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An empirical method for calculating the roughness coefficient of
structural plane with line-plane combination

FAN Xiang"?, AN Honglei', BAO Han', REN Xianda', DENG Zhiying', WU Rui'
(1. School of Highway, Chang’an University, Xi’an, Shaanxi 710064, China;
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Abstract: The shear mechanical properties of structural plane are mainly determined by the surface roughness, and
the roughness coefficient is the main method to characterize the roughness. At present, the research on the
roughness coefficient is limited to a single dimension. Multi-angle and quantitative calculation of the roughness
coefficient of structural plane can avoid the limitation of inaccurate calculation caused by single dimension
analysis. Cubic granite blocks with structural plane are prepared by Brazilian splitting. High-precision 3D scanner
is used to scan the prepared structural interview samples and obtain the point cloud data of the structural planes. At
the same time, three-dimensional reconstruction of point cloud data is carried out by reverse software. The
distribution frequency in the Z direction of the point cloud data, the relationship between the section ratio and joint
roughness coefficient (JRC) values of the section line, and the relationship between the structural plane area ratio

and the mean JRC values are studied. The results show that the distribution frequency in the Z direction of point
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cloud data can be used as a preliminary method to evaluate the roughness of structural surface. The relationships

between section ratio and JRC value as well as area ratio of structural plane and mean JRC are both quadratic

function. By numerical analysis, the binary function relation between the mean JRC of the structural planes and

the section ratio and area ratio is established, and the empirical formula of the mean JRC of the structural plane is

obtained. This study provides a "point-line-plane" idea to evaluate the roughness of discontinuities. The obtained

empirical formula provides a new method for calculating the mean value of JRC of the structural plane.

Keywords: profile ratio; area ratio; structural plane; joint roughness coefficient; calculation method
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Fig. 1 Preparation procedure of structural planes
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Fig. 2 Samples of structural planes
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Fig.3 Scanning images of structural planes

TET ) RE Xk 45 ¥4 1T ) T 2 2R AT SR B, O T ok A IR —
Pl TR £ AT R 7 AR B A 2R R A g TR 9 2R K I A
THT 2% 5 52 3 A it R (4 T BT, AR SCLL XA IE T 1)
Pl T 2 ARO[, £ Y B AE T ) b AR 1 em H— 2% W
T ¥ T o M R AR IR 25 . B BRG] i 2 5 3R E 2
FRAEECRZ AN 4 s .

(a) Tk

B4 FEEHSHE
Fig. 4 Morphological characteristic of profiles

1.3 ZHUERI

FFH Z, SR A530 W 28 19 JRC {H HEAT A P58 . BF
FE A0 R ] SR A ) B (Ax) 23 2 Z, IO ARME., B
L5 JRCAH . Z, T E AR (1) (2) fR ™,

1erfdz\ . |7
a:hﬁ(ak4 (n

2 05
Z, = [ 1 © (Ziat _Zi)z]

2
M-1 n (X1 _xi)2

K x, z—RAEJ7 )/mmy;
L— 4K S /mm;
M—RH S5 H;
x(z) %#)‘5\ %*ﬂ#‘ﬁ/mmo
K(DQ)aHIH Z, 5 EEE R . R
(2) %I Ze AT 153, T LAAS 2 A B S 500
R W — g O N A A H ARG 1 =




2023 4 W HE, S LTSS A RS A LS R B 3 ik - 81 -

Y 0 R AE R R EBUCR 0.5 mm, BB 507 & B0 B
U 500 3 E A7 78 2R FE S BERL N o 25 1 21 R A 1] B Xt
Z, W52, 3kt A B I — b (] BE () Bl ML R 22 ol (] B
T M, PREIBGH TR Y = B S Y AE S O e LA
0.25, 0.5, 1.0 mm {2y SR A (A1 % 31 T 46 3 17 8%
FE o A BB b SRR, R R R AT 04 AL bR g s IF AR 4
CA ARG AT, TR A A H T LA A 7] R A ]
b T A9 JRCIE(FE 1),

