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Experimental study on seepage characteristics of rock-like materials with
consecutive and filling fractures
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Abstract: 3D printing is used to produce different permeability structural surfaces, and rock-like samples are poured by moulds.
The tests on permeability of rock-like samples with consecutive and filling fractures are carried out under loading and
unloading pressures. The test system of gas permeability measurement for compact rock is applied in measuring the evolution
of gas permeability of structural surface with different permeabilities under different confining pressures. The test results show
that the permeabilities of samples with different filling fractures are different, but there is no difference in magnitude when the
pressure changes. For example, under the confining pressure of 25 MPa, the permeabilities of samples with parallel fractures
and combined fractures are the maximum and minimum values respectively. The variation curves of samples between
permeability and pressure in loading process are higher than those in unloading process. The evolution of permeability of
samples under different pressures is influenced by the geometrical characteristics of permeability structural surface. In the
process of loading, the variation curves between stress sensitive coefficient and pressure of different samples change in a
different trend. While in the process of unloading, the variation curves are almost the same and present a 'W' form, and the
permeability stress sensitivity of rock-like samples with consecutive and filling fractures is influenced by the permeability
structural surface.
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Table 1 Physical parameters of samples

HIE 124 HAE Joi & B3
= /mm /mm /g /(grem )
Al 49.98 50.54 188.62 1.90
A2 49.81 49.58 188.59 1.97
A3 50.24 49.94 184.50 1.88
A4 50.75 49.91 189.89 1.91
A5 49.67 49.81 186.95 1.93
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Fig. 3 Low-permeability rock inert gas permeability measuring

system
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Fig. 4 Diagrammatic drawing of gas permeability
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Table 2 Characteristics of samples
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Fig. 5 Variation curves between permeability and pressure of

rock-like samples with consecutive filling fractures
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samples with different permeability structural surfaces
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Table 4 Fitting results of permeability and confining pressure of

samples in loading process

- HH R A le-£i|
B K, K,
Y a b c /% x100/%

Al -0.00219 -0.0076 7.97 94.81 8.23 3.16

A2 0.00085 -0.1338 6.87 95.13 6.80 1.03
A3 0.00089 -0.1447 885 86.13 840 536
A4 0.00034 -0.1186 7.79 94.84 7.80  0.13
A5 0.00030 -0.1057 7.67 98.84 732 478

K 6 113, KPR G ST 86%, W&
ORI AR ¢ F1 Ky RZERN, KT 6%,
JITUART ) K=ap,” +bp, +c XF G FRIHRBR A A 1)
BIERSEEETIA
3.4 BEEZMEMRBREHNBELEASEEIR

DAL R 0l

U RIS A BENN R R 2, ]
HEB—HRIEHE . B B %E F N R ) BUR R 5L
Cioo X B IR BERA ABIE R R R 3 — kb
}E[IS—W]:

1 6K
q_faa; . (5)

BURREL G 7T RIA V55 20 N ARG BT B
BIRURNE, 5 HAE ORI R B 5 A0 Z 0 R )28
WECHBUR, R WZRIRE B IE RN B A8 U
HEA

YR RE7E Bl A B 5 R 0 2k B B 117808 %
Xof N U ZR S TR e % AR i 4R 1 40 1) 0 1R A ) AL
FRRW, WK 8 Frx.

HHE 8 nI45, 7RI B G H AR &
A RLBRIRNE 5 AT R B AR S G Bl 26 T



55 6 Y] B, L FERIRESES A BRI IR 0T T 1135

TR AR BBOR, B F I S5 SOB  AT BOR R L F
Vi, AEE RO R MR TR E, TP AT R
] s T e J — % I AT R B T v L vt T4
18 o IEAZZRBRARBEAE Bl 0 2871391 2 7 B0 3 BRI
It ] s 28 A /N P T B e TR E . T AR
BUREIB I8 06 N 7 80U 2 S0 ] s 22 1 ol ip sl i P
BOK . B TE AR B A0 I U AR MR AR A S
FHREANTA], A2 BB N BT R I AR S R 4
I8 s 25 R T v AR

;o Ty
& -5 i
E 0.04 —— TRIZIER
a@ 0.03 - ST
#

B 0.02
-R
& 0.01

S

_ a) Mz

005 - AR

0.04} -~ BRI
—— TRIZBR

0.03} - RIERE

—— IE3CZBR

0.01}

AR R GUMPa
=3
8

-0.01 . . . . .
0 10 20 30 40 50
B FE/MPa
(b) HRBB

8 RIBAERRXE AN NHRRBIEEEEL LI
Fig. 8 Variation curves between stress sensitive coefficient and
pressure of rock-like samples with consecutive filling fractures

