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Multi-source information fusion-based study on foundation pit early-warning grading
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3. School of Civil Engineering Chang’ an University Xi’an 710061 Shaanxi China)

Abstract: In order to ensure the accuracy and effectiveness of the early-warning results for foundation pit the study on the multi-
source information fusion-based early-warning for foundation pit is realized through both the relevant cumulative deformation crite—
rion and the deformation rate criterion on the basis of establishing the early— warning criteria for foundation pit; in which the
cumulative deformation criterion includes the stability index and the relative deformation index that is to say the analysis on the
long-term early-warning for foundation pit is realized from the aspect of the stability and deformation safety reserve of foundation
pit while the deformation rate criterion includes the absolute index of deformation amount and its development trend index

namely the shortterm early-warning for foundation pit is realized from the aspect of the existing deformation amount of the
deformation rate and its development trend. A case analysis shows that certain differences are there among the different criteria for
the early-warning grades in different monitoring items and then it is obtained that the foundation pit is in a stable status with the
early-warning grade of level ]| in the early-warning result of deformation rate criteria while the early-warning grade is level [l

for the monitoring item of pit top and the early-warning grades for all the other monitoring items are level II. In accordance with
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unfavorable principle the warning results of the two kinds of criteria are superposed from which it is comprehensively deter—
mined that the early-warning grade of the foundation pit is level Il that is to say close monitoring measures are necessary to be
made for surely guaranteeing the safety of the construction.

Keywords: subway foundation pit; early-warning criterion; stability evaluation; early-warning grade; cusp catastrophe analysis
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Table 1 Classification standards for early warning levels of foundation pits
I ( ) I ( ) m ( ) Vv ( )
F, F,<0.7 0.7<F,<0.8 0.8<F,<0.9 F.>0.9
s s<1.0 mm/d 1.0 mm/d<s<1.5 mm/d 1.5 mm/d<s<2 mm/d s>2 mm/d
€ ) ( ) ( )
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Table 2 Significance classification criteria for the

