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Research on Axial Force Prediction and Safety Warning Model of Steel

Bracing System in Deep Foundation Pit of Subway Station
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Abstract: The accident rate of foundation pits rises with the continuous increase in the number and
scale of excavation of foundation pits in China. The axial force of steel bracing, which can be moni-
tored by the sensor, is one of the essential indexes to measure the stability of the bracing system of
foundation pits. However, the monitoring point cannot accurately monitor the data of strut axial forces
after sensor failure. Therefore, the steel bracing system of the deep foundation pit of a subway station
in Ningbo City was taken as the research object to explore how to ensure the stability of the steel brac-

ing system of the foundation pit. Based on the analysis of the change in the axial force between the two
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steel bracing erections, the data of the axial force of the steel bracing was first predicted in this study.
Then, the safety warning of the steel bracing system was provided. Specifically, the original monitor-
ing data obtained are characterized by poor information and small samples due to the “bathtub curve”
characteristic of the axial force monitoring sensor. Thus, the axial force data of the steel bracing in the
foundation pit were tested and processed to make it conform to the establishment conditions of the
gray prediction model. Next, a gray prediction model was established, the accuracy of the model was
calculated, and a posteriori test was conducted. Finally, the safety warning model of the confidence in-
terval estimation method was established based on the data obtained from the gray prediction model
and the deformation characteristics and indexes of the steel bracing. With the significance levels a=
5% and a=2% as the demarcation points, the warning grades of the steel bracing system of the deep
foundation pit were divided, and the operating state of the current steel bracing system was judged.
The results demonstrated that the gray prediction model had good accuracy. Meanwhile, the steel
bracing system was within a safe operating range. The judgment results of the model were consistent
with the actual situation of the steel bracing system in the deep foundation pit of the subway station.

This verified that the prediction and safety warning model could be employed to judge the stability of

the steel bracing system.

Keywords: steel bracing system; gray prediction; confidence interval estimation; safety warning
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Table 2 Axial force data of steel bracing for 10 days
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H 1 XL LMV H SCAERI T /RN
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2019/09/05 576.94 2019/09/19 829.53
2019/09/06 596.29 2019/09/20 842.89
2019/09/07 601.74 2019/09/21 852.54
2019/09/08 593.81 2019/09/22 855.76
2019/09/09 607.69 2019/09/23 892.43
2019/09/10 645.73 2019/09/24 892.88
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Table 4 7ZG51-3 Grey prediction model results

i kN
H SEPRAH BER A 2%
2019/09/01 481.52 481.52 0.00
2019/09/02 503.09 525.67 22.58
2019/09/03 537.10 537.70 0.60
2019/09/04 566.00 552.06 —13.94
2019/09/05 576.94 565.75 —11.19
2019/09/06 596.29 579.77 —16.52
2019/09/07 601.74 594.14 —7.60
2019/09/08 593.81 608.87 15.06
2019/09/09 607.69 623.97 16.28
2019/09/10 645.73 639.44 —6.29
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Table 5 ZG53-4Grey prediction model results

Hfir kN
H 1 SPRE T TUAE B 2%
2019/09/15 655.23 655.23 0.00
2019/09/16 680.16 742.97 62.81
2019/09/17 767.52 762.53 —4.99
2019/09/18 821.69 782.60 —39.09
2019/09/19 829.53 803.20 —26.33
2019/09/20 842.89 824.34 —18.54
2019/09/21 852.54 846.04 —6.50
2019/09/22 855.76 868.31 12.55
2019/09/23 892.43 891.17 —1.26
2019/09/24 892.88 914.63 21.75
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Table 6 Evaluation of model accuracy
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Table 7 Confidence interval calculation results
B { b 2% 5% BEIKE AT A, 29 H 15 X ) G A
7G51-3 11.64 7.37 (5.63,17.65) 3.00 (4.09,19.19) 3.77
7G53-4 19.12 20.76 (2.19,36.04) 8.46 (—2.14,40.37) 10.63
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Table 8 Evaluation criteria table and observed daily re-

sidual value

X Ji] 7G51-3 72G53-4
1B 474 A2 X (] [0,14.65] [0,27.58]
BATHE A 4 X (] (14.65,17.65]  (27.58,36.04]

B AT FE B X ] (17.65,19.19] (36.04,40.37]
B AT fE B X ] (19.19,+0) (40.37,4c2)
UL H A R B 6.29 21.75
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MR A BfE X BT ERETNREE Matlab X3

disp("FEBMNEIE");

%1% data=[2.27 4.28 0.68 0.28 0.85 1.85 1.84 3.06 3.23];

data=input(”’);

%mu A #IE R A E

mu=mean(data) ;

%n AEEZANE

n=length(data) ;

%sigma 1 HHE B bR =

sigma =std(data) ;

%5% & 15 X I8

%abH 5% BEXEH LR
a5=mu+(sigma/(sqrt(n—1)))*tinv(0.975,n-1) ;
%b5 H 5% & 15 X B K T 57
b5=mu-(sigma/(sqrt(n—1)))*tinv(0.975,n-1) ;
%2% & 15 X I8

%a2 A 2% BIEXEK LR
a2=mu+(sigma/(sqrt(n—1)))*tinv(0.99,n-1) ;
%b2 A 2% BEEX B TR
b2=mu-(sigma/(sqrt(n—1)))*tinv(0.99,n-1) ;
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