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Abstract 
In this paper, based on the BP neural network, several main optimization 
models in the prediction of foundation pit deformation are analyzed, includ-
ing GA-BP, PSO-BP, SSA-BP, ACO-BP prediction models. Several different 
models predict the deformation during the construction of the foundation 
pit, and clarify the advantages and disadvantages of different models and the 
advantages of integrating the algorithm into the deformation prediction of 
deep foundation pits in civil engineering. 
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1. Introduction 

With the rapid development of technology, intelligent algorithms have shown 
their great potential in many fields. As an important industry involving infra-
structure design, construction, maintenance and operation, civil engineering is 
also gradually introducing more intelligent algorithms to improve efficiency, 
reduce costs and improve safety. 

A popular technology in recent years is artificial intelligence and its sub-
set-intelligent algorithms. These algorithms have had a significant impact on the 
field of civil engineering, changing the way planners, designers and builders 
work. This paper will focus on the use of intelligent algorithms in civil engi-
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neering, its effectiveness, advantages and limitations. 

2. Deformation Monitoring of Traditional Civil Engineering  
Deep Foundation Pit 

2.1. Traditional Deep Foundation Pit Deformation Monitoring  
Technology 

The deformation prediction of deep foundation pit engineering occupies an im-
portant research position in the field of geotechnical engineering, especially in 
the context of China’s rapid economic development and increasing investment 
in infrastructure. The traditional deformation prediction methods of civil deep 
foundation pit include grey GM (1, 1) model method, BP neural network model 
method and so on. Among them, the grey GM (1, 1) model method is a predic-
tion method based on grey system theory, which can predict the future deforma-
tion of deep foundation pit equidistantly or non equidistantly. BP neural net-
work [1] model rule is a prediction method based on artificial neural network, 
which can learn the relationship between data by training data set, so as to pre-
dict. In addition, some researchers have combined the grey system with the BP 
neural network to form a grey neural network combination model. This model 
shows reliability and practicability in the prediction of deep foundation pit de-
formation. In general, the choice of prediction method depends on the specific 
engineering practice and the characteristics of monitoring data. 

2.2. The Disadvantages of Traditional Deep Foundation Pit  
Deformation Monitoring Technology 

There are many drawbacks and shortcomings in the traditional deep foundation 
pit deformation prediction. The traditional methods usually rely on empirical 
formulas or simplified models, and cannot fully consider the complex factors 
such as geology and engineering materials, resulting in limited prediction accu-
racy. It is difficult to predict the deformation of deep foundation pit comprehen-
sively and accurately due to the limitation of engineering geological conditions, 
foundation pit structure, construction methods and other factors. In terms of 
space and time, the traditional methods are mostly static analysis, lack of 
real-time monitoring means, unable to reflect the deformation of foundation pit 
in time, and it is difficult to take timely and effective control measures. In the 
calculation of construction period, the traditional method needs a long time to 
accumulate data and verify the model, and the prediction period is long, which 
cannot meet the rapidly changing engineering requirements. Finally, the tradi-
tional method is susceptible to interference from competent factors, such as 
subjective factors and insufficient data, resulting in unreliable prediction results. 

3. Intelligent Algorithm Civil Engineering Deep Foundation  
Pit Deformation Prediction 

3.1. Intelligent Algorithms 

Intelligent algorithms refer to algorithms that can self-learn and adapt. Common 
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intelligent algorithms include machine learning, deep learning, genetic algo-
rithms, etc. These algorithms can process and analyze a large amount of data, 
extract useful information from it, and use it to optimize decisions. They do this 
by analyzing patterns in the data, generating predictions, and improving the de-
cision-making process over time. Intelligent algorithms are different from stan-
dard computer programs, which can improve their accuracy and efficiency 
without explicit human instructions. 

3.2. Demands and Challenges in the Field of Civil Engineering 

There are many problems in the deformation process of deep foundation pit. The 
fluctuation of groundwater level may lead to the change of soil force, which may 
cause the deformation and settlement of foundation pit. The in homogeneity of 
the underground soil may lead to the uneven load of the foundation pit supporting 
structure, causing the deformation and failure of the foundation pit. The sur-
rounding construction or traffic vibration may affect the soil around the founda-
tion pit and increase the risk of foundation pit deformation. Improper design of 
foundation pit supporting structure, improper selection of materials or construc-
tion quality problems may lead to deformation or even collapse of foundation pit. 
The interaction between foundation pit and surrounding buildings or geological 
conditions will affect the stability of foundation pit and increase the difficulty of 
foundation pit deformation. At the same time, the failure of monitoring equip-
ment and the untimely or inaccurate processing of monitoring data will also affect 
the monitoring and early warning ability of foundation pit deformation. Such as 
geological structure anomalies, earthquakes and other natural disaster factors may 
also lead to deep foundation pit deformation and safety hazards. 

