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Experimental study on mechanical properties of rock degraded by

hydraulic fracturing
DU Taotao"**, JU Wenjun'?, LU Zhiguo'?, PAN Junfeng"*, XIA Yongxue'*?, YAN Ruibing*
(1.CCTEG Coal Mining Research Institute, Beijing 100013, China; 2. Coal Mining & Designing Department, Tiandi Science & Technology Co., Ltd., Beijing
100013, China; 3. Rock Burst Sub Laboratory, State Key Laboratory for Coal Mine Disaster Prevention and Control, Beijing 100013, China;
4. Xinjiang Energy and Chemical Industry Co., Ltd., CHN Energy, Urumgqi 830027, China)

Abstract: The accurate determination of the degree of mechanical property degradation of rock layers after hydraulic fracturing is the
basis for revealing the pressure relief mechanism of hydraulic fracturing and evaluating the fracturing effect. To reveal the degradation law
of rock hydraulic fracturing mechanical properties, a two-stage scheme of true triaxial hydraulic fracturing physical model experiment and
rock mechanics testing experiment was designed separately In order to study the degradation law of mechanical properties of rock layers
before and after hydraulic fracturing, a two-stage plan of true triaxial hydraulic fracturing physical model experiment and rock mechanics
testing experiment was designed. CT scanning was used to reconstruct the three-dimensional morphology of fractures. Through true triaxi-
al hydraulic fracturing physical model experiment, rock specimens containing hydraulic fracturing fractures were prepared; Uniaxial and
triaxial compression tests, as well as Brazilian splitting tests, were conducted on rock specimens containing hydraulic fracturing fractures.

The research results indicate that grooving can effectively reduce the pressure of crack rupture, increase the width of the groove, and im-
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prove the probability of crack initiation. However, if the groove spacing is too small, cracks are prone to merge; The higher the viscosity of
the fracturing fluid, the faster the pumping pressure rises, and the higher the fracture pressure; The lower the displacement, the greater the
proportion of liquid filtration, and the lower the crack rupture pressure. After the displacement increases, the crack initiation pressure signi-
ficantly increases, and the time required for initiation is shorter. After hydraulic fracturing, the reduction coefficients of internal friction
angle, cohesion, and tensile strength of the rock are 0.896, 0.996, and 0.295, respectively; The relationship between the reduction coeffi-
cient of elastic modulus was obtained. With the increase of confining pressure, the elastic modulus of both samples showed an increasing
trend, and the growth rate gradually slowed down. However, the reduction coefficient showed a decreasing trend with the increase of con-
fining pressure, but the rate of decrease slowed down; The tensile strength of the sample decreased by 70.49% after fracturing, which was
2.39 times that of the sample after fracturing. The significant decrease in tensile strength of the sample indicates that fracturing causes
cracks and damage inside the sample. The standard deviation before and after fracturing increased by 1.87 times, indicating that the frac-

turing process generates a large number of unevenly distributed cracks inside the sample, and there are significant differences in the num-

ber and distribution characteristics of micro cracks, resulting in significant mechanical differences in the sample.

Key words: hydraulic fracturing; fracturing cracks; mechanical properties; degradation law; reduction factor
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Fig.2 Preparation of rock mechanics samples

il s 2 il Bl W

el é
Xl E

D@
XD
I
Y i
AR
i

=
(=}
~1100 mm
=H \ 7 o
/ o
IR
= B R AE R Hh i 7 ISCO %%
H3 Z#AkNERZRRE

Fig.3 Schematic of the triaxial hydraulic fracturing system
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Table 1 Experimental scheme of hydraulic fracturing with
different cluster spacing

Y3 0 KC-0 100 15
a 10 KC-1 100 15
b 20 KC-2 100 15
c 15 KC-3 100 15
d 30 KC-4 100 15
e 10 KC-5 100 15
f 15 KC-6 100 15

*2 AAEHBKAEFRBHR
Table 2 Experimental scheme of hydraulic fracturing with

different fracturing fluids

G BHLTEC TRAMENE/(mPa - s)  FEIEHFE/(mL - min)

Y1 EREIREZ 1 15
Y2  BREREZY 5 15
Y3 HRIREZH 30 15
Y4 BREREZY 100 15

x3 AEHETKAERRET R
Table 3 Experimental scheme of hydraulic fracturing with

different injection rates

G5 LR TRZREE/ (mPa - s)  RTEHER/ (mL - min )
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Fig.9 Rock samples and internal crack morphology with

different groove spacing

AT 1 SR YIAE RN 1 k0 3Bk, JRIFAE TR
CEHER LR i, A R R, BB, AR T
R K 1 88E . R, AT BER ROR TEHRAE,
ARIBUH Ry A 2 T 7, AT 7 A BN &2 2 1) S 4 TP
&, A OIEA Iz

