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Abstract: The anisotropy of fracture properties at different bedding orientations of lignite plays an important role in controlling the forma-
tion of fracture network of reservoir racturing. The static fracture behavior of the lignite semi-circular bending specimens of the 6 coal
group in the Shengli coalfield, Inner Mongolia, is studied. The results show that: (D Bedding When the angle 6 is 90°, 60°, 45°, 30° and di-
vider, the mode I fracture toughness K. of lignite of Shengli coalfield is 0.045, 0.058, 0.073, 0.084 and 0.096 MPa-m"”, respectively. on
the whole, the fracture toughness of the sample with the notch-cut layered surface is much higher than that of the notch-parallel bedding-
surface sample, and for the notch-parallel bedding-surface sample, the There is an increasing trend with decreasing fracture toughness, and
the fracture properties of lignite in the study area have strong anisotropic characteristics; @ The displacement-load curves shows that the
fracture process of the five lignite semi-circular bending samples under three-point bending loading includes: the compaction stage of
pores and cracks, the linear elastic compression deformation energy storage stage, the critical fracture failure stage, and the load unloading
stage after fracture. The large stage, and the rapid load unloading of the above samples in the later stage of fracture indicates that the mater-
ial fracture forms are brittle fractures, the coal has a large fracture rate, and the reservoir is suitable for large-scale volume fracturing; 3
The fracture energy I of five kinds of lignite semi-circular bending samples with the bedding angle 0 is 90°, 60°, 45°, 30° and dividing
during three-point bending loading process is 64.38, 80.49, 112.50, 146.66, and 355.00 J/m’, respectively. The fracture energy of the
sample with the notch-cut layered surface in the whole process is much larger than that of the lignite sample of the incision-parallel bed-
ding plane. Under the same conditions, the energy consumption of fracturing along the bedding direction of the split lignite is high, and the
expansion scale of the fracturing fracture is limited; @) Under three-point bending loading, the fractures of the lignite semi-circular bend-
ing specimens in the study area mainly include tensile fractures and shear fractures. The fracture path of the lignite specimens is controlled
by the spatial relations between the external loading direction and the orientation of the coal bedding plane When the bedding angle & is
between 45° and 60°, the degree of tortuosity of the fracture of the sample is the highest, and the fracture network is most likely to be
formed in the coal reservoir fracturing; (5 Based on the fracture mechanics anisotropy of lignite, this paper believes that horizontal wells +
staged fracturing in lignite reservoirs can greatly improve the complexity of fracturing fractures. In addition, considering the inertia of
particles, the horizontal wells with the borehole direction parallel to the maximum horizontal principal stress can carry proppant smoothly
and avoid plugging, and the fracture filling effect is better. The above understanding is expected to provide a certain scientific reference for
the reservoir volume fracturing stimulation and fracturing network construction in the study area.
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Fig.1 Lignite formation profile, sample preparation and three-point loading system in Shengli Coalfield
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Fig.2 Loading displacement-load curves of lignite SCB

samples with different bedding orientations
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Fig.5 Calculation principle and result of fracture energy of lignite SCB samples with different bedding directions

Tt AT E S I A TR BB BE T 5 d R I ) L B
JZ T = M A R OCR, SEH R MR AE R AR SR
PERIH T EE A4 T

3.2

B THRH R EER R R

BT AR W2 122 0 A, 4 H N St A T
BB 2 T 2R R A R ik I i X (5T 6)

‘ll“ln.l 90° m Divider (V]43)
l oy L e l oy /
Oy Oy
- - — K°,
I | 1 Py
T | T
— ﬂ"t‘, it I | ~-t_
—] I l
I | I
) ~ == b ~
oy Oy
avt Oy T
(a) oo, >0y (b) oy>0y>0, i
o A
—X ==
lo\, / l Oy /
oy K. O K
14 Kic
| | Il I
'l: [ 1l - I [ Py
I IJ 1 l ~ - -
T H U
1 I N
L ~ ~— S L
Oy — | oy
O'VT UVT

