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ABSTRACT

Construction is a critical business that contributes greatly to a country’s economic development. There is an
increasing need for greater quality, more safety, and project completion on schedule. The world’s fast shift
from manual to digital processes is boosting the industry. This article outlines research into where and how
this technology may be used in the construction sector. In this study, a literature review was conducted to
identify the potential of blockchain applications in the construction industry. Examples of such technologies
include smart contracts, BIM, Smart City, supply chain management, real estate management, precast
construction, equipment leasing, document file sharing, asset management, construction management,
payment management, and trash management. A scientometric study was carried out to better understand
the present level of blockchain application in the construction business. Documents published in the Scopus
and Web of Science databases between 2011 and 2024 were considered for the study. Scientistometric
analysis identifies the most significant and prolific authors, articles, and the development of blockchain in
the construction industry. More in-depth study is needed in the near future to develop real-world, on-the-
spot solutions for the construction industry. The research reviewed 889 articles published between 2011 and
2024 and conducted a qualitative content analysis. The study’s purpose is to look at how this technology may
be used in the building industry. Future studies might concentrate on conducting case studies of real-world
blockchain uses in building projects. This paper identifies and analyzes research gaps concerning the use of
blockchain technology in civil engineering.

Keywords: Blockchain; Constriction Industry; Scientometric Study; Smart Contract; Building Information
Modelling.

RESUMEN

La construccion es una actividad fundamental que contribuye en gran medida al desarrollo econémico de
un pais. Cada vez es mas necesaria una mayor calidad, mas seguridad y la finalizacion de los proyectos
en los plazos previstos. El rapido paso de los procesos manuales a los digitales esta impulsando el sector.
Este articulo esboza una investigacion sobre donde y como puede utilizarse esta tecnologia en el sector de
la construccion. En este estudio, se realizd una revision bibliografica para identificar el potencial de las
aplicaciones de blockchain en la industria de la construccion. Algunos ejemplos de estas tecnologias son los
contratos inteligentes, el BIM, la Smart City, la gestion de la cadena de suministro, la gestion inmobiliaria, la
construccion de prefabricados, el arrendamiento de equipos, el intercambio de archivos de documentos, la
gestion de activos, la gestion de la construccion, la gestion de pagos y la gestion de la basura. Se llevo a cabo
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un estudio cienciométrico para comprender mejor el nivel actual de aplicacion de blockchain en el negocio
de la construccion. Para el estudio se tuvieron en cuenta los documentos publicados en las bases de datos
Scopus y Web of Science entre 2011 y 2024. El analisis cienciométrico identifica los autores y articulos mas
significativos y prolificos, asi como el desarrollo de blockchain en el sector de la construccion. Se necesita
un estudio mas profundo en un futuro préximo para desarrollar soluciones reales y sobre el terreno para la
industria de la construccion. La investigacion reviso 889 articulos publicados entre 2011 y 2024 y realizo un
analisis de contenido cualitativo. El objetivo del estudio es analizar como puede utilizarse esta tecnologia
en el sector de la construccion. Los estudios futuros podrian centrarse en la realizacion de estudios de casos
de usos reales de blockchain en proyectos de construccion. Este articulo identifica y analiza las lagunas en
la investigacion sobre el uso de la tecnologia blockchain en la ingenieria civil.

Palabras clave: Blockchain; Industria de la Construccion; Estudio Cienciométrico; Contrato Inteligente;
Modelado de Informacion de Construccion.

INTRODUCTION

The construction industry includes a wide range of constructions, from small-scale residential or commercial
buildings to power plants, bridges, highways, dams, airports, and harbors. It is an essential part of human
civilization and has developed appropriately. Development in the construction industry is directly linked to
the development of the country’s economy. According to Statista Research Department China’s infrastructure
investments as a proportion of GDP have grown by 5,8 % since 2019. The majority of infrastructure projects are
dedicated to public utility services, which require large quantities of building supplies, timely completion, good
project management systems, security and openness in handling funds, and genuine paperwork. Incorporating
current approaches and smart technologies into an interdisciplinary approach may increase productivity in this
field. The construction industry confronts challenges from both cast-in-situ and non-constructional perspectives.
Some of the main obstacles encountered in the construction business include a qualified workforce, safety
measures, project delays, and the changing nature of the task. Non-construction challenges include legal
obstacles, government regulations, environmental concerns, technical acceptability, and political and social
influences.® The resultant network is huge and difficult to administer. It is generally recognized that timely
project completion requires a consistent supply of supplies as well as effective logistics management. Delays
in the procurement of supplies for a building project have a significant impact on both construction costs
and productivity. Supply chain management, genuine paperwork, safe transactions, and transparency may
all be easily managed using the newest technology and smart solutions. Integration of blockchain technology
is capable of overcoming some of the aforementioned difficulties, such as managing large volumes of secure
transactions with transparency among many stakeholders, which is critical in the construction industry.

