), HIEAMHE RER® =0.9326 .

A =-1.729-72 333167 +6.5670 — 2.299 (10)
O-l,ﬂ
HroLAREESIR IR o 0 A B 2L B0 A A
~1.729-7 _3.3310% +6.5670-2.2993 0° <O <75
A= Oip (11)
0 0<30°75° <0
A 66620+6.567-0 (12)
00
A
0 = 56.56° (13)

Kk, (R FRL R 2R 0l 56.56° I, RN | SRABEAL B I s BE S i K

PR, % 7. % 8 PEURIAT M, TTLLRIL 1L 1N SR T 545 B S | R I AL 45
Ko 2080, 157, 90, AJLUN 0; HAMET Ac5 oy /0, , A1 0 KA KRN (14), #
3 RAFTH A A KR SR YT L 9, ARBEMUEAXPHSHa. by c M d KIEHY, &
FEAI (1) Ae E 577 72 47 B 5 K AR

O3

A =a—+b#*+co+d (14)

O-l,ﬂ
Ebiae 6. 3% 7 A 8 MR BB 451 N 4RI #7307, 45°, 60°, 75711 Ac KIL, 1. 11 A A L%
Feilr, i 1B A EL 1L 1T 2B/ e ARSCUCHRBRSI NS 1T 2RBALS 5 Tk A S B CRBR) = R T B
IR, BRFEZE AN 0T 0 N SRR 5, B BRI TI N, BRIR 1) 3 5 R 36 i 8 o 4 ) [ B (B RRY)
TR ZE UK
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B

’ :ZHET%ED

[

Table 9. Summary of 3 kinds of model fitting parameter A,
= 9. 3ATEER A MESHLR

eS| a b c d 9, R?
| -1.729 -3.331 6.567 —2.299 56.56° 0.9326
] -1.672 -3.348 6.542 —2.281 58.64° 0.9424
11 -1.736 -3.339 6.594 -2.312 58.02° 0.9522
5. &g

BT ORI IS AN H AR 2B T SO, B0IE T BB SRR B AT M JERE 2 A T B
R RRT T 1 AN R AR TUA PUR SR RE W, &R 45

(1) EAIRIAE LU BT TUA #EAT R AL, 5B ANSYS17.0 Jointed Rock F5Y ] LA 22 Fift 3 47 24 5
f A AT b, BA WKL .

(2) 2B ANR] 2 BB DU §U S 50 L AR S — B 57/ A7 (VAR B BUA X DU 0 M 552 (A 1 95
FREE I, S IA I8, 7E 07, 157, 90°HIZIRFRS VLA ik i BE S AR AR LE R o

(3) MHFIZEAETR, SRR 60° WA PR IR, X 07y 90° U PR 3 MR R, TiX &
LEREFICE R A%,

(4) TSl BNV, R TUA PUR R 534k, Bm BE N il iR BR 7 18 i B 1)
TR TR, TR I 92BN B 470 2 B2 (RS2 M T (AG) I 95 -

SE Tk
[11 #ir, RSO, “TUERFEa A A®A RAEEFER]. FEA I, 2013(3): 1-2.
[21 EFE, XELSE, deil, 2 TUE SIS KR R R A AL[I]. RAR S HERF} 2%, 2010, 21(2): 350-356.

.
[8] LilEse, 3K&). DUASAEZ B FIRFAERR S —— DADU 1 b S L 2 7 A S [3). A scianth g, 2011,
33(3): 219-225+232.

[4] Fstzs, TR SRR TUE A B R A A TR 7 [0]. A MR, 2014, 53(5): 501-508

[51 #ock, MM, FENE, S RGBT & R IR RN TUA 2000 MRS AR ARG WF L[], A 0%,
2015, 36(6): 1649-1658.

[6] Efth, 1&VT, MEEAE, 2. SR80 IE e 00 S B AL K 1SRRI L [3). A I R AR S 23R, 2011, 33(6):

104-108.
71 BFL, w5, MEWR, & REPORX TUA SUKP R RERGE VI [I]. BHEE0R 5 TR, 2013, 13(3):
580-583.

[8] JEEEN, BAFHF, #ik. A RS TR 0], &4 /155 TFE443KR, 2010, 29(1): 90-96.
[9] B, 205, ik, Ve TR R B IE L&A S m[I]. IRCH iRk, 2013, 23(4): 1-5.
[10] Mk, wmiT5FE, 8 4. BHBEATUARETN 5080 AlmERER, 2015, 43(5): 20-25.

