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SUMMARY: The fourth industrial revolution, called Industry 4.0, is transforming decision-making through the 

increasing use of information and digitization technologies. While Industry 4.0 is expanding rapidly in 

manufacturing industries, its induced transformations are gradually affecting other sectors, including the 

construction industry. In recent years, the use of 4.0 technologies in the construction industry, termed as 

‘Construction 4.0’, has increased, mostly due to the immense potential of Industry 4.0 for improving the 

performance of construction projects and structuring their underlying management processes. This paper 

proposes a classification of existing literature on applications of Construction 4.0 technologies to allow for a 

better analysis of trends and gaps in the research. A total of nearly 200 research papers between 2009 and 2020 

were reviewed and analyzed. Overall, the analysis shows that research on Construction 4.0 is closely aligned 

with the construction phase. Also, the most researched topics seem to be related to the management processes of 

quality, risk, and health and safety. 
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1. INTRODUCTION  

In the last decade, the growing use of a wide range of technologies has enabled the digitization, automation, and 

integration of the construction processes at all phases of the construction value chain (Oesterreich and Teuteberg, 

2016). This tendency can be referred to as ‘Construction 4.0’ (the German term for Construction 4.0 can be 

traced back to 2016 in the paper by Oesterreich and Teuteberg). In fact, the fourth industrial revolution, also 

known as Industry 4.0, has been impacting the construction sector in a concrete manner since 2009. In brief, the 

development and adoption of Building Information Modeling (BIM) tools have brought planning functions 

closer to the actual sequence of work execution by allowing the visualization of the projected execution over 

time of a digital model (4D planning) and the expected costs (5D planning) (Wang et al., 2014).  

Other 4.0 technologies are characterized by connected systems of sensors, intelligent machines, mobile devices, 

and new software applications (Gerbert et al., 2016). For example, advanced digital technologies now include 

the use of drones to survey and inspect construction sites (Hilfert and König, 2016). New additive manufacturing 

methods, such as 3D printing, are applicable to large-scale building components (Gerbert et al., 2016). Also, 3D 

scanners can be used to create digital models of complex buildings, while Global Positioning System (GPS) and 

Radio Frequency IDentification (RFID) can be used to track materials, equipment, and workers (Gerbert et al., 

2016).  

However, in practice, Construction 4.0 does not correspond solely to the use of new or existing technologies in 

the field of construction. The concept of Construction 4.0 also implies a comprehensive and profound 

transformation of the project management processes of construction firms through the use and exploitation of 

data collected in real time using new or existing technologies for decision-making purposes (Dallasega et al., 

2018). These processes need to be studied to favour the valorisation of relevant information captured using 4.0 

technologies at all phases of a project’s life cycle with the aim of exploiting such information in real time and 

afterwards. The main uses of these 4.0 technologies and the applications that can be associated with them also 

need to be studied in order to bring out all the benefits they can generate in the construction industry. 

In fact, Industry 4.0 is still far from being used to its full potential in the construction sector. When compared to 

other industries, such as business services, manufacturing, finance, transport and utilities, the construction 

industry still lags in terms of investment in and adoption of 4.0 technologies (Underwood and Isikdag, 2011). 

The limited progress in the adoption and implementation of new technologies in the construction sector 

highlights not only potential barriers in applying Industry 4.0 technologies, such as economic implementation 

cost, acceptance of technology, higher requirement for construction equipment and process, lack of knowledge, 

and individual hesitance (Aripin et al. , 2019), but also the considerable difficulties of construction projects 

facing project managers (Dallasega, 2018).  These projects are especially complex because of the high numbers 

of interrelated processes, sub-processes and participating actors at different stages of the project’s life cycle and 

in different locations, and subject to a great level of uncertainty especially during the early phases. Construction 

projects also require high degrees of customization. They thus are incredibly diverse.  

Given the importance of good management of the underlying processes in construction projects, any 

improvement in access to information (e.g., gains in automation and richer building information) can lead to 

more effective decision-making that could facilitate these processes (Isikdag et al., 2012), thus leading to cost 

savings, time saving, and improving quality and safety (Aripin et al., 2019) . In this context, several questions 

need to be addressed, including: 

• Which phases of the construction project’s life cycle are currently being facilitated, transformed or even 

renewed using construction 4.0 technologies? 

• Which project management processes are currently being transformed using 4.0 technologies in the 

construction industry? 

• What are the main actions of these technologies and what are their most common applications? 

The objective of this paper is to provide a comprehensive classification of the currently researched and applied 

4.0-related technologies in the construction industry. This classification is based on the elements of the research 

questions. More specifically, the Construction 4.0 technologies identified in the literature are classified 

according to the usual phases of a construction project, the typical processes for managing a construction project, 

and the applications most often associated with these technologies. The remainder of the paper is organized as 

follows. Section 2 first describes the characteristics of existing analytical frameworks in Construction 4.0. 



 

 

 
ITcon Vol. 25 (2020), Perrier et al., pg. 418 

Section 3 addresses the methodology that resulted in a classification of relevant research on Construction 4.0. 

Section 4 presents key technologies and concepts in the context of Construction 4.0, while several applications 

of these technologies are studied in Section 5. A classification of relevant research on applications of 

Construction 4.0 technologies is provided in Section 6, followed by a discussion of research trends in Section 7. 

Conclusions and direction for future research are presented in the last section.  

2. REVIEW OF ANALYTICAL FRAMEWORKS IN THE CONTEXT OF 
CONSTRUCTION 4.0  

In the past decade, there have been many important developments in the construction sector to improve 

operations and to achieve significant savings in project time and cost management (Son et al., 2010). These 

developments mainly include the digitization of the whole engineering and construction value chain as well as 

that of the operation and maintenance phase (Son et al., 2010). Efforts have also been deployed to classify key 

4.0 technologies for construction into several main groups. For example, Oesterreich and Teuteberg (2016) 

identified several key technologies and concepts in the context of Industry 4.0 for construction and grouped them 

into three main clusters: smart factory, simulation and modeling, and digitization and virtualisation. According 

to Oesterreich and Teuteberg (2016), central concepts in the first cluster include cyber-physical 

systems/embedded systems, automation, RFID, the Internet of Things and Services (IoT and IoS), additive 

manufacturing, modularisation (also known as prefabrication), robotics, product-life cycle-management, and 

human-computer interaction. The second cluster deals with simulation and modelling tools, another core part of 

Industry 4.0. Among them, the field of BIM can be considered as one of the central technologies to support the 

main idea of Industry 4.0, whereas the fields of augmented, virtual, and mixed reality (AR, VR, MR, 

respectively) are still at the formative stage, as applications for the use on construction projects are still being 

developed. The third cluster contains technologies relating to digitization and virtualisation. These technologies 

include cloud computing, big data, mobile computing, and social media.  

