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Key parameters analysis of surface subsidence induced by tunneling construction

Wu Xianguo' . Wang Yanhong' , Miao Xiang' . Wang Chunliang' . Yang Qiongpeng® , Zhang Limao®
(1. School of Civil Engineering &. Mechanics, Huazhong University of Science and Technology, Wuhan 430074 ,P. R. China;
2. China Railway Tunnel Stock Co. Ltd,Zhengzhou 450003,P. R. China)

Abstract:In order to identify the key factors inducing the surface subsidence while shield tunneling,a key
parameter selection model and solving method based on RS-SVM is proposed. The information entropy
rules were used to discretize seven continuous variables including Internal Friction Angle(IFA), Cohesive
Force(CF)etc. Genetic Algorithm and Rough Set for attribute reduction were combined to obtain several
collections that significantly affect the surface subsidence; Using the statistical learning of RVM to select
the best collection which optimally reflects the relationship between parameters and surface subsidence,we
get four parameters: Single Ring Grouting Pressure, Internal Friction Angle,Specific Torque(ST) ,Incision
of Slurry Pressure and each of the collections was the critical parameter that should be considered in
construction. The method was applied in a completed metro tunnel in Wuhan, China and the results
indicated the feasibility of the method.
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Fig. 1 the flow chart of GA attribute reduction
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Fig.3 the cross-river selection of Wuhan Metro No. 2 line
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Table 1 the monitoring sample set of surface subsidence induced by Metro tunneling
1 DK14-+792 1.972 21. 294 12.177 365. 008 9.759 1.231 10. 833 —38.9
2 DK14-+782 1.993 21.414 12. 254 400. 196 10. 157 1. 345 10. 943 —36.6
3 DK14+762 2.042 21.121 12.183 482. 786 13.762 1. 468 11. 707 —35.7
4 DK14-+752 2.077 20.762 11. 946 404. 286 12. 838 1. 452 12. 450 —27.1
5 DK14-+702 2.233 19. 818 11.532 368. 277 10. 420 1. 418 10. 442 —19.9
6 DK14-+692 2.262 19.972 11. 647 354. 209 9.098 1. 430 10. 600 —16.0
7 DK14+522 2.435 18. 187 10.911 516.617 11.172 1. 707 10. 550 —81.6
8 DK14-+532 2.496 18. 758 11. 462 485. 740 11.728 1.725 10. 492 —48.0
9 DK14-+526 2.523 18. 836 11. 572 545.177 13. 685 1.725 10. 458 —28.2
10 DK14+503 2.613 18. 849 11.793 761.472 17.131 2.227 10. 367 —30.1
11 DK14+463 2.778 19. 484 12.982 958. 080 18.452 2.413 10. 483 —32.4
12 DK14-+433 2.903 19. 435 12.910 769. 347 12.420 2.502 10. 233 —20. 4
13 DK14+366 3. 166 19.017 12.525 789.090 10. 351 2.735 10. 050 —16.9
14 DK14+351 3.225 19. 207 12.737 908. 972 11. 250 2.735 10. 083 —19.0
15 DK14+337 3. 281 19. 297 13. 311 1093.776 13.302 2. 847 10. 280 —17.0
16 DK14+322 3.300 19. 394 13. 872 970. 135 11. 851 2.835 10. 317 —14.7
17 DK14+284 3.510 19. 739 14. 469 1161. 211 13.299 2.930 9.967 —11.6
18 DK14+270 3.569 19. 106 15. 081 1250. 250 13.279 2.940 10. 150 —18.1
19 DK14+243 3. 654 18. 140 16. 249 960. 754 10. 445 2.940 10. 150 —21.3
20 DK14+175 3.999 18. 093 19. 104 1380. 998 11. 888 3.015 9.633 —32.6
®2 HEEHEAN
Table 2 the data discretization rules
25
1 2 3 4 5 6

ap <1.000 0 (1.000 0,1.200 0) (1. 200 0,1. 600 0) (1. 600 0,2.017 5) (2.017 5,3. 034 5) =>3.034 5

as <18.473 (18.473,18.933) (18.933,19. 611 5) (19. 611 5,20. 367) (20. 367,20. 941 5) >20. 942

as < 12.062 (12.062,13.146 5) (13.146 5,14. 170 5) (14.170 5,14. 775) (14.775,15. 665) =>15. 665

ay <501. 18 (501. 18,653. 325) (653. 325,849. 031)  (849.031,1 127.494) (1 127.494,1 315.62) >1 315.62

as <10. 809 (10. 809,13. 059) (13.059,15. 784) (15.784,17.792) >17.792 —

ag <158.75 (158.75,197. 6) (197. 6,232. 00) (232.00,245. 75) (245.75,261. 85) =>261. 85

a; <210. 009 (10. 009,10. 521) (10. 521,11. 030) (11. 030, 11. 325) (11. 325,12. 079) >12.079

