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3D roughness obtaining method of rock joint based on profile measurement
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Abstract: Obtaining the 3D profile of the rock joint in the field is crucial for slope stability evaluation. Constrained by the high usage
costs, cumbersome operational procedures, and stringent requirements for measurement subjects, precision equipment such as 3D
laser scanners are difficult to widely apply to engineering sites. The paper proposes a method to obtain the 3D roughness of rock joint
based on the profile measurement. The shear characteristics of rock joint are assessed using Tatone's peak shear model. The goal is to
determine a suitable profile interval for reconstructing the rock joint, ensuring that the relative error of the peak shear strength
between the reconstructed and original rock joint is less than 5%. Then, two-dimensional profile measurement of the rock joint is
obtained by using a mechanical hand proflograph. The coordinate data for each profile measurement is extracted by considering the
relationship between the size of the image digitization matrix and the actual length. The existing data is subjected to spatial
interpolation using the Griddata function to generate a reconstructed three-dimensional rock joint, facilitating the study of relevant
roughness. According to both the theoretical analysis and the direct shear test, the relative error of the peak shear strength of the two
rock joint is less than 5%, which meets the requirements of engineering applications. The study shows that the method can accurately
obtain the three-dimensional roughness of the rock joint and has the advantages of simple operation, low cost and low influence by
the measurement environment, which provides a reference for related rock joint roughness analysis and shear strength research.
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ZEERE: 02535 2 02444 2 01701 2
L AfE: 02554 3 0.246 1 3 01712 3
S S I
: 02726 4 02701 4 01834 4
[ERES
Ezmaik 03121 5 03059 5 02162 5
2 07696 6 07850 6 0.664 1 6

£S5 KA 6 M EIEE AT B FIAEREE K &4
THEEK op
Table S Jp calculated by six spatial interpolation methods
under different roughness levels
FEA A FAC FEAE
on/% i on/%  HEE % HEA
Griddata FR%(  3.290 1 3.477 1 1.637 1
REREE 6853 2 9.212 2 4.944 2
R AAEEE 7.094 3 9.618 3 5.035 3
SR B IR
ERES
JAER Wik 12.533 5 16.254 6 7.468 5
BANBRE  15.636 6 15.836 5 15.083 6

BT R7S

8.081 4 9.897 4 5.831 4

AR TR, AFIFCECRAE RN A FRLRE
FE K HAN L 30 Griddata BR B0 45 F T = 4k
B P IRE R . MR HAR 7%, Griddata AL
PANE RIFM T SEr Shae s, a5 —=4iEa
) P S (R TV I S IR B

6 SEAF IR

iff 7 £ 3L 2 R e 7 VR RN B0 R B B /s
ZITE T T A A ST = 4E SR K R A, S
PLET AP S5 R T B PROEIR I . IR T i A 5
P, WFA W7 FF 4 AR5 100 mmx100 mm
IEERITTREAR (REAS G~ 1) JEATIRAIE . 4% RTR T7 %,
PR 4 MNFEAARJFE UG S B EM S (ILE
12). K5 4 MEERSS NPAH: FEA G Hy FEAL T,
Hrf, A G, HHTWIRIUE, FAL JHTH

WRHIE.
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Fig.12 Four samples and their original and reconstructed
point clouds

R (2. ) IHEFEAR L T HEEDTEY
FERIASHR Z . 5B 6 FIoR, 1 YR T HH N )
Tpos DR T AR B AL R AN T B G b 2 T - L
SERITMOR TSR . 4 ZELREAS IR0 AR 40 BY 55 P AH
WHRZE 5, B/INT 5%, R TR 2R

WIEFEA G H Wiz, FTEHAYGAR. )
RS ) W b ey SR A AR YN/ BE WAL 22 23
(3R 2) e S FEAM R A L, Rk 7 A
TNe NIEZ AR AT, AR 561%E FH 25 B GCTS
2\ H) RDS-200XL 4= H shfal ik 4z fil A A BB GHEAT I
IRI0AIE, I RN F) on BEE N 0.5 MPa F12.5 MPa,
BUYH BE R £ E bR A ) 5 A 0 LR eI
) 0.2 mm/min, HKEIUIMIALER SN 15 mm.