METHOD

Block Chain Technology: Classification and Characteristics

“According to the Korea Institute of Science and Technology Information (2018), the worldwide blockchain
technology market has increased dramatically from around $130 million in 2015 to more than $550 million in
2018, nearly doubling every two years.” This growing trend is expected to continue, with the global blockchain
business projected to reach $3,74 billion by 2022.®

A block chain is a collection of linked, identifiable blocks of encrypted data that are used to create a single
structure of honest data. Each block is identifiable by its hash value and is related to an older block known as
the parent block. Thus, the parent block assures connection and at least one predecessor for each block.® Each
block holds data in encrypted form, ensuring digital security. Furthermore, all of these blocks are protected and
connected to one another. A block chain is a time-stamped collection of unmodified record entries produced
by a distributed network of computers.® All necessary data from a transaction is recorded on a blockchain in
seconds in a transparent way. The transaction procedure on a blockchain network is immediate and permanent.
Every node in the system replicates and stores data. Any changes made in one ledger are immediately reflected
in all other ledger copies. These features aid in avoiding mediators in the process. The proof-of-work approach
for checking the validity of a block is much less costly than the proper solution.® Thus, blockchain technology
serves as a reliable decentralized shared platform with an immutable ledger. Block chain technology allows for
the examination and identification of acceptable data in the shortest period of time, in the most appropriate
place, and to the correct person, ensuring a continuous flow of information. These qualities contribute to the
creation of a shared digital history, which is essential for managing large building projects, as well as all records
such as notary services, user identities, reputations, and data traceability.?”
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The three most critical alignments in the block chain are nodes, blocks, and miners. A node is an electrical
device that keeps copies of the block chain and ensures the network’s functionality. Every node in the network
has a replica of the block chain and is linked to all other nodes. The network is connected in the notes via
a ‘peer-to-peer’ connection.® The network’s nodes run the distributed ledger using block chain technology.
Every block contains data, its own nounce (a 32-bit integer), a 256-bit hash value associated with the nonce
number, and a reference to the previous block in the chain. Miners add more blocks to the chain as they mine.
When a block is successfully mined, all network nodes accept the change, and the miner receives monetary
compensation.® Mining a block is difficult, particularly on long chains.

Block chains are grouped into four types: public, consortium, private, and hybrid block chains. A public block
chain allows anybody with an internet connection to connect to the block chain network with an authorized
distributed ledger. The most popular types of public block chains are Bitcoin, Ethereum, and Litecoin. The
security standards must be rigorously followed while utilizing this form.® Private block chains are used for
a variety of purposes, including democratic governance, enhanced personhood, resource ownership, and so
on. This creates a constrained record framework that the association manages with full security consents and
availability. The Consortium Block Chain is a semi-decentralized organization supported by several groups. In
this kind of blockchain, a few companies may collaborate with the organization and share information. Banks,
government offices, and other such organizations often use a consortium blockchain. A hybrid blockchain is a
kind of block chain that combines both private and public blocks. It is a very adaptable kind of hub in which
data may be kept visible or hidden depending on the individual’s preferences.

Brief Information About the Evolution of Blockchain Development

Blockchain has evolved significantly since its introduction in 2008 as the technology that powers Bitcoin,
the original cryptocurrency. The following is a simplified list of the most critical milestones on the route to the
present state of blockchain technology:

1. Bitcoin was the first blockchain-based cryptocurrency developed in 2008 by an unknown individual
or group using the name Satoshi Nakamoto. It was created to facilitate private, decentralised peer-to-
peer transactions between users without the need of centralised institutions like banks.

2. Other cryptocurrencies, or altcoins, emerged over time, each with its own blockchain, such as
Ethereum, Litecoin, and Ripple.

3. Smart contracts emerged in the wake of Ethereum’s 2015 introduction of the idea, which allowed
programmers to build contracts that could execute themselves without a third party’s intervention.