Using the data collected by sensors, combined with machine learning algo-
rithms, the health status of civil structures such as buildings and bridges can be 
monitored in real time. By analyzing the abnormal patterns in the data, the possi-
ble structural damage is predicted, so as to achieve timely maintenance and ensure 
the safety of the structure. In construction management, deep learning algorithms 
can be used to optimize project progress and resource allocation. By analyzing the 
historical construction data, the algorithm can predict the key time points of the 
project, and make recommendations on resource allocation to avoid waste of re-
sources and ensure that the project is completed on time. In the field of traffic en-
gineering, intelligent algorithms can optimize traffic flow and reduce congestion. 
For example, by analyzing multi-source data (such as traffic flow data, video sur-
veillance, etc.), intelligent algorithms can adjust traffic lights in real time and op-
timize traffic flow. The intelligent algorithm can also be applied to the develop-
ment and optimization of civil engineering materials. By analyzing the big data of 
various material properties, machine learning models can predict the influence of 
the mixing ratio of materials on their properties and help engineers choose the 
best material combination and manufacturing process. 

Today, intelligent algorithms are widely used in various fields, and the predic-
tion of deep foundation pit deformation gives us a new prospect and expecta-
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tion. First of all, intelligent algorithms can identify potential safety hazards, re-
duce the risk of accidents on construction sites, and ensure the safety of workers 
and the public. Secondly, intelligent algorithms can help optimize processes, re-
duce costs, and increase productivity. This leads to faster project completion 
time and less resource usage. Finally, machine learning algorithms are used in 
quality-in-quality predictive maintenance and structural health monitoring to 
ensure that the structure maintains high quality, reduce failure rates, and extend 
the service life of infrastructure. 

3.3. Analysis of Technological Innovation Points 

Intelligent algorithms have been widely used in the civil engineering industry, 
including predictive modeling, data mining and optimization techniques. The 
most common applications are intelligent algorithms that have been used to 
monitor the health of structures such as bridges and buildings. Sensors are 
placed on the structure, and machine learning algorithms are used to analyze the 
collected data to detect defects or deterioration in real time. In the monitoring of 
construction sites, the use of drones to capture images of construction sites has 
become increasingly popular. Intelligent algorithms are used to analyze the col-
lected images to identify potential safety hazards or structural defects. Intelligent 
algorithms are used to predict when equipment or machinery may fail, allowing 
scheduled repairs before costly failures occur. This improves efficiency and re-
duces maintenance downtime. Machine learning algorithms can help predict the 
potential environmental impact of proposed construction projects. This helps 
ensure compliance with environmental regulations and reduces the organiza-
tion’s environmental footprint. 

3.4. Alternative Future Forecast 

Although the intelligent algorithm has many advantages, its application in civil 
engineering still has some limitations. These include: 

1) Dependence on data: The correct operation of intelligent algorithms de-
pends largely on data. If insufficient or inaccurate data is used, it may lead to 
wrong predictions and suboptimal decisions.  

2) Lack of transparency: The complexity of some machine learning algorithms 
makes them difficult to explain to stakeholders, leading to potential concerns 
about transparency and accountability.  

3) Bias: Using machine learning algorithms will introduce bias in the deci-
sion-making process, especially when the data used does not represent a wider 
population. 

4. The Specific Application of Intelligent Algorithm in Deep  
Foundation Pit 

4.1. Genetic Algorithm 

The genetic algorithm simulates the process of natural selection to iteratively op-
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timize the design scheme. In the structural design, the design parameters can be 
encoded like “genes”, and gradually optimized through selection, crossover and 
mutation operations in multiple generations to find the most suitable structural 
solution. (See Table 1) 

 
Table 1. Application of genetic algorithm in civil engineering. 

Document Algorithm 
Optimization  

object 

Practically  
optimize application 

scenarios 

Optimization 
problem  

classification 

[2] GA-BP 
Minimum  
predicted  

deformation error 

Nonlinear  
deformation of deep 

foundation pit 

single-objective 
optimization 

[3] 
GA-BP + 

BIM 

Minimum  
predicted  

deformation error 

Nonlinear  
deformation of deep 

foundation pit 

multi-objective 
optimization 

4.2. Particle Swarm Optimization 

Particle swarm optimization is a group-based optimization technique, which op-
timizes the design by simulating the behavior of birds hunting. In the structural 
design, each “particle” represents a design scheme, by tracking and imitating the 
surrounding optimal solution to update their state, so as to find the optimal de-
sign. (See Table 2) 

 
Table 2. Application of particle swarm optimization in civil engineering. 