Ko SHHEHANERITHESR
Table 6 Theoretical calculation results for the rock joint
samples
0,=0.5 MPa
/MPa  1,/MPa  61,/%
1 0.698 8 0.669 2 4.24
J 0.6966 0.6722 3.50

0,=2.5 MPa
1/MPa  7,,/MPa  07,/%
3.1852 3.0427 447
3.1680 3.0278 443

S H T A

R7T FEMERECE

Table 7 The mixture ratio of raw materials

R A

K, —————— , , b4 R
HOROKFIKE  REROKR KRR

0.3:1.0 1:84 1:10 1.0:1.5 2.5

WIGLE R E 8 fivn, 4 LUREA I b8y
FEARTRZ on, B9/ T 5%, i 2 TREN FH A EER

RS SMEREAKABRER
Table 8 Test results for the rock joint samples
0,=0.5 MPa 0,=2.5 MPa

SR REA

pi/MPa  7p/MPa  05,/%  1,/MPa 7o/MPa d1y/%
G 0.718  0.685 4.60 2,653 2531 4.60
H 0.689  0.661 4.06 2,565 2.460 4.09

B PALREA, BT, WA
RTEITEE. SREY), 8 AU
BPRREHIAT IR 0y 9T 5%, T2 TR
HREER

7 4B

(1) BETHE 50 ith A e fm = & 75 B AA 1R
T AT S, BRI L 2 AL T = 4 A RS B TR oK
LM LR A . 2 2RI AORIALLEE DA R R S AR Ak X
FICLEERIREm, R BT 250 B0 h 28 55 5 B 4 My T
B SRR A R IV &2 .

(2) AWM AFREREEE . AN [FERAE RIBE A
WEB Griddata bR 0% A2 5 0 45 K T =4 =10 v 2 (]
TEVE R RIEE R, AECT HAh /7% Griddata B3
RS S vy, AT EEME R AT .

(3) PI BJHERMGEEL, X -0 2 (%) 225 4%) THT R A 2
KRB B s R .

(4) Z3dilse . PRI IZ VAR &, ik
BHAZ 732 R A2 T MR SR 4 1 T — 4 T 303
WK, BAT RN AR,

2 % 3 W

[1] N8 AR %M. dbat: Bl L, 1988.
SUN Guang-zhong. Rock mass structure mechanics[M].



B

=1

S
jF
4
foi:

TR R 10 5 AR 2 A T — 2 R R SR ik 493

Beijing: Science Press, 1988.

(2] FRHEAE. & BUasAaE o B « J7ik - FEF M)
B3 E AR K S RAE, 2005.
CHEN Zun-yu. Rocky slope stability analysis:
principle * methodology * procedure[M].
‘Water Power Press, 2005.

[3] H:T7EE, mkdE, KRR FT REV KA UL
BRI 77V (7). TR, 2009, 31(2): 139-
143.

DU Zi-jian, GAO Yong-tao, ZHU Jun, et al. Simulation

Beijing: China

test method of rocky slope mechanical parameters based

on REV[J]. Chinese Journal of Engineering, 2009, 31(2):

139-143.
[4] FBRHA, AER. ZERR A AR RAE B TR BR ST RS 5T
HERR[)]. ‘& 1%, 2015, 36(12): 3456-3464.
WANG Xiao-ming, ZHENG Yin-he. Progress in the study

of fractured rock characterization unitary and size effect[J].

Rock and Soil Mechanics, 2015, 36(12): 3456-34649.

(51 LISt AR 5V /)N IR RS 7K R IR R V) D8 0 32 3 R

PERFFE[T]. HLERFL2E, 1992, 17(6): 709-718.
DU Shi-gui, PAN Bie-tong. Study on the stability of the
slope on the west side of the storm ditch of Xiaolangdi
Reservoir of Yellow River[J]. Earth Science, 1992, 17(6):
709-718.

[6] BARTON N, CHOUBEY V. The shear strength of rock
joints in theory and practice[J]. Rock Mechanics, 1977,
10(1): 1-54.

[77 HONG E S, LEE J S, LEE I M. Underestimation of
roughness in rough rock joints[J]. International Journal
For Numerical and Analytical Methods Geomechanics,
2008, 32(11): 1385-1403.