4. The rise of dApps: with the advent of smart contracts, programmers have been able to construct
dApps on blockchain platforms like Ethereum, opening up new possibilities for their usage beyond basic
monetary transactions.

5. Enterprise blockchain solutions arose when the potential of blockchain technology to disrupt
sectors outside banking became more widely understood, allowing organisations to reap the advantages
of blockchain in supply chain management, healthcare, and other areas.

6. To facilitate communication and data sharing across various blockchain networks, interoperability
solutions have been developed as the number of blockchain networks and platforms has grown.

7. With the development of blockchain technology, decentralised apps, and other cutting-edge
innovations, developers have begun toying with the idea of Web3, which seeks to build a more user-
centric, distributed internet.

Advantages of Using Block Chain are Listed Below

e Transparency: public Blockchain, every transactions are the transparent & visible to public.
Data of movement can be completed public so all market participants can see them, or the degree of
transparency can be limited as needed.

e Security: security features are embedded in the block chain using encryption algorithms based on
asymmetric public-key cryptography. This ensures legitimacy of the information.

e Immutability: although distributed throughout a group of people, data stored in a Blockchain is
continuous. It prevents exchanges from scattering once records have been uploaded to the blockchain,
changing the record into a permanent record of every single prior exchange.

e Auditability: transaction is verified and published on the Blockchain with a timestamp, allowing
clients to easily trace previous records by visiting to any hub in the network’s scattered network.

¢ Decentralization: in Block chain distributed ledger system, there is a provision for decentralized
data storage mechanism or decentralized administrator. Decentralization helps to reduce postponements
and single purpose of disappointment.

e Veracity: as a comparable copy of the obvious records and duplicated records are kept inside the
network of hubs, blockchain provides legitimacy to the put records.
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¢ Disintermediation: blockchain innovation diminish the contribution of outsiders, keeping away
from the need to trust the delegates. Functional costs can be cut down while growing the capability of
the sharing assistance.

e Trust: blockchain fosters more trust among its users. When adding data to the Blockchain, the
maximum participants must approve for it to become a part of the final Blockchain. Intermediation can
be avoided because of the trust established.

e Scalability: the ability to handle both workload and capacity in such a circumstance by increasing
the number of assignments or objects. According to a vast number of analysts, one of the key challenges
to Blockchain innovation is scalability.

These features of the block chain can be mapped to some of the challenges of the construction industry, such
as clarity and accountability in dealings, authenticity and record-keeping of documents, etc. Smart contracts
and block chain-based supply chain management help efficiently tackle the above problems. Moreover, this
helps to streamline the procurement process and automate the contractual process. Block chains embedded
with BIM prove to be an efficient information model that stores all necessary information in one place. The
majority of processes and methods used in the construction industry still use conventional techniques. The
resistance to change and the availability of skilled manpower with the latest technology pose a major threat
in this area.

Scientometric Study on Blockchain Technology in Construction

This research was conducted using data gathered between 2011 and 2024, and a qualitative content analysis
was undertaken to identify potential areas of blockchain usage in the construction industry. After reading the
keywords and abstract, a list of categories was generated. The categories were selected after analyzing all
of the texts and synthesizing the collected data. In addition, a descriptive analysis was performed, which is
discussed in the next section.

Initially, the systematic mapping approach concentrated on high-quality, peer-reviewed papers found in
scientific databases (Science Direct, Scopus, IEEE Explore, Mendeley, and the Web of Science). In addition, the
top 250 Google Scholar results were searched for relevant ‘grey literature.’ The search strings used in this study
were selected after numerous database searches for appropriate search phrases.

Blockchain in the construction industry, construction management, BIM Construction, Construction
Supply Chain Management, Construction Smart Contract, Construction Real Estate, Precast Construction,
and Construction Smart City. Scopus: Blockchain development; IEEE Xplore and Google Scholar: Blockchain
development

VOSviewer is an application used for data analysis in addition to Scopus analysis. It provides a very effective
approach for analyzing authors, countries, keywords, bibliographic couplings, advantages, countries, and so on.
The Scopus database is analyzed in two ways: statistical database analysis and network analysis. Scopus is used
for statistical analysis, while the VOS viewer 1.6.16 software is used for network analysis.

