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Research and application of deformation safety prediction for substation
foundation pits based on ga-prophet model
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HE Wenmin', YANG Chao*

and Transformation Engineering Co., Ltd., Xi’an 710014, Shaanxi, China; 3. The School of Energy and Power Engineering,
Xihua University, Chengdu 610039, Sichuan, China; 4. Key Laboratory of Geological Hazards on Three Gorges
Reservoir Area, Ministry of Education, China Three Gorgers University, Yichang 443002, Hubei, China)

Abstract; [ Objective | Monitoring the deformation of foundation pits is crucial to ensuring the safe construction of foundation pits.
To enhance the application value of monitoring data and ensure the safety of foundation pit construction, this study relies on a
330kV substation foundation pit project in Xi’ an, Shaanxi Province, and is based on actual deformation monitoring result.
[ Methods ] Using the mean square error ( MSE) as the fitness function of the genetic algorithm (GA), the trend, seasonality,
and holiday (sporadic event) parameters of the Prophet model were optimized, with particular attention to the trend parameters
consistent with the deformation pattern of the foundation pit. The GA-Prophet foundation pit deformation prediction model was
constructed, and its feasibility and effectiveness were verified using evaluation metrics such as MAE, RSS, RMSE, and Theil Ine-
quality Coefficient values. Additionally, this model was employed for the early prediction of horizontal and vertical deformation of
the foundation pit to evaluate the safety status of the foundation pit structure. [ Results ] The result indicate that the prediction
curve of the GA-Prophet model closely aligns with the measured data curve, attributed to the adoption of a saturation model that
conforms to the actual engineering displacement change pattern in the prediction model. Taking the horizontal displacement pre-
diction result of the JC8 measurement point as an example, the MAE, RSS, RMSE, and Theil Inequality Coefficient values of the
prediction result were 0.480, 1.310, 0.512, and 0.052, respectively, all superior to the prediction result of the Prophet,
LSTM, ARIMA, and BP models. Moreover, the early prediction result of foundation pit deformation by this model show that the
maximum predicted values of horizontal and vertical deformation at each measurement point did not exceed the deformation alarm
values specified by the standards, indicating that the foundation pit structure is in a safe state. [ Conclusion | The model demon-
strates good applicability for predicting foundation pit deformation and improves the accuracy of the prediction result. It can be
used for the safety prediction of foundation pit deformation.

Keywords : substation foundation pit; deformation monitoring; genetic algorithm; GA-Prophet model; advanced prediction;
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Fig. 3  Comparison of prediction results of JC8—JC10 monitoring points
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C8 IK i B
1C8 KT8 RMSE 0.512 2.657 10. 666 5.814 6.627
Theil N5 Z2H 0. 052 0.224 0. 547 0.394 0.425
MAE 0. 084 0.322 0.224 1.216 5.740
. RSS 0.043 0. 659 0.276 9.154 223.734
JC8 "Z i %
RMSE 0.093 0.363 0.235 1.353 6. 689
Theil N5 ZH 0. 008 0.029 0.019 0.125 0. 365
MAE 0.165 1.108 5.852 1.123 3.740
. RSS 0.198 7.230 232.706 7.863 95. 799
C9 KAz
10O KT8 RMSE 0.199 1.203 6. 822 1.254 4.377
Theil N5 Z5L 0. 024 0.125 0. 455 0. 170 0. 808
MAE 0.278 0. 892 1.352 0. 391 4.649
. RSS 0. 488 4.527 11.932 0. 859 146. 642
JC9 " i %
RMSE 0.312 0.952 1.545 0.415 5.416
Theil N5 FEL 0. 030 0. 087 0.135 0. 043 0. 358
MAE 0.565 0. 962 6.228 1.266 2.916
. RSS 1.616 5.523 265.754 8.019 42.512
C10 7K FAr
JC10ACFfr8 RMSE 0.569 1.051 7.291 1. 200 2.497
Theil N5 FEL 0. 088 0.132 0.522 0.218 0. 302
MAE 0.214 0.214 0.328 1. 807 4.249
RSS 0.267 0.270 0. 560 19. 248 122. 006
JC10 "] (i £%
RMSE 0.231 0.232 0.335 1.962 4.940
Theil N5 ZEL 0. 021 0. 021 0.031 0.213 0.316
%3 JC8—JC10 Ml BRI &5 Rt it
Table 3 JC8—JC10 measuring point advanced prediction results of statistical tables
e _ T T T T ARTE T a2 SR g HOR TG
i 528 La 51 J&/mm %5 2 J8/mm %5 3 J&/mm % 4 J&/mm /mm /mm - d”! /mm - d”!
jcs -4.57 -4.53 -4.48 -4.39 0.03
KA JC9 -4.47 -4.47 -4.56 -4.42 18 0.01 2
Jc1o -5.96 -6.11 -6.26 -6.43 0.02
jcs -6.36 -6.49 -6.63 -6.76 0.06
a1 Jco -5.28 -5.37 -5.46 -5.46 10 0.02 2
Jc1o -5.96 -6. 11 -6.26 -6.43 0.07
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Fig. 4 JC8—JC10 measuring point advanced prediction results curve diagram
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