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Abstract: In order to grasp the comprehensive influence law of shield tunneling parameters and
geological conditions on surface subsidence between shield intervals in sandy gravel stratum., a shield
interval of Chengdu Metro is chosen as a case study, combined with the relationship between the surface
subsidence and tunneling parameters of the our study team in the early stage, the total thrust, cutter
head speed, screw machine speed, overlying soil thickness, groundwater level and gravel stratum
thickness are determined as clustering indexes. The K — means algorithm is applied to cluster the actual
monitoring data of each parameter index, and the influence of each index on the surface subsidence is
analyzed comprehensively. The research results show that: 1) According to the results of K — means
clustering, the monitoring points, corresponding to construction sections, are divided into three risk
levels of surface subsidence, 1—3 is strong dangerous (Grade [ ), 7—13, 16—19, 25— 34 are weak
dangerous (Grade 11 ), 4 —6, 14 — 15, 20— 24 are safe (Grade I). 2) According to the clustering
results, there is a positive and negative correlation between tunneling parameters, stratum structure and
surface subsidence in a specific range. 3) Through an analysis of the relationship between geological
structure, tunneling parameters and surface settlement, it is determined that when the overlying soil
layer is thick, the groundwater level is low, and the gravel layer is thick, the control range of excavation
parameters is a total thrust of 29 034.00 —31 181.95 kN, cutterhead rotation speed of 1.25 -1.32 r/min,
and screw conveyor rotation speed of 6.13 — 6.98 r/min. When the overlying soil layer is thin, the
groundwater level is low, and the gravel layer is thin, the control range of excavation parameters is a
total thrust of 34 419.89 - 36 867.28 kN, cutterhead rotation speed of 1.44 — 1.45 r/min, and screw
conveyor rotation speed of 5.74 —6.99 r/min.

Key words: sandy gravel stratum; shield; surface subsidence; clustering analysis
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Fig.1 Transverse distribution of surface settlement of tunnel
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Fig.3 Shield tunnel direction and survey points distribution
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Table 1 Physical indexes of stratum in shield section
WD - j:%%“JE/ P 55 £ / IR/ o BBERK/ RET/ LJREEE/
(g/cm?) (@) MPa (m/d) kPa m

1-2 AT H+ 1.90 110 1.0~3.4
2-9-1 LB R 2.00 33 25 0.32 35 300 2.2~5.5
2-9-2 g g A 2.10 36 30 0.30 30 500 2.5~6.9
2-5-2  HE—FEIHAMP 1.85 25 11 0.30 5 120 0.6~0.7
2-9-3 HIIA L 2.20 38 50 0.25 28 650 4.9~10.2
3-8-3 WA+ 2.20 43 50 0.25 28 700 WL
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Fig.4 Correlation coefficient between subsidence influencing

factors and surface subsidence
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Table 2 Test data of surface subsidence monitoring points induced by subway shield construction
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mm H—1t H—1k H—1t H—4k H—1t H—1t
i/ k (r/min) (r/min) i/ m i/ m i/ m

