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Abstract ; Shale has an obvious bedding structure and strong heterogeneity ,and its strength and deformation character-
istics have a significant scale effect, which makes the test results of small-scale rock samples in the laboratory to be
limited in characterizing the mechanical properties of large-scale shale rock mass in the mine. In order to explore the
scale effect law of shale strength and deformation , taking the continental shale outcrop of Yanchang Formation 7 in Or-
dos Basin as the research object, the triaxial compression tests of 11 rock samples with height diameter ratio of 2, diam-
eter of 17,20,25 and 38 mm were carried out with RTR-1000 rock triaxial testing system. Based on the analysis of the
scale effect law and its internal mechanism of shale strength and deformation, a new scale effect model for shale
strength was proposed, and the reasonable test scale of indoor rock sample in characterizing shale field was preliminari-
ly obtained. The results show that most of the mechanical parameters describing the strength and deformation of shale
have significant scale effect, and the elastic modulus and Poisson’ s ratio increase with the increase of rock sample
size,and the peak strength,peak strain,residual strain,residual stress and fracture time decrease with the increase of
rock sample size. Shale with different scales changes instantaneously from elastic deformation to brittle failure, and
there is no obvious plastic yield section. Before failure ,the deformation of shale is linear elastic deformation,and after
fracture ,it is tensile shear failure, but the shear angle is small, and it is within 10 degrees. The scale effect of shale
strength and deformation parameters is caused by loading direction,bedding plane direction, mechanical properties of
bedding plane and uneven distribution of micro defects. Based on Griffith micro-crack strength theory model, a new
strength scale effect model for shale was obtained. The model is in good agreement with the test results and can accu-
rately predict the strength of shale samples with different scales. Different mechanical parameters of shale rock mass
correspond to different sizes of reasonable laboratory test rock samples,and when the height diameter ratio of rock sam-
ple is 2 and the length is more than 160 mm,the mechanical parameters of rock sample measured in the laboratory can
be used to characterize the mechanical parameters of rock mass in the mine after field correction. The scale effect law
of shale strength and deformation can be used to predict the fracture pressure,the deformation characteristics of well-
bore during well drilling and the initiation and stable expansion pressure during fracturing. In the current volume frac-
turing operation , it is very beneficial to expand the fracturing scale of branch fractures along the bedding direction or
for the large and thick shale reservoirs with extremely developed micro defects along the bedding direction, it can be
considered to conduct the multi-cluster fracturing of vertical wells to fully release the mechanical advantages of the
bedding surface conducive to fracture expansion,so as to improve the productivity of shale gas wells.

Key words : strength and deformation ;scale effect ;shale ; Ordos Basin ;uniaxial compression test; hydraulic fracturing

WRZHHIIER AL T ZEITCARR, PR
7 BeBe) O 2 Bl AR 5 U 2 T oA T RE S B Tl
IR Z 0L, B BRI R, KPS
PR R BRIV D2 B R 2 R AT R 10 2
fil, LS B2 T v A I B A MR S AR 6 )2 40 0
SR SASTBREAE 2 EH, AT U SR R
JEAHE T 2ol T R BT AR, AR i S5
WA PR, TUA A 1) SR A iR
AR R 3 S R s BT e AE T T N B
A A B, KARZRXT U 5 JEE 5 T HAT By f
BRI 5 X 4R AT 5 BT T R R, 2 53 3 % T
HARIE AR I SO, S5 R R A 5 S
PEAST ik I L P 8 T 49 K5 v R A = R
A g MY 2 K B, I B CO, RIS TUA Y
PURLHR L | = 7T 2 0 s8R P A 22 1 RS [+ R 2

(T R, IR A (AL DU SR 2 i o Rt
TS M ARED R T W R MY A R
JCIRFE T T 2 7K 1 4 5% W) SiE e T 245 AR
HE ARG BRI, UL NSRS # AN N 2% 25 1744
23 0 S DU 5 B S AR R R = B B L R
BT AR RUBE 1) L5 A G PN R 5k 74 1)
AT, BUE A RN 40T, wamE S
AT RIS S R RN LG . Y, A BT T
P2 A P 5 A T RS R It R AT T K
R 58, 2 MW B8 H Weibull JiE ¥ 8% 3K B
B Griffith fHELsR B EE M i E s
FIRAE SR AL B ) 45 (H X SE PR X T I 4 ¥R
1%, R IUAE Weibull BEYERE IR PRI K % B AR i &R
Beom HAERER S E R, Griffith #8058 JF IS K
A R S R RST U E R | e B S