Dallasega et al. (2018) identified six major research topics concerning Industry 4.0 concepts that are relevant to 

Construction Supply Chains (CSC): digitization (management information system, real-time Supply Chain 

Management (SCM), intelligent transportation systems, connected vehicle systems), cloud computing (Web 

services technology, mobile Internet-based construction SCM, collaboration technology), BIM (information 

integration and sharing, monitoring CSC, supply chain performance improvement, decision support, BIM 

supporting construction SCM), 3D printing, tracking and localization (Geographic Information Systems, GIS, 

and RFID), and e-supply chain management (Web portal, e-business, extranet). The concepts and technologies 

of these clusters were grouped into a comprehensive framework to rate their utility to construction supply chains. 

In an effort to give an overview of the main research work carried out on digital technology that applies to 

improving the operation and maintenance stage of the building life cycle, Wong et al. (2018a) categorised the 

various types of digital technologies surveyed into four major groups: BIM, GIS, IoT (i.e. RFID and sensor 

network technologies), and reality capture technology (i.e. point cloud, photogrammetry, 3D laser scanning). 

Similarly, Qin et al. (2016) presented a framework for Industry 4.0 and manufacturing that combines three 

intelligence level technologies acting on three automation of production systems. The resulting nine types of 

manufacturing applications indicate previous, recent, and future industrial implementations. These nine 

applications go from low-intelligence and simple automation to high-intelligence and complicated automation 

(e.g., the implementation of Smart Factory). Although this implementation of Industry 4.0 deals with the 

manufacturing sector, the framework can be adapted and applied to the construction sector to help reach the 

goals of Industry 4.0.  

In other works, technologies have been classified according to the phases of a construction project’s life cycle in 

which they are mostly used. For example, Son et al. (2010) showed that the majority of the work published in the 

proceedings of the International Symposium on Automation and Robotics in Construction during the period 

1990-2008 (except 1998) focuses on technologies that are most closely aligned with the construction phase. 

These technologies can be classified into two main categories: Construction Robotics and Intelligent Job-Site 

Management. In the first category, more than half of the research focuses on control systems, automated 

systems, earth-working equipment, sensor systems, heavy lifting equipment, or path planning systems. Similarly, 

the topics of research within the Intelligent Job-Site Management category focus on construction management 

systems, sensors and sensing, simulation tools, knowledge management, or prefabrication. Gerbert et al. (2016) 
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highlighted the main digital technologies that can be applied to all phases of the engineering and construction 

value chain. Also, De Groote and Lefever (2016) provided a high-level overview of the traditional construction 

sector from a life cycle perspective. This overview shows which conventional actors are involved at the different 

stages such as product manufacturing, design, construction, operation, renovation and demolition.  

Today, BIM can be considered as one of the central technologies for the digitization of the construction 

manufacturing environment (Dallasega et al., 2018). The work carried out in this field is therefore extensive. 

One notable example of the importance of BIM is the study undertaken by Megahed (2015) on the evolution of 

BIM throughout the building’s life cycle. Based on a 3D model with the fourth (3D + time element), fifth (3D + 

time + cost element), sixth (3D + analysis element), and even seventh (3D + facility management applications) 

dimensions, the author pointed out that BIM can help users share project information throughout the entire 

construction life cycle, from the design team to the construction team and to the building owner/operator, by 

allowing each stakeholder to add to and refer back to all information they acquired during their period of use of 

the BIM model. Several other studies have been carried out on the use of BIM in the field of construction. For 

example, substantive work has been done on cloud-BIM (Wong et al., 2018b) and linking BIM to construction 

lifecycle phases (Chowdhury et al., 2019).  

More recently, Edirisinghe (2019) provided a classification of the existing research related to the development of 

sensor technologies for construction sites based on the different stages of the technology development process, 

i.e., from basic research principles, analytic studies, laboratory studies, prototyping, and field tests to product 

commercialisation and deployment of industrial system. The application areas reviewed, which mainly focus on 

the construction phase, concern augmented reality, building information model-based visualisation, labour 

tracking, supply chain tracking, safety management, mobile equipment tracking, and schedule and progress 

monitoring. Also, Tetik et al. (2019) developed a technology-based operations management practice aiming to 

improve performance over the building's lifecycle through a detailed and complete digital design model, 

resulting in increased reusability, project-specific differentiation, and automation of designs and processes across 

projects. Finally, Hossain and Nadeem (2019) proposed a framework to incorporate new technologies within 

construction projects. The framework incorporates, among others, current technological advancement related to 

construction industry, legislative requirements, barriers, and enterprise transformation requirements.  

In sum, most of previous developments in Construction 4.0 either focused on the grouping of technologies from 

a project’s life cycle perspective or on BIM applications. In this paper, we intend to provide a multi-layered 

mapping of Industry 4.0-related technologies and their applications in the construction sector. More precisely, 

the reviewed studies are classified according to three layers: 1) the main actions of 4.0 technologies; 2) the 

different phases of a construction project’s life cycle, which include the pre-construction phase (design and 

engineering), the construction phase, and the post-construction phase (operation and maintenance and 

renovation); and 3) the project management processes that can be improved using these technologies in the 

construction industry. The resulting classification provides valuable insights regarding the use of different 

technologies to meet different needs in the construction industry. This classification can provide guidelines for 

construction practitioners who are interested in implementing technology-driven construction management. 

Based on the gaps identified, further research can also facilitate the adoption of 4.0 technologies in the 

construction industry. 