1 —19.56 33 521.67 0.39 1.44 0.66 6.54 0.19 20.15 1.55 6.20 —0.89 16.38 1.10
2 —18.82 35 572.25 1.00 1.44 0.61 5.50 —0.99 20.03 1.51 5.20 0.28 11.53 —0.38
3 —14.24 33 809.75 0.47 1.44 0.65 6.62 0.28 19.87 1.46 5.90 —0.54 7.99 —1.46
4 —12.94 34 935.43 0.81 1.45 0.82 6.61 0.27 19.53 1.35 7.30 —2.19 13.07 0.09
5 —17.56 26 012.83 —1.84 1.46 0.88 7.23 0.98 19.12 1.23 5.90 —0.54 14.56 0.54
6 —11.46 35 422.00 0.95 1.45 0.81 5.36 —1.15 18.91 1.16 6.30 —1.01 7.96 —1.47
7 —13.10 30 930.10 —0.38 1.45 0.78 6.59 0.24 18.06 0.90 7.20 —2.07 11.69 —0.33
8 —9.89 33 746.11 0.45 1.46 0.89 5.12 —1.42 18.24 0.95 4.60 0.99 9.04 —1.14
9 —18.12 33 271.13 0.31 1.45 0.76 5.48 —1.02 17.87 0.84 4.90 0.63 13.46 0.21
10 —19.63 36 193.33 1.18 1.46 0.84 5.21 —1.32 17.63 0.76 5.40 0.05 11.57 —0.37
11 —7.01 31 127.58 —0.33 1.26 —2.04 5.38 —1.12 17.31 0.66 6.30 —1.01 13.95 0.36
12 —3.21 32 958.36 0.22 1.26 —2.05 6.95 0.66 16.73 0.48 5.40 0.05 15.89 0.95
13 —11.83 33 435.09 0.36 1.25 —2.20 6.98 0.70 16.62 0.45 5.16 0.33 13.97 0.36
14 —9.79 29 574.27 —0.79 1.26 —2.04 5.18 —1.36 16.36 0.37 4,70 0.87 11.85 —0.28
15 —10.04 29 841.75 —0.71 1.35 —0.65 6.88 0.57 16.01 0.26 4.90 0.63 17.15 1.33
16 —9.30 27 454.45 —1.42 1.35 —0.68 7.38 1.15 15.82 0.20 5.47 —0.04 13.47 0.21
17 —6.72 28 951.78 —0.97 1.35 —0.66 7.64 1.44 15.62 0.14 6.10 —0.78 8.72 —1.24
18 —19.08 30 725.10 —0.44 1.35 —0.66 7.04 0.76 15.42 0.08 7.20 —2.07 17.48 1.43
19 —13.41 37 748.25 1.64 1.45 0.72 6.65 0.32 14.93 —0.08 5.10 0.40 16.01 0.99
20 —9.43 29 034.00 —0.95 1.35 —0.70 6.70 0.37 14.63 —0.17 3.80 1.93 12.28 —0.15
21 —7.78 31 360.50 —0.26 1.37 —0.44 6.19 —0.20 14.45 —0.22 5.70 —0.31 18.32 1.69
22 —19.39 36 634.30 1.31 1.35 —0.76 5.65 —0.83 14.01 —0.36 6.30 —1.01 10.25 —0.77
23 —16.35 32 752.30 0.16 1.42 0.34 6.52 0.16 13.62 —0.48 5.20 0.28 10.78 —0.61
24 —10.91 29 292.33 —0.87 1.45 0.76 7.41 1.18 13.30 —0.58 5.60 —0.19 15.67 0.88
25 —15.15 26 340.17 —1.75 1.45 0.81 7.34 1.11 12.90 —0.71 4.80 0.75 15.12 0.71
26 —18.70 28 460.80 —1.12 1.45 0.82 6.99 0.71 12.41 —0.86 4.30 1.34 9.75 —0.92
27 —4.09 27 390.10 —1.44 1.45 0.82 7.84 1.67 12.38 —0.87 5.70 —0.31 17.58 1.46
28 —8.83 33 979.21 0.52 1.45 0.70 7.36 1.13 11.30 —1.20 5.90 —0.54 12.37 —0.12
29 —6.05 31 689.27 —0.16 1.35 —0.66 6.03 —0.39 10.69 —1.39 5.20 0.28 10.86 —0.58
30 —7.63 32 311.33 0.03 1.35 —0.64 4.80 —1.79 11.01 —1.29 4.80 0.75 17.14 1.33
31 —12.18 30 477.36 —0.52 1.35 —0.68 6.25 —0.14 10.98 —1.30 4.70 0.87 15.28 0.76
32 —28.06 34 419.89 0.65 1.45 0.78 5.43 —1.07 10.25 —1.53 4,90 0.63 7.71 —1.54
33 —22.88 36 114.75 1.16 1.45 0.76 6.99 0.70 10.10 —1.58 4.10 1.57 7.45 —1.62

34 —21.51 40 067.20 2.33 1.44 0.63 4.79 —1.80 9.57 —1.74 4.70 0.87 8.10 —1.42
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Table 3 Cluster center of initial standardized
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1 2.33 0.63 —1.80 —1.74  0.87 —1.42

