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Abstract: Shale oil, as an unconventional oil and gas resource, has become a global hotspot for energy extraction. However, shale oil
reservoirs are characterized by low porosity and low permeability, making it difficult for traditional extraction technologies to achieve efficient
production, and hydraulic fracturing technology is required for development. The mechanical characteristics of shale significantly influence
the fracturing effectiveness. Through rock mechanics experiments and X-ray diffraction whole-rock analysis, the mechanical parameters,
such as elastic modulus, Poisson’s ratio, and in—situ stress variations of three different types of shale (laminated, bedded, and interbedded)
in the Chang 7 Member of the Ordos Basin, were compared and analyzed, clarifying the mechanical properties and reservoir characteristics of
different shale types and establishing the relationship between mineral composition and rock mechanical characteristics. Additionally, the
variation patterns of fracture conductivity were revealed through proppant conductivity experiments and embedding experiments, providing
guidance for proppant selection. The results showed that: (1) interbedded shale had a high elastic modulus and a small Poisson’s ratio,
making it easy to create fractures, while laminated and bedded shales had higher in—situ stress gradients, making fracture propagation more

difficult. (2) The higher the content of rigid minerals in the rock, the larger the elastic modulus and the smaller the Poisson’s ratio. The
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higher the content of brittle minerals, the larger the brittleness index. Compared with bedded and laminated shales, interbedded shale was

hard and brittle, making it easier to generate fractures and effectively maintain fracture opening during fracturing. (3) Based on the

mechanical properties of interbedded shale, it had the smallest proppant embedment depth and the highest conductivity, which facilitated

fluid flow. According to the proppant selection experiments, it is recommended to use 10-20 mesh quartz sand as the proppant under low

confining pressure, with a proppant packing density of 14 kg/m®.

Keywords: Ordos Basin;shale oil;rock mechanics parameters; triaxial compression experiment;embedding experiments;conductivity
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2026 4F

460 B, 45 SRR Z M A 7 BEVUA 682 41 15 Rl SRS - B JI TS Flets H2
HBADNES A DR RIETEE N A A T 11.11%~33.35%. AR HUH 89 X BHR 2™ AR+ 3 AR 7 a2 iloi

SN
SUZRIGURBUA P 2B 7K N244 X B, LR vUA )2 7 s
KB N, TUHREE R B LIk 81 4% /m, DUEESEEE A T
0.1~0.5 mm, TUHIAE K AT 1.0~9.6 cm.  TUHIRL T H
FBEAMLIX 157 XHe, DR RIS A B N E, AL &l
B 20 WA D A A P

1.2 SRI§FH*
121 Zoh3xk

FrA R S P A A R R M S A T
MV bR HECA A B AP R AR 5 20 34 A A
il 4 5 BE R ) (DZ/T 0276.20—2015) S 52 5 1Y
TARA LBV SR $2.5 emx5 em AR AHE 4
XF BUFRE i 7R 4 N2 %25 4 0.02 mm/min LATE
LS AR, DU 9 SR N A o S0 A an 1B 2 i
R, LRSI A B8 Sy - COXT =l % PN A% 9801 Sk I 34 i 5t
PAL SR TR A8 Z A B R P s Qi o Vi
JERGE, WL B AR 1) it 5.10.15.20 MPa 4 il
JE 3 3% A5 1 il ) 2 A7 38 5 25 R B A 1 A% SR
SIS WA R - A O R N, L SRR, S 2RI [
Bt AR L AR S A 12 RS

Ima )

[EUREEEIN ] BRI &

LR AR

T s
LR o
FLVAkES

P TR

K2 =hh AR R

Fig. 2 Schematic diagram of triaxial compression instrument'

20]

122 XHEEATHAZE M S

HA R YA S TR E A AT BT AR TR O
SETFBZ — . ik XGFRATHH(XRD) 5256, AT 3R BOR [
X B U BB ) s , R i - i AN 5 %A 4 )
FHRNAE ST o S I R T AT RS AT S E A 2
B X ST IR A 2 AR o T et S oA St i o S S A
D) JE S HE S A L LB T BE 5 S X S 2R AR, AN