5512 4 7

Ui 45 - SRR 22 M G I 7 Byt i -5 A RUZE RO A BF 5

www.chinacaj.net

4123

A AR R B AR R 20 WL B 20 A1 0 B AR 22 1
AR R R AL BRI B R RO AR I N U2 T , SR S R
T G PEZE AR R, S B AN TR RBE B 00 5
JE 5T T | e o250 D 5 JEE -5 A T RO A L
TRBEATIR AT, AR T R AL G0 A i U
OV HEAH b | ST T AR T 0 5 A R0
B

FURZ2 B TIN5 5 5 A8 0 T 3 B 1 )L
RS RGBT | e Z 0 HBEA AR FIA L B AS A
AR, B 2 AR A 7 22 A R AR AL TR
ARSI AR R A AR ROR T Bk, T, B U
FORZIAE IR LR 7 BovUn #2k WHFFER R 4R
FE T RN EIEIETT 4 ZEA TR RUEE B9 5 R o i
5 B RUEERON MU, BT Griffith fCR S0 3
AR T I8 T U 050 JRE AR NS TRY [R] B 5T
o LAY RS RS ATLBL AT T AR

1 RSB SWIR L=

KA

WA R R E R R TS RE 5B R
RN B SRR R 22— BARRE R e A AR
VI B R RO, B b 2 | 6 1Y) & SR A 1R A
ARG AR R, AR R A Z
FEMHEEMH L, EZRA2 Fm.© KA
O == S o ST E |5 D5 R G (P S
ISUES RN BT A 5 Sk BOE 248 o RIHE , I T A —
AL 10 em, B A7 Sk WO R A TG 2 2515 K 58
EY 10 em BB @ KB A, F
[ GCTS A w4 7219 RTR-1000 7 A1 = %l i ik &
G ek P9 H TN e 2 2 e S E I A T 2R
e, A Har 8 A 2 ZUEL RS, 405 2
25 mm A1 38 mm, fAr LI FIZ AL A B B 98 T A
Ui 7 RS e RS BE R 3 38 mm, fix /D KB A E T
1 ) G R AR PR SRR R 1 EL AR, H R R S /)N i T
REERTLIREMRE 17 mm, & TR 50088 AL 56 7
O 2 D7 T B AR SR 28 100 A R Y AR B
EN2, AR R EL B E N 17 ~38 mm, R
PR A 4 90, 4y 17,20,25,38 mm,

Shy F0 43 B R T A A A R B2 2 1 R
JEFE A R R, AT T R AR A 5T L A 2 A
AT SR S R ORI e TR R s 2 5
B Bl e 5, o 5 AR e L LB 98 2R
IR PEA B3R 5 AR RO RN B, A ROE BE o
Bk A: 49.18 mm X 48.34 mm, 49.06 mm X
78. 02 mm,49. 02 mmx96. 08 mm , KFEA :49. 50 mmx