2 —0.79  —2.04 —1.36  0.37 0.87  —0.28

3 —1.84  0.88 0.98 1.23  —0.54  0.54

4 1.64 0.72 0.32 —0.08 0.40 0.99
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Table 4 Comparison of final cluster centers and corresponding engineering data
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Table 5 Control standards of surface settlement

=

6z 45 2% kg0 BERZ L4adlgo

MR /mm (30,200 (20,10) (10,0)

TARE AT KA, B IR = A K, hEl
7d A] A, B )R EREAE 9.97~14.48 m Z [E] I}, #b
T T A 2 i 7 RS 0% 1 R sk /0N, 224 Ml T 2 R A
INES b2 B0 R B4 B A 3 R M TR S 3R kb 1R U R A
PN SO NI S EI s WA e A NI 2 5
Tt 2 TR S Y XU . FR B e AT, Y HE R K A6 AE
5.07~5.80 m K, it [ {70 B3 it Bl 1l T 7K o7 1) 385 KT
NI 05 B a0 ) (VA3 N1 I L N VA S =
FEHZ A S R 8K, B b b R K R B kK,
OB R ZEMOE R 5 TR, B 7l AL 0 A
JEIEREEAE 7.75~14.67 m Z [a] P, Hb 2% 370 b5 2 il Y

A J2 VR 6 T /1 24 B A 2= T JE i AR e AR X
T A4 L AN T B Lk 3 S22 I 1) 7 ) AR L
Mo JEABR R A5 e A DL

T JE R v i SR T e B 57 52 2 SR AR o A
W PRBE A 22 PR 25 5 R L X 8 52 1 DR 320 AR A
FETE o B — DR 20 3t 6 DU Bt 7™ Az 52 0 14 (] 1 32
FIHAMNRA R 2. LK E 8 LB LR EER
N CHLR AR L B0 2 R B N M B i B
TTEOR T B BOR IR FE LA A/ . L
O M2 S BB F 40 M, AR A 3 3t JE A R R
B5 M R DU 0 R T E S HGEE . B I8 A5
S UTRRE R B 4 OC A& L IR 26 ) B /ME 5 R K
O DX T 548 o 15 10 g 3 5% 2% OB 26 531 2R
et 5 B R DX [, DL AT L3R AR A (6] 4l J= 4 5
Xt IO F9 JE A i 2 2 RO AR (B L, A 6 P,
B R R BB R AR/ R A 2 R RO

26 26 ” 26
2ul ? 2] 21l ©
22 22 22+
20 20 20
E s E 18t E 18}
@ 16 8 16} 8 16}
%*’ 14 % 14| % 14}
Tt Tt 712}
10+ 10 + 10 +
8— L 3 1 1 8 L L 1 L z L L L L 8 L L L 1 1 L L 1 1 1
28000 30000 32000 34000 36000 38000 1.30 1.32 1.34 1.36 1.38 1.40 1.42 144 146 56 58 6.0 62 64 66 68 7.0 72 74
B /kN TR E/ (/min) SRBENLEEE/ (r/min)
26 y 26 26
241 1t ¢ ul f
22+ 22+ 22
E 20+ E 20+ E 20+
= 18} = 18t = L
18 i 18 i 18
¥ 16 & 161 ¥ 161
" B 14} B4l
12 12+ 12+
10 10 10+
8 1 1 1 1 1 8 L L 1 1 1 L 8 L
10 12 14 16 18 44 46 48 50 52 54 56 58 7 8 9 0o 11 12 13 14 15
FELRERE/m T KAL/m 90 2R /m
B7 MRMEEEXWERRERLXR
Fig.7 Relationship between surface settlement andcluster centers of influence factors
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Table 6 Control range of tunneling parameters corresponding to different risk levels
IR 45 4% W 2 45 25 MRV AL/ mm ST/ kN JI 5/ (r/min)  BRBENLEL 3 (r/min)
1% 1—3 1 24.15 34 419.89~36 867.28 1.44~1.45 5.74~6.99
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3 12.26 26 012.83~28 734.09 1.35~1.42 7.36~7.84
Il % 4—6.14—15.20—24 2 8.50 29 034.00~31 181.95 1.25~1.32 6.13~6.98
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