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Review and prospect of coal rock hydraulic fracturing physical

experimental research
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4. College of Mining, Guizhou University, Guiyang 550025, China; 5. Xi’an Research Institute of China Coal Technology and Engineering

Group Corp, Xi’an 710054, China)

Abstract: Physical simulation of hydraulic fracturing is an approximate representation of fracture evolution and its dynamic process,
which represents an important direction of fracture evolution research. Similarity theory is the theoretical basis of the transformation
between field prototype and experimental model. Test equipment and similar materials are the material premise of physical simulation ex-
periment. Monitoring and detection technology is the key part to evaluate the fracturing effect of hydraulic fracturing. This paper summar-

izes the development of similarity theory of hydraulic fracturing physical experiments, the evolution of experimental materials and devices,

Y 5 H #3: 2022-03-08 FERE: FUNE DOI: 10.13199/j.cnki.cst.mcq22-08
ESTH: BHEARPAEE I H (52074049) 5 FEZEFHEE KL 3B H (20162X05045004)
EE RN 45 (1986—), 55, TBMERMNA, BIEUE, BI4S0. E-mail: liqgg@cqu.edu.cn
BIEFAEE: T HF (1998—) , HiR=MA, AR E. E-mail: dengyize@foxmail.com

62

i =

B
B


https://doi.org/10.13199/j.cnki.cst.mcq22-08
mailto:liqg@cqu.edu.cn
mailto:dengyize@foxmail.com

BT AR R YN oY SRk S R 2022 4F55 12 #8

and the characteristics and application scope of common monitoring and detection methods from the above three aspects. The analysis
shows that: the similarity criterion of hydraulic fracturing has been preliminarily formed, but it needs to be further modified according to
the physical and mechanical properties of coal and rock. Numerical simulation method can be used to explore the influence degree of
minor factors ignored in the derivation of similarity criterion, so as to improve the reliability and applicability of the empirical equation. In
view of various physical and mechanical properties of coal and rock, many empirical formula equations of similar materials have been ob-
tained at present, but a set of detailed experimental specification and a large number of experimental attempts are still needed to improve
the repeatability of the experiments, so as to establish a more universal database of empirical equations of similar material matching. Frac-
turing devices are developing towards the direction of multi-field coupling with more simulation conditions, larger simulation scale and
wider simulation range, and fracturing methods are gradually diversified with engineering applications. However, the accuracy of triaxial
loading of fracturing devices needs to be further improved to ensure effective fracturing experiments under high stress conditions, and re-
duce the impact of experimental operations on the final results. Monitoring methods and detection technologies have their own advantages
in evaluating the fracturing effect of hydraulic fracturing, and similar materials also have a significant impact on the effectiveness and ac-

curacy of monitoring methods and detection technologies. How to rationally select and combine monitoring methods and detection techno-

logies based on experiments is the key to meet the research needs of micro-structures.

Key words: coal rock hydraulic fracturing; physical simulation experiment; similarity principle; similar materials
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Table1 Common raw materials for similar experiments and their characteristics
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Table 2 Empirical equation for preparing coal rock similar materials
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Table 3 Statistics of hydraulic fracturing physical simulation experimental device
=Hhn WRA, REFLE/MPa, » . . s o
St FEh S EE R (L min) W RFmm HEAERE VI K A BHIFELA
%f1FE1 000 kN, $50x100 K, Wik, W, U,
B AR AR R4, 20, — ®, <, T \ EPK
BEcoMpa o OBH $100%200 v i, RS N
100x100x100
L HE480 kN, N . e o .
=% FEI/TES MP HEZETT AR, 20, 66.67 150x150%150 I, S, AR, Hia TR T R
. a
200%200%200
T2 000 kN, ] . ) o s .
FEI/ES0 MPa fRIRAZ I, 70, 600 $100x200 I#l, RiAE, (iR, B, ikt ThRHBERIUE + ST
100x100x100
[l <2 000 kN WkshZE, 2, 40 000 200x200x200 &, W FIE, it R E LR
300%300x300
Hi JE13 MPa HL Bl H RS, 16, — 300x300x300 [, ¥, H TR, #E, R KIFHLT R
[l /%25 MPa FahidEE, 30, 60 200%200x200 — BIE, it 7 TR AR K
FEI[£20 MPa KA, 31.5, 200 300x300x300 [, W&, <, W NAE, SUJE, FiaE, IR, R E NS
B =4 3 000 kN H S R ZE, 40, 200 400x400x400 &, W, <, IR I, WAL, s, I 0 AR KIFHLT R
o o 300%300x300 . vty e e .
14 000 kN mEﬁEMﬁ%%ﬁazmosmlmlm ER RSMIS Y, (78, %20, ikt RN
X X
[l /169 MPa PEIRZE, 82, 180 762x762x914 [#, TR, Wi, NAS R, ARG E A TR R S B
[l /40 MPa PR, 100, 60 400%400x400 [, W’ RIE, ik hEA R )
FEIE3 000 kN RZ4FfaIARRAEE I, 100, 9 000 800x800x800 &, W FIE, it FRRBER DU 2=
Hil 40 MPa SRS, 100, — 400%400%x400 I, W TR, LLAMI, vk BSR4 LT TR AR RS
.
T
H TKH 7 i ol
i Pt ':'ﬁ .
: P& | EE !
! i E % | = |
i ! . /N KF !
| IS || ERSI e | ) g, |
| [ooo/ |1 i BOOKE || |
i R i ot @ oul| !
1 1 IR 1
1" | aorth ~— || |
N it || i W n
1= T ™
i c 7 T ~
| ° i
DR l - -
! !
| %|5| — |
= s 554k
DR IAAX 0
Hl RERG H=HNR A% B =R R 4

A1
Fig.1

B RRRLE, B R RO, Ll fEit
THBR I AR . R R A5
FRVE R GRS A, B 2R TE A
14 B BB A, R MR W7 AN [ R 20 DAy i T 2R A
BRI . # R Z T 5 UK I e 2GA 5, ik 1
S (AR A s g a1 I i Y PR 2R T Bk 3l 2 2
66

BB ZAIERERAATE

True (false) triaxial hydraulic fracturing experiment system
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