(a) Y1 ZELE (b) Y2 A

(c) Y3 4

K10 FARERBHETEHNBREDS
Fig.10 Morphological diagram of internal fractures under

(d) Y4 3843

different fracturing fluid viscosities

(b) Y3 R

A

(c) PL15 R4 3

H11 FERHETEEEHABDEDS

Fig.11 Internal crack morphology of rock samples under

(d) PL50 245474

different injection rate

22 FAKNERNZHEHESUIRGLER
22.1 FRAFBLE LRI R

I PH =4 T 4 10 AR A A B DA P 1) e R 7
I oy, AR B9 1] Y FT 0y, TE 0y-03 A2 FR F LA
(o+0:)/2 NI | (0,—03)/2 AL AR RN i )
FAFT BYBEIR NS 8, AR B R — P B v U o
E AP R EE SR ARYE A IR R IR I 1Y
o\ o3, K FERN TT oy FALER, M8 N T oy Ak
ARFRZE L, G 12 fos .

WG oo EmAEL M R M 2, IR etk R
Hoy=aos +R(HH, a Fo -0 K RMLRIE; R,
jjo'l -0'39%/% HH%?’EOH?FEB/‘J%QEE, R S e R o

79



2025 4F55 10

#HEHMFHAK

53 %

200 )
R

LE NI

150F 51=72561441.76 R*=0.96

0,=5.560;+36.41 R>=0.92

0 5 1.0 1.5 2.0
oy/MPa
IE 12 0,03 7‘\‘%% EHE!?)%
Fig.12  o,-0, relationship curves
&, MPa), 4= (1) FiR:
oy =5.5603+36.41, R*=0.92
=7.250%+41.76, R*=0.96

o A R R IR ZCIRE T Rk &
o o R R REIRZS T

(1)

itq:' (AN
N J7, MPa; o5
[V 71, MPa.

*E%EUA?*%Tktango—z—\; 44 FF 245 B

PEARA, AR 2 2 MOfRAS T N EEE M o flly
a-1_ 556-1 _.

2va 2x 556 (2)

-1 725-1
tantp/—a =1.16

2\/_ 2% V7.25
Z 5, SR EZRAS N N EEEE M ol 44.13°,
ARIEZRET ¢ jy 49.24°,

BEIjc= A (D ACA, TR R
B

o

tan ¢ =

\/_

_ R _ 364 oo Mmpa
2va 2x 556 (3)

R, 41.7
=—=-= 6 =7.75 MPa

2vVa 2x V725

Ko, HIAER, REXRETHRIRI,
MPa,
THREXT AT R AL a, FIAS

_¢_44.13°_
@y =% = 55 =089 "
c 172
=S -2 0996
Y= =775

o o, N BRI AT IR R G o MR T T8
222 BHEEFHILAELER
H Al 0 B0, 22 AN [m] B T G st PR A 1
80

AL FLAE, I F AT N R AT S e &Rk n ikl 13

i
30 1.8
0,=1.9045;"15
25
] = 16
£ 20 . .
9o &
i R&
w15 14 5
H N
SR
Seoow AR
RS o
0 5 10 15 20

J&/MPa
W13 A E R E R E A

Fig.13 Evolution of elastic modulus with confining pressure

HH ] 13 AT, B RS 3G K, S o 3 A 4 R
HaF, HHE R R B TR Z o T 4T ek 2R Pl L
KERFMES, HRMGE RS R REBIUS
P Z BOE AR, s (5) s

ag = 1.9040;*'% (5)

HRAEZ (5) WK A [R) BB T A R 24000 5
PER AU R AL, (8T TR SR
223 HRIEBEHIER

1 14 0] A, 3 RE BB R i R 24 AT
4.707 MPa [&{% % 1.389 MPa, [%{X 3.318 MPa, [41F
70.49%, PG Bk 2R IRE Y 2.39 %, R4 AT
KYLPLHEFE A 4.85 MPa, [E 245 SR PLH 8 BN
1.19 MPa, {U K EZLRT 1/4. REFTRI38 B B 2R,
TR A A B, R A .

[ 125%~75% &
T 1.51QR HMIYIEH
(IQR AUy )
4L — gk
= fE
&
=
w
=
i;\_;
6=
2L

]

ﬁ%%ﬁﬁ Tn%.%[ﬁu*l
A 14 RAEERALERE AT

Fig.14 Comparison of tensile strength of specimens
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Fig.15 Evolution of poisson’s ratio with confining pressure
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