D >—11.55 (—11.55,—15. 35) (—15.35,—20.15) (—20.15,—24.2) (—24.2,—31.25 < —31.25
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Table 3 the decision table of surface subsidence induced by metro tunneling
W G a az as as as as ar D
1 4 6 2 1 1 1 3 6
2 4 6 2 1 1 1 3 6
3 5 6 2 1 3 1 5 6
19 6 1 6 4 1 6 2 4
20 6 1 6 6 2 6 1 6
x4 BHAYEHER
Table 4 the results of attribute reduction
Reduct Support Length

1 RS JHLA o P EE 56 A o PO HL O 32 1, BP0 e S () 100 4

2 (PN BE A o LU A 0 3908, LU HL R S ), B0 0 4 3 ) 100 4

3 (PR A LUATLRE XM U0 1 R K JE 0 3448, BB v 3 e 2 100 4

R 48 Je 1 H B ARy kL i) DL AR B AN TR
BAS WA B R, @S E, F R
as sas sar BEEPEAHIA 0.05,0.25.0.5.0. 25, I,
W 25 S5 Jm M B MR AT HE )T O < LU Y i
= FUPR TR I (R > N PR A > ARG R . TR Of
HIEYE as i sas sa; IEEEAEST )0 0. 3,0.05,0. 35,
0. 25 i J& MK R EE 2L B2 HE )P O« e AR Y i > N
JEEAEE A1 = B PR VR IR R I > L HE D Y SRR )R T
as sas sag sar PEZEPESHH 0.25.0.2.0. 1.0. 4,i% 40
o PR A PR P R Y A < BB T O Y (B > P R A A
= A R 34 1> ) e K R 1 34 .

3.3 HbRITPETRNCHEEZE PR

FERE B2 1R 24 3 A6 15 51 3 41 AS ) A% 2 8 (% dgk
RO WS s F SRR AL o S 5T R
UURE R T . W58 A v, — L BRI 25 4 8,
H 20 dAE R SR LR AL, 5 L AE S W0 4
XFIX 25 LEHE L 43 0 HEAT A8 S O 4 S 80 DL
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Table 5 the monitoring sites’ tunneling parameters and their corresponding subsidence amount

1 DK14+527 2. 547 18. 825 11. 535 545. 157 13. 654 174.5 10. 443 —28.1

2 DK14+504 2.604 18. 837 11.773 761.464 17.121 223.6 10. 323 —29.8

3 DK14+464 2.756 19. 472 12. 966 958. 048 18. 436 242.1 10. 456 —32.2

4 DK14-+434 2. 899 19.411 12.934 769. 356 12. 443 251.0 10. 263 —20.2

5 DK14+367 3.173 19. 065 12. 500 789. 110 10. 325 272.6 10. 039 —16.7

6 MEM A IR PR FUE
Table 6 the monitoring sites’ surface subsidence predicted amount

W A5 4 1 2 3 4 5
SEBRUT S &/ mm —28.1 —29.8 —32.2 —20.2 —16.7
LS A B/ mm —28 —30 —32 —20 —17
SR A — B/ mm —28 —30 —32 —19 —17
SR A ZBWAE/ mm —28 —29 —32 —21 —17
SR A =B AE/ mm —28 —30 —32 —20 —17
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Table 7 the comparison between actual and predicted value of surface subsidence
ESiE S Eikes SHHA SHMA 2 ZHAMA 3
NG
HXHE XA/ % HXHE MXHE/ % HXIE M/ % 7 34i AR E/ 20

F 1.0 4. 44 3.0 9.39 3.2 9.42 1.0 4. 44
BES sy 0.2 0. 89 0.4 1.88 0. 44 1.88 0.2 0. 89
2 bR A Y
T 22 RME 0.3 1. 80 1.2 5.94 0.8 3.96 0.3 1. 80

/M 0.1 0. 36 0.1 0. 36 0.1 0. 36 0.1 0. 36
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