RS0 FTSREAE 23 (A1 0 A3 05 60 S5 2, ) o 2 i
o1 AR DT 2 AU ZE R B G A ORI [ e

TR T YST-T AL X 2 A7 554, BARERAE 2D 3R
- D1 S it v 2 AR it s @I T RAT R K Y
X BHRE A = PR P OFE LR E E R i
JI AL (i 64 XRD [ s @TE R S BBOEF BT,
B TR S SRS 1 R A O RE S ) AR e R A T
XFEE , 5 B AR U A L DA A JRE | WA 6 B S AT A B
— 2, WIRWIAE ah P AR 15 s R AR R, AT
X T IR A2 LA SRV AT 5 E

123 EEMXTAERE

s B4 52 36 G 4 S A ) 5 A e ) S50 R S AR e A S
55,10 T AN R T 00 A SR It S P 500 20 5 25 )
WF 58 A1 & T5 7 5 S 50 T 70 9 B 0 ik TR B Y S
S

SRR T UL RE ) 20038 o AMRIB i I ek [ A Y
BB, SLIRT I e SR B S Al R A R )
PO T B DR B2 00 AT T Bl o BV I, i R
A DI IE T sty . B BRINT .

D DU AE N AR AR L, A A T2

2) i 3% T I 28 0 n L 24 SR EFEL 2 1.5 T B
UKN B 987 5 (E A BEER , V7 T4 /s i i T 20
.

3) M FEET I 2 H A BT, T S U e B Q FX
%S pe

4) M A5 F1 5 510 10,20,30.,40 .50 MPa, i i%
TN 6.8.10, 12,14 kg/m* I (1% B , 10 58 AH IV A9 HE 1 A
T EUE , JF IR P A TR

ST N S 560 3 A S A R AR B A
WOR R GUA FIRAE I 25 5. LR IRINT .

1) 2R 4 U180 09 7 20, DNER Sk 0 B B 1R
2.54 cm . 5 B 2.5~3.0 cm [ [BIAEARAE 5 2 TSR
i BT RR D CE AR MR Gk

2)F F GCTSRTR-500 52 45 - 15 (1 54/ = Jgh e 4 il
TR R T R S 56, W SR 38 5 Bl A 2 B DU AR
Z [,

3)FE P A R F1 4354 10,2030 .40 Fi1 50 MPa 25
T IE SRR R ) RS SR

Zoa SCPEFR A SE I, A T S5 56 J5 AR A6
1A A Y DRSS R AR (1] 3) o 38 i 2 A i
] 5 % 5 DU PR B 1Y 56 &R AT THSRAN 6] M 5 1 0 R
PRI, JETTEAG USSR T 0 25 5% o



2026 4F

et H2 PR, 45 SRR 2 A 7 B U il )2 5 0 )R RIS R SRR I ST 461

K3 SCERIHA A
Fig.3 Proppant embedded in shale

2 a1 JIEERRRETEY

21 EANFESHEMNATE

i =Hiha A1 1A SR AR BN [ 2 8 5

S AR HE, NP 4 i

H&IES |

~

N ST~

AR R g =107 72 i £k, i AR A4 3k 2RT LA 2

R SR AR KA T

Ao
aES—E (1)

Ag,
=—= 2
v (2)

P a WBIEREG E A FER SRR, FAfL GPa; Ao
) N TG, B MPa; A R B ARG i o A REY
TERA LE ;s Ae, ] AR S B 5 A ) S A% o) IO A2 HE

AR S 56 S 3B A R TR, R XA [R) 2 28 T Y
HONF S RE S IR LA T A A e T
IR BE TT , SRR s A TR R SR Y fiE
T IR FTR , Je 2B GUA R BRI A, BT
SRR GUA RTARA EROR BT LI JZ R U 2 ™ A TR

