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K-means Clustering and Control Analysis of Main Tunneling Parameters of

Mud-Water Balanced Shields in Water-Rich Round Gravel Strata

LYU Yiye', PEI Lihua'?, LIN Dong’, YANG Xingyu’, GUI Yue"
(1. Department of Architectural Engineering, Kunming University of Science and Technology, Kunming, Yunnan 650051, China;

2. China Railway Fourth Institute Group Southwest Survey and Design Co., Ltd., Kunming, Yunnan 650504, China)

Abstract: It is important to set reasonable tunneling parameters according to the ground conditions to reduce
the deformation of existing tunnels, since the close crossing of new shield tunnels is likely to cause deformation
in the adjacent existing tunnels. The K-means clustering algorithm was proposed to explore the correlation
between tunneling parameters and surface settlement, and the optimal number of clusters was selected by using
the sum of squared errors (Egsz) to measure the clustering quality. Through cluster analysis on the field
monitoring data of the test section, three cluster centers were obtained. Finally, the optimal combination of
tunneling parameters for mud-water balanced shield construction in water-rich round gravel strata was
proposed. The optimal combination of tunneling parameters was verified by combining the parameter setting
values of the actual underpass section and the deformation of the existing tunnel. The results show that D the
optimal combination of tunnelling parameters for mud-water balanced shield construction in water-rich round
gravel strata is an average torque of 2 005 kN-m, a thrust of 14 380 kN, a tunnelling speed of 17.5 mm/min, and
a difference in inlet and outlet mud flow of 57 m’/h; @ after the optimal combination of tunnelling parameters
is adopted, the vertical deformation of the existing tunnel near the underpass section is controlled within 0.58
mm, which achieves a relatively ideal deformation control effect.
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Figure 1 3D multi-line overlapping spatial position
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Figure 2 Cross-sectional view of positional relationship of each track (unit: m)
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Figure 3 Soil particle sieving gradation curve
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Figure 4 Interaction among shield, soil, and