(¢) oy>0y>0y

(d) oy>0>0,

Bl6 HTWRAFRENEEMSEENLELNX
Fig.6 Fracturing modes of coal reservoir considering lignite fracture characteristics

69



2023 4F5 5 11

# £ M FH K 551 %

Pl 6a Sy S S22 s 2R B Hy 2 1) 7 g Sk e /N
Jr ], BT K- 28 TE S, B e 24 455 1 e 4%
PR D) A7 )2 1 HLZ 8 F A 90°T5 [ b B 46 J4E
Wi B K o, T2 T 7 110 4 W7 2445 e I, DLk
A I 2 8 1 7K OF A 1o A v B R T RE SR AR, 7E
[ SRS N R D AR T i B e K. Y 2R
BRI fe/INKSF- 321 3 Ry d5e/NRE 377 1), 4n &l 6b
Ji, HH I R IE 2Un 24 2485 U e R Al BV 1 07
7 91 FR I B PR — T 24 4%, 448 582 R divider(
YIor) R FR, P8R T U] 404 A 2 18 7 ) 1)
Wi BIEE KO\, PR ZAZIAE ST FEWTZLRE =) | JE FRMEIE K,
JE S BB S AR Z IR . K] 6b, 8] 6¢ TR 43 3 A~
17 3 B KOKF F2 0 ) (o) J5 B2 H T KB,
ZAE DL AR S v A HC BT R U A T2 T H 2
o 07 0] LAY B4 BE K\, 1T 148 BT 24400
JETE v, 448 A JR o AT AL BEAE A X AL AIG , ZU4EAE R
MERE R A5, DAWT 2L RE s RE A BE AT, R
BRAE A 2 24 s o R BUBUZ I S . 6T
ARSEATRNTE B KK ST 6y Jr T 2 FRZE
M5, AT ow J7 ZE 240 RS b 5 24 4 733
SR GE, AT ARG AbIE

4 & &

D) IngE o AL 527 M9 £ 6 24 90°, 60°, 45°,
30° PN 552 1l i A 6 08 2 A SR 1T 24 4500 1 4 )
M 0.045, 0.058, 0.073, 0.084 MPa-m®’, divider (¥
43 ¥ B RE W 2LE B 0.096 MPa-m”?, 4K 11
Y153 2 0 R W 490 B v 010 11 A7 2 T A,
JZ T ) R HE T2 T 2 R s e 3

2) =N R AR B W 28 g £
SABRERBE AR | SR ARIE | WSRO S S S e 4
W B, AN ) )2 T 5 A7 4 IS T 4 I 28 i 2L
FWIAR X MR et | Mo T R AR R 2L

3) ) 0 28 A7 s — s 280 1 28 R0 A 1 ek A
H 2T A 6 R 90°, 60°, 45°, 30°} divider (F143) 1%
PR AL L BE 4 1 64.38. 80.49. 112.50. 146.66.
355.00 J/m’, 3 G I Z 7 10 Wi A4 BB B R, TV
AT EARIAE 2 7 [ W L RE AR

4) PEFIBE A I SCB iatkE = i A iz N s
HE AT 7 v AR T AN 1 A2 1 (5 TR
SREIUE ) (M) JE S, Z IR R BIUE RSB o I 2 R 2
AT SE o O Ak R A S d K S ) | R T
2R, FETH AR AE T

5) JHk ) T 92 B A A 2 e 2R v S S i )y ]

70

AW R R . RS Z B R G 4
7 Tia) = R DR 445 B R T ZE P 2, AR XL
SR IBOWUZ S 2G5 4% o []Isf DAE (A DR A 14 234,
AT B R R T 77 18] BRI S s 52 P RE A ik
Tb3E, DA SRR A 0 e S84 SRRSO B4

5% ik (References):

(1] EAL, Mo, BARZEK ) R4 G R LI M. 200
HuBRF AL, 2017
WANG S W, CHEN L C. Hydraulic fracturing fracture propaga-
tion mechanisms in coal reservoirs [M]. Wuhan: China University
of Geosciences Press, 2017.