Statistical Analysis, Year of Publication, Type and Geographic Distribution

200
150 _
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2011-2016 2016-2022 2023-24
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B Web Page H Book B Report B Newspaper article

Figure 1. Increasing trend of research work in Blockchain Technology
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Over the previous five years, the number of publications on blockchain applications in the construction
industry has grown (figure 1). It has also been noticed that knowledge of blockchain technology has expanded
dramatically during the previous five years. Between 2011 and 2016, the concept of blockchain technology
remained relatively unknown. This demonstrates that blockchain is a new and growing area of study in the
construction sector. A significant surge in conference papers and journal articles started in 2017 and peaked
quickly in 2019. This was due to greater understanding and the introduction of blockchain applications with
enhanced scalability appropriate for use in the building sector. In the last year (2023-2024), the number of
publications on blockchain in the construction industry climbed by over 50 % over the previous five years.
Journals, conference papers, and newsletters were among the publication types investigated during this
mapping research. The mapping approach was systematic at first, with an emphasis on peer-reviewed and
high-quality papers published in scientific databases (Science Direct, Scopus, IEEE Explore, Mendeley, and Web
of Science).

Analysis According to Country
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Figure 2. Authorship and Co-Authorship analysis according to country

Figure 2 depicts the geographical distribution of selected items from different countries. The geographical
distribution of the papers picked demonstrates how the blockchain technology construction industry has grabbed
the interest of scholars all around the globe. The network map for the co-authorship research by nations divides
21 countries into four major categories (figure 2). Cluster 1 (red) has nine countries, Cluster 2 (green) contains
seven, Cluster 3 (blue) contains three, and Cluster 4 (yellow) contains two (figure 2).

The number of papers co-authored by countries determines the thickness of the link, while the size of the
node is proportional to the number of publications. China has the most papers and linkages to other nations,
with a focus on its close relationship with Italy.

Some of the chosen papers are conceptual, while others are empirical in nature. Surveys are the most
common research method in empirical studies, followed by case studies.

Potentials of the Blockchain Application in Construction Sector

Blockchain technology has changed the way businesses, commerce, and finance operate. As blockchain
technology advances, it has the potential to significantly impact the construction industry. The majority of
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articles concentrate as much on supply chain management, BIM, and smart contracts as possible. Blockchain
adoption industries, since they are critical procurement variables for project success in design, material
logistics, and construction projects. Figure 3 depicts the growth of blockchain technology in the construction
business since 2011.

4—’Dﬂ N - " -
Blockchain in Construction
350

Mo. of Papers
Fa
S

2015 2016 201y 2018 2019 2020 2021 2022 2023
Year
Figure 3. Blockchain in Construction Industry
Network Analysis

All 598 papers retrieved from the Scopus database and 598 documents from the Web of Science database
were evaluated using the VOSviewer software.">")

‘ Network Analysis ‘
Y Y ¥ Y
‘ Countr ‘ ‘ Keywords ‘ Co- ‘ Citation ‘ Advantages
authorship
‘_,-"'-...- -'-.....____-.‘

All Keywords Author Keywords

Analysis Analysis
Index Keywords
Analysis

Figure 4. Network analysis using VOSviewer software

Co-Occurrence Analysis for all Keywords

A co-occurrence analysis must be undertaken to determine the essential logical issue addressed by the
present study. This was accomplished through the use of co-occurrence analysis for all keywords, co-occurrence
analysis for author keywords, and co-occurrence analysis for index keywords. The co-occurrence analysis was
done using 2517 authors and 2285 indexed keywords to better grasp the underlying intellectual issue that the
previous study addressed.
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Figure 5. Network and density figures for all keywords analysis
Co-Occurrence Analysis for Author Keywords

The co-occurrence of author keyword searches is investigated using a minimum threshold of 5 per author.
The criteria were fulfilled by 87 of the authors’ 1219 keywords.
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Figure 6. Network and density diagrams for author keywords
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Data, security, and cryptocurrency emerged as major keywords in the biggest combined network among
the author keywords, as shown in figure 6, which may be characterized by examining the connection lines
between the keywords. These lines demonstrate the relevance of the links between the nodes (keywords) and
their strength. The research required terms that occurred at least four times. The size of the nodes indicates
how often they occur. The curves that link the nodes in the same publication reflect their co-occurrence. The
greater the distance between two nodes, the more often the two terms appear together. The size of the font
represents the frequency of occurrence.

