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Abstract: In order to solve the issue of spatial block identification of finite structural planes under complex geometrical
boundaries, the geometric modeling concept of sagittal planes is proposed and the meshing method is introduced to the block
theory. Firstly, the rock mass is meshed into small independent elements. Then the structural planes are added orderly and the
elements are cut after the contact judgment. Finally, the independent spatial blocks are formed when the mesh is removed and
the elements are united. The cutting method of blocks with arbitrary configurations is given by planes. Based on the merger of
directional edge, the merging method of the same direction and opposite surface is united aiming at block merging. The results
show that it has good advantages for the dynamical appending of structural planes and the building of complex geometry model.
Moreover, there is no limit to the form and number of block identification, and the programming progress is simple. The
prosposed method is further illustrated with its application to tunnel engineering in Liaoning Province. All of the independent
spatial blocks are identified, and then the information of the key blocks is obtained. Its effectiveness and superiority in complex
block identification is demonstrated through the engineering practice. It may provide technical support for the safety production
of rock mass engineering.
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Fig. 1 Flow chart of research approach
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Fig. 2 Directions of surface and sides of polygon
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Fig. 3 Surface element model
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Fig. 7 Cutting element method for structural planes
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Table 1 Parameters of deterministic structural faces

Gi 5 i/ ) s/ )
1 77 86
2 85 69
3 68 78
4 75 74
5 27 61
6 15 71
7 36 57
8 22 64
9 22 62
10 166 54
11 150 42
12 178 48
13 146 56
14 135 47
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Fig. 11 Distribution of structural planes by field measurements
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Table 2 Parameters of structural planes in network simulation
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) 7 i) 7 /m /m

1 8578 330 4230 6.52 159  0.56
226.8

2 39.75 8.07 4 18.26 1.64 1.18

3 36.65 7.08 35.59 11.80 1.34 1.03
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Fig. 12 Geometric model based on element method for sagittal
planes
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Table 3 Information of key blocks

e L&A M YHAFR BRI LR
5 /m? e /m [ERES
1 59.44 5 23.19 1,3,7,9
2 2.50 4 13.59 4,8,12
3 1.35 4 0.35 8,10,13
4 23.82 5 -12.04 2,6,10,14
5 16.09 5 -21.59 5,9,10,13
6 6.59 4 -45.82 7,10,11

e IR — AN

STV T C & [ AT PS8 IS PN N
FUATIL 59.44 m, 7T K56+199 4b, 55313z Hhm45 5
Wi

(2) BENLEAT R AR

RIS R, A TRA/N MR Z LK
11D o 7EIX A /NI BEATL S 1) 1T 55 5 T8 45 R T 1 S R
T, SR LAk, REZ % 1F
SN E NS ST SR kAN IR AT T = S
FLE e g5 AT — A AR . 6] 14 SRR 12 25K T
(M ELAAEDL,  AE TR] o 21 BT A 4 R T 5 A A S

iéﬁ o

E 14 2R E

Fig. 14 Structural planes
e Pt R, AT RS A R A
A AR, B 15 . B 16 SR kAL
Sk R SRR A, O T S B UL S BE AL B
BARERI oA, 1T EORE 52 R 45 A T A TE B ) S B B
PREER . AU, fEaas el A 3L 4 T 832 4
MATHAR, SRBEPARI R 58 A CREfE Sk
A1 6 AR, JErp i MRS IS 5 B I 5%
BEBARAT 39 A4S, AT OCBEBIA R AU 67%. KRR
BRUR KN 735 m', FRIEBUY 2.26 m’, F:3E4ET
PERF 5 45 e T 9 00 PR T2 T TP o AR R G H AR
ez, WMol ER, JUHUEM kS i
OB 2 10 B8, R BN, A A 0] P MR
SCY M o SR T3 12 PO BEATL 45 4 10T PR 20 A 1% L

AR R TR 2 A R AR S Y

(b) BT IR Mk

15 &= AR EE
Fig. 15 Spatial independent blocks

¢ Q_E\' Ny ,
TN . T
T, \\ -
”Mﬂhgﬁfm“«

16 BEHLEMTE =4 B K RIA D
Fig. 16 Distribution of key blocks of random structural planes
4 & R

C1) B PAR U X — B0 BT 07 10 i, 4
LT o I R TT RV, R T B TR
IR, A A [ DY ST, ] DA IR 2 )
i, SEIL T SRR AT, RN HA o S5
iR fts %,

(2) KAl 3 AR S I NPARERR T, R EAS
PR MR o ARSI BRI /N T, SE ST TR A AR 1
PIFVEAL S BT DI, A R BRI T S5 T R
o WITEED PR T A, ANE T AT BRITH
e, Hod oy Ao, @R, AT S 2% i g
T R R AR, R S R

(3 T T i Y P R AR S5 T AN [ T R )
I, PR T A LA g o B e T A O 5
el ia) s S P A FES —, o Tl



53

SRS, A T WK 3 IR A T R AR 7 vk B H TR Y 485

(4) X HEREE A, IR BATTT ARy kAT 4
ERPAAAL R, FrgiE tE A R KB A6 B 58
Bt DUAHMI 75 5 IF 20 Mt BEATLES 4 1 A 1R DG B A
2 G PP E A R T U PR T2 00 o R0 1
TR B AT R ™ A2 A BB AR A DL, iR
TR 2 A A P PR R SO

SE K-

[1] SHI G H, GOODMAN R E. Two-dimensional discontinuous
deformation analysis[J]. International Journal for Numerical
and Analytical Methods in Geomechanics, 1985, 9: 541 -
556.

