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Generalized fracturing activation criteria

Abstract: [Objective] Rock fracturing and its subsequent activations are the most basic tectonic deformation modes.
However, the classical fracturing criteria (Coulomb-Mohr criterion, Griffith criterion, and Byerlee sliding-friction law)
have different limitations in practical applications. [Methods] Based on the classical fracturing criteria and the analysis of
the physical nature of fracturing generation (extensional fracturing and shear fracturing), combined with the generalized
shear activation criterion and long-term research practice, a "generalized fracturing activation criterion" is proposed through
theoretical analysis in this paper. [Conclusion] This criterion can be used to quantitatively determine the possibility and
types of fracturing of any medium, under any triaxial stress state, and at any orientation interface (including pre-existing
weak surface and non-weakness surface). It unifies the Coulomb-Mohr criterion, Byerlee's law, and Griffith's criterion, and
extends fracturing to fracturing activation. [Significance] The proposed criterion has broad application prospects in the
fracturing activation-related resource (such as shale gas and hot, dry rock) exploration and development and prediction and
prevention of natural disasters (such as earthquakes and landslides).

Keywords: fracturing; fracturing activity; pre-existing structure; Coulomb-Mohr criterion; Byerlee law; Griffith criterion;
generalized fracturing activation criterion
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AR ) #6) 1 L #E 22 — (Twiss and Moores, 1992), J& i Pk
I W EEA Ty o JLF B By N gl g H s AR R
KA 53403 7 Hb BT AR TR 5 2 A0 56, [R] B B I8 A e
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MW BRA BT |, i R A A T D A T
A 57 Y AP 5K i 24 (Twiss and Moores, 1992) .

AR A B )2 2 M YE ) & Coulomb-
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f14 B2 35 AR} 1) 9 3 14 ) B ( Wallace, 19515 Bott, 1959;
Byerlee, 1978), {H 3% #4557 # Joy KR T — 2 b SRS
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2.1 Coulomb-Mohr #

Coulomb B fif7 24 #i 1) /& Coulomb T 1776 4F42 1
1 (Célérier, 2008), AJ L2 30 (1) F s (B IF 4L A
AT, 1989; Twiss and Moores, 1992):

7=C+uo, (1)

Horr, o Ry ile A 8T 0 J7, 0, i #OH LAY 1E
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BOFEED o AX(DTE o bR R R —FEHZL(E ),
PR “PEAR BT RE AR, phiZ AR, Hidu=
tang, ¢ N A A I INEEELA, T R A A Ptk aR iz, N
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Fig. 1 Diagram of Coulomb-Mohr criterion and Griffith criterion

¢ is the internal friction angle of the rock, 7 is the tensile strength of the rock and the cohesion C=2T
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B PR A Coulomb [ 1 ARAS o SCH Y I ) 455 2R [
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T D) B B4R 7R Sk il 2R B “Mohr Bl A6 27 5 1K 1),
B[ Mohr 7N, 3 P~ 25 LY g 5841 )5 F% hy Coulomb-
Mohr #E ] .

Coulomb W] J2& 51 %5 #4534 B4t 9 ( Anderson,
1951) . Anderson #R #& Coulomb BY ¥ 24 ME W, ¥ 2
SIS A TR L AR R R AR R 3 a0 O v
Pk i, B B B 24 T R K 32 R N ) Bl oy 1 £
(B 2411 ) 55 T +(45°—0/2) (9 S N EEHE ST ), IF S5 ]
F N T8 0, VAT, o — % S B Y B %2 1T (Anderson,
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1 b 5T 2 1 42 2 M 3 8 (Célérier, 2008) o fH % Wi
JERE AR B T Y S By, S bR v b B B 2
A9 J&1 B 4 ( Tong et al., 2010) o
2.2 BEhEEE ( Byerlee £ )

F£ F Coulomb-Mohr 7 ] ) Anderson W J2 1 5
B A M JBT A 2 2 50 A BT, I By )2 2 O LA R Y
5 F R 007 A5G, 5 HAD R R (G Se 7 4 i
) oK.

SRMT, S5 bR AR 2 AR By o Sefrilis (£
B S AT W L) R R 2 B Y 5 e — R B
SR T B b BT AR AR 4 B Y e R (R A, 2009;
Tong et al., 2010), X J&i& i Anderson #2077 78 R R
TC AR b b i e F AR ST R AR I 2 R A T 1A

R T DRAE SE A AR T T b BT R A0 I R A, AN
[7] % & S J5 4 T B8 83 3l B (Wallace, 1951; Bott,
1959; McKenzie, 1969; Byerlee, 1978; Jaeger and Cook,
1979) Fi1if 2l #a #5531 318 (Morris et al., 1996)

FEREALIN y, Je A e S A N VR R, Y 4E
FHAE e A7 1 22 TaT F 1Y BT W ) v IR HE N 58 g R BE 4%
V5, S A 24T LU B T 30 (Bott, 1959; McKenzie,
1969; Byerlee, 1978) , H i 3 44 1Y /2 76 52 30 BL Ay |

$2HY Byerlee £ ( Byerlee, 1978), Al LIHAR(2) R,
Tw = Cw +uwo, 2)