3. ARTICLE SELECTION METHODOLOGY 

This study involved a document search on Construction 4.0 using the Scopus database. Scopus covers a wide 

range of journals, allowing multidisciplinary exploration and identification of indexed documents and citations 

in the studied fields. The use of Scopus for literature searching is common in the engineering and technology 

research fields. The search terms consisted of combinations of the following keywords: ‘construction industry’ 

or ‘building industry’ or ‘innovation construction’ or ‘innovation building’ or ‘construction site’ or ‘building 

system’ or ‘construction sector’ or ‘BIM’ or ‘building information model’, and ‘4.0’ or ‘digital’. The importance 

of BIM in the emergence of Industry 4.0 in the construction sector led to the inclusion of this keystone in the 

search terms. This search generated more than 2000 documents. Comparing different types of 4.0 technologies, 

we found that BIM is by far the most widely discussed (939 times) in the literature. We then retained the 

research papers explicitly presenting progress on the use of Industry 4.0 technologies in the construction industry 

during the last decade (between 2009-2020). As a result, a total of 198 publications were identified using this 
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approach. As shown in Figure 1, conference papers and journal articles constitute the largest part of the 198 

reviewed documents.  

 

FIG. 1. Documents by type. 
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Of the 198 publications, the most relevant on the topic of this paper were then selected for a total of 94 

publications. The selected publications concern one or the other of the following categories: literature review and 

state-of-the-art, simulation study, testing a tool or prototype, case study and practical application, and 

implementation of a 4.0 technology. Among these publications, only those explicitly dealing with applications of 

4.0 technologies in the construction industry were withheld. This constraint resulted in a collection of 70 

documents that focused on the applications of Construction 4.0 technologies. We also note that we are interested 

in applications of Industry 4.0 technologies that have been either tested in a laboratory, or in real situations, 

resulting in a total of 55 documents. Figure 2 presents a graphical summary of the methodology that resulted in 

the classification matrix presented in Section 6 and the research trends discussed in Section 7.  

4. TECHNOLOGIES IN THE CONSTRUCTION SECTOR   

Unlike the manufacturing sector, which has seen the emergence of many integrated business management 

software, there is no single and integrated solution that brings together 4.0 technologies in the construction 

industry (Danjou et al., 2020). Indeed, while the integrated model of BIM has been a central driving force in the 

emergence of Industry 4.0 in the construction field, current trends include the emergence of various non-

integrated technological solutions (Danjou et al., 2020). As illustrated in Figure 3, which is based on the 94 

publications selected in the literature search (see Section 3), these technologies are related to data science, digital 

fabrication, prefabrication, BIM, artificial intelligence (AI), modelling systems (AR/VR, nD modeling) or 

technologies related to monitoring such as GIS (laser scanning, drones, Unmanned Aerial Vehicles (UAVs), 

photogrammetry, GPS) and material tracking (RFID tags). The numbers in brackets associated with the 

technology groups in Figure 3 correspond to the number of times a technology in a group is discussed in the 94 

articles included in selection. It should be noted that more than one technology can be discussed in the same 

article, therefore the total is greater than 94 papers. 

 

FIG. 3. Seven technology groups and their supporting technologies. 
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As mentioned by several authors (Gerbert et al., 2016; Oesterreich and Teuteberg, 2016; Steel et al., 2010), BIM 

is considered as the key feature of Construction 4.0. As the successor to traditional CAD (Computer-Aided 

Design), BIM now serves all stakeholders along the project’s life cycle, using virtual modeling and information 

to simulate any aspect of the project’s life cycle (Tezel and Aziz, 2017). In recent years, the use of BIM has 

increased mostly due to the potential of the methodology for improving construction project performance and 

efficiency, controlling effectively project implementation goals of quality, cost and time, supporting real-time 

decision-making, and finding potential safety hazards ahead of time (Santos et al., 2017; Wang, 2013). 

Integrated with other emerging technologies, BIM also enables further data manipulation (Tezel and Aziz, 

2017). 

As shown in Figure 3, monitoring technologies are discussed 107 times in the relevant research; this indicates 

that monitoring technologies are most often the primary focus in the research. This is somewhat foreseeable, as 

monitoring is a prerequisite for the effective and efficient cost management of labour, plant and equipment, and 

materials (Pärn and Edwards, 2017). Traditionally, tracking progress on a construction site has been achieved 

through video footage. Recently, laser scanning technology (such as Light Detection And Ranging, LiDAR) has 

been utilised for tracking structural work progress and quality (Dallasega et al., 2018), while RFID tags are used 

to track the location and movement of machines and workers to capture their productivity and safety 

performance (Pärn and Edwards, 2017). 

Among the other associated technologies and concepts related to monitoring are well-known manufacturing 

concepts like life cycle management or just-in-time production that can be applied through information and 

communication technologies like RFID and CMMS (Computerized Maintenance Management System) 

(Dallasega et al., 2018; Oesterreich and Teuteberg, 2016).  

Another important field explored by researchers in the monitoring category is the use of GIS. For example, the 

integration of GIS with multiple resources, such as BIM and sensors, facilitate fusion of information, benefiting 

many fields ranging from emergency response, urban monitoring to smart building (Isikdag, 2015).   

Modeling systems and data science are also major components of Construction 4.0. Modeling systems include 

AR/VR/MR to enable a digitized construction environment, as well as nD (n-dimensional) modeling, an 

extension of the BIM model that incorporates multiple aspects of design information required at each stage of 

the project’s life cycle (Dallasega et al., 2018). Data science can support project managers in more effective 

decision-making through increased access to information (Dallasega et al., 2018). Typical base technologies and 

concepts of data science are cloud computing, data transfer and data protection (Woodhead et al., 2018). The 

latter includes blockchain, which has many potential applications in construction enabling traceability that can 

be, in some cases, facilitated by smart contracts (Woodhead et al., 2018). 

5. CONSTRUCTION 4.0 TECHNOLOGIES AND THEIR APPLICATIONS 

Many of the technologies presented in the previous section can be applied to all phases of a construction 

project’s life cycle. In this section, we study several examples of these 4.0 technologies applied to real cases in 

the construction sector. In order to make a classification of the different applications of Construction 4.0 

technologies, the applications identified in the 55 selected documents (see Figure 2) can be categorized in ten 

broad actions: automate, communicate, distribute, locate, model, optimize, reconstruct, simulate, standardize, 

and visualize. These actions were identified based on the descriptions of identified applications in the selected 

documents. Table 1 presents the ten actions associated with applied Construction 4.0 technologies. The table 

shows that the same technology can have several different actions. In what follows, each of these actions is 

briefly discussed.  

Automate. This action can be defined as total or partial execution of technical tasks without human intervention. 

For example, robotic machines can turn data into physical action, autonomously and safely (Gerbert et al., 2016). 

