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Multi-parameter dominant grouping method of rock mass discontinuity
based on principal component analysis

DONG Fu-rui, WANG Shu-hong, HOU Qin-kuan

(School of Resources and Civil Engineering, Northeastern University, Shenyang, Liaoning 110819, China)

Abstract: Statistical analysis and clustering of discontinuities existing in rock mass are the basis of rock mass engineering stability
analysis. Considering that the mechanical and hydraulic properties of discontinuities are affected by many factors such as occurrence,
trace length, opening, roughness, and filling state. A multi-parameter dominant grouping method of rock mass discontinuities based
on principal component analysis is proposed. Firstly, the principal component analysis method is used to select the criterion of the
dominant grouping and calculate the weight value of its participation in similarity measurement. Secondly, the global optimal initial
clustering center of the fuzzy C-means clustering algorithm is searched using the annealing genetic algorithm. Lastly, the objective
function is established by minimizing the weighted sum of the distance between the discontinuities to be grouped and the clustering
center, achieving the dominant grouping of multi-parameter rock mass discontinuity. The 200 discontinuities simulated by the
computer are divided into dominant groups using the multi-parameter method and compared with other methods. The results show
that this method has higher grouping accuracy. The method is applied to the multi-parameter dominant grouping of the measured
discontinuities of Huayang Tunnel of Chongqing Third Ring Expressway. The grouping results are reasonable and reliable, which
further verify that the method has significant engineering application value.

Keywords: discontinuities of rock mass; dominant grouping; principal component analysis; annealing genetic algorithm; cluster
analysis
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Table 1 Simple quantitative values of filling
state of discontinuities
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Table 2 Simple quantitative values of surface morphology

of discontinuities
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Fig.2 Contour of pole density of artificial discontinuities
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Fig.4 Schematic diagram of intergroup confusion area

A RRE X B EE

RIEA IR B 7%, A () Wik, 5k
FEEE HRS BRI R UIRES 4 TUE bR A48 1 R s 2
BEATHREAC AL BE . T, KT SBAUASEE T g
RA B FE bR B AT R b . B, KMO
Krge 205 0.677 (>0.5), Bartlett BRIE AL (945
THE B E MR sig N 0.000 (<0.05), &48h8 5
15— ERE B EARE ST, AT LR 32 o o p ikt
TP R P A RS HE RS . WP S o, B
SR BRI AN K 2 TG AR YR LT B
S PE R EONRE, RS BRI R DI 2 TiE bR
FITEAER BT, BEA—2SEE L.

B0, MCEGTRRR PRSI 2 B, JAREE
N 1.488(=1), BT ZTTHAR N 92.866%(>85%),
WO ERT 2 TR G Fabr 2P BR AR B A 45 T 2
WS 5. NCEE TR AR 6 v] LAS L
E i, DART 2 LR G HRbaE NG T3 o4 1A
W, AR

PGS-FCM AR EE N : mARIERIR
B L =20, ¥IHEIRE To=1000 C,AHZE%q=0.9,
KL Tewa=0.1 C, FEER/N S=10, FKidifE
REL Grmax= 10, LR po= 0.9, 22 XM p.= 0.7,



%59 RIS : HE T R T 2 SHCE AR S RITIER 25 43 40 5 V0 7 2463
3 3 3 3r <1
2+ 2 2 2l <42
il e i ol

i % - « , w b, -dla
oot =0 '} P X 0 ) | I R oof II 4s
SER AT =R ST -1t
2L . -2 T -2 — -2 . —
21012 3 2-10 1 2 3 210 1 2 10 1 2 3
BUNS FRITRE HHRE 2 FBURA
3r 3 3r 3r
2l e 2} 2t 2t
% 1} {R.. % 1} % 1} l % 1t I
R ol ¢ S o} 2oof 1T ol
ST oy ol
21012 3 2101 23 210 1 2 10 1 23
K FRITRE HHRE 2 FBURA
1 1 1
0 of 0t
=i =1y - o =
2 [ e— 2 [ - = 2
5:5 0 -— 5:5 0 —_ 5:5 5:5 (VR
-1 St - Ak
21012 3 2-10 1 2-10 12 10 123
BUNS FRITRE HHRE 2 FBURA
3 3 3 3¢
o2 o2 %2 o2
z z Z z 1}
R ool == ® 9 - ® 0 R 9
-1 E— al==_ . gL ., Uil 1l]
21012 3 2-10 1 2 3 T ST
BUNS FRITRE HHRE 2 FBURA
K5 fRiRAREEREE
Fig.5 Matrix diagram of index criterion

. 5 oy A 70, DAL
% | = 4] " 5 N VL M R
& ‘3‘ B ‘3‘ fgg B 7 T, RAGE R TR A IS R v B
=07 BT 5 N . N N | N "

3?\ 2t 3?\ 2t . fg;‘ BN St o 3 MRS, # 3 MR FAH B

1 I ot - N 4 Ny

ﬂf (1) 3?? of - . FEAA AE R e oy H s i s, el (12)
®-1p &-1p TR — A A TR HIE NS 2R S Fabr A4 AL E
_ , N, | . . " ) . ) _
201 2 3 45 3o o 1 a3 mi Al my 23124 0.599 1 0.401, BURE[H1E M =0
LA FIR TR AR B LRE HIERER N N "