development trend of deformation rate

a 0.01 0.05 0.1 -
Z, 2.576 1. 960 1. 645 <1.645
2
2.1
199.6 m
19.7 m 18.5 m
16 m,
3 o
3
Table 3 Statistics of characteristic parameters of
various soil layers
/m /m /% /MPa /MPa
@, 0.5~1.0| 0.65 - - -
Ds 0.8~2.8 1.52 30.0 0.48 3.97
®), 1.6~4.2 3.34 26. 1 0.29 6. 36
®, 4.2~6.0 4.96 29.9 0.36 5.49
@, 6.8~9.0 8.08 31.1 0.38 5.55
©, 8.5~9.8 0.25 24.1 0.22 8.07
5
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20.5 m o
26 11
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Fig.1 Layout of foundation pit monitoring points
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Fig.2 Monitoring results of roof deformation
4
Table 4 Settlement stability analysis results of pit roof
s v A
DB-02(N ) y=2.172x107%¢*-2. 824x1074#* -3. 229% 107212 +1. 077¢—1. 273 0. 956 -1 550. 04 39 646. 31 1.265x10'°
DB-07(E ) y=2.538x107¢*-2. 179%x107** -4. 191x 10722 +1. 160:-0. 866 0.938 -1678.94 38 537.56 2.237x10°
DB-09(E ) y=3.102x107* 1. 805x107*7% -4, 102x 10722 +1. 029:—1. 228 0.967 -1335.07 29 300. 91 4.142x10°
DB-14(S ) y=2.902x1071*-2.916x 1074/ =2. 726x 107212 +1. 132:—1. 115 0. 942 -1678.94 38 537.56 2.404x10°
DB-21(W ) y=3.066x107¢*~1. 586x107*4* -3, 133x 107212 +1. 220¢—1. 118 0.971 -1031.89 37 131.01 2. 844x10"
DB-23(W ) y=3.033x107°¢*=2. 107x 10743 3. 192x 10722 +1. 227¢—1. 209 0. 988 -1070.52 36 757. 54 2. 667x10"
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Table S Analysis results of pit roof displacement and stability of adjacent existing buildings
CX-01 CX-08 cx-11 CX-15 CX-22 CX-23 -
3.293x10° | 5.298x10' | 1.287x10° | 2.981x10° | 6. 118x10' | 7.262x10'" -
JZ-01 J7-02 J7-03 J7-04 J7-05 J7-06 J7-07 J7-08 JZ-09 JZ-10
3.287x10" | 4.229x10" | 4.918x10" | 2. 774x10" | 6.278x10" | 1.287x10" | 5.029x10" | 7.289x10" | 3.278x10'* | 2.389x10"
6
Table 6 Early warning analysis results of relative deformation index of pit roof settlement
/mm /mm F,
DB-02(N ) ¥=25. 19exp( —10. 09/t) 0.974 25.19 14.71 0.58 1
DB-07(E ) y=38. 63exp( —17.89/1) 0.986 38.63 19.73 0.51 I
DB-09(E ) y=26. 87exp( —15.42/t) 0.958 26. 87 19.34 0.72 |
DB-14(S ) y=25. 13exp( —10. 02/t) 0.952 25.13 14. 90 0.59 |
DB-21(W ) y=28. 14exp( —12.26/1) 0. 944 28. 14 20.32 0.72 I
DB-23(W ) y=30. 63exp( —13. 64/1) 0.971 30. 63 19. 54 0. 64 I
7
Table 7 Early warning analysis results of relative deformation index of pit top displacement
/mm /mm F,
CX-0I(N ) y=23. 7lexp( —10. 18/¢) 0. 967 23.71 14.92 0.63 |
CX-08(E ) y=30. 15exp( —13.40/1) 0.952 30. 15 22.04 0.73 I
CX-11(E ) y=29. 48exp( —13. 28/1) 0. 984 29. 48 20. 52 0.70 ||
CX-15(S ) y=31. 84exp( —14.57/1) 0. 957 31.84 19.28 0. 61 I
CX-22(W ) ¥=29. 65exp( —13. 02/t) 0.938 29. 65 21. 84 0.74 I
CX-23(W ) y=28. 56exp( —12. 21/1) 0. 953 28.56 21.40 0.75 I
8
Table 8 Early warning analysis results of relative deformation index of existing buildings
J7-01 J7-02 JZ-03 J7-04 J7-05 JZ-06 J7-07 J7-08 J7-09 JZ-10
/mm 12.32 10. 04 11.42 9.70 10. 33 9. 81 10.77 11.23 12. 65 10. 43
/mm 24. 82 22.05 19.52 22.17 21.82 23.05 18. 69 22.19 23.91 17. 67
F, 0.50 0. 46 0.59 0.44 0.47 0.43 0.58 0.51 0.53 0.59
1 I I 1 I I 1 I I I
2.2.2.2
o 7 o 7
2.2.2 1
2.2.2.1 ,
0.61~0.75 I —1I I
6 o 6 4 [[
1 I —1I
0.51~0.72 2.2.2.3
I —II I 4
66. 67% I 8 o
I o 0.43 ~0.59
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Table 9 Early warning results of deformation rate criterion for pit top deformation
B z
/mm ¢ d
DB-02(N ) 0.42 I 0.97 if I
DB-07(E ) 1.03 I -0.65 - 1 I
DB-09(E ) 1.11 I 1.23 I II
DB-14(S ) 0.54 I 0.38 if I
DB-21(W ) 1.53 il 1.72 Il Il
DB-23(W ) 1.03 il -0.87 - 1 I|
CX-0I(N ) 0. 64 I 0.54 I I
CX-08(E ) 1.52 il 1.57 I Il
CX-11(E ) 1.35 ] -0. 81 - I 1
CX-15(S ) 0.7 I -0.24 - I I
CX-22(W ) 1.27 | 0. 47 I Il
CX-23(W ) 1.03 ] -0.73 - I 1
10
Table 10 Early warning results of deformation rate criterion of existing buildings
JZ-01 JZ2-02 1Z-03 JZ-04 JZ-05 JZ-06 1Z2-07 JZ-08 1Z-09 1Z-10
/mm + d7! 0.25 -0.11 0.76 0.37 0. 82 0. 44 0. 86 0.42 0.31 0.45
I I I I I I I I I I
0.73 -0.27 1.03 -0.61 0.93 -0.61 0.97 -0.48 -0. 63 0.75
I I I I I I I I I I
I I I I I I I I I I
I 2.3.1.2
o MK
2.2.2.4
4
2 ’
3 3
DB-21
I - o
2.3
2.3.1 1 I 9 I}
2 I
2.3.2
9 9
o 10 o
2.3.1.1
I o
-1l 5
2 5
I 1 ;
—1I I 5 I
o 5 &
134 ( ) 52 2021 1



|
5 I 5 &
2.3.3
m .
2.4
11 o 11
I
]
I

11
Table 11 Statistics of comprehensive warning result

of foundation pit
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Table 12 Comparison of early warning levels of foundation

pit in different stages
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