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Progress in brittleness evaluation and prediction methods in unconven-
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Abstract Brittleness is of great significance for deep rock engineering and resource development, especially for unconventional
oil and gas resources. Brittleness evaluation, fundamental principles of its prediction and research progress are summarized and
analyzed. The structural characteristics of rock such as lithologic composition, bedding and damage, pore fluid and its occurrence
characteristics, confining pressure, temperature, rock mass measurement scale, and stress path all impact brittleness. High
brittleness unconventional reservoirs are characterized by a high content of brittle minerals, high Young's modulus, small total
strain before fracture, dissipated energy in the pre-peak stage of the stress-strain curve, little fracture energy in the post-peak
stage, low ductility, large internal friction angle and easy formation of complex fracture network systems in hydraulic fracturing.
Unconventional reservoir brittleness research should focus on the formation frangibility and the ability to form complex fracture
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network systems. According to the types of data, brittleness evaluation methods mainly include mechanical experiment evalua-
tion and evaluation based on logging and drilling data. Brittleness prediction is mainly based on prestack seismic inversion. The
study of brittleness anisotropy and controlling factors help optimize and improve evaluation and prediction methods for different
types of unconventional reservoirs. Due to the different research ideas and data sources, the applicability of different methods
is also different. The integration and mutual verification of multiple data and methods is an important future development
direction. Artificial intelligence, including machine learning algorithms, can organically integrate multiple data, collate effective
information, and has the advantage of being more efficient and accurate. Artificial intelligence is promising in geological research

controlled by multiple nonlinear factors such as reservoir brittleness.
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confining pressures and stress loading directions(modified
after reference [21-22])
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Fig.3 Stress-strain curve of black shale at different temperatures(modified after reference [37])
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Table 1 The classification of brittleness’ evaluation and prediction methods
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Fig. 4 Stress strain curves of different lithologies(modified

after reference [37])
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Table 2 Brittleness evaluation formula based on laboratory data
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Table 3 Brittleness evaluation formula based on stress strain curve shape
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Fig. 6 The crossplot of different brittle reservoir rocks and

minerals(modified after reference [83])

WA AR RN B AT RLS e £ 72 S
IR BB S AR MU . & BRI A A T
AR R AR, A A PR T I MR
NS AL A REAY . Han 55 PO 1Y 1 S8 PE N 2438
SRARALL 7 A1 B4 AN R 30 T B el N 224
A S B IR BIE AN PRESRE, $R T BT
etk A0 B AR 2 R IR R A TR . gk oY
LREH A PR OBYERR SR L BEAL AR . BTAK
REE LA R 1R 285000 i IR AR ) S o 1 57 T SR
B IR, AT LU M S W P A A
1o LIS g 25 A3 e R AT LA SED R s 2 g g A
HAOSIE SRR . X BERT AR A R TR,
A ARG BRI METE SR 12247, SRR B AT |
PO DCRISE S AU, Bt 2 T R X A
FIFE R o b=l ML U 2 B WE P BT — RE R

5 Whig

AR H AL U Z C O skl R B EORUR, e
PEVE O B0 AR B R AL 5T Ak G H 2
ZZFAEMAES], MmN R Z, S
MREZ, Gl EZI R

51 fetE. EESAEE(GERY)

HAO PR ETE AR 2 T AR AR N A A
ARERPE T T, JFASRIAZ IR RN RS A
FHYE X, WEtET SEME R RS, SEME AT
I T P e A M 2 H AR 285 AT A EE T AT
BORMRMEMERR BT S, wl DUR B s P = B LA R
JUASBE AYRFIE . MRS PIAR X S, B i
BOR, BRSNS, N — A2 i 24 R i BoAe
HIRE LA S0 I By BE4EFF R0 RE R T 2ERE RN, fIRAE
P, WEEEEMR, BERRSIENIZRMSEM R 5. 18
AR R TR Ao, BEvEATIE 2 H i S
WAEFRE T 20T, BOWEIE R 2 M R 5,
FEBOCR AP AR )= . BORIETE S 5 s 20 R oy
THOL T e —E, HARBUE A 255715 1SR ]
e, SR TR A0 R A B A BRI R RCR 7
JEPN P, fEARE HLRZ BT, N 2 R
VE b JZ B n] e 0 25 T R A2 2 4 ) R GE A E
FATE A e B At B Sk ) A AR e
L A AT LB R A ML 2 B T R, e P RN, ) 37
AR = T, WETE SR BN EASCA T 4 i —



AR A E MR 5 T 7 Ao

39

PEMFE b
5.2 & ERME

BT 2 2848 )27 35 5 T 4% 1] S ko A0 W) BEAE8A
JRAERL, & At R s SO e v, (e A BESETE
A TR ) 45 10 [R) PR AR e A ) B R A TR A, 220
T M E A 1) Sk . LA SRR ST R MR ) AN TR D Ao
HUORE AR A A A S50 T) DL GRS 2R etk
TRBMAFERR 225 B, AR T REJE th TR K 3 )
(AU 73 5 1) HE S 8 2588 16 AS [ D7 1) 3t 7 3 19 2
SRS M H AR RN, Wbk R 1 % 1 S5
PRI 185575 i) S il R IR T B4R 1) AL
XFAE U U8 = BROT A B R R R R ROR, AR
L ZEAMBII

53 AREBIFEEMHSEERETNTE

FURT, AEARH RUIH R Z b 50U B B PR 7S AR Xt
KRR, RZ B AN 25 Aot Tr
o BEAESEPRRI A, sk BRI AL DU B R
AT TN PSR 4 70T R TR A R
P MEtEd Y (A3, oA 5 ) P B 2E R HOKR,
AT HetET- P ek . fEseER A=, eafk
MEEFHER, AR RTERCRR, &YX &
AT MEPERMRARXT /DN, T WP 4 35 0 0 AN
ROR P2

AN TR TR WA 0 2= O I 2% 1) S Pt 2 A
[l DUATEREAEARXT R A OE RO, 2 () B %
[E i LRSS B2 X EAE L1 &I A I N A0 A DRI AE 7/ B S 8
e i) S5 48 ) (4 7 22 PR S NI . BCR AR
oK Bl T3 26 ko, 2 PR R 1] 45 i) S 1 L ASE SR

(a)

300 60

90

5k s2E/GPa

14| 240 120

180

7 BEBESHMER & E R (RS (86] 1£2)

Fig. 7 Transverse anisotropy of elastic parameters in sandstone(modified after reference [86])
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