Co-Occurrence Analysis for Index Keywords
Index keywords also consider co-concurrence; only 342 of 3598 matched the condition, as shown in figure 7.
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Figure 7. Network and density figures for index keywords

Similarly, the index keywords reflect an increased study concentration on data management, SCM, and
energy management, as well as research procedures and associated topics like ethereum, algorithms, and
consensus protocols.

Co-authorship Analysis

This analytical parameter is evaluated with three additional parameters. This parameter takes into
consideration authors, organizations, and countries. This analysis eliminates documents with a large number of
authors. This number is referred to as 30. The minimum number of articles necessary for an author is set at 2.
It can be shown that 350 writers out of 2593 satisfied the Scopus database standards. The total co-authorship
strength is calculated collaboratively with the other writers. The network connections were discovered to be
somewhat different from the coupling analysis findings. Cluster 1 writers collaborate effectively (23 authors,
green). Cluster 2 consists of 18 writers (blue). Cluster 3 (12 authors, yellow) and the 4th Cluster (27 writers in
red). In contrast, Cluster 5 has four writers and is colored purple. This approach determines the connection’s
strengths. Zhang Y. has the greatest connection strength at 36. In this research, 165 writers were found to have
a co-authorship connection with 11 or more than 18 link strengths.

However, the majority of these writers are located in similar geographical locations, particularly in Southeast
Asian nations like China and Thailand. The research emphasizes the significance of contributing writers’ physical
locations, since they may choose to cooperate and network with authors living nearby. Citation analytics and
co-authorship were used to better understand the structure of academic resources in this field. Co-authorship
analysis identifies five important cooperative clusters and calculates the number of shared publications among
authors, therefore contributing to the advancement of knowledge in this area of study. At a resolution of 1.0,
the most evident and distinct co-authorship groupings appeared (figure 8).
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Figure 8. Co-authorship analysis for authors
Note: threshold criteria least of 5citations; resolution—1.0; 64 of 256 authors are linked

Citation analysis

The network of citations between blockchain construction supply chain management documents is depicted
in figure 8. After filtering by a minimum of six citations per document, there are only 25 articles within the
network. Kumar Neeraj et al. (2020) have the most citations (175) as well as three links to other journal

documents.
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Figure 9. Analysis of document citations
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Blockchain Advantages Analysis
Figure 10 demonstrates that the blockchain has various advantages. Figure 10 represents the number of

researchers proposing particular advantages, such as transparency, security, decentralization, immutability,
and disintermediation, which have been quoted by 1156 researchers.
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Figure 10. Network and density diagrams for Benefits of Blockchain

Blockchain Technology in Construction
The mapping study identified research topics in the construction sector that are related to blockchain, as

well as current research needs for future studies. Figure 11 shows a bar graph chart connecting the frequency
of paper nature with each type of possible blockchain use in the building sector.

350 No of Papers
300 A
250 4
200 A
150 A
100

50 A I

D .

Real Estate Smart Precast  Smart City

Contract Construction
Figure 11. Research in Blockchain Technology for various sectors in Construction Industry
According to this graph, there is more development in the construction sector adopting blockchain technology

in smart contract and building information modeling. Supply Chain and Smart Cities are two emerging blockchain
sectors. Blockchain technology is presently being implemented in the real estate and precast building sectors.
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There are several disputes in the construction sector, including payment, transfer of technology, instrument
leasing, and house sales, as well as issues such as inadequate tracking and a lack of real-time data, failure to
deliver, quality faults, and higher expenses. Blockchain technology helps solve challenges in building businesses.