(2] B, FALE, XK, 55 62 KRB R Gk ) AR
BEY LS MR AT (7). 74k, 2020, 45(7): 2590-2601.
LYU S F, WANG S W, LIU H T, et al. Analysis on the influence
of natural fracture system of coal reservoir on the fracture propaga-
tion form of hydraulic fracturing[J]. Journal of China Coal Society,
2020, 45(7): 2590-2601.

(3] BRSLAR, FLLZE. BEA Wy 2Pk BOuk ik )2 i 24 00E B s im L.
KARSHERFL, 2020, 31(1): 122-131.

CHEN L C, WANG S W. Fracture properties of high-rank coal and
its constraint on hydraulic fracturing stimulation of coal
reservoir[J]. Natural Gas Geoscience, 2020, 31(1): 122-131.

(4] LIy, W &, Hifh, 5. ST WA 25 00 TUE G 2= 4% S 1
B (1], KRS HIREL, 2014, 25(4): 603-611.

CHENG Y F, CHANG X, SUN Y W, et al. Researchon fracture
network propagation pattern of shale reservoir basedon fracture
mechanics [J]. Natural Gas Geoscience, 2014, 25(4): 603—611.

[5] KURUPPU M D, CHONG K P. Fracture toughness testing of
brittle materials using semi-circular bend (SCB) specimen[J]. En-
gineering Fracture Mechanics, 2012(91): 133—-150.

L] Bimte, ol W, 2= Ix, 55 LR E SRl T {5 o s
AEBESE 7). BERBFAAR, 2021, 49(9): 47-53.

ZHAO Yangfeng, JING Gang, LI Bing, ef al. Charge signal time-
frequency characteristics of granite under uniaxial compression[J].
Coal Science and Technology, 2021, 49(9): 47-53.

(7] EMAE, XULEL, BREM, 5. ZRCR SN %42 T s

SRR [T]. SR BLAH0R, 2022, 50(2): 95-105.
XIA Binwei, LIU Shiwei,OU Changnan, et al. Experimental study
on mechanical properties of sandstone with single fracture under
fully-mechanized top-coal caving mining stress path[J]. Coal Sci-
ence and Technology, 2022, 50(2): 95-105.

[8] TIENNOT M, MERTZ J, BOURGES A. Influence of Clay Miner-
als Nature on the Hydromechanical and Fracture Behaviour of
Stones[J]. Rock Mechanics and Rock Engineering, 2019( 52) :
1599-1611.

[9] JINZF,LIW X, JIN CR, et al. Anisotropic elastic, strength, and
fracture properties of Marcellus shale[J]. International Journal of
Rock Mechanics and Mining Sciences, 2018(109): 124—137.

[10] DUTLER N, NEJATI M, VALLEY B, ef al. On the link between

fracture toughness, tensile strength, and fracture process zone in


https://doi.org/10.13225/j.cnki.jccs.DZ20.0859
https://doi.org/10.13225/j.cnki.jccs.DZ20.0859
https://doi.org/10.1007/s00603-020-02171-7
https://doi.org/10.1007/s00603-020-02171-7
https://doi.org/10.1007/s00603-020-02171-7
https://doi.org/10.1007/s00603-020-02171-7

MRS A AT SRR [ 2 s I 5 —— LA St AR FE g 5] 2023 AR5 5 4
anisotropic ~ rocks[J].  Engineering Fracture = Mechanics, bedding on the dynamic fracture toughness of coal: Laboratory

[11]

[12]

[14]

[15]

[16]

2018(201): 56-79.

HUANG D, LI B, MA W Z, et al. Effects of bedding planes on
fracture behavior of sandstone under semi-circular bending
test[J]. Theoretical and Applied Fracture Mechanics, 2020(108):
102625.

SUO Y, CHEN Z, RAHMAN S S, et al. Experimental and numer-
ical investigation of the effect of bedding layer orientation on
fracture toughness of shale rocks[J]. Rock Mechanics and Rock
Engineering, 2020(53): 3625-3635.

