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Fractal characteristics of joint surface morphology of Pengshui shale and
anisotropic characterization based on joint roughness coefficient
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Abstract: Quantitative characterization of the anisotropy of rock joint roughness is crucial for evaluating joint mechanical properties.
However, the complex structure of joint surfaces and the limitations of current analytical methods pose significant challenges to
roughness calculation and anisotropy evaluation. This study focuses on shale from the Pengshui area in Chongqing, China, combining
fractal topography theory and the joint roughness coefficient (JRC) to characterize the anisotropy of joint surfaces. Using a 3D laser
scanner, the morphology of joint surfaces from shale samples fractured in different directions was captured. JRC and Fractal
Dimension (D) of joint profiles were then calculated in various directions to compare joint surface anisotropy. The results indicate
that: (1) JRC, which considers both fractal properties and amplitude characteristics of joint profiles, shows a stronger correlation with
fracture orientation than D. Using the bedding plane of shale as a reference, a larger angle between the reference plane and the
fracturing direction results in a higher JRC value for the joint surface. (2) The JRC values for a single joint surface can be
approximated by an elliptical fit, with the area of the ellipse increasing as the angle between the rock bedding and the fracturing

direction increases. This implies that when the fracturing direction is perpendicular to the bedding plane, the fracture surface is
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rougher. This research provides a reference for characterizing joint surface anisotropy and offers guidance for understanding the

relationship between fracturing direction and joint surface roughness.

Keywords: fractal topography; fractal dimension; fracture surface; roughness; anisotropy
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Table 3 Related parameters of splitting test samples
P BERS L JUFTRAE Al i )y -2 il ) 152 ) — Bl g
/¢ B E/mm &S/ mm  HORE A/ KN AT/ mm R K1/ MPa RiAE/ 107
PL-1-1 0 50.40 60.30 1.033 0.083 0.340 1.650
PL-1-2 15 49.70 60.10 6.537 0.017 2.188 0.337
PL-1-3 30 50.10 60.50 8.443 0.098 2.785 1.950
1A PL-1-4 45 50.20 60.60 6.474 0.084 2.128 1.670
PL-1-5 60 50.10 60.20 13.874 0.262 4.600 5.230
PL-1-6 75 50.30 60.92 12.426 0.402 4.055 8.000
PL-1-7 90 50.02 59.70 17.661 0.227 5914 4.530
PL-2-1 0 49.70 60.40 2.046 0.069 0.802 1.380
PL-2-2 15 50.20 60.04 5.954 0.165 1.975 3.290
PL-2-3 30 49.96 60.50 9.442 0.085 3.124 1.690
F2H PL-2-4 45 50.10 60.50 9.828 0.087 3.242 1.750
PL-2-5 60 50.20 60.50 8.225 0.139 2.708 2.760
PL-2-6 75 50.64 60.30 9.922 0.181 3.249 3.570
PL-2-7 90 50.20 60.64 11.39 0.112 3.742 2.230
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Table 4 The maximum and minimum D and
corresponding directions of fractured surfaces
wANG M RS MK JRC
AR /() B4R /() BHEH

1-1-1 11302 90 13881 165 02579
1-2-1 10734 105 12308 15 01574

FLAK 1-3-1 11121 90 13060 105 0.1939
T 1-4-1 10623 90 12948 45 02325
FIHEE 0 1-5-1 1.0380 90  1.2224 105 0.1844
1-6-1  1.0446 120 12299 15 0.1853

1-7-1 10465 45 12725 135 02260

1-12 11364 0 12263 165 0.0899

122 1.0659 105 12817 165 02158

1AM 132 11210 90 13321 15 02111
el 1-42 10719 75 13902 15 03183
Wm0 1-5-2 10182 75 1.1782 0 01600
162 1.0557 15 12558 120 0.2001

172 10100 165 13251 45 03151

2-1-1 11153 60 1.1809 105 0.0656

2-2-1 11653 165 12732 60 0.1079

F2HM 2-3-1 1.0526 75 13640 165 03114
M 2-4-1 11033 105 1.2515 30 0.1482
O 2-5-1 1.0955 75 1.2803 60 0.1848
2-6-1 1.0179 75 11583 150 0.1404

2-7-1  1.0839 15 11932 105 0.1093

2-1-2 11261 75 12121 30 0.0860

2:22 11759 90 13229 150 0.1470

F24K 232 1.0733 105 12490 165 0.1757
A 2-42 11147 120 12776 150  0.1629
FTHE 0 2-5-2  1.0888 90 1.2677 75 0.1789
2-62 1.0646 60 12535 30 0.1889

2-7-2 10622 165 1.1686 75 0.1064

0
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Fig.12 Statistical results of fractal dimension calculation
value of fracture surfaces
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Fig.13 Fractal dimension distribution along different directions for fracture surfaces
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Table 5 The maximum value and the direction of JRC
of fracture surfaces

JRC J5E  JRC  JFE JRCE

RAME /) BKE /) I

1-1-1 167 165 6.35 90 468
121 410 30 1742 90 1332
1-3-1 280 0 8.46 9 5.6

WHE

# 1AL 1-4-1 4.62 45 11.01 75 6.39
e T B

1-5-1 2.97 0 39.86 105 36.89

1-6-1 8.47 15 41.71 75 33.24

1-7-1 5.05 150 42.84 45 37.79

1-1-2 2.98 165 6.39 0 3.41

1-2-2 3.93 165 15.08 90 11.15

1 Al 1-3-2 2.59 105 6.88 90 4.29

A 1-4-2 4.15 135 11.41 75 7.26

1-5-2 2.66 0 72.96 75 70.30

1-6-2 1274 75 374 120 24.66

1-7-2 6.24 165 61.02 165 54.78

2-1-1 2.41 0 525 90 2.84

2-2-1 3.03 60 5.49 120 2.46

552 4 2-3-1 4.68 150 23.24 75 18.56

Je I 2-4-1 7.04 0 21.92 75 14.88

2-5-1  13.93 0 27.12 75 13.19

2-6-1 4.65 165 71.77 75 67.12

2-7-1  10.09 45 26.49 120 16.40

2-1-2 232 0 6.18 90 3.86

2-2-2 3.20 165 7.28 90 4.08

50 Al 2-3-2 5.00 165 17.84 105 12.84

A 2-4-2 6.89 0 21.39 105 14.50

2-5-2 13.97 0 29.22 90 15.25
2-6-2 4.72 165 23.27 75 18.55
2-7-2 13.12 45 26.78 150 13.66
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Fig.16 Schematic diagrams of the ellipse fit to the JRC data of the anisotropic profiles of the cleavage surface
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