FE | EE By, AN EHRARE (135 08 32 00 7 U=
FREE AR AR AR — 2, R YW A /)
T Bl S S0 BT A ORI FE ARG, 7 Bl 0 3 b
BUNIEREBEN, A B S E3E WA BORE R T . U
W 28 3o ) o 20 480 /5 AN [RIRaAARE I8 02 0 0] B T R &
HORME 7RO, BB @E&mARE, RIWH TA
[l R AR A

4 5

BB A AEESEBENK RS, 75055
WE B AT R . WAETE R, T B, &)
TR IERRM S MRANARE, EREBEETT 1
MPa J [l 3~45 MPa 47 3iE ML, BUS 7
4 A4

(DTE R EA R AAAER KIS T AR 1S
R, AEBE SRS IE R, (HAFE
BEHR EHZES.

(2) 75 Bl b By, Tl 78 IR B (17205

AL A T R A DR S, FE LS E B
B R B AE Bl [BIVE SR B B R ORI Ak, Hoth
R IE R B 5N B P IR B AT b B, &
BRI AL B B LM R 2 R A

(3) 7 [ I I B, SR HR BEEA 1818
REEERATH - X2 IEGETS .

(4) T I PRI AR IR S5 0 B B AR
s N B BUAE V2 15 45 M T 2R 1 L T Bl 2 ke A
A, T s S B B A2 0] L B2k B e s
BB THE, £ W7 A,

SE -

[1] LOMIZE G M. Flow in fractured rocks[J]. Gosenergoizdat,
Moscow, 1951, 127: 197.

[2] LOUIS C, MAINI Y N. Determination of in-situ hydraulic
parameters in jointed rock[J]. International Society of Rock
Mechanics, Proceedings, 1970, 1: 1 - 19.

B] EEE, FAEAL B W RBERRBIER T
R E L TAE2ER, 1995, 17(5): 19 - 24. (SU Bao-yu,
ZHAN Mei-li, ZHAO lJian. Study on fracture seepage in the
Imitative nature roke[J]. Chinese Journal of Geotechnical
Engineering,1995, 17(5): 19 - 24. 4. (in Chinese))

[4] VFOLHRE, KK, MRRKAS. RS RIS ) S J7 AR ST
T e A K FARIRAF FE[T]. K FIZ4R, 2003(3): 74 - 79. (XU
Guang-xiang, ZHANG Yong-xing, HA Qiu-ling. Super-cubic
and sub-cubic law of rough fracture seepage and its
experiments study[J]. Journal of Hydraulic Engineering,
2003(3): 74 - 79. (in Chinese))

[5] HIFE4. ZERBRKAE XK 1R[] 105 23R, 1986(2):
202 - 214. (TIAN Kai-ming. The hydraulic properties of
crossing-flow in an intersected fracture [J]. Acta Geologica
Sinica, 1986(2): 202 - 214. (in Chinese))

[6] OLSSON R, BARTON N. An improved model for
hydromechanical coupling during shearing of rock joints[J].
International Journal of Rock Mechanics & Mining Sciences,
2001, 38(3): 317 - 329.

[71 LEE H S, CHO T F. Hydraulic characteristics of rough
fractures in linear flow under normal and shear load[J]. Rock
Mechanics & Rock Engineering, 2002, 35(4): 299 - 318.

[8] HEFEE, AR, KA. FTIHRBBREAERIT ).
HE 1%, 1994, 15(4): 46 - 52. (SU Bao-yu, ZHAN Mei-li,
ZHANG Zhu-tian. Experimental research of seepage
characteristic for filled fracture[J]. Rock and Soil Mechanics,
1994, 15(4): 46 - 52. (in Chinese))

91 T K, MEFE A ERBKRISEEDT]. KRKEE



1136

s *

F 2017 4

ZWFSE, 1997(3): 208 - 218. (YU Long, TAO Tong-kang.
Law of flow movement for rock fractures[J]. Journal of
Nanjing Hydraulic Research Institute, 1997(3): 208 - 218. (in
Chinese))