YU J, SHANG X C. Analysis of the influence of boundary pres-
sure and friction on determining fracture toughness of shale using
cracked Brazilian disc test[J]. Engineering Fracture Mechanics,
2019(212): 57-69.

WANG H, ZHAO F, HUANG Z, et al. Experimental study of
mode-I fracture toughness for layered shale based on two ISRM-
suggested methods[J]. Rock Mechanics and Rock Engineering,
2017(50): 1933-1939.

AR, 3, B, L TR RO R
Wy 24k fRAF 9 0], SA 4 )22 5 TR 22 i, 2016, 35(6)
1255-1264.

ZHAO Y X, GONG S, JIANG Y D, et al. Characteristics of
tensile strength and fracture properties of coal based on semi-cir-
cular bending tests[J]. Chinese Journal of Rock Mechanics and
Engineering, 2016, 35(6): 1255-1264.

ZHAO Y X, GONG S, HAO X J, et al. Effects of loading rate and

[18]

[19]

[20]

experiments[J]. Engineering Fracture Mechanics, 2017( 178) :
375-391.

FREEE, W)THE, WIRLAE, . AR TR T R = s e
SURFYERTIE (V] BB, 2016, 41(2): 424-431.

YIN Z Q, XIE G X, HU Z X, et al. Investigation on fracture
mechanism of coal rock on three-point bending tests under differ-
ent gas pressures[J]. Journal of China Coal Society, 2016, 41(2):
424-431.

WRALE, A4, sk, S MM R IE BRI AN S )2 s
RS AR, 2020, 45(82): 955-964.

CHEN L C, WANG S W, ZHANG D K. Characteristics of coal
and rock brittleness indentation method evaluation and reservoir
reconstruction significance [J]. Journal of China Coal Society,
2020, 45(S2): 955-964.

WRSLE, A4, k. J2 BT X SO i W A TR e K
HIERE L], R =5 [0 5 TAEER, 2021, 17(S2): 689-695.
CHEN L C, WANG S W, ZHANG D K. Influence of bedding ori-
entation on fracture behavior of tight sandstone and its fracturing
significance[J]. Chinese Journal of Underground Space and En-
gineering, 2021, 17(82): 689-695.

KURUPPU M, OBARA Y, AYATOLLAHI M, et al. ISRM-sug-
gested method for determining the mode I static fracture tough-
ness using semi-circular bend specimen[J]. Rock Mechanics and

Rock Engineering, 2014, 47(1): 267-274.

71


https://doi.org/10.13722/j.cnki.jrme.2015.0649
https://doi.org/10.13722/j.cnki.jrme.2015.0649
https://doi.org/10.13722/j.cnki.jrme.2015.0649
https://doi.org/10.13225/j.cnki.jccs.2015.0598
https://doi.org/10.13225/j.cnki.jccs.2015.0598
https://doi.org/10.13225/j.cnki.jccs.2020.0011
https://doi.org/10.13225/j.cnki.jccs.2020.0011
https://doi.org/10.3969/j.issn.1673-0836.2021.z2.dxkj2021z2024
https://doi.org/10.3969/j.issn.1673-0836.2021.z2.dxkj2021z2024
https://doi.org/10.3969/j.issn.1673-0836.2021.z2.dxkj2021z2024
https://doi.org/10.3969/j.issn.1673-0836.2021.z2.dxkj2021z2024
https://doi.org/10.1007/s00603-013-0422-7
https://doi.org/10.1007/s00603-013-0422-7

	0 引　　言
	1 试样与试验
	1.1 煤岩特征
	1.2 试样制备
	1.3 三点弯曲试验

	2 试验结果及分析
	2.1 层面方向对褐煤试样加载位移&#8722;载荷关系影响
	2.2 层面方向对褐煤SCB试样断裂韧度的影响
	2.3 层面方向对褐煤断裂路径与破坏模式的影响
	2.4 层面方向对褐煤SCB试样断裂能的影响

	3 讨　　论
	3.1 褐煤断裂力学各向异性对裂缝曲折度的约束
	3.2 基于褐煤断裂特性的煤储层压裂模式的提出

	4 结　　论
	参考文献

