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Research on Construction Alignment Prediction of Continuous

Rigid-frame Bridges Based on Machine Learning
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(1.Shanxi Traffic Construction Engineering Quality Inspection Center Co., Ltd., Taiyuan 030032, China;
2. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China )

Abstract: Given the time-varying characteristics of material parameters caused by complex environ-
mental factors during the construction of continuous rigid-frame bridges, the traditional finite element
analysis method is limited by the assumption of a single design parameter, and it is difficult to accurate-
ly simulate the actual changing state of the influencing parameters during the construction process,
which leads to key technical problems such as insufficient alignment control accuracy during bridge
construction. Therefore, this study proposed an intelligent prediction method for construction align-

ment of continuous rigid-frame bridges based on machine learning. First, parametric finite element
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modeling was used to simulate the construction deflection response under the coupling of multiple fac-
tors, and a complete deflection prediction sample database was constructed. On this basis, four con-
struction-alignment prediction models based on support vector machine (SVM), random forest (RF),
long short-term memory network (LSTM), and particle swarm optimization backpropagation neural
network (PSO-BP) were established, and their prediction accuracy was compared and analyzed. The
results showed that the prediction accuracy of RF and ELLM models was relatively low. The LSTM
model exhibited better prediction accuracy, with a maximum prediction error of 1.2 mm. The PSO-
BP model showed the best prediction performance. Its R* values for the training set and the test set
were 0.996 and 0.992, respectively. The absolute error of the predicted deflection was only 0.55 mm,
and the relative error was less than 10%. The PSO-BP neural network enables accurate prediction of
construction deflection, effectively improves the alignment control level of continuous rigid-frame
bridge construction, and enhances the closure alignment accuracy of the bridge. The findings provide
an important technical reference for the intelligent construction of bridge engineering.

Keywords: continuous rigid-frame bridge; bridge construction; machine learning; construction align-

ment
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Table 1 Distribution parameters of influential factors

i i T ek FRiE
TR o
y/(kN-m’) 26 1.04  EXSMH HELEE
E./GPa 345 238 IEASA TRGE SRR
o/MPa 1395 558 IESSA kiR HIN S
T/°C 15 2.5  IEXSA RGP
P/(Nem*) 117.85 5.892 IEAMAG 4 41 e 2

ZHOBAEAR 0 2 80m A A RS bl R A
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Table 2 Key parameters and deflection calculation results

i SR E ﬁﬁi@% v TN 71 o/MPa EﬁTi@?ﬁﬁﬁp/ wET/C d/L B D,/mm
GPa (kNem %) (Nem ?)

1 28.33 23.4 1255.5 0.103 12 2.5 0.233 —2.892 21
2 28.33 24.96 1395 0.123 74 27.5 0.216 —5.5655
3 28.33 26 1534.5 0.111 96 20 0.178 —8.698 88
4 28.33 27.64 1339.2 0.132 58 15 0.151 —13.8834
5 28.33 28.6 1450.8 0.117 85 10 0.131 —22.794 6
6 32.03 23.4 1534.5 0.123 74 15 0.131 —16.727 5
7 32.03 24.96 1339.2 0.111 96 10 0.233 —2.823 97
8 32.03 26 1450.8 0.132 58 2.5 0.216 —5.276 83
9 32.03 27.64 1255.5 0.117 85 27.5 0.178 —8.465 63
10 32.03 28.6 1395 0.103 12 20 0.151 —13.059 6
11 34.50 23.4 1450.8 0.111 96 27.5 0.151 —9.753 33
12 34.50 24.96 1255.5 0.132 58 20 0.131 —16.977 3
13 34.50 26 1395 0.117 85 15 0.233 —2.792 94
14 34.50 27.64 1534.5 0.103 12 10 0.216 —5.3312
15 34.50 28.6 1339.2 0.123 74 2.5 0.178 —8.276 6
16 36.97 23.4 1395 0.132 58 10 0.178 —6.199 71
17 36.97 24.96 1534.5 0.117 85 2.5 0.151 —9.921 52
18 36.97 26 1339.2 0.103 12 27.5 0.131 —16.834 6
19 36.97 27.64 1450.8 0.123 74 20 0.233 —2.841 87
20 36.97 28.6 1255.5 0.111 96 15 0.216 —5.284 76
21 40.68 23.4 1339.2 0.117 85 20 0.216 —3.8795
22 40.68 24.96 1450.8 0.103 12 15 0.178 —6.184 81
23 40.68 26 1255.5 0.123 74 10 0.151 —9.776 45
24 40.68 27.64 1395 0.111 96 2.5 0.131 —16.773 4
25 40.68 28.6 1534.5 0.132 58 27.5 0.233 —2.752 37
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Fig.6 Prediction results of training set
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Fig.7 Prediction results of test set
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Table 3 Performance metrics of compared algorithms

. RS RS
ik . 2
R* MAE RMSE R* MAE RMSE
LSTM 0.981 72 0.557 68 0.723 12 0.984 37 0.546 02 0.629 17
RF 0.962 79 0.744 62 1.031 60 0.959 20 0.83573 1.134 20
PSO-BP 0.99173 0.279 75 0.486 48 0.996 05 0.234 41 0.316 18
ELM 0.962 16 0.832 83 1.024 40 0.962 29 0.882 75 1.088 70
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