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Parameter Optimization of Locking Pipe Curtain Based on Combination

Weighting TOPSIS-BPNN-GA Method
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of Civil Engineering, Chengdu 610031; 2. Shandong Hi-speed Engineering Construction Group Co., Ltd., Jinan 250014)

Abstract: Relying on a subway station entrance and exit channel pipe jacking project, combined with the on-site monitoring
data for jacking parameter inversion, the refined pipe curtain-corridor-strata pipeline corridor jacking finite element model

considering the locking joints was established. The deformation of strata with and without pipe curtain is analyzed comparatively,
and the necessity of pipe curtain is verified. Then, the effects of pipe diameter, pipe spacing and pipe thickness on surface
settlement, pipe curtain cost and joint gap were systematically investigated through comprehensive tests, and a comprehensive
evaluation system of TOPSIS was established to evaluate the adaptability of the pipe curtain with game combination assignment.
Subsequently, BPNN was used to fit the mapping relationship between the pipe curtain parameters and the adaptability, and
finally the genetic algorithm was used to search for the optimal parameter combinations. The study shows that the parameter
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that has the greatest influence on the adaptability of the pipe curtain is the diameter of the steel pipe, followed by the clear
distance of the steel pipe, and finally the thickness of the steel pipe. Considering the safety, water resistance and economy, the
recommended design parameters of the locking pipe curtain are the steel pipe diameter of 990 mm, the steel pipe thickness of

20 mm, and the steel pipe clearance of 160 mm.

Keywords: urban rail transit; locking pipe curtain; parameter optimization; TOPSIS; neural network; genetic algorithm
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Table 4 Factor level of pipe curtain parameters

RIEHFE
KF
A 42/mm J& B /mm B /mm
1 950 20 160
2 970 30 180
3 990 40 200
4 1100 50 220

3.2 1EZEEMIN
M AT 0%, 1 9 Ubn BRI B M P4 4
BEyin yon ys DRI RE R:
132
R=|1/311/2
/22 1
(1) QSHFFEREAT — B g, T+ 54 2
CR=0.009<0.1, AN FIAIHIFE— B 2 2K . 2l
EENEIEEI RIS
o™ =[0.54, 0.16, 0.30]
AR 4 IEER, BaU@R P RS A AL,
HHAG) (6)FF F A :
@" =[0.08, 0.57, 0.35]
FINFZRR AL, 7 RS BIRSRA A AL
FLMEL A REB:

B =[0.597, 0.685]
AN A T e X Q) AT A A HIH—
WG BIH AR E:
@ =[0.295, 0.380, 0.324]

3.3 (AETRI TOPSIS iE4r

¥ 6 132 PR R AR R I A #2X(10))H— 1k
13 2VHERE B, thaC(11)~(12)7F 24N J7 2 e R 5
FHAEA IR, BJE ) EHN TR
BAUAAR NG B . THE S R 5 R

#z5 RBER
Table S Test results

s KB HE % IR Frpes

x/mm x/mm xymm y/mm  p/mm oyt WA

950 20 160  21.09 032 66612.79 0.585

—_

2 950 20 180 2227 035 65500.81 0.521
3 950 20 200 23.11 040 64427.51 0.464
4 950 20 220 2370 046 6339090 0.423
5 950 30 160  20.05 0.30 80741.09 0.577
6 950 30 180 21.25 033 7939327 0.506
7 950 30 200 22.18 038 7809232 0.434
8 950 30 220 2287 044 76835.86 0.376
9 950 40 160  19.15 0.25 9455543 0.585
10 950 40 180 2036 0.28 92977.00 0.519
11 950 40 200 2132 033 9145347 0.435
12 950 40 220 2185 039 89982.03 0.355
13 950 50 160 1849 0.23 108 055.81 0.544
14 950 50 180 19.72  0.26 106252.02 0.491
15 950 50 200  20.55 031 10451096 0415
16 950 50 220 21.19 037 10282943 0.322
17 970 20 160 19.72 028 67614.36 0.675
18 970 20 180 2099 031 66506.50 0.596
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22 970 30 180 1994 0.29 80460.70 0.595
23 970 30 200 2091 034 7916621 0.510
24 970 30 220 2150 040 7791523 0.437
25 970 40 160 17.78 021  95679.25 0.656
26 970 40 180  19.07 024 94111.54 0.601
27 970 40 200 19.88 0.29 9259743 0.528
28 970 40 220 20.55 035 9113421 0.438
29 970 50 160 17.12  0.19 109 249.09 0.599
30 970 50 180 1830 0.22 107459.04 0.562
31 970 50 200 19.27  0.27 105730.19 0.499
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Sk
RIBE % AT g

% X
X/mm x/mm x;/mm y/mm y,/mm »3/7T W53 S

32 970 50 220 1991 033 10405945 0.414
33 990 20 160 1893  0.26
34 990 20 180  20.11  0.29

35 990 20 200 21.10 0.34

68613.10 0.732
67 509.29  0.650
66442.59  0.565
36 990 20 220 21.68 040 65411.14 0.494
37 990 30 160  18.00  0.24
38 990 30 180  19.18  0.27

39 990 30 200 20.04 032

82856.07 0.716
81523.13 0.644
8023499 0.557
40 990 30 220 20.73 038 78989.43 0.471
41 990 40 160 17.09  0.19
42 990 40 180 1829  0.22

43 990 40 200 19.13  0.27

96 796.00 0.678
95238.79  0.637
93733.94 0.570
44 990 40 220 19.80 033  92278.82 0.486
45 990 50 160 16.38  0.17
46 990 50 180  17.62  0.20

47 990 50 200 1841 0.25

110432.88 0.616
108 656.29  0.586
106 939.43  0.536
48 990 50 220 19.08 031 10527932 0.461
49 1100 20 160  18.54 035
50 1100 20 180 19.81 038

51 1100 20 200 20.71 043

74 061.70  0.608
72979.14  0.535
7192990 0.468
52 1100 20 220 2124 049 7091244 0.417
53 1100 30 160 17.59 033
54 1100 30 180  18.73 036

55 1100 30 200  19.62 041

88582.45 0.583
87287.65 0.523
86 032.68 0.439
56 1100 30 220 2030 047 84815.75 0.372
57 1100 40 160  16.69  0.28
58 1100 40 180 17.86 031

59 1100 40 200 18.77  0.36

102 826.62 0.578
101 323.61 0.527
99 866.85  0.446
60 1100 40 220 1930 042 9845423 0.369
61 1100 50 160 1595 0.26
62 1100 50 180 17.15  0.29

63 1100 50 200 18.10  0.34

116 794.20  0.540
115087.03 0.497
113432.39 0.429

64 1100 50 220 18.64 040 111827.88 0.358
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Figure 12 Loss function evolution
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Figure 13 Predicted versus actual values
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Table 6 Code conversion
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Figure 15 Fitness evolution across generations
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