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Dynamic Response of Adjacent Pile Foundations to Impact Drilling
Based on an Improved BP Neural Network

Zhang Zhongwei', Hu Lifeng?, Fang Tao', Lin Yuntang?, Huye yixin?>, Wu Yvheng!
Jiangxi Key Laboratory of Infrastructure Safety Control in Geotechnical Engineering, East China Jiaotong University, Nanchang 330013, China; 2. China
Railway Nanchang Bureau Group Co., Ltd. Nanchang Railway Tianhe Construction Co., Ltd., Nanchang 330000)

Abstract: In bridge widening and reconstruction projects, impact drilling was widely adopted for its high
efficiency; however, the strong transient dynamic loads it induces could compromise the stability of adjacent pile
foundations. To investigate these effects, this study based on the Liyuan—Dongxiang section of the Hukun
Expressway integrated field measurements, finite-element (FE) simulation, and an improved BP neural network
and developed an intelligent surrogate for pile dynamic response. Monitoring data were used to calibrate the FE
model; multiple working conditions were then generated and time-domain indicators such as measurement-point
velocity were extracted. On this basis, Latin hypercube sampling (LHS) was introduced to optimize the training
samples and the initialization of the BP network’s weights and biases, yielding an LHS-BP (Latin Hypercube
Sampling—Backpropagation Neural Network) model for rapid prediction and correlation analysis of pile responses
under varying conditions. Results show that the measured pile velocity exhibited an exponential decay with
increasing borehole depth. Compared with a conventional BP model, the LHS-BP model achieved markedly
higher predictive accuracy and generalization, with predicted curves closely matching the target values. Pearson
correlation analysis further indicated that borehole depth and load intensity are the primary controlling factors,
whereas drilling distance and pile diameter had relatively weaker influence. This study elucidated the time-domain
response characteristics of the pile—soil system under impact loading and provided theoretical support and
engineering guidance for safety control during bridge widening and adjacent pile construction.

Key words: impact load; pile foundation; BP neural network; dynamic response; ABAQUS
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Tab.1 Parameters of pile foundation and soil
okl R (Kg/m®) R E (MPa) TERALL %S (kPa) WEEEES (° )
P2 2400 30000 0.3
=IE AL 1950 20 0.35 8 5
HH L+ 1990 10 0.35 8 5
e 1780 3 0.4 10 5
BERE 1980 40 0.25 14.78 7.9
Wrm A+ 2 1980 45 0.25 24.91 12.95
A R 2000 50 0.25 80 29
ol RS A 2350 300 0.3 80 29

BT IRSE PR DUR A PR TR AT T SEANGGAIE, 18] 4 — 5 P 9 AN R LR BEAE P i f7f 2K 0.4 MPa
NHIE S Mises N A2 &l BB AT AR ALEREE N HES Mises N4 () 70 AT S HA — 2, &
M 7 [X 3357 FEIT AL — O S bk 5 ep R, BEE PR SLIRBEIE N, A B S RN DI AT B AR BN M B Ar
PRI SR B P A AR, MR B ORI RS oK O AE DY RSB s/, ELATE S A A2 B b FLIR R i 2
B SRR NS, M FLIREEH 0 m HEKE] 25 m B, MRS R AN HL) 1.30X107° m b 24
8.24x107* mo VLI ALAL BBRER, pRaifar BAE A R RE BAEROBUR, 4218 AR RS sk gs, A2
FEM ST B o

5, Mizes 5, Mizes 5, Mises
(Aug: 75%) (Awg: 75%) (Aug: 75%)
12 462a+05 +3.4852+05 +3.570e+05
121750405 +3.201e+05 +3.280e+05
1o B97e+05 +2.9172+05 +2.9902+05
+2.614e+05 +2.6332+05 +2.6992+05
+2.331e+05 +Z2.350e+05 +2.40%e+05
+2.04%e+05 +2.0662+05 +2.1192+05
+1.7662+05 +1.7822+05 +1.8282+05
H.ggfeigg +1.498e+05 +1.538e+05
\201e +1.2142+05 +1.2422+05
+3,180e+04 +3.2042+04 +3.572e+04
+6.353e+04 +6.466e+04 +6.669e+04
+32.526e+04 +3.6228e+04 +3.766e+04
+6.9942+03 +7.9002+03 +2.6242+03

(a)

Om

(b) 5m

(¢) 10m
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Fig.4 Mises stress contours of the pile under different impact drilling depths
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Fig.5 Displacement contours of the pile under different impact drilling depths
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Fig.7 Comparison between random sampling and Latin hypercube sampling
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Fig.12 Fitting effect of BP neural network prediction model
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Fig.14 Pearson correlation analysis
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