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Abstract. When artificial intelligence (AI) begins to intervene, the production and lifestyles of 

various industries have also undergone great changes. The civil engineering construction 

industry has taken this opportunity to carry out the industry transformation, from traditional civil 

engineering construction to the intelligent construction of civil engineering with the participation 

of AI. Through the dynamic tracking and data analysis of construction sites and buildings 

through AI, the life safety of construction workers can be ensured by improving efficiency and 

ensuring quality. This paper analyzes the feature of intelligent construction, and discusses the 

current situation of intelligent construction and the application progress of intelligent 

construction in civil engineering construction, including Building information modeling (BIM) 

technology, Internet of Things and big data technology, AI technology, virtual reality technology, 

three-dimensional scanning technology, intelligent equipment and construction robots. At the 

same time, the problems and disadvantages of AI in the construction field are analyzed, and the 

application prospect of intelligent construction technology in future engineering construction is 

forecasted. 
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1.  Introduction  

Artificial Intelligent (AI) is a comprehensive discipline that utilizes computer simulation, extension and 

extension of human theory, method and technology, and is considered to be one of the three cutting-

edge technologies in the 21st century. It covers many fields such as computer science, symbolic logic, 

bionics, information theory, and cybernetics, and belongs to the three interdisciplinary disciplines of 

natural science, social science, and technical science [1, 2].  

The concept of “AI” has mainly gone through three stages of development since it was proposed at 

the Dartmouth Conference in 1956, namely 1956-1980 In the initial stage of AI, the prevalence of the 

expert system from 1980 to 1990, and the deep learning stage from 2000 to the present. At present, AI 

has become a research and application hot spot in various fields. China is one of the countries with the 

earliest and fastest action in the field of AI in the world. Since 2015, it has successively promulgated 

‘Made in China’. 2025, “Guiding Opinions on Actively Promoting ‘Internet +’ Actions”, “The 

‘Thirteenth Five-Year’ National Strategic Emerging Industry Development Plan”, “New Generation of 

AI Development” Policies such as “Plan” have planned the key development direction of AI in detail 
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from various aspects, and clearly pointed out that AI is the core technology of a new round of 

technological revolution and industrial transformation [3]. Through figure 1, it can be more intuitive and 

clearer to indicate the above content [4].  

 

Figure 1. Artificial intelligence development history [4]. 

The integration of artificial intelligence (AI) and civil engineering has created an era of change, and 

the traditional construction process is evolving into an intelligent data-driven system. This 

transformation of this model not only reshapes the way we conceive and execute civil engineering 

projects, but also hopes to achieve unprecedented efficiency, sustainability and safety. In an era marked 

by urbanization and infrastructure needs, it has become imperative to leverage the power of AI [5]. This 

paper discusses the multi-faceted landscape of the intersection of AI and civil engineering, and reveals 

the various applications, breakthroughs and impacts of AI to the construction industry. From design 

optimization and structural health monitoring to robotics and intelligent infrastructure, the emerging 

field of intelligent buildings is studied, where the capabilities of artificial intelligence are used to 

redefine the foundations of civil engineering practice. 

2.  Definition and characteristics of intelligent construction 

Intelligent construction refers to a new construction method that combines civil engineering construction 

with informatization and intelligence, but at present, there is no unified and precise definition of 

intelligent construction in the industry. Some experts and scholars define intelligent construction as: AI, 
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big data, Building information modeling (BIM) as well as the IoT blockchain to the programme, design, 

construction and operation and maintenance of civil engineering construction. This system that 

combines information technology with traditional civil engineering construction is called an intelligent 

construction technology system. Compared with traditional civil engineering construction, intelligent 

construction has the characteristics of more comprehensive perception and more realistic analysis, which 

can control the equipment timelier and continuously monitor and correct it. 

(1) Comprehensive perception 

As the name suggests, it refers to the use of various types of sensors and related instruments to collect 

and organize various data during the construction process, and upload and store them. It is beneficial for 

the staff to remotely obtain the on-site data and analyse it when they cannot arrive at the site, and give 

technical guidance to the construction site at the first time. 

(2) Real analysis 

The data collected by devices such as sensors can be used by technicians to analyse and eliminate 

unreasonable parts, and establish a dimensional model. It is simulated in the simulation laboratory to 

eliminate the risks that may arise from later construction. 

(3) Continuous monitoring  

Through intelligent devices, various on-site data can be continuously collected and transmitted to the 

background database in real time. Background personnel can analyze the same type of data at different 

times through the corresponding software, so as to eliminate abnormal data, reduce errors, and achieve 

the expected construction effect. Similarly, it can also be operated on smart devices in the field to achieve 

automation and unmanned, reducing production risks. 