1.1

51.24 mm, 49.38 mm X 82.66 mm, 49.38 mm X
98. 52 mm; 5K )5 % ARGl LIRS IR A R S
AR 1) ROBE &N B, A RO BE 50 25 mm X
50 mm, $50 mm X 100 mm, ¢$75 mm X 150 mm,
$100 mmx200 mm ; = AF AT I F B (AU B AR
FEAAT SR 5 AR RO RIUN R A E D (A, A
KBE43 54 10,20,30 ,40 mm; #3527 T H0E
BEALL G AR S il TR X A 50 S8 5728 T 1 RO R I
FARERE RN 615 mmx30 mm, $p25 mmx50 mm,
$»37 mmx74 mm,$H50 mmXx100 mm, P75 mmx150 mm
85 B AN  XUBSH D FE R ST A ) Bl A 725 5k 23 %o
AR T IR 1Y 52 e s R B R RO 10, 30,
50 MPa, W48 23 HH 5x107*,1x107™*,2x107°, 4%
1070 87" 1B FE R R 28 R 5 A FESR I 578 T 2 8K
HATEEAE Mk 20 A, 58] T A AR,
O AR R S i P S A 2 R R TR 5 TR
P B4 BT Weibull BE 43 15 #5550 R Mo-
hr—Coulomb ¥ENEE 7 T 2 58 [l A9 A A1 o B RS &%
TR | AR TE A P 6 E A P SR P A S P S
I VRIS 00 205 SR A7 00 UE , 7 359 I B — =2 A 1 4
T2 RIS UE 7 e B T 3 AR [A) A RE R L
B, BOE TR AL A A

M UL FT LAE Y FERIRSE A A i 5 A8 T RS 50,
B 5 2 A SCAY R B AR 2 3o AR RS 1Y
5 I B AR R S PR BN 3 ~ 5 TR A A
5 SRR B AL, I FH TR Y A 56 R 5, 3 1
AR SOREA PR R B S Gk 6 0 4 RS BEY , BRI
4 8 RUBEAS 31 110 92 50 45 S of 30 UE AR Y (9 A 0
AIATHY

ARSI it A S 38 5k 1 R JK 22 2 i A 4
7 BeUA TR RS B TR A M) TTED &5 X 4
BROCHE T X AR 3 - 2% |, M2 S8 | R A2 S I 2
IR, DUREE SR ARAT R AT, T B AN BUI A ZL R,
FUUA T EE O 1) DR, YR R A S
WwE , DI AS U S Y W P A7 2 B O 1) & o, T
B O R T JC ) 8 S, S T e il
REWME 1 R,
1.2 M ER TR

VAP =) B 7 2 v A A% S 36 1 GCTS
ST PR R RTR-1000 %I =5l 5547 1 244 iR i 2=
4., 2R G i K w7 1 000 kN, i K &
140 MPa, g KFLBE J7 140 MPa, Bz i IR & 150 C
ARG IIREE 0.01 MPa, AR RS E 1 g/em’ , 28
JEAEEE N 0. 001 mm,

AR IS B 20k O R @ A



www.chinacaj.net

2020 456 45 %

K1

Fig. 1

I R A Al e

Preparation process of test rock sample
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Table 1 Uniaxial strength and deformation scale effect data of shale
S  D/mm H/mm H/D  P./MPa  E/MPa w Py/MPa /107  £/107  o,/MPa T/s N
B-1 17. 06 34.34 2.0 0 5561.0 0.221 89.9 1. 64 2.99 31.4 616 2
B-2 17.07 33.95 2.0 0 4711.9 0.119 77.9 1.58 2.43 22.6 592 2
B-3 17.12 34.44 2.0 0 5 546.4 0. 025 91.4 1.89 2.82 22.8 710 2
B-4 17. 08 33.96 2.0 0 3 851.7 0. 142 70.0 1.79 3.54 13.6 673 3
B-5 19. 85 39. 19 2.0 0 5131.4 0.118 66.0 1.19 1.73 23.5 447 2
B-6 20.24 40. 08 2.0 0 5758.7 0.319 67.5 1.27 1.93 16.8 478 1
B-7 19. 96 40. 65 2.0 0 5026.9 0.292 65.2 1.20 1.91 19.4 449 1
B-8 25.54 50. 40 2.0 0 4 855.8 0.240 50.0 1.01 1.77 5.2 378 2
B-9 25.52 50. 36 2.0 0 6725.9 0.132 68.6 1. 06 1.63 15.5 398 5
B-10 38.22 76. 03 2.0 0 6871.4 0. 357 49.0 0.83 1. 30 10. 8 311 3
B-11 38.20 75.97 2.0 0 6488.5 0. 256 59.0 1.19 1.27 3.0 451 3
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Table 2 Prediction accuracy of new scale effect model of shale strength
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Fig. 7 Prediction chart of scale effect model of shale strength
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engineering rock mass mechanical parameters
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