F1 WEAKR
Table 1 Table of fitting formulas

SR /mm JRCWAEHH AR Kl
0.25 JRC = 64.28tanZ, —5.06 YuZ§
0.5 JRC =51.8529% -10.37 Tatone%!"
1 JRC = 5503297 - 6.1 Tatone%§!”
2 HESH

2.1 BRZAZER ] S B o b

7 S S S R TR 25 i L I RO R 2 285
FIH, AT F 0 ST A E 1100 AL F o X A
ZHEAT ST, 5 ST AR T AT AT I, B
%0 T SR T BT S A (D 5)

R 435 46 T 1 26 TS 25 5 T, 7T LA W 42 6 ) 45 ; .
T L 7 B e L R A R B ) R (b) Sz 5

IF, &5 48 T S AT 3T fE ) iY 2 R A R | MR Es5 f#HErEE

Ay o KBTI ARTE I, 32 B0 A T i B el e Fig. 5 Diagram of structural planes
oo R R RS, AT LOA N AR B R A8 %2 HEBIESIE

U o Z0W YR VE B 2, DS A TR SRR B, SR Table 2  Statistical table of point cloud data

g m AR S P E TSR TS 208 B B ¥ RAM/mm B/ME/mMm H%/mm o Hf/mm

B, — &R b LU iz g5 0 AR 3 K, A ST 1218937  40.058 0.981 390077 22.050
[&E%ﬁjﬂ I/‘%%, m‘l/J ﬁ@(ﬁjﬁﬂ@?ﬁ?@ﬁﬁj} . Zlgw—(%% S2 1111054 30.640 12.765 17.875 22.820
iﬁ#)ﬁ%ﬁ%ﬁ@*ﬁ;égﬁi+§ﬁ‘m%% 20 [)J\‘E;tﬁlé Sl iﬁ] S3 1088 516 32.568 8.304 24.264 20.708

S4 1114 106 53.192 31.284 21.908 42.682

S4 M HEAT IR, IFHC 1 mm A 43 A [R) B, A SRR S5 1066901  26.803 14.064 12739 20668

BT B X ) SR AR I, LA 6. S6 1064899 30471 12.020 18.451 20.787
. N s N 1112041 30.997 9.428 21.569 20.359

DA (0 20 3 o e, R R S mm fE < {E X S7 0
S8 1074 548 35.688 5.524 30.164 23.831

[, FAR I Dy < AR BT AR ST AR TR {H SO 1034419 27192 0.079 27113 18420
X 8] B9 A 0 FL ik 67.7%, WEUE &, 454 1T b 1% S10 1038317 18.051 1212 16839  11.554

FR B, G S A B S G T IR R = e T

W 25 5 T — B0 M S(a) Hh AT LA M 20t R S5 4 T 7 A5 X5F &8 ) TR B2 AT AN o (HJE, X R i R

SETH U Al B, LT G SR B R o e e AR E R AT

MR RIRE, IR S4 b TR K iy sk 22 FITIZk JRC KUEITH

b 16.35%, i FER L b S1 22, 118 5(b) Fiw . LS4 Sy i), BT i sl 2 i JEAR, T A
PRI, SR 25 A0 A 3 FT AR AE A AT S R TR TIPS M T MRS BE AT 2 Bt

B P L, B3 s BF 5 A T 3 4 06 KT8 5 £ 2 o B T SR B < B B 4 1 P 5 M T R RE b



- 82 - 7K SCHb BT TR b S

gl

0 4 8 12 16 20 24 28 32 36 40
oA X IE]
(a) SLABIARFEARIE]

K108

32 36 40 44 48 52
S A K]
(b) S4B kIR

6 mEHIRE
Fig. 6 Histograms of points

T ELGE AR A, UL A R T ) 2R AT AR Y
BRI LI E YRET m, 1 2] 15 #1745, F &
SRR AT A R FE R A . IR 1 i AR
P 45 T 2R AN [) SR B [ 5 X6 17 Y JRCEUE (11 7)) o
ME 7 0] LR, — A 58380 R AR G5 K 1T, AN % 4
PR SR B 5 T HL I JRC BB 4E v 43 A A A 1
P, BRLAE DL — 5% ) THT 4R R A ek 235 4 TR R B Ry B 1 4%
58, LA 0.5 mm SRR RORE, JRC=8 5 HELh 66.7%,

