BB HTH s + T B % Vol.34 No.7
2012 4 7H Chinese Journal of Geotechnical Engineering July 2012

ETHREE S ANE T ENE AR

BRAN ARG B X, THEF . F #

(1. AERAERY JEED R BIRS T PR E K E AT E, Jbat 100083; 2. FEF LAY e A 5@MTREYEE, JLat 100083)

W E. A AW RS R I AR, o B SR R T O O T T i RO, e S R RO R
M TATIR B 3 T PAT/R BB s LR 4, ARYE S s B e X, RIMAIRE 0k . 5ALGEN S 7 78 3
AHEG, PRRREE 5 1 TT DL BRI O AU IE WO i R B, 8 G S 77 R AR VR AR R A B 2 R R BT S A R
W B S AT R ARG S A B W 4. b RPN R B TP AT R R 5, AT R — RRE R T, (AR
BRI A A W o A B B R RS R, ARG e Al T HAB T RN B A TR (A S Ak Bl A B A
) gi—ER, BARMRMIERE.

KRR BMHCPATR: 3 ESPAT M SLOTIRE SRV MR ARV

FESES: TU443 CEARIRAS: A YEHS: 1000 - 4548(2012)07 - 1256 - 06

EH/N: BHANWE - ), %, WHEMLA, Ht, FENFHES LR LS+ TRES AT . E-mail:
xuedongjie@163.com,

Algorithm of fractal dimension of rock fracture surface based on volume estimation
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Abstract: For calculating the fractal dimension of rock fracture rough surface, the prism-like or 3-side parallel bodies may be
generated by connecting the data points on the fracture surface in order to take full account of laser scanning-based elevation
data of the surface. A volume covering method is proposed for estimation of the fractal dimension of rough surface according to
the definition of Minkowski dimension. Compared with the traditional cubic covering method, the volume covering method can
be employed to directly calculate the volume of covering body and to estimate the fractal dimension without correction point of
laser scanning data so as to avoid the differences caused by different coordinate systems. Furthermore, by comparing the two
different types of parallel body covering methods for the same rough surface, all the volume covering methods have high
accuracy in calculating the fractal dimension and have strong applicability overcoming the uniform shape requirements of the
covering cells (all cubes or all cylinders).
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Fig. 2 Sketch map of mudstone fracture

H REBCA X T 70 IR aE B E0E 3 4t
PRI LB (40N 48, BRI 44
REH AR E LRRET “RIEs THER” X
—BEM, B R—ARE, HFEAS>0, 2
& RJZANT 6 IR, JF B L&A M, (F) 7£



1258 s + I B % #® 2012 4E

S —> OB PRI« WIRAFAEN AN ESHE S e Fils, 415 1 1 1 1

M&(F) ﬁ%/%’%%ﬁ$ V :1 XX X X (4)
M;(F)~co™ - () 6li V. Vs Ve

AR F BA “4e8” s, fic T LBEIEREF s 4K z, 1, 7, 1z,

i

GEAERCUFR A K ] R (Minkowski) ZE %
BEAHANEEAEE XM R TR R LS
TEEA AR ZNH. S48EA 2SN E
X, A E RIS R BA R . X T2 by
Fri@ R0 A, AITHHE B H n 4ERREGE AR 4R
HEIERNES TR ETRE. —MEENEHEE TS
— M7 T B D BRGNS s - 4ER R A E )
PIRF. AT VIR —R, BEXARS - AT

A5:{XeR”:|x—y|£5,VyeAﬁiifL} o 2

AT AR S - AT S AR/ T 6 R4
Ho i, FERTH, MR A={x} R, WA 2
—AAx, Ay, BLS NEARRIER: IR AR —
Bo, WA EEL AL ZR IR 18 vol" (A ) o A
I n AR, JFHHEE 6 >0l vol” (A) sk
P, iR

vol"(A;)~cs™ (6—>0) , €))
MIFR s & AAERL, ¢ & AMSHERE (B8,

Hi, i1, ke1)

EQi, g, ke 1) /

Blis 1, j, K

(s) $F AR W
.~\,(1|, . [N :I]

Aty Ve 23) 0, 25
(b) fE M AR
&3 YN rEE

Fig. 3 Splitting diagram of prism-like parallel body
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Fig. 4 Diagram about four forms of prism-like parallel body
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Fig. 5 Four forms of prism-like parallel body (lower left corner to

upper right corner)
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volume covering method of prism-like parallel body

1=2.1290
8

)

0 Rcoilineinal A
-1.0 <08 -06 -04 <02 0
log (#5,)
(=) EZFEHETF

25

N
=

1=2.1285
4

o L

log (MIN)

=
N

A N

8.0 08 0.6 0.4 02 0
log (#6,)
by X F4 L
10 3 EFITHAIRBE AT EHERE S HE
Fig. 10 Results of fractal dimension of rough surface estimated by
volume covering method of 3-side parallel body