This enables automated and unmanned tasks at construction sites (Gerbert et al., 2016). Drones and laser scans 

are used to measure production volumes several times a day in order to solve productivity problems for 

management (Woodhead et al., 2018). Real-time data analysis has been made possible through machine learning 

(Whyte and Hartmann, 2017). A higher level of automation in sustainable building design is also needed, for 

example through the application of BIM and AI (Lim et al., 2018). Also, robotic automation of the steel beam 

assembly and bricklaying robots are now used on construction sites to replace human workers (Oesterreich and 

Teuteberg, 2016). 
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Table 1. Actions associated with applied Construction 4.0 technologies. 

Actions Technologies 

Automate  Crabots  

3D printing 

Mobile robotic units on site 

Neural networks/Artificial intelligence (AI)  

Unmanned aerial vehicle (UAV)/Drone 

Communicate Mixed reality/Virtual reality (MR/VR) 

Radio frequency identification (RFID) 

Wireless sensor network (WSN) 

Distribute n-dimensional (nD) modeling 

RFID 

Locate Barcode 

Bluetooth/RFID 

Camera 

Geographic information system (GIS) 

Global system for mobile communication (GSM) 

Third/Fourth generation (3G/4G) 

Wireless fidelity (Wi-Fi) 

Global positioning system (GPS) 

Laser scanning/Laser Detection and Ranging (LaDAR)/LIght Detection and RAnging (LIDAR) 

nD modeling 

RFID 

Sensors 

UAV/Drone 

VR 

Model nD modeling 

Optimize Augmented reality 

Bluetooth 

Mobile devices 

Neural networks/AI   

Parametric design (PD) 

RFID 

Reconstruct Camera 

GIS 

Laser scanning/LaDAR/LiDAR 

Point cloud/3D scanner 

Photogrammetry/Stereo-photogrammetry  

UAV/Drone 

Simulate Blockchain 

Digital twin 

GIS 

Industry foundation classes (IFC) 

Machine learning 

Neural networks/AI  

nD modeling 

VR 

Standardize IFC 

Parametric design (PD) 

Prefabrication 

Visualize Augmented reality (AR) 

Smartphone camera 

Holographic display 

nD modeling 

VR 
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Communicate. Several technologies for transmitting data, information, or knowledge to a human are available. 

Mobile communication technology applied with Internet technology to the construction sector is commonly used 

to improve real-time information sharing and communication (Wong et al., 2018a). In that sense, RFID and 

wireless sensor network technologies are considered two of the fastest growing information and communication 

technologies (Wong et al., 2018a). In addition, technologies like VR/MR combined with mobile devices, can 

increase customers’ understanding of the final product early in the design phase to avoid wasteful changes 

during project execution (Dallasega et al., 2018). Other construction information technology (IT) applications 

include, for example, IT based visual management (Tezel and Aziz, 2017), IT solutions to the management of 

remote construction sites (Sidawi, 2012), and integration of IT-tools in the organizing and communication 

processes in construction projects (Gustavsson et al., 2012). 

Distribute. This action focuses on placing in space human or material as a function of time. For example, using 

embedded sensors like RFID, automatic tracking of equipment and materials can reduce material costs 

(Dallasega et al., 2018). RFID is also being used for access control to avoid site access by unauthorized 

personnel and to track in real time the number and identities of workers on construction sites (Oesterreich and 

Teuteberg, 2016).  

Locate. A large number of technologies are used for tracking the positioning of human and material in space and 

time. In fact, mobile solutions in construction engineering projects have been greatly improved during the last 

decade (Laine and Ikonen, 2011). The processing speeds of smart phones along with the capacity and availability 

of modern mobile networks now enable new possibilities for more effective information management (Laine and 

Ikonen, 2011). Smartphone cameras can now be used to scan barcode and digital RFID tags that are permanently 

attached to specific building elements (Laine and Ikonen, 2011). Modern mobile networks (3G, 4G, Wi-Fi) 

capable of utilizing broadband bandwidths have also become common (Laine and Ikonen, 2011). RFID is used 

to receive signal strength as a proxy for distances to locate people and materials inside buildings using Ultra 

High Frequency (UHF) radio waves (Woodhead et al., 2018). Location of workers, assets and equipment can be 

tracked in real time by using the RFID technology and GPS for safety management, facilities management, 

processes management, and activity base progress measurement purposes (Tezel and Aziz, 2017). LiDAR, Laser 

Detection And Ranging (LaDAR) and 3D laser scanners are also very effective in locating topographic features, 

defining feature geometries and creating 3D surfaces (Tezel and Aziz, 2017). 

Model. This specific action starts from a proposed structure and translates it into a digital model. A typical 

example is the process recognised as nD modeling, which integrates multiple dimensions of information such as 

time and cost into a digital building model (e.g., BIM) starting from the initial design to the final construction 

stage. 

Optimize. This action is focussing on making a system work optimally. For example, neural networks are used to 

optimize crane location on site (Irizarry and Karan, 2012). Combined with statistical techniques, neural networks 

are also used to optimize the construction process and improve the construction efficiency (Zhao et al., 2017). 

Reconstruct. This action translates an existing physical system into a digital model. In this category, several 

technologies can support the information used for conservation and in heritage science projects. For example, 

combining digital photogrammetry with laser scanning allows the capture of high-resolution photographs of 

materials’ textures and as a consequence, information of material degradation (Pocobelli et al., 2018). 3D 

information pertaining to the built heritage can also be collected and processed using cloud-based 

photogrammetry (Scott et al., 2013). Sensors such as 3D laser scanners, Red-Green-Blue (RGB) camera and 

thermal camera can be merged to obtain complete and accurate 3D thermal point cloud models of interiors of 

buildings (Adán et al., 2017). Finally, 3D visualization can provide important support for urban planning, 

construction and management (Yeniceli and Ozcelik, 2015). 

Simulate. This action aims at representing the behavior of a given process. Using the nD modeling approach, the 

construction industry has started to focus on making pre-construction simulations (Pocobelli et al., 2018). 

Simulation enhanced through holographic technology, for instance, and rapid prototyping with 3D-printed 

models speeds up design iterations and improves visualization. Simulation and visualization also help 

construction planners to identify potential accessibility problems and unsafe situations on construction sites and 

avoid them early in the design and planning stages (Lin et al., 2013). For example, transportation processes can 
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be simulated in an interactive, realistic virtual environment to identify potential safety and accessibility problems 

of the site layout plan.  