10 + /\/‘ . s
A \/i/“
s \ // 4
@ \
;{E)é 6 \A
%
41+ —a— 0.25 mm
4 —v— 0.50 mm
2r — — 1.00 mm

01234546 7289101112131415
B

B 7 JRC#E
Fig.7 Values of JRC

Hodr e [8, 101 X 6] (5 kb ok 53.3%, 13X Flv Bl 42 /) 3
BLF R, A6 A VR A, A X R 64 ¥ 5, 7
B LI AN 25 IR B S A L R, BT DL JRC %K
{ELAE A D] P 3 A e s

TG SR BT Foft BRURE: [ B, JRCEUAEL 4 43 A5 175 1 3k
AR —FAULABE F 22570 G TEHAh 9 A~k
Bk Hh BT TRIRE R B . TT L, B SR A T R 1 3
I, JRC ESAE 5 B0 3 K A, X T e S R &
AR e WFRFRWIN, BEE KA BE 1S K, Z,
BN, BARXG)RRECE R, widiE,
0.25, 0.5, 1 mm RFEA G T, JRC EXMH 5514 7.16, 8.75,
9.64, {H R BEA K, AR 2,

Z, = —0.0038Ax> — 0.0054Ax +0.1935 3

T A o 5 T ) B K JRC B T AT A, 2
— Ok YR 4 B m — A o8 R 45 B T A R RE BE, W
AN 2 oA T (B Y T AN TS o 1= 0 A s o 1
AT DA 2 PP H 45 1) THORERE 2, 5 a5 K008 A LG T B0
23 HM S JRC HUE X R

2.2 R JRC BUA, T Z, AT, Hat st
AR, O D, BN E A R
I 5 77 2T E 5 JRC BUEL, W] LA 25 44 T R R
PEAG R . 8 O 0.5 mm SR AL BB R 19 2 255 1 £k
K JRCHEUE, IFH, BT kR E S, K 2 5 Hmk
() Z {H 4 ARG 20 mm, K8k LRSI HE B
WL ZE 2] 8 v ) T (1 T8 AR FREAE, W] DL EDUL Y A 2, )
AT 28 A AR R B A, X 1 1) JRC UM AR R, H S B
KRB, R L —Tom g S H i b ok ik
S JRC BUE, BE AT LA DRI Z, A7 Y T AR &

A B R, A PRI AU SR Y
T B EL, 25 A0 A5 B B4 AR RS AR AR R
R A AT A F 53 AR AR R S T AR R I 4R, JF AN 2R

60
25 FI T2k
551 ERERHRE
/\

- Ve JRCE 48,98

Es0f

R N I R
45| M

JRCHUE 46.93

40 L

8.0 l(.)O 1&0 14.10 1&0
X/mm
B8 HImE&XtLLE

Fig. 8 Comparison of section profiles

0 20 40 60



2023 4F

W HE, S LTSS A RS A LS R B 3 ik - 83 -

SR 235 Ky THI 119 W7 18T ) T 28 0 S T AR o ) T 4k 1 R
— M, S SCR] AR B 25 R TR b RE A R A Ak )
BT, 3 BURE— 255 THT 4R 1 S PR B (L) 5 SR ME R K
(Ly), FIFH 2 (4) 3H 535 0 i 0 i b (V) o TR s, )
F LRI ERBPA A, T8 8555 w4 R 1)
JRC UH, #7 JRC BUE 5 E1H AR R .
A=LJ/L, 4
LS4 Sy, 43 5] ek g 4% ) T R 1) S B K S 3
WEL KB, P i t, St a5 R W 3, i
ST T EE 5 S TR RFE R T JRC A B I, &l 9

FEm o ARk & 9, JRC UM 3 A Bl 5 51 ThT LL A 36 R
R, HfERE— XA E . 4 JRCIE 5 HI T
AR, KM JRCAE 5| 22 IR RELC R, H
Bl SR A ) B B4 I, BUA ROR B AR 2% . %S
VTR 2 1 AT Ak B G, SRR D R A, A ] o B
N Z2 W ) L R R B R 225 Z, S BRI Bl & 240
ARG, IR 2ZE SRR, S BURFE ] Rk K, 145 8501)
2%, AT LA 025 mm 5 0.5 mm 1
RAEE BT, & 5 JRC AR PER A, T DAE AT
RS YGRTH 2 JRC BUE B T