5 RS

toxt Al MRS BRI TSR ) 4EAE, W] LR B
VB SEATAEIRIF AR MR &, Ui AR STt 3
L 2R T 1) 73 AEAELAE AT AT (¥ AR i ik B HR T
SRR R E RS, EACE R IR E T
U2 A5 A5 ) P, e S 1 3 PR Rl VA PRALE
PR T SO s R AR E R 22 R R MR i
J& T B ITIIRE AT R K e AL, AR T
WS RIUE S, AR T RS ISR
At PRBUVE R SORIE T S5, BHxd
LR Wi 242 T SC P 42 HH SRR HE (1 52 SO L5 18 T AN
BOLHMACRE L, — EfERE Lt T ARG
PR BURHLAR R ZE, M0 = AT R AR i ik R XA
RER I A o, THE YR th REAR I S DR RS P A
B MHICHY T E SRS, AR 2R
BRI, R EERE, AT RS
IE FITESRE, At Xe AL 2 T e s L AT B iR O3 P A2
DRI, ARV w02 BN B S RO SR ik

SE IR :

[1] MANDELBROT B B, et al. Fractal character of fracture
surfaces of metals[J]. Nature, 1984, 308: 721 - 723.

[2] MR, WEANSE. B A W RGR T K 0 TERBLANI]. & 0027,
2008, 29(2): 347 - 352. (SUN Hong-quan, XIE He-ping.
Fractal simulation of rock fracture surface[J]. Rock and Soil
Mechanics, 2008, 29(2): 347 - 352. (in Chinese))

[38] E42e, HIAE, KWASNIEWSKI M. 27 241 11 % ] 5
AT BT[] &L TR, 1998, 20(6): 16
- 21. (WANG Jin-An, XIE He-ping, KWASNIEWSKI M A.
On anisotropic fractal and multi fractal properties of rock
fracture surfaces[J]. Chinese Journal of Geotechnical
Engineering, 1998, 20(6): 16 - 21. (in Chinese))

[4] EKAL, k&t ZEDES Kriging fiE £ Z A L
R R[] & i, 2011, 32(6): 1864 - 1868. (WANG



1262 s + I B % #®

2012 4

Chang-hong, ZHU He-hua. Application of multifractal and
Kriging interpolation to reconstruction of stratum[J]. Rock
and Soil Mechanics, 2011, 32(6): 1864 - 1868. (in Chinese))

[5] ZHOU H W, XIE H, KWASNIEWSKI M A. Developments in
characterization of surface topography of rock joint[J].
Progress in Natural Science, 2001, 11(7): 481 - 489.

[6] ZHOU H W, XIE H. Anisotropic characterization of rock
fracture surfaces subjected to profile analysis[J]. Physics
Letters A, 2004, 325(5-6): 355 - 362.

[71 XIE H, WANG J A, XIE W H. Fractal effect of surface
roughness on the mechanical behavior of rock joints[J].
Chaos, Solitons & Fractals, 1997, 8(2): 221 - 252.

[8] CLARK K C. Computation of the fractal dimension of
topographic surfaces using the triangular prism surface
areamethod[J]. Computers & Geoscience, 1986, 12(5): 713 -
722.

[O] WA, 430 - & A 1 WML dbat: BHas L,
1996. (XIE He-ping. Fractals-rock mechanics[M]. Beijing:
Science Press, 1996. (in Chinese))

[10] CLARK K C. Computation of the fractal dimension of
topographic surfaces using the triangular prism surface
areamethod[J]. Computers & Geoscience, 1986, 12(5): 713 -

722.

[11] XIE H, WANG J A, STEIN E. Direct fractal measurement and
multifractal properties of fracture surface[J]. Phy Lett A, 1998,
A242: 41 - 50.

[12] XIE H, WANG J A, KWASNIEWSKI M A. Multifractal
characterization of rock fracture surfaces[J]. Int J Rock Mech
Min Sci, 1999, 35(1): 19 - 27.

[13] ZHOU H W, XIE H. Direct estimation of the fractal
dimensions of a fracture surface of rock[J]. Surface Review
and Letters, 2003, 10(5): 751 - 762.

[14] SRMVAT, JZEAR, WIAIF. RS 2 I 20 T 4 25 it S0 ook
ST #ED] AR S TR AR, 2005, 24(17):
3192 - 3196. (ZHANG Ya-heng, ZHOU Hong-wei, XIE
He-ping. Improved cubic covering method for fractal
dimensions of a fracture surface of rock[J]. Chinese Journal
of Rock Mechanics and Engineering, 2005, 24(17): 3192 -
3196. (in Chinese))

[15] AN, BEF5 Uk, 43 R b B Bl S5 U M) b
2 Bl AR AL, 2005. (XIE He-ping, XUE Xiu-gian.
Mathematical foundations and methods in fractals[M].
Beijing: Science Press, 2005. (in Chinese))