[l N o224 238 RIS A 122 28O0 MV T iR AT 3
ik, SRR 22 W S MU 2 AL T 1 TR SOIRAS TR, SR 8
SRERGAFRIE Y g R g AR

U‘“z(1iy+7)("v"“1’p)+“l’p )

+,8)(0’v—app)+app (4)

1—1/

20 16 12 08 04 0 04 08 12
AR AR /% Al AR %

Hili18) 1% F1/MPa

1.2

0.8 04

,Té I-,’TJ mm:/%

a. TR BT

180

fli i ¥ F3/MPa
o v G
S S5 3

[o%)
[=)
T

0 04 08 12 06 03 0 0.3 06 09
Al AR % TR AE Yo Al R AR %

E ORIV

Hl115) 1% 71/MPa
()} O
(=]

%)
=]
T

06 04 02 0.4

AR R 5% IDJT" /%

ém

0
/%

b. 8UZM T

Hili15] 1% 71/MPa

0.2 0.4 0.6 0.8 0.4 0.2 0 0.2 0.4 0.6 0.8
sy R % b A 1%

RN )R 2

12 0.8 0.4 0 0.4 0.8
A2 8] AR /% Bl ] 8 75 %o

1.0

0.5

TR R AE Yo
c. Je JE R R 7Ry A% 2k
[ES N i B e S i) VA R R T 2 4

Fig. 4 Stress—strain curves of different types of shale

0 0.5 1.0 06 0.3 0 03 06 09
A AR %% A2 8] AR /% Al AR %



462 MR, 55 SRR 2 A K 7 B URH 82 0 1A R S R R BE I 5T

2026 4F
Fle H2W

®1 FRAREETALSH

KV SRR 7, B3 MPasp AT TS, 543 MPas

Table 1 Rock mechanics parameters of different types of R ADIES € 30
shale
R (5)
Uibes b e, R BAPRAEE L BB =,
) e WEm cpa AL (em’) Fihit/g
M \ , o
gy 20305 20 30523 0285 24108 5163 LSS S S TR S U
7
2037.8 10 23435 0208 24671 61.24 oy
R Aoy, = [ =] % 100 (6)
Lis 17205 20 31.513 0255 2.6142 64.90 H
17206 20 21.602 0272 2.5857 63.46
ag
23232 20 31.836  0.263 25405 60.34 Ao, =(#)>< 100 (7)

MI138 23245 20 32775  0.196 2.5685 60.39
2325.8 10 24514  0.255 2.5278 59.46

AP H R RIE , B m

= - . s . "
S 21623 10 25.199 0231 2.5348 60.18 A A2 A AT DA B S ] 2R 8 T K
1226 21634 20 26681 0272 2.5362 56.66 1 7 A AR e R /NKSE S H i R R (F22) . 3 Fhm
L T TR LR A T e
. 7. . 6237 65.11 . N ) o
. QM6 6168 15 24445 0202 26237 6596 BERFRIRFI A s 5o/ RSP H0 B B BRI 4
S gy 2005320 42216 0224 2639 6219 Gy R3S R GUA 5y Tl dg . WM Fe LA 2%

2005.6 20 36.658  0.237 2.6412 61.82

TP v AR LE 5y 7KV NI 7 PR S 17T 8 5
B ARVt RN X 187 (A 35 102 ) B K o, R L B M2
J1, 5 MPas ol B, A BN 28 0, oy 735 RO B

PEAERINE LT , B LI T BB, 2K g 28 2 A
HENOTS TR] I B R PR B, TR RS T 5 2 T B TR
JIFFEERG TR, 35 itk AR L B, LG8 4 i X I 2 Y
Ko PRI, AT e 2 R By, DB 2R R i 2
TG FMERE A, 5 SR BE 1 /1N

F2 AETEKFHRENER

Table 2 Horizontal in—situ stress results of different shales
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Table 4 Statistics of proppant conductivity test results
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