A, oy WG FEBT N 7, Cy R Je A7 1 24 18T 1) N
RI1, o0 NAAFB AT I IE R T, uw R FE A S
T R R H

JEE 82 T B A B S U Sl A A 3 T 9 Bl 0% BT 2 AR
FH 56 il T Anderson W7 )2 455 2 i 249 5T 44 149 i 35 R0 AR
] 9% 3 f9 1R) B (Wallace, 1951; Bott, 1959; Byerlee,
1978) , {H 33k A58 70 4 Jg BR T — 2k Ji7 1 43 BT (Morris et
al., 1996) o 3 2l F 53 Bt B HEL 0 9 5 1 ) PEE 4
AT N Y R B = 4, H R B — s 1Y
Jay BRAE . —J& 2 % & Anderson [ 7 RS (— A F 4
JIME S ) ZRZN TS AN ER T S RRA
%R A N R A B A8 4k ( Tong and Yin, 2011) .

W BEE A TE — & B L% Ik T Anderson £
YR BR M, (HER B A DA A b gtk B 98 5 52 2 A
JBT 45 AT W )2 A FH A g 2= AL e R
23 TTXEYIESAEN

43 H1 Coulomb-Mohr #fE W F1 Byerlee it 7] L) &
L, AR R S BUd R AR B A A B, A B U0 IE
Bl ) B A SR SR [R) Y, ROVE H AE B A BY N )
HE R Iz A Eay N R AN EEE g, B AT
P Y YITE Bl .

SCHVEH “BYUIE B AR By Uk T —dn],
TR R R I (B S IR) i 5 48 18 1 &
A BT DI B AN T B R A BT UIREIR, B “BY U0 iE B
AEAE TR D — 2 77 A2 B UG 30 09 1 A S R A
NS Y, D) BT U005 B Gk 5 U R e A, R
SER AR TR () BEAEE Ty 5 02 7 AR BT U0IE By A
T JC 2R g, W00 55 I 2l RS i S T Y EE 45 T R
Al A

B A (2015) £ 1 B T SCBY U I B o ) A
BY U1 30 i Wy A 5 A, R S AE A 1 T 2
W FTTE Bl Sy i Bae, 42 0 89 U1 3 i 3
(fos X)) RFHBEE =M IRET, FER
T (5 A UL L 2) % A= 55 11 20 (19 a] e v (B4R
AR HESF W Tong et al., 2010)

\/ (0,28in°0 + 0,2c0820c0s2@ + 032c0s20sin’ @) — (0,506 + 0,c0820cos2 + g;3cos20sin’ @)’

s

Kb, o1, 0 fl oy 43 B N EK L HR TR A R /N 32 101
J15 Co R BRI N R 15 we o FETH b Y BE 4R R
O RAME o A5 o AW AE 005 V18 12
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Cp + tp X (015in6 + 0,c0520c0s2a + o3c0s26sin’ )

L5 o W Je o T U A S, ST O H R T 7
Chn s ] AN £ ) 5 0 N o Z 18] 1) 3¢ 22 0] DAIE 3 AR A
45k 7 57 ( Tong and Yin, 2011) .
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Fig.2 The spatial orientation definition of the interface (with 3

principal stresses as axes)

o1, 0, and o3 are the maximum, intermediate and minimum principal
stresses respectively, 6 is the angle between the interface and oy, and
o is the angle between o3 and the interface's intersection line with the

0,—03 plane.
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TE 45 5 W R IR T, 24 fr = 1.0, 5T AL T ilfs
PRI SRS > 1.0, A B R AT K Bl fi<
1.0, ST AL TR R A
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w‘,ia%
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O
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o
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Fig. 3 Diagram of the Mohr space under Griffith stress state

T is the tensile strength of the rock, 27 is the cohesion of the rock, 7} is the extension strength of the weakness plane, g is the Griffith tensile

fracture line, gp is the extension activation line of the weakness plane, 0 is the angle between the interface and o ;, and a is the angle between o 3

and the interface's intersection line with the o ,- o ; plane.
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Fig. 4 Diagram of relationship between different poles and fracturing activity line in Mohr space under given stress state

T is the tensile strength of the rock, 27 is the cohesion of the rock, C is the cohesion of the medium, C; is the cohesion of the interface, 7} is the

extension strength of the weakness plane, g is the Griffith tensile fracture line, gy is the extension activation line of the weakness plane, and

P1-P9 are the pole positions of different weakness planes in Mohr-space.
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Fig. 5 Mohr space diagram of the evolution of extension activities in geological bodies with multiple weak surfaces in the process of increasing

fluid pressure

(a) Mohr space diagram in the initial stress state; (b) Mohr space diagram under the stress state when pole P1 touches the extension activation
line; (c) Mohr space diagram under the stress state when pole P2 touches the extension activation line; (d) Mohr space diagram under Griffith

stress state; () Mohr space diagram of regional stress state after stress drop

T is the tensile strength of the rock, 27 is the cohesion of the rock, 7, is the extension strength of the weakness plane, g is the Griffith tensile

fracture line, and g, is the extension activation line of the weakness plane.
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