3.  Intelligent design 

In the design industry, art and technology have always been a combination of art. Not only should the 

ornamentality and practicality be considered, but also the rationality and aesthetics of the mechanical 

structure should also be considered. In the traditional civil engineering structural design, due to the 

serious designer experience dependence on the structural design scheme, there will be unfavorable 

factors such as time difference, long construction period, and difficult communication when interacting 

with the shape design and structural design. It is impossible to effectively obtain the global optimal 

solution for the space-time of complex large systems, so it is impossible to realize the integrated design 

of geometry and structure.  

With the development of the times, AI has developed rapidly in the fields of computer vision and 

graphics in recent years, especially in deep intelligent algorithms. Relying on its powerful nonlinear 

expression ability and algorithm optimization, it can provide new theories and methods for the intelligent 

design of civil engineering. As far as the current development trend is concerned, it is the general trend 

of the development of the discipline to cross the discipline of AI and civil engineering design. After 

research, relevant experts put forward the theory and scheme to describe the optimization of art design 

and geometric constraint structure through mathematics, so as to realize the automation of architectural 

art design, model the real data and continue to optimize the model, which will be a development trend 

of the civil engineering architectural design industry in the future. It is mainly used in urban planning 

and design and selection and optimization of design schemes [6, 7]. 

3.1.  Urban planning and design 

Urban planning design refers to the regulation of urban development, the deployment of urban 

construction, and the study of urban layout. Having a reasonable urban planning is the premise of 

ensuring the orderly development of the city. In recent years, AI has begun to be applied to urban 

planning, which is regarded as a huge change in this field. AI can be applied in many links, such as the 

detection of geological conditions, the investigation of human traffic behavior habits, and AI can be 

used to reduce planning errors caused by these objective factors. This method is intelligent planning. In 

2018, Academician Wu [8] constructed an urban intelligent model based on the actual planning project, 

and used AI to make an accurate layout of urban planning, and proposed an urban planning method of 
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“fixing by flow”. In the same year, Professor Gan [9] deduced the development paths of various cities 

in the Yangtze River Delta in the fields of regional infrastructure, ecological resources, land utilization 

rate, and industrial division of labor in the fields of competition and cooperation in the fields of the 

Yangtze River Delta.  

3.2.  Design scheme selection and optimization 

Design scheme selection and optimization, also known as expert system, refers to converting the 

knowledge and experience of existing experts in the field of civil engineering into digital forms in the 

early stage of AI development, and stored in intelligent computer systems. AI is used to analyze 

decisions and to solve complexities that require experts to decide in the relevant fields. In 2000, a group 

of experts led by Professor Zhu [10] conducted the research and development of the foundation pit 

support structure expert system, which can provide the basis and help for the geotechnical engineers in 

the subsequent selection of the foundation pit support structure design scheme [11]. In 2021, Nie et al. 

proposed a generative topology optimization model based on deep learning. The framework is 3 times 

lower than the traditional Conditional Generative Adversarial Network (CGAN) framework, and the 

absolute error is reduced by 2.5 times, which greatly improves the prediction accuracy of the topology, 

as shown in figure 2 [12]. 

 

Figure 2. TopologyGAN model based on deep learning [12]. 

4.  Intelligent construction 

Intelligent construction is an intelligent construction method, the organic combination of new generation 

of information technology and engineering construction, and a new development direction in the 

construction of modern civil engineering. The new generation of technologies includes AI, BIM, 3D 

printing, Internet of Things and big data. 

4.1.  BIM 

BIM technology adopts digital and modeling to express the physical state and functional characteristics 

of the structure, which can cover the whole life period from planning and design to construction and 

maintenance. At different stages, the twin model of the fusion of digital and physical virtual and real is 

formed by adding, extracting, modifying and updating the structure information to the BIM structural 

model. In this way, it can not only allow the designer to conduct more scientific design, expansion design, 

construction drawing design, etc., but also for the construction party to optimize the construction plan, 

inspect the construction quality, and shorten the construction cycle. Finally, it can also be used by the 

operation and maintenance party to manage space facilities, check safety hazards, and reduce operation 

and maintenance costs [8]. In recent years, BIM technology has been applied in practical projects such 

as the National Convention and Exhibition Center, and has played a significant role in deepening design, 

auxiliary construction and visual control [13]. 
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4.2.  3D printing 

3D printing technology originated in the late 1980s, also known as “additive manufacturing” or “rapid 

prototype” technology. The basic principle is to superimpose the layered material, and then decompose 

the three-dimensional model data of the target structure obtained by the information system, and 

decompose it into a two-dimensional geometric information. The stacked sheet structure of information 

is then parsed by the Computerized Numerical Control (CNC) system, and then the printing path 

planning is carried out, so as to achieve mechanized construction of the target structure. It includes 3D 

modeling and approximation processing, model slice and path planning, layer processing and overlay. 

According to the different materials and processes, the 3D printing technology of the building can be 

divided into the additive construction of concrete layered spraying and extrusion, the additive 

construction of sand and gravel powder layered and superimposed, and the three-dimensional structure 

construction of the material driven by the large robotic arm.  