[10] XIA4E, BRMGH, A1 SRR REES UM RIERN T

BRI 0.8 A S TR R, 2002,
21(10): 1457 - 1461. (LIU Cai-hua, CHEN Cong-xin, FU
Shao-lan. Study on seepage characteristics of a single rock
fracture under shear stresses[J]. Chinese Journal of Rock
Mechanics and Engineering, 2002, 21(10): 1457 - 1461. (in
Chinese))

(1] XURT, XUz, 24 5w oA T & e R

FARBRIRBET AT, BA 7155 TRE2EH, 2012, 31(7):
1390 - 1398. (LIU Xin-yu, LIU Ai-hua, LI Xi-bing.
Experimental study of permeability of rock-like material with
filling fractures under high confining pressure[J]. Chinese
Journal of Rock Mechanics and Engineering, 2012, 31(7):
1390 - 1398. (in Chinese))

[12] &4 5, BURRE, BRLLL. B@ KIS T 3EE AiRiok

TFRAREUR R TL[). H A 717 5 TR AR, 2012,
31(7): 1317 - 1324. (LI Xi-bing, HE Xian-qun, CHEN
Hong-jiang. Experimental study of permeability of rock-like
material with filling fractures under high confining pressure
[J]. Chinese Journal of Rock Mechanics and Engineering,

2012, 31(7): 1317 - 1324. (in Chinese))

[13] A, R, £ 4, 5% RSEEABIERS LK

R 1B IR T[], KRR, 2015, 46(2):
208 - 216. (WANG Huan-ling, XU Wei-ya, ZUO lJing, et al.
Evolution law of the permeability and porosity for
low-permeability rock based on gas permeability test[J].
Journal of Hydraulic Engineering, 2015, 46(2): 208 - 216. (in
Chinese))

[14] EHFE, P HFH A B ENR S BRI R E M)

Jbnt: Bzt 2015: 24 - 29. (WANG Huan-ling, XU
Wei-ya. Permeability test of tight rock and the mechanical
properties of porous flow[M]. Beijing: Science Press, 2015:
24 - 29. (in Chinese))

[15] MILLER R J, LOW P F. Threshold gradient for water flow in

clay systems[J]. Soil Science Society of America Journal,

1963, 27(6): 605 - 609.

[16] MCKEE C R, BUMB A C, KOENIG R A. Stress-dependent

permeability and porosity of coal[C]//International Coalbed
Methane Symposium, University of Alabama, Tuscaloosa,

Alabama. 1987: 183 - 193.

[17] & N, #EE, fT YL LA, @R 558 KM

FRWETCRIN I PR A 2B 24, 1999, 21(4): 23 - 25.
(WU Fan, SUN Li-juan, HE Jiang. The research and
application of permeability, porosity and net overburden
pressure laws[J]. Journal of Southwest Petroleum University
(Science & Technology Edition), 1999, 21(4): 23 - 25. (in
Chinese))

(18] X%, XS5t ARMIENRMGBEL ANFILEEZ. &

FERWFEM[I]. #2001, 7(1): 41 - 44, (LIU
Jian-jun, LIU Xian-gui. The effect of effective pressure on
porosity and permeability of low permeability porous
media[J]. Journal of Geomechanics, 2001, 7(1): 41 - 44. (in
Chinese))

[19] 3, ERE. RBEE0BERSA M LR AR

IRTFE[T]. TEE R (ARFIEAAR), 2007, 47(3): 340
- 343. (HUANG Yuan-zhi, WANG En-zhi. Experimental
study of the laws between the effective confining pressure
and rock permeability[J]. Journal of Tsinghua University
(Science and Technology), 2007, 47(3): 340 - 343. (in
Chinese))

[20] B, FRE. RBEA 0 BEFNA RN BUR R L

FIRRIGRE L[], B A J1% 5 TR, 2007, 26(2): 410 -
414. (HUANG Yuan-zhi, WANG En-zhi. Experimental study
on coefficient OF sensitiveness between percolation rate and
effective pressure for low permeability rock[J]. Chinese
Journal of Rock Mechanics and Engineering, 2007, 47(3):
410 - 414. (in Chinese))

211 f& 6. AERSERAEDTED]. bt hEREE

WA LT, 2002, (XIONG Wei. Study on fluid-solid
coulOping seepage law[D]. Beijing: Institute of Porous Flow
and Fluid Mechanics, Chinese Academy of Sciences, 2002.
(in Chinese))



