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Abstract; Aiming at the complexity, poor clustering accuracy and low grouping efficiency of the
previous methods of dominant grouping of discontinuity orientation, a new method of dominant
grouping of discontinuity orientation based on simulated annealing algorithm and K-means
clustering (SAK) was proposed. The algorithm is simple and easy to implement. Based on the
annealing principle of simulated annealing algorithm, the grouping results of K-means algorithm
were optimized, which aimed to overcome the shortcoming of the K-means algorithm’ s
susceptibility to the initial clustering center. The analysis of discontinuities generated by computer
simulation showed that the proposed method is superior to the traditional K-means algorithm. The
method was applied to the grouping of measured discontinuity orientation of Xinglong Tunnel on
Third Ring Expressway of Chongqing City, and compared with the existing methods. The results
showed that this method not only has high clustering accuracy, but also has fast iteration speed and
strong engineering practicability.
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Table 1 Discontinuity data parameters and grouping centers

Y o bl
Wi/ (o) fss (o) B4l
SN 130 79 30
H—d SAK 128. 63 77. 86 30
K - means 122. 58 75.77 45
SN 308 46 40
| SAK 311.01 46.28 42
K -means  301.93 54.34 30
SN 48 49 50
W= SAK 46. 94 50. 16 48
K -means  25.01 30. 51 45




%9

FRA, BB KREREAELSHEZRKyE TR 1331

W o S 5% P A 4 IR 5 1R 22 FTRT 2b 49 531 R R
K - means .75 Ml SAK k245 5. SAK B
RSB E T VIR IR £, =20 T, & 1k
WA 1, =0.1 CIREARHNSE q=0.92, 5N
Bt N BRI ( B Metropolis 451K ) 1 =400, 1%
KR REL L =500.

F2 MEHBEREERIERI

Table 2 Clustering validity test of random data
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K - means &% k=3 0.4340 0.4149
k=4 0. 406 2 0.4850
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Fig. 1 Pole and contour plot of randomly generated
discontinuity orientation
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Fig. 2 Results of cluster analysis of discontinuities

(a)—K - means; (b)—SAK.
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Fig. 3 Pole and contour plot of measured discontinuity
orientation

F3 TMHIEREBERE
Table 3 Clustering validity test of measured data

Bk A F H
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Fig. 4 Grouping results of discontinuities (k=2)

(a)—K -means; (b)—SAK; (c¢)—KPSO.
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Fig. 5 Comparison results of iteration speed
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Table 4  Grouping results of discontinuity dominant
orientation
TN ,
4 Sl Hey i R/ 21
fim/(°) /()
2 201. 64 61.01 74
| 133.17 65. 89 44
5 45 i

AR SCHEBIR KB BT G5 R T 1 L35
A BT — R A A 3 T RGE K B K -
means RIS (SAK) B 45 #4) T A o 800 %A
Pl B UGE G AT R R R B R, X
WREN RS T A S R, AR T
K — means 5575 %1 07) G (B AR | AT 52 i 3R SR
AR e T R 4320 07 S 0. 456
THREMUARL AR B 114 225 4 T 3 B 0 DT — A oo ik
N 5 Bk SR T B3 R 3 S ) 4 A T O
A SCHER (8] R Y KPSO B ik itk 47 %t
Fb,IEH T SAK BiA 7R R Enl M | IR 2K I
AT FE AR, v LS B0 A N A B 45 4 T
SIS R A —E T (.

Sk

[1] Wang S H,Huang R Q,Ni P P,et al. Advanced discretization
of rock slope using block theory within the framework of
discontinuous deformation analysis [ J ]. Geomechanics &
Engineering , 2017 ,12(4) ;723 -738.

[2]

[3]

(4]

[5]

(9]

[10]

[11]

[12]

[13]

Shanley R J, Mahtab M A. Delineation and analysis of
clusters in orientation data[ J |. Mathematical Geology, 1976,
8(1):9-23.

Harrison J P. Fuzzy objective functions applied to the analysis
of discontinuity orientation data[ C]//Rock Characterization;
ISRM Symposium. London ; Thomas Telford,1992 .25 —30.
Hammah R E, Curran J H. Fuzzy cluster algorithm for the
automatic identification of joint sets [ J |. International
Journal of Rock Mechanics & Mining Sciences, 1998, 35
(7) :889 -905.

BT B VI, A5 BOEEAE B  R SR ) ALY
ARG R I (V] 5 £ J1%%,2014,35 (sup2)
405 -411.

(Li Ning,Wang Li-guan, Jia Ming-tao, et al. Application of
improved genetic algorithm and support vector machine to
clustering analysis of rock mass structural plane[ J]. Rock and
Soil Mechanics, 2014 ,35(sup2) :405 —411. )

Li X B, Wang Z W, Peng K, et al. Ant colony ATTA
clustering algorithm of rock mass structural plane in groups
[J]. Journal of Central South University, 2014,21 (2) .
709 -714.

FIRLT AT LM R, %, —Fhike sk fo JE SR TR 7R 45
R 2E R R [T]. ARAE K= 22 4l ( BAR B4
2019,40(3) :420 —424.

(Wang Shu-hong, Ren Yi-peng, Chen Jun-zhi, et al. An
improved fish swarm clustering algorithm for structural
grouping[ J]. Journal of Northeastern University ( Natural
Science) , 2019,40(3) :420 -424. )

LiY Y,Wang Q,Chen J P,et al. K-means algorithm based
on particle swarm optimization for the identification of rock
discontinuity sets [ J ]. Rock Mechanics and Rock
Engineering, 2015 ,48 (1) ;375 —385.

Wang X, Sun Q. The study of K-means based on hybrid SA-
PSO algorithm [ C ]//International
Computational Intelligence and Design ( ISCID ) . Los
Alamitos ; IEEE 2016 ;211 -214.
ZEMEATL, PRIR SR, DR EISF-, 45 Jk T MRS 22 3198 10 5 (R 45 4
HIROH C BRI W [T]. PR R (A REB#
%) ,2016,47(9) :3125 -3130.

(Qin Sheng-wu, Chen Jun-jun, Chen Jian-ping, et al. Fuzzy

Symposium  on

C-means cluster analysis based on rough set for grouping of
discontinuities [ J ]. Journal of Central South University
(Science and Technology) , 2016 ,47 (9) ;3125 -3130. )
FARAN I SRR SF L T TR PR B A K - B{E
RRPEM A T[], 4 - TR, 2018 ,40
(1):74 -81.

(Wang Jun-jie, Feng Deng, Chai He-jun, et al. Dominant
discontinuities based on stereographic projection and K-means
clustering algorithm [ J ]. Chinese Journal of Geotechnical
Engineering , 2018 ,40 (1) .74 -81.)

Selim S Z, Alsultan K. A simulated annealing algorithm for
the clustering problem [ J |. Pattern Recognition, 1991, 24
(10) ;1003 —1008.

Nguyen L T, Nestorovic T. Unscented hybrid simulated
annealing for fast inversion of tunnel seismic waves [ J].
Computer Methods in Applied Mechanics and Engineering,
2016,301 ;281 —299.