[8] GRASSELLI G, WIRTH J, EGGER P. Quantitative
three-dimensional description of a rough surface and
parameter evolution with shearing[J]. International
Journal of Rock Mechanics and Mining Sciences, 2002,
39(6): 789-800.

[9] OZVAN A, DINCER I, ACAR A, et al. The effects of
discontinuity surface roughness on the shear strength of
weathered granite joints[J]. Bulletin of Engineering
Geology and the Environment, 2014, 73(3): 801-813.

[10] ZHANG X B, JIANG Q H, KULATILAKE PH S W, et al.
Influence of asperity morphology on failure characteristics
and shear strength properties of rock joints under direct
shear tests[J]. International Journal of Geomechanics,
2018, 19(2): 04018196.

[IIJLIU Q S, TIAN Y C, JI P Q, et al. Experimental

investigation of the peak shear strength criterion based on

three-dimensional surface description[J]. Rock Mechanics
and Rock Engineering, 2018, 51(3): 1005-1025.

[12] BARTON N. Review of a new shear-strength criterion for
rock joints[J]. Engineering Geology, 1973, 7(4): 287-332.

(13] &8, A, EICHL. —Fhor B 45 b i AR &5 D

BLA— BT B it Cl/ =l Eg Ly
TREFARREWICHE. B DR HOR H A,
2009.
JI Feng, SHI Yu-chuan, FENG Wen-kai. Development of a
new tool for measuring the undulation pattern of structural
surfaces- contact punch[C]//Proceedings of the 3rd
National Geotechnical and Engineering Academic
Conference. Chengdu: Sichuan Science & Technology
Press, 2009.

[14] AR B, 7 S5 S0 T ASC B A 26k 445 A T HE RS S22 2 5
IR R[], s RN IR, 1992, 11(3): 91-95.
DU Shi-gui. Simple longitudinal profilometer and its
application in the study of roughness coefficient of rock
structure surface[J]. Geological Science and Technology
Information, 1992, 11(3): 91-95.

[15] FARDIN N, STEPHANSSON O, JING L. The scale
dependence of rock joint surface roughness[J].
International Journal of Rock Mechanics and Mining
Sciences, 2001, 38(5): 659-669.

[16] 3¢5, JERA, AN S, & A n a5 E 3 0 907 %

R W AL RE R AL, A A 5 TR, 2020,
39(6): 1153-1164.
HUANG Man, HONG Chen-jie, DU Shi-gui, et al. Study
of rock structure surface morphology classification method
and two-level roughness characteristics[J]. Chinese
Journal of Rock Mechanics and Engineering, 2020,
39(6): 1153-1164.

(17] B8R 5E, 784, KRB, & S5 RS A 40 it D & i
ANEEAE E TTVAT]. 15, 2020, 41(4): 1259-1269.
HOU Qin-kuan, YONG Rui, DU Shi-gui, et al. Minimum
sample size determination method for statistical
measurement of structural surface roughness[J]. Rock and
Soil Mechanics, 2020, 41(4): 1259-1269.

(18] FRIELIT, RTTRE, ?f“%'%, S BT ZEP R
A 45 1 THT BY V) 5 BE R R [J]. A - 1%, 2015, 36(3):
703-710.
CHEN Shi-jiang, ZHU Wan-cheng, YU Qing-lei, et al.
Study on shear strength of structural surface of rock mass
based on multiple fractal features[J]. Rock and Soil
Mechanics, 2015, 36(3): 703-710.

[I9TLI Q H, SONG D Q, YUAN C M, et al. An image

recognition method for the deformation area of open-pit



494 = +

) 2023 4

rock slopes under variable rainfall[J]. Measurement, 2021,
188: 110544.

[20] BELEM T. HOMAND-ETIENNE F. SOULEY M.
Quantitative parameters for rock joint surface roughness[J].
Rock Mechanics and Rock Engineering, 2000, 33(4):
217-242.

[21] GRASSELLI G, EGGER P. Constitutive law for the shear
strength of rock joints based on three-dimensional surface
parameters[J]. International Journal of Rock Mechanics
and Mining Sciences, 2003, 40(1): 25-40.

[22] WEISSBACH G. A new method for the determination of
the roughness of rock joints in the laboratory[J].
International Journal of Rock Mechanics and Mining
Sciences, 1978, 15(3): 131-133.