Standardize. In the construction industry, standardization can be viewed as a key enabler and facilitator of data 

level interoperability (Isikdag et al., 2012; Steel et al., 2010). As a result, this area has been a focus of the BIM 

standard, such as Industry Foundation Classes (IFC), which can be interpreted as a means of exchanging 

information (Hjelseth, 2017). Over the years, a large number of BIM standards and guidelines have been 

developed for different purposes. These guidelines have been updated due to various experiences and to keep up 

with the users’ development or maturity, as well as the increasing complexity of construction projects (Hjelseth, 

2017). 

Visualize. Several technologies have been proposed in the literature and used to make a digital model visual. For 

example, smart phones can be used to identify elements on construction sites to request and view imagery from a 

BIM software (Laine and Ikonen, 2011). Automatic texture acquisition is also made possible through visual 

modeling and VR (Oreni et al., 2012). 

6. CLASSIFICATION OF APPLIED RESEARCH ON CONSTRUCTION 4.0   

The objective of this literature review is to present an overview of the researched and applied Industry 4.0-

related technologies in the construction industry. To this end, the 55 relevant documents on applications of 

Construction 4.0 technologies (see Figure 2) are classified according to three suitable targets:  

(i) Ten actions associated with applied 4.0 technologies in the construction sector: automate, communicate, 

distribute, locate, model, optimize, reconstruct, simulate, standardize, and visualize. These actions have 

been discussed in Section 5. 

(ii) Four phases of a construction project’s life cycle. These phases include the initial design and engineering, 

followed by the actual construction, the operation and maintenance of the built environment over the course 

of its useful life, and the renovation. It is common practice in the construction industry to assess the 

effectiveness of a technology in terms of the values added in the different phases of a construction project 

(Burgess et al., 2018; Chowdhury et al., 2019; De Groote and Lefever (2016); Megahed, 2015; Son et al., 

2010). In this paper, research on Construction 4.0 has thus been classified along those same phases. 

(iii) Nine project management processes: project communications management, project cost management, 

project health and safety management project human resources management, project procurement 

management, project quality management, project risk management, project scope, project time 

management. These processes are based on the PMBOK (Project Management Body of Knowledge) 

knowledge domains (Project Management Institute, 2013).  

Table in the Appendix A presents the resulting classification matrix of applied Construction 4.0 technologies 

based on these three targets. These technologies are reviewed in the next four sections according to the four 

phases of a construction project’s life cycle. In the table, we note that Construction 4.0 technologies cannot be 

aligned (N/A) with the scope management process during the construction and renovation phases. The blank 

cells, however, indicate gaps and new opportunities for future research.  

6.1 Design and Engineering  

Studies related to the design and engineering phase cover almost all project management processes, but 

especially focus on simulate tools. These tools, which are used in smart contracts, cost estimation, testing of 

design solutions, safety training and avoidance of crane collisions, cover a wide range of technologies, including 

blockchain (Woodhead et al., 2018), nD modeling/drone/point cloud (Lee et al., 2016), WSN/advanced sensors 

(Petri et al., 2017), UAV/laser scanning (Getuli et al., 2017; Moum, 2010), VR (Oesterreich and Teuteberg, 

2016) and GIS (Araszkiewicz, 2017; Irizarry and Karan, 2012).  

The remaining research associated with the design and engineering phase includes modeling and visualization 

tools, which serve as a comprehensive aid in the design process. These tools use nD modeling and VR 

(Abolghasemzadeh, 2013; Oreni et al., 2012) and deal with issues such as digital 3D models (Oreni et al., 2012), 

3D visualization of building information (Shuo, 2013) and safety management (Abolghasemzadeh, 2013). UAV 

and laser scanning are also used for testing and verification of dynamic design solutions (Getuli et al., 2017; 
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Moum, 2010), while the application of BIM and genetic algorithms has been explored to support decision-

making and optimization for sustainable building design (Lim et al., 2018). 

6.2 Construction 

Research related to the construction phase has concentrated on how to achieve greater productivity and safety on 

construction sites. As a result, technologies in the construction phase have been mainly developed to deal with 

applications such as safety inspection (Oesterreich and Teuteberg, 2016; Tezel and Aziz, 2017), site monitoring 

(Dallasega et al., 2018), process efficiency improvement (Monizza et al., 2018), and measurement of production 

volume and calculation of productivity (Woodhead et al., 2018). The body of research on the application of 

mobile devices for real-time data collection (Dubas and Pasławski, 2017; Hu et al., 2018; Laine and Ikonen, 

2011; Whyte and Hartmann, 2017) is growing rapidly, and numerous types of mobile devices and 

communication devices, such as global positioning systems (GPS) (Tezel and Aziz, 2017) and RFID devices 

(Dallasega et al., 2018; Ehrbar, 2016; Lin et al., 2013; Oesterreich and Teuteberg, 2016; Wang, 2013; Woodhead 

et al., 2018), are already in use on construction sites. 

As observed in Appendix A, among all the technologies in the construction phase, Locate technologies are now 

widely used in various management processes of construction, including cost management, human resource 

management, risk management, procurement management and safety management. Locate technologies cover 

the latest construction technologies, such as drones, UAV, photogrammetry, GPS, RFID, Bluetooth, ultra sound, 

GIS, UHF, VR, WSN, nD modeling and advanced sensors. Research on heavy-lifting equipment, including 

cranes, which has focused on the avoidance of crane collisions, comprises technologies such as GIS in project 

risk management and neural networks in project safety management (Araszkiewicz, 2017; Irizarry and Karan, 

2012). Also, research on monitoring technologies for the construction phase, which include drones and UAV, 

photogrammetry, GPS, camera/webcam, RFID and advanced sensors, deals with applications such as detection 

of human movements (Hilfert and König, 2016), location of workers, machines and waste (Castro-Lacouture et 

al., 2014; Pärn and Edwards, 2017; Tezel and Aziz, 2017), tracking of items (Dallasega et al., 2018) and 

mapping of objects on site (Laine and Ikonen, 2011), among others. 

Interestingly, research on Automate tools in the construction phase has concentrated on the traditional triangle of 

quality, time, and cost management processes in order to improve productivity of construction tasks without 

human/manual involvement. These tools cover the latest automated technologies, including mobile robots on site 

for automated assembly and worker replacement (e.g., assembling bricks) (Oesterreich and Teuteberg, 2016). 