®3 S4EFEILSGITR
Table 3 Statistical table of profile ratio of sample S4

(a) 0.25 mmRAE ]

(b) 0.50 rﬁm%#l‘ﬂfﬁ
B9 JRCHEESHIEILXR

2= FEMERJE /mm SRR/ mm B4 2= FAER B/ mm SLFRK B/ mm RNl
1 147.946 2 149.348 7 1.009 5 9 150.276 6 153.983 7 1.024 7
2 149.152 1 152.422.0 10219 10 150.074 5 153.291 8 1.0214
3 149.209 1 151.769 9 1.0172 11 150.276 8 153.530 2 1.0217
4 149.416 3 151.5817 1.014 4 12 150.171 1 153.031 4 1.0190
5 150.135 4 152.689 3 1.0170 13 150.042 8 153.703 8 1.024 4
6 149.924 5 152.605 1 10179 14 150.210 1 154.129 6 1026 1
7 149.966 1 153.246 1 1.0219 15 147.501 0 150.102 4 10176
8 150.082 6 153.455 6 1.022 5
JRC=13 893.157>+28 716.58/—13 893.15 12 - JRC=—15 012.012+30 965.6/—150 112.01  [JRC=—11226.897>+23 312.16/12 008.75
10 | R*=0.93 " R™=091 12 FR2=0.88
10}
g o g
6F
4r « 0.25 mmRAEIIRRCHL « 0.50 mmRRERIFRJRCHY = 1.00 mmFAERIFRRCHUY
— AL — Ak — WA
1010 1015 1020 1025 1010 1015 1020 1025 1010  1.015 1020  1.025
i A 1

(b) 1.00 mmFAE ]G

Fig. 9 Relation between JRC and profile ratio

2.4 JRC ¥IH S5 THBHLZ [H] ) 56 &R

T2 U DN A A B85 3 BT 45 4 T RELRS 3, o B
V14 235 ) T LA 04T RSP (18 1T, 4 T 43 BT 225 44 T REL G
JEE 175 150 A4 i S g A 900 45 A T ) B BT S . AR R
B A 2% ) THT 28 JRC KIUME B L5 445 4 Tl 2 1o, & B
S A R AR AR BRI A RRAE . L JRC BUH
KT, F B IR o B 4 AR F A IXTR], AR S4,
HH B 5y JRC BUHE 5 A 7E [8, 10 FE Ttk [A] A
25 2k sh T 0 AR S TN AR B AR, F S T AR
b5 JRC #MEZ A X R

Belem 45 ™ $1& 3 i) FH 2 17 KRS FE 22 500 RO SCRR

AL ) il iR 45 4 TEDHDRE B2, 33078 LU (5) o %
FRHOR 0 J2 35 A T R A, R RS T AR (4,) B 5 i
KFH M (4,) 7B,
R, =AJA, (5)

I FH B 24 1) 5 4y T BIF 5 T AR L X 45 A T REL s
MR BRFR . BEIE b A4, WA 22 500 mm?, {H 25 JE F]iK
FE N T ARG 5% 2 A5 2= B0 A BRI 30 % 2% AT R
(R 22 , 7 Ab B A5 2= B0 I LA <2 #4 T R 0T BE R B 56
B Ry IR ), N R EE TR AE, B AR B A A s B
I, W B3 HE Ab 1) A% s, K 5 A T 3 A5 I AE 145 ~
150 mm Z [A], S AT e ffish FF B, Doy EiHE ., itk



- 84 - 7K SC Ml J5T T b 5 o551
B G T A VR T AR AR — R, e A G UL 4. F4 AHEERLL
;F[J H:J ﬁ: (6)ﬂ‘%: JRC ﬂj{ﬁ ( ,7) , Xﬁﬁ(fﬁ ﬁfﬁ’? ﬁ:}’*ﬁ , Table 4 Area ratios of samples