[23] TATONE B S A, GRASSELLI G. A new 2D discontinuity
roughness parameter and its correlation with JRC[J].
International Journal of Rock Mechanics and Mining
Sciences, 2010, 47 (8): 1391-1400.

[24] ZHAO Y L, ZHANG C S, WANG Y X, et al. Shear-related
roughness classification and strength model of natural rock
joint based on fuzzy comprehensive evaluation[J].
International Journal of Rock Mechanics and Mining
Sciences, 2021, 137: 104550.

[25] YONG R, GU L, YE J. et al. Neutrosophic function with
NNS for analyzing and expressing anisotropy
characteristic and scale effect of joint surface roughness[J].
Mathematical Problems in Engineering, 2019, 2019:
8718936.

[26] ALT H, GODAU M. Computing the Fréchet distance
between two polygonal curves[J]. International Journal
of Computational Geometry & Applications, 1995, 5(1):
75-91.

[27] EITER T, MANNILA H. Computing discrete Fréchet
distance[J]. Computer Science, Economics, Mathematics,
1994, 64(3): 629-637.

[28] WANG J F, XU C D, TONG S L, et al. Spatial dynamic
patterns of hand-foot-mouth disease in the People's
Republic of China[J]. Geospat Health, 2013, 7(2):
381-390.

[29] EHEHR, VES, VEMA. =4 2 A A Ll 5
YR, WUBKETT, 2019, 36(11): 91-95.

WANG Hong-shen, WANG Yong, WANG Yu-rong.

Similarity comparison algorithm for three-dimensional

free curves[J]. Mechanical design, 2019, 36(11): 91-95.
[30] RUI Y, JUN Y, BO L, et al. Determining the maximum

sampling interval in rock joint roughness measurements

using Fourier series[J]. International Journal of Rock
Mechanics and Mining Sciences, 2018, 101: 78-88.

[31TLI Y, XU Q, ADNAN A. Uncertainties in estimating the
roughness coefficient of rock fracture surfaces[J]. Bulletin
of Engineering Geology and the Environment, 2017, 76:
1153-1165.

[32] ABOLFAZLI M, FAHIMIFAR A. An investigation on the
correlation between the joint roughness coefficient (JRC)
and joint roughness parameters[J]. Construction and
Building Materials, 2020, 259(11): 120415.

[33] BAN L, DU W, QI C. A modified roughness index based
on the root mean square of the first derivative and its
relationship with peak shear strength of rock joints[J].
Engineering Geology, 2020, 279: 105898.

[34] BAO H, XU X, LAN H, et al. A new joint morphology
parameter considering the effects of micro-slope
distribution of joint surface[J]. Engineering Geology,
2020, 275: 105734.

[35] TATONE B S A. Quantitative characterization of natural
rock discontinuity roughness in-situ and in the
laboratory[D]. Toronto: University of Toronto, 2009.

[36] DU S G, LIN H, YONG R, et al. Characterization of joint
roughness  heterogeneity and its application in
representative sample investigations[J]. Rock Mechanics
and Rock Engineering, 2022, 55(6): 3253-3277.

[371 HUANG M, HONG C, DU S G, et al. Experimental
technology for the shear strength of the series-scale rock
joint model[J]. Rock Mechanics and Rock Engineering,
2020, 53(8): 1-19.

[38] HANSELMAN D, LITTLEFIELD B C. Mastering
MATLAB 5: a comprehensive tutorial and reference[M].
New Jersey: Prentice Hall Upper Saddle River, 1997.

[39] BRESNAHAN T, DICKENSON K. Surfer 8 self-paced
training guide[M]. [S. 1.]: Golden Software Inc., 2002.

[40] TATONE B S A, GRASSELLI G. A method to evaluate the
three-dimensional roughness of fracture surfaces in brittle
geomaterials[J]. Review of Scientific Instruments, 2009,
80(12): 181-106.

[41] JIANG Q, FENG X T, GONG Y H, et al. Reverse
modelling of natural rock joints using 3D scanning and 3D
printing[J]. Computers and Geotechnics, 2016, 73: 210-
220.

[42] MURALHA J, GRASSELLI G, TATONE B. S. A, et al.
ISRM suggested method for laboratory determination of
the shear strength of rock joints: revised version[J]. Rock

Mechanics and Rock Engineering, 2014, 47(1): 291-302.



