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Application of pelican optimization algorithm to clustering analysis
of rock mass structural plane

LIU Tiexin, DONG Ziyan, GUO Yining

(College of Transportation Engineering, Dalian Maritime University, Dalian 116600, Liaoning, China)

Abstract; The discontinuities are widely distributed in the rock mass and are difficult to analyze one by one.
Therefore, it is of great engineering value and scientific significance to carry out the dominant grouping of the
discontinuities. The existing research methods are sensitive to the initial information, the grouping results are not
reliable, and it is difficult to accurately group the discontinuities with similar discontinuity orientations. To address
these problems, this paper proposes a method for grouping discontinuities in rock masses based on the pelican
optimization algorithm (POA). The POA algorithm is used to globally find the optimal initial clustering center and
combine with the fuzzy C-mean algorithm (FCM) to fully group the discontinuity orientations. A Monte Carlo
simulation technique is used to generate discontinuity orientations that conform to the Fisher distribution. Based on
the orthogonal design, using the recognition error rate as the index, the new algorithm was compared with the
traditional FCM algorithm, and the variation regulation of grouping accuracy was investigated under different
number of discontinuities, number of discontinuities groups, clustering centers and dispersion degree. The results
indicate that the cluster centers have a significant impact on grouping accuracy, and the proposed method is capable
of effectively grouping structural data with unclear boundary of geological features, thereby improving the accuracy
and reliability of the grouping results. Based on the data of the slope structural plane of a reservoir in Dalian, it is
grouped and processed to verify the engineering practicability of the new method. This study can provide a basis for
the three-dimensional network computer simulation of structural plane and the stability analysis of rock mass
engineering.
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Tab.1 Simulation parameters of structural plane
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Fig.2 Pole diagram of structural plane with different degrees of dispersion( simulation)
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Tab.2 Comparison of simulation parameters and clustering results

{1/ () fiiff/ () SR T 48
ST

k=30 k=20 k=10 k=30 k=20 k=10 k=30 k=20 k=10

358.85 1.90 36.06 51.01 50.23 51.41 303 304 380

— 90. 46 89.12 113.45 51.06 48.91 54.45 303 292 323

181.00 175.54 227.83 49.28 50.97 55.00 298 306 242

269.37 270.07 322.42 48.37 50. 49 52.69 296 298 255

0.82 2.33 359.90 39.22 39.50 38.42 302 303 292

90. 60 92.26 89. 60 38.98 39.87 39.93 301 302 301

PFCM
180.70 179.13 180.72 40.19 39.53 39.75 300 296 299
269.43 267.68 267.01 41.66 40.22 40.97 297 299 308

M2 Al 50, 76 k=30 Fll k=20 BHAPFE LT,

FCM Fll PFCM B3 (1) 4y el 45 5 | 5L 55 240 245 A
T, PFCM FE I o3 el 25 R A, i DR 3 ) 45 4 ThT
U FCM i —2, 78 k=10 fHELL T, PFCM
BT SRR B A5 RN T 9 SR 4544 T

FCM B (1 /3 4 ASCR e 22 iR IR T 103 545 14
I, PRCM %53k 43 41 Bt £ 9 00 38 77 bR AU 1) A48 £
SRS BOIL AR W) A FCM B 1 I 15465 1) A1 £
SRS B R ES .

TR 1% 30 5 Bl A 158 40 4 1) 245 R T 1Y) B3R



©122 - R

[N AN

5556 4%

WA I A T o AU R R bR . 3R 3 RblE
LU, PFCM B350 FCM Sk A PN BRI R IL K 3
£3 FREEHETHIRAIEREX L
Tab.3  Comparison of recognition error rates under different dispersions
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Fig.4 Comparison of recognition error rates under different dispersions
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Tab.4 Factors and levels of orthogonal design

IR A B c D
1 10 100 (90/270) 20
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R 722 1 BOE 7K P28, A LA R T R AR 80
RGO T IR R G5 R %R 5, Xt
AR E T RE 4 AR RN PRCM 55
123 RGBS ) 254k

6 NIV E T8 bR Yk 22 r Br 45 SR K Hor,
K(i=1,2,-5)Fn~m(m=A,B,C,D)ZAH% i
KBRS R Z Ak, (i =1,2,---,5) Fom K I
P, it #E 6 v ML, A,B,C,D 4 MR
439 1.78.0.88.2.31 1. 43, W ZEL5 R I3 Hr Al
5, A RN PRCM 5303 43 2H00G 2 52 ) 1) 32 ORI
R B BUE S5 T H B - S5 A T



XURHT , 45 . B9 D0 (LS EEAE A PRS0 THT o321 B4 ) - 123 -

%53 1
x5 ETIZITHER
Tab.5 Data of orthogonal design
55 A B c D PR AR/ %
1 2 2 4 2 2.40
2 5 1 2 2 0.33
3 4 1 3 3 0.50
4 1 2 5 3 4.42
5 3 1 4 4 0.80
6 2 3 3 4 0.42
7 4 2 2 5 0
8 5 2 1 4 0
9 5 4 4 3 0.50
10 4 4 5 4 0.79
11 3 4 1 5 0.25
12 2 4 2 1 0.67
13 2 1 5 5 1.67
14 4 3 1 2 0.33
15 1 3 4 5 2.00
16 1 1 1 1 1.00
17 3 2 3 1 0.88
18 5 5 3 5 0.20
19 1 4 3 2 2.75
20 3 5 5 2 1.03
21 2 5 1 3 0.10
22 4 5 4 1 2.52
23 5 3 5 1 3.00
24 1 5 2 4 0.33
25 3 3 2 3 0.44
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Tab.6 Results of range analysis of recognition error rate
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k5 1.01 1.05 2.73 1.03
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Tab.7  structural plane clustering parameters (3 groups)

ik fira/ () s/ () R OIE S
1 149.28 66.74 306
2 274.31 25.69 456
3 40.79 69.54 268
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Fig.5 Pole clustering figure of structural plane (3)
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