existing tunnel
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Figure 5 Process of K-means cluster analysis
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Table 1 Dataset matrix U Table 2 Normalized data matrix Z
o WAFRAE IR/ HEJy/ HRHEEE/ ﬁﬁﬁ)’b’? it 71 Z Z, Z, Z, Zs
B/mm  (kNem) kN (mmemin ') 2%/(m’-h ) 1 0.33 0.00 0.00 0.00 0.00
1 —1.26 1200 11 100 12.5 31 2 0.20 0.05 0.08 0.40 0.61
2 —2.33 1300 11 700 17.5 59 3 0.01 0.09 0.10 0.40 0.76
3 —3.86 1360 11 900 17.5 66 4 0.00 0.19 0.13 0.40 0.67
4 —3.98 1560 12 100 17.5 62 5 0.12 0.19 0.18 0.40 0.61
5 —2.97 1560 12 500 17.5 59 6 0.28 0.30 0.22 0.40 0.59
6 —1.62 1770 12 800 17.5 58 7 0.27 0.33 0.30 0.40 0.63
7 —1.71 1820 13 500 17.5 60 8 0.29 0.25 0.19 0.40 0.61
8 —1.52 1670 12 600 17.5 59 9 0.28 0.27 0.20 0.40 0.54
9 —1.67 1710 12 700 17.5 56 10 0.24 0.21 0.18 0.40 0.59
10 —2.01 1600 12 500 17.5 58 11 0.32 0.30 0.22 0.40 0.57
11 —1.30 1760 12 800 17.5 57 12 0.47 0.37 0.33 0.40 0.52
12 —0.03 1900 13 700 17.5 55 13 0.48 0.37 0.37 0.40 0.52
13 0.01 1900 14 000 17.5 55 14 0.62 0.47 0.42 0.40 0.59
14 1.22 2080 14 400 17.5 58 15 0.65 0.48 0.43 0.40 0.70
15 1.46 2100 14 500 17.5 63 16 0.76 0.53 0.81 0.60 0.87
16 2.41 2 200 17 500 20.0 71 17 0.97 0.55 0.81 0.60 0.87
17 4.15 2220 17500 20.0 71 18 0.79 0.56 0.81 0.60 0.89
18 2.66 2250 17 500 20.0 72 19 1.00 0.84 0.94 0.80 0.91
19 4.38 2770 18 500 22.5 73 20 0.91 0.97 0.94 0.80 1.00
20 3.66 3020 18 500 22.5 77 21 0.98 0.99 0.94 0.80 0.85
21 4.21 3050 18 500 22.5 70 22 0.91 0.65 0.87 0.80 0.85
22 3.64 2420 18 000 22.5 70 23 0.80 0.75 0.94 0.80 0.85
23 2.70 2600 18 500 22.5 70 24 0.53 0.39 0.37 0.40 0.41
24 0.43 1920 14 000 17.5 50 25 0.51 0.39 0.37 0.40 0.41
25 0.30 1920 14 000 17.5 50 26 0.70 0.53 0.62 0.40 0.83
26 1.89 2 200 16 000 17.5 69 27 0.75 0.53 0.75 0.60 0.78
27 2.32 2200 17000 20.0 67 28 0.69 1.00 1.00 1.00 0.80
28 1.76 3070 19 000 25.0 68 29 0.80 0.76 0.94 0.80 0.85
29 2.72 2620 18 500 22.5 70 30 0.85 0.79 0.94 0.80 0.91
30 3.16 2670 18 500 22.5 73 31 0.72 0.53 0.75 0.60 0.91
31 2.08 2 200 17 000 20.0 73 32 0.69 0.53 0.75 0.60 0.91
32 1.83 2 200 17 000 20.0 73 33 0.51 0.41 0.37 0.40 0.52
33 0.32 1970 14 000 17.5 55 34 0.54 0.47 0.42 0.40 0.59
34 0.55 2070 14 400 17.5 58 35 0.33 0.34 0.30 0.40 0.57
35 —1.21 1830 13 500 17.5 57 36 0.67 0.48 0.52 0.40 0.78
36 1.65 2100 15 200 17.5 67 37 0.79 1.00 0.97 1.00 0.87
37 2.62 3070 18 800 25.0 71 38 0.49 0.37 0.37 0.40 0.43
38 0.14 1900 14 000 17.5 51 39 0.85 0.56 0.84 0.60 0.87
39 3.15 2 250 17 700 20.0 71 40 0.84 0.59 0.87 0.80 0.85
40 3.07 2300 18 000 22.5 70
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Figure 6 Variation of Eg; with number of clusters
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Table 3 Final cluster centers

g Z, Z, Z, Z, Zs
1 0.83 0.71 0.87 0.74 0.87
2 0.56 0.43 0.42 0.40 0.57
3 0.22 0.21 0.17 0.37 0.56
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Table 4 Clustering results and corresponding

tunneling parameters
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Figure 7 Parallel coordinate system for clustering of

tunneling parameters
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Figure 8 Parameters of mud-water shield tunneling in underpass section
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Figure 9 Settlement time curve of existing tunnel vault and arch bottom

BE AN, BEAT BE 38 52 1 0% Je AR K P 5 1) i 2 K
GRS AL SN NI L o VR (R
o BEAT BEH % v T iR 2R DU 72 AL i I ], AR S K
TET IS 25 R WA 2o 2B /Y BE R, 183 > i
T f T A B T A UE I 20 9E AT BE A R O B 1A A2 R 4y
B, 23000 h - 67 B4 (25 R B AT 70 4 Bk B S 4R 3 T2 1

WA 2D 22 A B ) 79 30 (2 5 R BR A7 0 2 Iz 3 h
LIE T 91 (2 5T AL REE L T3 1
WG J7 2D A AR ES) o 0T d R 2 T Kk 34
R T R B R G 2 3 T E Y 2 5 R 1K
A A 28 W S AR AT A 1 AR IR 15 0 T ] 10 TR o

H1 I 10 AT LA Y - 24 5 T B 2 R A7 % 3 2D 7c



% 24 BARHE 5.5 K E AR E PR KA E M £ R AR

Z A K-means B £ B 354 5 7 219

()

67 79 ¥ 91 ¥
'''' JFEEA R — BRI AR
10 288 AL&ERERDERTEE
Figure 10 Left line cross-sectional circular

deformation of Line 2
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an existing tunnel
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