4.3.  The Internet of Things  

The Internet of Things was first proposed by Professor Kevin Ash-Ton in 1999, and in the same year at 

Massachusetts Institute of Technology (MIT) has established the Auto-Identification Center (Auto-ID). 

This is the first time the Internet of Things has faced the world. Its concept is “combining all kinds of 

information sensing devices with the Internet to form a network of interconnection of all things.” Its 

main role in practice is to the multi-source and heterogeneous data generated by the five elements in the 

construction process are collected and uploaded to the terminal equipment with different types of sensors, 

so as to realize the perception of the status, quality and position of the elements during the construction 

process. For example, Professor LIU Z S once proposed an intelligent construction method based on the 

digital twin and intelligent decision-making platform through the fused Internet of Things, BIM and 

finite element models, comparing real-time monitoring and theoretical model data, and then adjusting 

and correcting the actual construction process of the physical space [14]. 

4.4.  AI and big data  

At this stage in the construction industry, the main purpose of AI and big data is to use sensors to collect 

on-site data and conduct analysis and monitoring, which can identify the safety status of personnel in 

the construction scenario, the status of construction equipment and risk target identification. By 

analyzing the video images returned by the sensors, we can identify many unsafe factors in video images 

by establishing object detection and semantic segmentation models based on convolutional neural 

network and long and short-term memory networks, such as whether on-site personnel wear protective 

equipment according to specifications, and whether large-scale construction equipment is in a dangerous 

state. 

5.  Intelligent maintenance and disaster prevention and mitigation 

The service period of the civil engineering structure is basically decades or even hundreds of years. 

During this period, it will inevitably suffer from the erosion of the environment, the aging of materials, 

the power load, and the coupling effect of sudden various disasters, resulting in structural damage, 

development and accumulation. resulting in continuous decay of service performance. In the operation 

and maintenance of traditional civil engineering, the inspection personnel mainly pass the visual 

inspection of the inspection personnel, and combine the relevant standard specifications and experience 

to give the corresponding damage identification results and status evaluation grades. The traditional 

mechanics knowledge system plays an important role in dealing with various disasters. These include 

seismic engineering, wind engineering and fire engineering. 

Since the 1990s, the health monitoring technology of the structure has developed rapidly. Through 

real-time monitoring of environmental load and structural response, the identification of the structural 

system, the correction of the model and the real-time update of the parameters are carried out, so as to 

realize the structural state evaluation and diagnose the structural health status. Its main connotation 

includes the acquisition of structural health monitoring data, combined with the service life of the 
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structure and the current situation, to evaluate the current structural damage status (including 

determining whether the injury occurs, the damage department Bit determination, damage degree, etc.) 

then predict the future load environment and structural performance through data model correction, and 

use the reliability analysis method based on the failure probability to evaluate the residual fatigue life of 

the structure. However, due to the certain uncertainty of manual inspection and the limited area of sensor 

coverage, the identification method based on modal analysis is not sensitive to the early small damage 

of the structure. In this case, it is urgent to develop the system theory and method of intelligent operation 

and maintenance in civil engineering structure, and excavate and reveal the correlation characteristics 

and evolutionary laws of structural damage development and performance degradation [15]. 

6.  Conclusion  

At present, the combination of civil engineering and AI is still in the development stage. Although there 

are many researches that use machine learning algorithms to solve problems in the field of civil 

engineering, there is still a lack of new discoveries and new breakthroughs in the true sense of “from 

zero to one”. There is still slightly fewer breakthrough research on the fundamental subject problems 

and technical bottlenecks at the domain of civil engineering. In order to promote new breakthroughs in 

the field of AI technology, for the situation in civil engineering, it is still necessary to explore the practice. 

(1) In terms of intelligent construction, study the semantic modeling and mapping methods of all 

elements of construction, and establish the number of errors and omissions during the construction 

process. Twin intelligent diagnosis and recovery deduction system, realize the physical-information 

simulation, dynamic mapping and visualization of the structural maintenance and modification process. 

(2) In terms of intelligent design, the combination of architectural structure and architectural design 

uses AI to form a new paradigm building that integrates architectural aesthetics and mechanics, and 

establishes an intelligent design theory that integrates aesthetics and mechanics. 

(3) In terms of intelligent operation and maintenance and disaster prevention and mitigation, study 

the new principles, new technologies, devices, systems and devices of the global perception of structural 

health status, and propose structural holographic intelligent identification and pre-recognition. The new 

theories and new methods are obtained, and the precise solution of the structural health diagnosis 

inversion equation is obtained under the incomplete information, and the civil engineering intelligent 

operation and maintenance agent and the corresponding scientific theories are formed. This paper studies 

the intelligent disaster prevention theory and technology that integrates the data and physical models of 

the complex and large systems of urban engineering, and establishes the theory and technology of multi-

disaster simulation, evaluation and prediction, and realizes the intelligent disaster prevention and 

mitigation of civil engineering under the new data-driven paradigm. 
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