AT LAE AR S JRC YEAFAE IR BRECC R (K 10) . i HEE TR mm® FEL Y mm’ A
u Rz {E@T%*ﬁ?@@, %'WT%T%@I‘ETJEE%I 0.5 mm HTJ‘, *H?é‘fﬁ S1 22350 24 116.034 1 1.0790
o e . 2 22350 23423.588 8 1.048 0
e, WAL, o JRCHES AR, 3 22350 23201424 4 L0381
—ERREE AT DA A T AR H AT DA - T ¢ 5 4 T s4 21025 224352213 1.067 1
FEL S5 22200 22 641.000 0 1.0199
N S6 21316 22213.150 6 1.042 1
n= (Z Tome )/N 6) s7 21 609 22986.338 9 1.063 7
= 1 S8 22201 22 808.410 4 1.027 4
e A - A S T o ) S9 21756 229733483 1.056 0
A e 5 i ALY JRC {H S10 22052 23216.181 8 1.052 8

N— 2B AR

10 1 045.20R242 239.15R.~1 190.54 10 1 040.20R242 221.77R -1 17725 =1 027.77R+2 184.33R—1 15130
)| 0386 R=0.91 10} R=0.87
[ ] . -
8 9
= =
7
8
6 o . -
o v 0.25 mmRHERIFRIRCIHIE = 0.50 mm AL FFIRCHI(E - 1.00 mmRAE I fRIRCHI(E
s — WA p — A ; — A HhR
102 104 106 108 102 104 106 108 102 104 106 108
R R R

(2) 025 mmHE I (b)

0.50 mmFEa]

E 10 JRCHESEMRIEXER

Fig. 10 Relation between mean JRC value and area ratio

3 JRCHIEWITE %

WAL 2 A A A, ETE L5 TE R B AT Ly S A
YRS YRR ff R AT 4 R THRDRE BB, (HZ ok
—Fh oM T B HR MR E . an SR ) i e S i R R
AZEA, R L5 JRC YE, o LU N4,
5 b o0 B 5 A T AAOREDRE B L PRIk, R 4 A T F- 2
b, WA JRC ME I TSR 5) .

i 1 /i SCA A, SRAETEBE 0.5 mm B, JRC BUE 5
FTE L | T AR A B A O E R R A 0.5 mm
YE b R AE 0] B8 B AT 5T o 3 2 50408 A B Ak 4 X JRC
BIE . 7230 b R m AR L AT T, A L
JC R BN TR, 57 JRC Y 5 AR . ) T L Y
ZoellEA R, () iR, BLASS R IE 11, R 8
9 0.96, A IUFHIAHIE K R -

17 =—3369.88+4 754321+ 1 730.38R,

—2299.6324* —812.19R D)

A (7)ES T 4R E JRCHE 5 H 1 M. AR T
B ZICEREUOE R, —EFEEE FyRAb T 8RB —Fh B
PF- A &5 ¥ T REURS B 04 JR BR 1, B AT 5 g 10 o R R 5

4 it

(¢) 1.00 mmBFEH]

(D) e fiR 1 LL 10 26 o 510 17 2 St 58 %0 52 B9 R B

Pk

ZEA5 o M4t AL T T 0 F T -5 JRC BUELL &S

Fyii i B 5 JRC PE IR R G KB, KL =4E130 07
TBIF 5 23548 DAL 32 P f) < B8O SR B TB] 1 0.5 mm,

(2) 4R A — b i -2 -1 22 A1 B2 0 B 45 A T AL A
JEE A R o 2 0 A B AR LA A i 3 4 A TR A

¥ I ar TR m b AR S JRC Y G R, KL
x5 REREST
Table 5 Statistical data of the tested samples

Fe5 SR L L JRCH
S1 1.0322 1.079 0 8.93
S2 1.029 8 1.048 0 8.62
S3 1.026 0 1.038 1 8.51
S4 1.029 5 1.067 1 8.78
S5 1.0150 1.0199 6.68
S6 1.016 0 1.042 1 7.86
S7 1.024 9 1.063 7 9.14
S8 1.0180 1.027 4 7.18
S9 1.040 5 1.056 0 8.95
S10 1.026 3 1.052 8 8.90
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