3 e 3 e 0.599 0.4017, B S HUREILLSS My T 45 T 0 o> 4145
B 2t % 2 N " "
o ™ S ST, RSAMEC AR 1L 2. 2, HifirBH
= ol A S A, R PGS-FCM Jrint 3 4154414 T
H * H — ~ N — A N
Sl -1 TR A, BAHE SR WE 8 s, Nik—F
&2 W &2 : YA TR S, R [ELR G TR bR AR AL E

210 1 23 45 32 10 1 2 3 ] PGS-FCM Jj 7% (PGS-FCM method without

G EbR W LREFIRTR AR

B 6 LREfRinATEER A

Fig.6 Matrix diagram of comprehensive index criterion

AR pn=0.01, HIREEZIEFRAI = 13107,
ERARBAE P AL EEAERE M =[1 0 0], BEEHUZERELL
SERTH PSR N ARG, B 2 /%0, it
NSO 25 W TR R B F = IR T LAy 3 2R AR
WA LA, B AECh 3, ANFBHMTEN
FaPriAS . PGS-FCM HikitE 4 RuE 7 fir.

B 1[701R L8N 1 (RSG5 RITH , 220 45 P $i

considering weight, f&j#X WCPGS-FCM, HIHL M =1
11D AR FIFR LS FCM J7i545 Bt
200 MFENEIS W TTEAT A H, THES
Wik 9 A1 10 FioR.

200 MFEAUSAUEEH R PGS-FCM J57%
BHTRA A, s ROV, %)t
3 YANGE 4 AR S DX PN () £5 AL T S B 1 HERf
%143, 200 ANgEFITH 4 445 5 O gt R A A
WCPGS-FCM 7 VEAEML 3 43 2H I 5 W3 4 b
A FRRIAUE, 'S 98 FISE M T H AL /> 3 745 1
H, BARDPHIRZEN 0.5%. BFEREIETH, %S



2022 4E

s

-

&
4k

2464

B 7 THENEIS TR A4 Schmidt T EEREFEA K
Fig.7 Schmidt lower hemisphere projection map and pole diagram map grouped according to the occurrence discrimination
basis for artificial discontinuities
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Fig.10 Schmidt lower hemisphere projection map and pole diagram map grouped by FCM method
for artificial discontinuities

N 98 MIZEFTH P DARAEN Pos = [300.452 26.350
0.511 1.120 2.000 0.600]. 7EA [E 5 FRFRAN T,
ZEMISE | AREPOREK. RITE. Kk
JERIFRIERAS 4 TIFRbR I BB, R 7 3
W1 H. TEUHRE, BT HEAUERL S R
AR ROV, DR AR AN FE R A E IR 1
THHMTZ S E A 1A R BONEAE, 2550 4]
FEBRBONB, W g s I RiR ZE . B~
RN AE LS FCM 713 HAR %N 4.5%, FCM

TPEABERT 55 3 LHANEE 4 AL 4L 1A) R IE X N (R 454
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Table 4 Comparison of simulation parameters and grouping results

5 R /) /) K /m FKIFEE/em ik FRRE RIHE
CAEEF O 135.000 55.000 0.500 1.000 1.500 0.400 70
PGS-FCM 134.524 54.997 0.500 1.061 1.503 0.401 70
: WCPGS-FCM 134.488 54.945 0.372 0.996 1.503 0.397 71
FCM 134.684 55.726 — — — — 70
CAEEF O 300.000 30.000 2.000 1.200 2.000 0.600 40
PGS-FCM 299.997 28.643 2.000 1.222 2.000 0.600 40
: WCPGS-FCM 298.487 28.589 2.002 1.256 1.983 0.601 39
FCM 302.053 27.591 — — — — 40
CAEEF L 30.000 70.000 4.000 0.500 1.000 0.200 40
PGS-FCM 30.650 69.274 4.064 0.518 1.000 0.200 40
’ WCPGS-FCM 30.611 68.833 4.053 0.526 1.001 0.204 40
FCM 32.064 69.173 — — — — 42
CEIRE AL 50.000 65.000 1.000 2.000 2.500 0.800 30
PGS-FCM 48.902 65.005 1.113 1.988 2.500 0.800 30
N WCPGS-FCM 48.362 65.105 1.123 1.957 2.495 0.792 30
FCM 50.728 65.977 — — — — 28
CANEEF O 255.000 40.000 6.000 0.200 3.000 1.000 20
PGS-FCM 254.000 40.256 5.953 0.193 2.999 1.000 20
: WCPGS-FCM 253.825 39.587 5913 0.199 2.997 1.000 20
FCM 259.053 37.391 — — — — 20
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Fig.11 Pole diagram of overlapping isoline of measured
discontinuities of Huayang Tunnel
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Fig.13 Schmidt lower hemisphere projection map and pole diagram map of measured data of Huayang Tunnel grouped
according to the occurrence
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Fig.14 Schematic diagram of further refining grouping process of measured data of Huayang Tunnel by PGS-FCM method
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Fig.15 Schmidt lower hemisphere projection map and pole diagram map of measured data of Huayang Tunnel
grouped by PGS-FCM method
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