Robots enhance productivity, precision, and safety at the construction site, while 3D model guidance enables 

advanced levels of automation for construction equipment. For example, fully automated bulldozers are now 

guided by drones that map the area in real time and send a 3D model of the construction site to a computer which 

then instructs the unmanned machinery to plot its course. 

The remaining of the most important research in the construction phase deals with issues such as standardization 

and optimization. Standardization essentially involves prefabrication, which is the typical means of reducing 

uncertainties related to the construction phase (Dallasega et al., 2018; Monizza et al., 2018). Optimize 

technologies, which have focused on heuristic methods for project planning, process efficiency improvement, 

flow optimization and optimization of crane location on site, include neural networks, parametric design and nD 

modeling (Irizarry and Karan, 2012; Monizza et al., 2018; Zhao et al., 2017).  

6.3 Operation and Maintenance  

In the construction industry, stakeholders have become increasingly aware of the importance of ensuring the 

durability of infrastructure (Son et al., 2010). Therefore, a fair amount of research has been devoted to 

facilitating the operation and maintenance of existing buildings. Most research in this category (see Appendix A) 

focuses on two topics: monitoring and emergency response.  

Research on monitoring technologies, which employ various types of robots and sensors, deals with a wide 

range of applications, such as reshaping the building's functions and layout by redesigning modules, waste 

disposal (Oesterreich and Teuteberg, 2016), monitoring the condition of building elements (Hu et al., 2018; 

Wong et al., 2018a) and monitoring of structural deformations (Santos et al., 2017).  
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Mobile devices, smartphones and GPS-enabled tools are geared toward a variety of applications related to safety 

and emergency response, such as location of occupants and fire sources, building fire safety reviews, guidance in 

case of evacuation and evacuation of occupants (Wong et al., 2018a).  

6.4 Renovation  

Very little work has been accomplished concerning the application of technologies related to the renovation 

phase. However, it should be noted that some renovation projects require the three previous phases (i.e., design 

and engineering, construction, and operation and maintenance) and therefore involve the use of the technologies 

covering these three phases. 

During the renovation phase, the application of technologies is mostly used to enhance the quality management 

process by virtual migration of physical structures. For example, 3D laser scanning can be used to reconstruct an 

existing building by creating virtual 3D models (Pocobelli et al., 2018). That capability greatly benefits 

renovation projects by increasing accuracy of modeling and saving time relative to manual measurements 

(Gerbert et al., 2016). Also, waste that is generated during renovation and demolition of buildings, roads, 

bridges, and other infrastructure facilities has received increasing attention from researchers during the last 

decade. In this regard, the potential of BIM to facilitate demolition and renovation waste estimation seems to be 

a promising avenue for research (Cheng and Ma, 2013). 

7. DISCUSSION 

Table in Appendix A shows that existing 4.0 technologies are mainly used for Locate and Simulate actions. 

Furthermore, Table in Appendix A shows that the same technology can have several different applications. For 

example, drones can be used either for 3D modeling or for inspection and safety purposes (Oesterreich and 

Teuteberg, 2016; Tezel and Aziz, 2017). In fact, as shown in Table 2, the most commonly applied technologies 

are those that make it possible to locate. From the total number of 123 applications or technologies associated 

with any of the ten actions in the classification matrix, nearly one-third (35 of 123) are tools used to locate. 

These tools, which are applied to real cases at different phases of the project life cycle and in different project 

management processes, include smartphone cameras, barcodes, digital RFID tags, mobile networks (3G, 4G, 

Wi-Fi), GPS, LiDAR, LaDAR and 3D laser scanners.  

In a similar way, Appendix A indicates that the same technology can be associated with different project 

management processes at different phases of a project's life cycle. This result relates to the versatility of a 

technology. Embedded sensors, for instance, can conduct real-time status monitoring activities during both 

construction and operations. Table 2 summarizes the number of times each of the ten actions associated with 

applied Construction 4.0 technologies appear in the classification matrix. As shown in Table 2, the most versatile 

technologies are those that allow either to locate or to simulate, each of these two actions appearing ten times in 

the matrix out of a total of 65 for all actions. These results are consistent with other studies stipulating that 

Locate concepts and technologies such as RFID are by far widely used in the construction industry (Dallasega et 

al., 2018).    

Table 2. Frequency of appearance associated with actions in the classification matrix. 
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In addition, existing 4.0 technologies mostly focus on the construction phase, as well as quality management, 

risk management and health and safety management processes. These results also confirm recent research 

findings in project planning, as well as other findings in the manufacturing sector. For example, even today, the 

emphasis in project planning research is mainly on activities carried out in the initial phases of a project, such as 

project scheduling (Pellerin and Perrier, 2018). Recent research in project scheduling has also produced a wide 

range of solution approaches with a strong interest in increased integration with risk management processes 

(Vanhoucke, 2018). Moreover, studies in the manufacturing sector have shown that the combination of data 

capture and data mining technologies for effective and decentralized real-time decision-making processes 

ranging from monitoring, control, real-time optimization, and complete autonomy (Moeuf et al., 2018) can 

generate operational gains mainly in traditional functions, such as scheduling, quality control and maintenance 

activity management (Bouslah et al., 2014, 2016a, 2016b, 2018; Hajji et al., 2012; Njike et al., 2012). Another 

category that has attracted the interest of several researchers in recent years is improving safety management in 

construction. In this area, fire safety, avoidance of crane collisions, and site safety planning are of major 

importance (Abolghasemzadeh, 2013; Araszkiewicz, 2017; Getuli et al., 2017; Irizarry and Karan, 2012; Wong 

et al., 2018a). Therefore, different methods for computer-aided modeling and simulation of egress scenarios, as 

well as various computer models and programs for egress analysis, including BIM integrated egress analysis 

(Abolghasemzadeh, 2013), have been developed.  

However, a number of gaps can be identified from Appendix A, namely the analysis and comparison of 4.0 

technologies to support the operation and maintenance phase, especially for the management of time, human 

resources, communication and procurement, as well as the application of technologies during the renovation 

phase. These results are somewhat surprising since the operation and maintenance phase extends over the longest 

period of the entire project’s life cycle. Additionally, operational costs (e.g., energy consumption, maintenance 

management, waste treatment) are much higher than construction costs only (Santos et al., 2017; Wong et al., 

2018a). A great deal of effort should therefore be placed into improvements in efficiency during the operation 

and maintenance phase. Nevertheless, building management and maintenance, which has been the subject of an 

appreciable number of papers covering maintenance processes and automatic processes to support building 

management, represents a key role in most recent studies in the Construction 4.0 literature (Santos et al., 2017). 