Document Algorithm 
Optimization  

object 

Practically optimize 
application  
scenarios 

Optimization 
problem  

classification 

[4] PSO-BP 
Minimum  
predicted  

deformation error 

Nonlinear  
deformation of deep 

foundation pit 

single-objective 
optimization 

[5] PSO-SVM 
Minimum  
predicted  

deformation error 

Nonlinear  
deformation of deep 

foundation pit 

multi-objective 
optimization 

4.3. Sparrow Algorithm 

The sparrow algorithm is a heuristic optimization algorithm that simulates the 
behavior of sparrows foraging when solving problems. It has the advantages of 
strong global optimization ability, suitable for a variety of problem areas, fast 
convergence speed and so on. In the prediction of deep foundation pit deforma-
tion, the sparrow algorithm adopts a random search strategy, which is conducive 
to a comprehensive and effective exploration in the solution space, and can bet-
ter avoid falling into the local optimal solution. The sparrow algorithm has faster 
convergence speed and improves the efficiency of the algorithm. The sparrow 
algorithm is not sensitive to the selection of initial values and has good robust-
ness. It can better cope with the complex and changeable engineering environ-
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ment when dealing with the deformation prediction of deep foundation pits. The 
sparrow algorithm is relatively simple and easy to implement, without too much 
parameter adjustment and complex calculation, which makes it highly operable 
in engineering practice. (See Table 3) 

 
Table 3. Application of sparrow algorithm in civil engineering. 

Document Algorithm 
Optimization 

object 

Practically  
optimize application 

scenarios 

Optimization 
problem  

classification 

[6] SSA-Elman 

Minimum 
predicted 

deformation 
error 

Nonlinear  
deformation of deep 

foundation pit 

multi-objective 
optimization 

[7] 
EMD-SSA-

LSTM 

Minimum 
predicted 

deformation 
error 

Nonlinear  
deformation of deep 

foundation pit 

multi-objective 
optimization 

4.4. Ant Colony Algorithm 

Ant colony algorithm solves various optimization problems by simulating the be-
havior of ants finding paths in the process of finding food. The basic idea of the 
ant colony optimization algorithm is to regard the ant’s walking path as a feasible 
solution to the problem to be optimized, and all the paths of the entire ant colony 
constitute the solution space of the problem to be optimized. Ants with shorter 
paths will release more pheromones. As time goes on, the concentration of phe-
romones accumulated on shorter paths gradually increases, and the number of 
ants choosing this path is also increasing. Finally, the whole ant colony will be 
concentrated on the best path under the action of positive feedback, and the cor-
responding is the optimal solution of the problem to be optimized. (See Table 4) 

 
Table 4. Application of ant colony algorithm in civil engineering. 

Document Algorithm 
Optimization 

object 

Practically  
optimize  

application  
scenarios 

Optimization 
problem  

classification 

[8] 
Ant  

colony-BP 

Minimum  
predicted  

deformation 
error 

Nonlinear  
deformation of 

deep foundation 
pit 

multi-objective 
optimization 

[9] ACO-BP 

Minimum  
predicted  

deformation 
error 

Nonlinear  
deformation of 

deep foundation 
pit 

multi-objective 
optimization 

[10] 
Timeseries 
+ ACO-BP 

Minimum  
predicted  

deformation 
error 

Nonlinear  
deformation of 

deep foundation 
pit 

multi-objective 
optimization 
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5. Conclusion and Foresight 

1、Although the application of intelligent algorithms in the field of civil en-
gineering has brought many benefits, it also faces challenges such as data quality, 
algorithm transparency and interpretation ability. In addition, how to effectively 
integrate traditional engineering knowledge and modern algorithms is also a 
current research hotspot. 

2、Starting from the optimization problem of foundation pit deformation 
prediction, the practical application of four kinds of algorithms, genetic algo-
rithm, particle swarm optimization, sparrow optimization and ant colony opti-
mization, is summarized. The technical challenges and development trends 
based on stochastic optimization algorithms are also discussed. 

3、Developing robust and effective optimization algorithms is also a challenge. 
Strong global optimization ability and high computational efficiency are the two 
most important aspects of stochastic optimization algorithms. Among genetic 
algorithm, particle swarm optimization, ant colony algorithm and simulated 
annealing algorithm, only genetic algorithm has been widely used in industry, 
and the other three algorithms have not been studied in depth. Since many pa-
rameters in these algorithms will affect the global search ability and convergence 
speed, the sensitivity of relevant parameters should be studied first according to 
different situations. The expected results will provide general rules for the op-
timal parameter setting of these algorithms. The hybrid stochastic algorithm 
combines the advantages of different methods, such as the hybrid simulated an-
nealing genetic algorithm and the differential evolution genetic algorithm, which 
can significantly improve the original method. However, the published literature 
on this study is limited. Many hybrid strategies have not been applied to 
morphing optimization, such as hybrid genetic algorithm-particle swarm opti-
mization and genetic algorithm-ant colony optimization. 
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