[11] Morgan, S.P. and Einstein, H.H. (2014) The Effect of Bedding Plane Orientation on Crack Propagation and Coales-
cence in Shale. In: 48th US Rock Mechanics/Geomechanics Symposium, Minneapoli, MN, 1-4 June 2014.

[12] Sun, K., Zhang, S. and Xin, L. (2016) Impacts of Bedding Directions of Shale Gas Reservoirs on Hydraulically In-
duced Crack Propagation. Natural Gas Industry B, 3, 139-145. https://doi.org/10.1016/j.ngib.2016.03.008

[13] Tien, Y.-M. and Kuo, M.-C. (2001) A Failure Criterion for Transversely Isotropic Rocks. International Journal of
Rock Mechanics & Mining Sciences, 38, 399-412. https://doi.org/10.1016/S1365-1609(01)00007-7

[14] Kuo, M.-C., Tien, Y.-M. and Chu, C.A. (2004) Study of Failure Process and Failure Modes of Interstratified Rock
Mass with an Emphasis on Specimen Preparation and Image Scanning. Gulf Rocks 2004, the 6th North America Rock
Mechanics Symposium (NARMS): Rock Mechanics across Borders and Disciplines, Houston, TX, 5-9 June 2004, 1-12.

[15] ANSYS (2015) ANSYS Mechanical APDL Theory Reference Release 17. ANSYS, Inc., Canonsburg, PA.

DOI: 10.12677/hjce.2019.85112 976 T ARTHE


https://doi.org/10.12677/hjce.2019.85112
https://doi.org/10.1016/j.ngib.2016.03.008
https://doi.org/10.1016/S1365-1609(01)00007-7

A, JUEE

[16] ki, R, A, RATUE RRASEY RIFEHAK]. A&k, 2014, 35(3): 496-503.
[17] Ghazvinian, A. and Hadei, M.R. (2012) Effect of Discontinuity Orientation and Confinement on the Strength of

Jointed Anisotropic Rocks. International Journal of Rock Mechanics & Mining Sciences, 55, 117-124.
https://doi.org/10.1016/j.ijrmms.2012.06.008

[18] M &M, frda, W&, 4. 5T Eru s 2G50 10 7Ua 8 5 SR B0 E [1]. & 1715, 2015, 36(12):
3447-3455.

[19] Yong, M.T., Ming, C.K. and Charng, H.J. (2006) An Experimental Investigation of the Failure Mechanism of Simu-
lated Transversely Isotropic Rocks. International Journal of Rock Mechanics & Mining Sciences, 43, 1163-1181.
https://doi.org/10.1016/j.ijrmms.2006.03.011

Hans X
PR R KPR

1. FTIFHIME T . http://enki.net/, s o T A “ 4h SCHE Y5 22 CNKI SCHOLAR”, k%% % http://scholar.cnki.net/new,
HRME N BN CERR S, AT
st R, TIHIRMELPE: [ISSN], % AMAT] ISSN: 2326-3458, BA]#Fif].

2. JETENE TT http://enki.net/TRES “IHAR H 7 BEN K0 IHAR : http://www.cnki.net/old/, 7 3% 4 « [l br STk & 7
BN, HRIEEEMACEE, R i,

¥efEiE b hitp://www.hanspub.org/Submission.aspx
HATFIMEAE: hjce@hanspub.org

DOI: 10.12677/hjce.2019.85112 977 T ARTHE


https://doi.org/10.12677/hjce.2019.85112
https://doi.org/10.1016/j.ijrmms.2012.06.008
https://doi.org/10.1016/j.ijrmms.2006.03.011
http://cnki.net/
http://scholar.cnki.net/new
http://cnki.net/
http://www.cnki.net/old/
http://www.hanspub.org/Submission.aspx
mailto:hjce@hanspub.org

	Study on the Compressive Strength of Shale with Different Fracture Morphology Based on Jointed Rock Model
	Abstract
	Keywords
	基于Jointed Rock模型的不同裂隙形态页岩抗压强度研究
	摘  要
	关键词
	1. 引言
	2. 不同层理倾角下页岩压缩试验
	3. Jointed Rock模型应用验证
	3.1. Jointed Rock模型在裂隙岩体中的应用验证
	3.2. Jointed Rock模型在无裂隙页岩中的应用验证

	4. 不同裂隙倾角下页岩抗压强度的数值计算
	5. 结论
	参考文献