In particular, as shown in Appendix A, quality management, risk management and safety management during 

the operation and maintenance phase are receiving increasing attention from researchers.  

8. CONCLUSION  

This paper addressed research trends and needs associated with Construction 4.0. The analysis shows that most 

applied research aimed at integrating the concepts of Industry 4.0 into the specific context of construction project 

management has been focused on the pre-construction stage, dealing mostly with issues related to the design, 

engineering and construction phases. Most research on the design and engineering phase has dealt with the use 

of computer hardware and software to enhance the efficiency of project design and engineering, and 

developments in 4.0 technologies have mainly enabled design tasks to be computerized. During the construction 

phase, monitoring devices now allow companies to track construction processes and activities more rigorously 

and in real time. For example, 3D laser scanning is used to compare structures to the model and drones with 

cameras survey construction sites.  

In addition, the survey shows that 4.0 technologies and concepts, such as monitoring systems, BIM, as well as 

tools that enable to locate human and material in space and/or time (e.g., RFID, GIS), have found their way into 

applications in the construction industry between 2009 and 2020. However, the applications of BIM, affecting 

organizational conditions and raising organizational challenges (Çidik et al., 2017; Papadonikolaki and 

Wamelink, 2017), still hold great potential for the future. For example, thoughtful use of BIM could help control 

construction quality by allowing timely discovery of potential problems through increased detail and information 

as of the design phase (Dallasega et al., 2018).  

For the operation and maintenance phase, hardware technology (e.g., robots, sensors) has been mainly developed 

in recent years. Another promising direction to pursue is to further use the information generated in the operation 

and maintenance phase and to provide decision-support aiding tools for the management of that phase (Santos et 

al., 2017). To this end, systems integrating different informational technologies should be developed. However, 

given the differences between these technologies, they are usually utilized at separate practice fields. For 
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example, GIS is commonly used at urban planning, transportation planning and urban design analysis, while 

BIM is often applied to architectural design and building construction management. Another direction worth 

pursuing thus involves the integration of different 4.0 technologies for the development of information systems. 

Integrating, for instance, information from GIS and BIM, as well as construction schedules and construction cost 

estimates could further advance the possibilities for sharing information among all stakeholders (Castro-

Lacouture et al., 2017). The integration of different technologies may also address the challenge of construction 

progress monitoring through a correlation of collected progress data using different informational technologies. 

For example, BIM comprises useful design information, overused during the design phase but overlooked during 

construction. Schedule and cost information provided by BIM and compared with GIS-based as-built data may 

however provide decision makers with a useful tool for project monitoring with reliable progress indicators. The 

integrated digital building delivery system based on BIM and virtual reality technology proposed by Shuo (2013) 

and the GIS-BIM integrated model for the layout of tower cranes presented by Irizarry and Karan (2012) are two 

other good examples of technology integration.  

Over the last decade, research in Construction 4.0 has also been limited primarily to the processes of quality 

management, risk management, and health and safety management. As the information model changes from 

providing management of shared building information in a standardized way (e.g., BIM alone), to allow an 

integrated model of information distributed in real time (e.g., BIM combined with other technologies) in order to 

take appropriate corrective actions, 4.0 technologies will continue to bring about a great number of changes in all 

other processes of construction project management, including time, human resources, communication and 

procurement. One interesting question in this line might be the potential improvement from the integration of 4.0 

technologies for the purpose of re-engineering, automation and industrialization of actual project management 

processes. Indeed, even if construction companies now have several technologies to collect project data, through 

the use of drones, cameras, telemetry tools, sensors and RFID for instance, the data available via these 

technologies are unfortunately not the total answer and project data models have yet to be developed to improve 

current project management processes.  
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APPENDIX A: Classification of technologies, their applications and associated actions. 

 Design and engineering Construction Operation and maintenance Renovation 

C
o
m

m
u
n
ic

at
io

n
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Visualize 

- 3D visualization of digital models and texture 

(AR/VR/nD modeling)1 

- 3D visualization of building information (VR)2 

Communicate 

- Improvement of customer understanding in the 

design phase (VR)3 

Standardize 

- Communication standard2,3,4,5,6,7,8,9,10,11,12,13,14  

Visualize 

- 3D visualization of digital models and texture (AR/VR/nD modeling)1  

Communicate 

- Reading (mobile devices)3 

- Access to information (mobile devices)6 

  

C
o
st

 

Simulate 

- Cost estimation according to the size of building 

elements (nD modeling/drone/point cloud)15 

- Estimation of future energy consumption 

(WSN/advanced sensors)16 

Optimize 

- Heuristic methods for project planning (neural 

networks/AI)17 

- Facilitation of mass production (PD)18,19 

Locate 

- Waste location (drone)39 

- Mapping of elements or groups of elements on site 

(drone/UAV/photogrammetry)40 

Automate 

- Assembly automation (mobile robots on site)21 

- Worker replacement (e.g., assembling bricks) (mobile robots on site)21 

- House construction (3D printing)41 

Standardize 

- Cost reduction (prefabrication)3 

Locate 

- Associated energy management (laser 

scanning/infrared camera)6 

 

H
ea

lt
h
 a

n
d
 s

af
et

y
 

Model 

- Modeling for safety and building exit means in case 

of fire (WSN/mobile devices)20 

Simulate 

- Safety training (VR)21 

- Avoidance of crane collisions (GIS)9,22  

Reconstruct 

- Structure analysis (advanced sensors)1 

- Safety inspection (drones)21,25  

Locate 

- Location and movement of workers and machines (productivity and safety)33 

- Collision detection (RFID/Bluetooth/ultra sound)30 

- Avoidance of crane collisions (neural networks)9,22  

- Worker safety (location // materials) (RFID/UHF)37 

- Capture of hand movements (VR/camera)10 

- Real-time data collection (mobile devices)29,40,42,43  

- Wifi connections as a proxy for human occupancy (mobiles devices/WSN)9 

Simulate 

Locate 

- Locate occupants and fire sources in the 

event of a fire (GPS)48 

- Locate to facilitate emergency response49 

- GPS-enabled tools for building fire safety 

reviews48 

Optimize 

- Optimize the evacuation of occupants in 

case of fire48 

Communicate 

- Safety, use of smartphone for guidance in 

case of evacuation (mobile 
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- Data security for proof of delivery (blockchain)37 