[2] GOODMAN R E, SHI G H. Block theory and its application to
rock engineering[M]. Englewood Cliff: Prentice Hall, 1985.

[3] BOYLE W J, GOODMAN R E, YOW J L. Field cases using
key block theory[C]/ Proceedings of the International
Symposium on Large Rock Caverns. Helsinki, 1986: 88 - 95.

[4] IKEGAWA Y, HUDSON J A. A novel automatic
identification system for three-dimensional multi-block
systems[J]. Engineering Computations, 1992, 9(2): 169 -
179.

(5] FE LW, BRI, —4ed Bk REE00 A 3R T4 D).
SRR B R 2], 1998, 31(50): 51 - 55. (WANG
Wei-ming, CHEN Sheng-hong. Automatic identification
method for three-dimensional rock block systems[J]. Journal
of Wuhan University of Hydraulic and Electric Engineering,
1998, 31(50): 51 - 55. (in Chinese))

(6] /7 ¥, KRG, ERZAE. BT = 4EM S BHUL Al 2 2%
A7 PRI B SRR S LA LTS IHED). A
S5 TREAR, 2002, 21(8): 1232 - 1238. (LU Bo, CHEN
Jian-ping, WANG Liang-kui. Automatic seeking for complex
finite rock block and judgment of its spatial geometrical
shape based on 3D network modeling[J]. Chinese Journal of
Rock Mechanics and Engineering, 2002, 21(8): 1232 - 1238.
(in Chinese))

(71 B85, K. HaPUREg b = 4ERpLE Ak LT R
[M. /KF 223, 2005, 36(4): 426 - 432. (WU Ai-ging,
ZHANG Qi-hua. Geometric identification of stochastic block
in block theory[J]. Journal of Hydraulic Engineering, 2005,
36(4): 426 - 432. (in Chinese))

(8] skarte. e THpohn bty P Apd Sk 0 A B AR LT T 2 23
M. KRR, 2006, 37(4): 418 - 424. (ZHANG Qi-hua.
Morphological analysis of rock blocks by block adding
subtracting method[J]. Journal of Hydraulic Engineering,
2006, 37(4): 418 - 424. (in Chinese))

(9] BREEHE, G0, X A, A T YR TSR MR
SMERAIHID]. H A7 TRER, 2011, 300 F]
2): 3696 - 3702. (ZHONG Deng-hua, LU Wen-yan, LIU Jie,
et al. Surface-block analysis of underground cavern based on
3D geological modeling[J]. Chinese Journal of Rock
Mechanics and Engineering, 2011, 30(S2): 3696 - 3702. (in
Chinese))

[10] TH%, BEAR, BRI WA A —RPvAR iR M]. db
50w E KR K L R AL, 2007, (YU Qing-chun, XUE
Guo-fu, CHEN De-ji. General block theory for fractured rock
mass[M]. Beijing: China Water Power Press, 2007. (in
Chinese))

[11] WU J, ZHANG Z X, KWOK C Y. Stability analysis of rock
blocks around a cross-harbor tunnel using the improved
morphological visualization method[J]. Engineering Geology,
2015, 187: 10 - 31.

[12] ZHANG Z X, LEI Q H. Object-oriented modeling for
three-dimensional multi-block systems[J]. Computers and
Geotechnics, 2013, 48: 208 - 227.

[13] £, %, £ 7, & RTHARENE NI
A R AN AR SRR [I]. 5 A1 )27 5 TR AR,
2010, 29C# T 1): 3432 - 3438. (WANG Shu-hong, YANG
Yong, WANG Yang, et al. Spatial modeling and quick
identification of unstable rock blocks based on digital
photogrammetry[J]. Chinese Journal of Rock Mechanics and
Engineering, 2010, 29(S1): 3432 - 3438. (in Chinese))

[14] WANG Shu-hong, HUANG Run-qiu, NI Peng-peng, et al.
Fracture behavior of intact rock using acoustic emission:
experimental observation and realistic
Geotechnical Testing Journal, 2013, 36(6): 903 - 914.

[15] WANG Shu-hong, NI Peng-peng, GUO Mu-dan. Spatial

modeling[J].

characterization of joint planes and stability analysis of
tunnel blocks[J].
Technology, 2013, 38: 357 - 367

Tunnelling and Underground Space