- Image analysis of the site to detect security problems (neural networks) 

Communicate 

- Safety training (VR)21 

Distribute 

- Human control access on site (RFID)21 

- Truck accessibility on site (RFID)26 

- Improvement of material resource allocation on site (WSN/RFID)24 

Optimize 

- Flow optimization (nD modeling/neural networks)22 

- Optimization of crane location on site (neural networks)22 

devices/smartphone)48 

Automate 

- Monitoring of structural deformations 

(RFID)6 

H
u
m

an
 r

es
so

u
rc

es
 

Simulate 

- nD modeling1,2,6,8,10,15,20,23,24,25,26,27,28,29,30,31,32  

Locate 

- Location of workers on site (GPS)25 

- Detection of human movements (camera/webcam)10 

- Location and movement of workers and machines (productivity and safety)33 

Distribute 

- Human control access on site (RFID)21 

  

P
ro

cu
re

m
en

t 

Simulate 

- Avoidance of crane collisions (GIS)9,22  

Optimize 

- Optimization of crane location on site (neural 

networks)22 

Locate 

- Collision detection (RFID/Bluetooth/ultra sound)22 

- Avoidance of crane collisions (GIS)9,22  

- Mapping of elements on site (mobile devices/nD modeling)40 

- Tracking items in the supply chain (advanced sensors/RFID)3 

- Tag reading (mobiles devices/RFID)3 

Distribute 

- Truck accessibility on site (RFID)26 

- Improvement of material resource allocation on site (RFID)24 

- Material and tracking control on site (RFID)3 

Optimize 

- Flow optimization (nD modeling/neural networks)22 

- Optimization of crane location on site (neural networks)22 

- Catalog purchases (neural networks)44 
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Q
u
al

it
y

 

Simulate 

- Testing and verification of dynamic design solutions 

(UAV/laser scanning)27,28 

Standardize 

- Program, programming language 

(IFC)2,3,4,5,6,7,8,9,10,11,12,13,14  

- Standardization of design practices : rule validation 

standard and standardization  of product specificities 

(PD) 

Model 

- 3D modeling (drone)21 

- Digital quality management (3D BIM models)45,46 

Automate 

- Real-time progress of the construction site (drone/laser scanning)3 

- Real-time data analysis (machine learning)42 

- Measurement of production volume and calculation of productivity 

(drone/laser)37 

Optimize 

- Heuristic methods for project planning (neural networks/AI)17 

- Process efficiency improvement18 

- Location and movement of workers and machines (productivity and safety)33 

Standardize 

- Delay reduction (prefabrication)18 

Locate 

- Monitoring the condition of building 

elements (RFID/advanced sensors)43,48  

- Building mapping to facilitate operations 

and maintenance (drone/laser scanning)44 

- Monitoring of structural deformations 

(advanced sensors)6 

Communicate 

- Follow-up of maintenance actions 

(RFID)48 

Automate 

- Waste disposal (robots)21 

Reconstruct 

- Modeling of old buildings : geometry, texture 

(point cloud/nD modeling)8,31,50  

- 3D topography (drone/laser scan)34,35  

- Thermal 3D point clouds (3D laser/RGB 

camera/thermal camera)51  

- Integration between 2D and 3D images (nD 

modeling)48 

- Two cameras to make a 3D point cloud48 

- Modeling/Building reconstruction, point cloud, 

historical building (laser scanning) 

- Modeling accuracy and 3D model creation to 

reconstruct an existing building (laser 

scanning/photogrammetry/LiDAR)8 

- Architectural heritage management (BIM-GIS)52,53 

- Historic modeling (point cloud/laser scanner)54,55 

R
is

k
 

Model 

- Modeling for safety and building exit means in case 

of fire (nD modeling)20 

Simulate 

- Safety training (VR)21 

Standardize 

- Standard file, standard design, syntax standard, 

visualization standard (IFC)2,3,4,5,6,7,8,9,10,11,12,13,14 

 

 

Reconstruct 

- Structure analysis (advanced sensors)1 

- Safety inspection (drones)21,25  

Locate 

- Collision detection (RFID/Bluetooth/ultra sound)30 

- Avoidance of crane collisions (GIS)9,22  

- Worker safety (location // materials) (RFID/UHF)37 

- Capture of hand movements (virtual reality/camera)10 

- Location and movement of workers and machines (productivity and safety)33 

- Real-time data collection (mobile devices)29,40,42,43 

- Wifi connections as a proxy for human occupancy (mobiles devices/WSN)9  

Simulate 

- Data security for proof of delivery (blockchain)37 

- Image analysis of the site to detect security problems (neural networks) 

Communicate 

- Safety training (augmented reality)21 

Locate 

- Locate occupants and fire sources in the 

event of a fire48 

- Locate to facilitate emergency response49 

- GPS-enabled tools for building fire safety 

reviews48 

Optimize 

- Optimize the evacuation of occupants in 

case of fire48 

Communicate 

- Safety, use of smartphone for guidance in 

case of evacuation48 

Automate 

- Monitoring of structural deformations 

(RFID)6 
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S
co

p
e 

Locate 

- Detection of drilling areas (laser)6 

Reconstruct 

- 3D topography (photogrammetry)33,34 

- Field study (drone)35 

Automate 

- Automatic design of the building envelope according 

to existing projects and constraints (PD)36 

Simulate 

- Smart contracts (blockchain)37 

N/A 

Automate 

- Reshape the building's functions and 

layout by redesigning modules with 

robotic cranes (crabots) 

N/A 

T
im

e 

Model 

- nD modeling1,2,6,8,10,15,20,23,24,25,26,27,28,29,30,31,32,38  

Visualize 

- nD modeling 

Simulate 

- nD modeling 

Optimize 

- Heuristic methods for project planning (neural 

networks/AI)17 

Model 

˗ 3D modeling (drone)21 

˗ nD modeling (BIM)47 

Automate 

˗ Real-time progress of the construction site (drone/laser scanning)3 

˗ Real-time data analysis (machine learning)42 

Optimize 

˗ Heuristic methods for project planning (neural networks/AI)17 

˗ Process efficiency improvement (PD)18 

˗ Location and movement of workers and machines (productivity and safety)33 

Standardize 

˗ Delay reduction (prefabrication)18 
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