Blockchain in Building Information Modelling

Block chain technology can interface with BIM. Blockchain’s peer-to-peer nature correlates well with a BIM
model developed collaboratively by many parties to improve collaboration. In today’s construction industry,
BIM is extensively used to improve collaboration, data exchange, information flow, and project execution.
(11,12,13,14.15 Smart Contract, Strong Trust, and Security The blockchain-based BIM project integrated management
platform includes building information modeling collision checks, digital inspection, engineering start changes,
vibrant construction management, payment, work flow accounting, and other specific project management
and assessment mechanisms."®17."® Building construction digitalization may save time, labor, and money by
using smart contracts to confirm the payment stream, penetrating payment, workload accounting, clearing the
approval procedure, realizing one click, and so on.(9202") This platform may help to promote data exchange,
increase cooperation efficiency, optimize business processes, and save operational costs. The blockchain’s goal
is to chronicle the previous method for updating building information modeling records. A simple BIM consists of
several BIM records, which may speed up the transmission of BIM data updates. The necessary BIM information
must be pushed in order to retain the history of change, which traditional BIM cannot accomplish.?? Using a
permissioned blockchain might be a far more practical choice for many BIM projects. The BCT platforms will
largely serve as record-keeping devices, capturing changes to the building information model throughout the
structure’s design and construction phases.?® The BIM model is a collection of smart elements?* that represent
physical components like columns and doors, as well as intelligent objects.® As a result, information flows
amongst BIM experts® who include structural engineers, architects, and building service engineers. Combining
BIM and blockchain technology may also make it simpler to utilize good contracts, which are computerized
commercialism systems designed to enforce project agreements, rather than mutual trust on third-party
‘intermediaries’.? The combination of blockchain and BIM has enabled batch (block) information transmission
without the capacity to reverse the transaction; encryption ensures anonymity and forgery quality, resulting
in the absence of a third party. It is affordable to implement the technology in the growing number of method
houses. As a consequence, blockchain is ideal for model generation when information about a building’s many
aspects comes from several departments (architecture, utilities, building structures, elements, planning,
estimates, and so on. @)

Despite fast breakthroughs in blockchain technology and its extensive use across several fields, there
remains a significant research gap regarding its deployment inside the Building Information Modeling (BIM)
framework in civil engineering. While BIM has transformed the construction industry by increasing cooperation
and efficiency, using blockchain technology might provide new advantages such as immutable record-keeping,
improved data security, and simplified project management. However, few studies have looked at the unique
obstacles, possibilities, and possible synergies of integrating blockchain and BIM in civil engineering projects.
Bridging this research gap is critical for realizing blockchain technology’s full potential in transforming building
methods and enabling the smooth integration of digital advances into the built environment.

Supply chain management

One of the major issues with the present supply chain is a lack of dependable and accessible sources of
information. Blockchain technology has the ability to address these issues by establishing a decentralized,
permissioned ledger system. Blockchain-based supply chain management (SCM) enhances payment security,
ensures product authenticity and compliance, accelerates payment processing, lowers financing costs, fosters
confidence between suppliers and consumers, and increases audit transparency.?” Human people, physical
assets, data, processes, and financial contracts are all components of the industrial supply chain, which
transports goods from producer to consumer. Getting a comprehensive picture of all transactions inside a large
supply chain system is difficult.®® This data is often stored in many places, and only certain entities within
the system have access to it. Clients, whether they are end users or larger organizations farther down the
supply chain, often do not have complete access to the data in these systems.®" It is not unusual for a supplier
to see data as a commodity. Low degrees of transparency need trust among system actors in order to make
transactions manageable.®? Blockchain technology, with its distributed ledger, immutable data records, and
restricted user access, has the potential to address industrial supply chain transparency and traceability issues.
This distributed data block may include protected, distributed data about transactions for each unique item, as
well as product information.®® Blockchain(s) will be used throughout the product’s life cycle to collect, store,
and manage critical product data. This creates a secure, standard trade record as well as product-specific
data for each product. Blockchain streamlines carrier decision-making, distribution plan formulation, freight
bill payment and auditing, information systems, freight distribution, product returns, freight consolidation,
product descriptions, and route and network management.©?

https://doi.org/10.56294/dm2024.369


https://doi.org/10.56294/dm2024.369

Data and Metadata. 2024; 3:.369 12

There are numerous reasons to switch to Blockchain:
e  Focus on key processes and activities.
e Improve the quality of service.
e Integrate the whole supply chain, reducing Overall conflict and reciprocity on mutually
objective topics.
¢ Enhancing the efficiency, consistency, and flexibility.
Improve productivity.
Make the most of your resources. There are no underutilized or overutilized resources.
Improve expertise, market information, and access to data.
Achieve a competitive edge locally or worldwide.
Lower labor and equipment expenses.

Because of its qualities of transparency, authenticity, security, trust, reduced costs, disintermediation,
operational efficiencies, and lowered waste, it has the potential to alter SCM.435:36.90 The SCM in the construction
sector is a network of dissimilar organizational units and linkages®” including information flow, service and
product flow, and financial flow between the customer, designer, contractors, material flow, consultant, and
provider. Nir Kshetri®® the final purpose of supply chain management is to create a supply chain that is both
smooth and agile in order to save money and meet the objectives of the project owner. Due to competing
interests among the network’s members®” determined that reaching this goal in the current supply chain is
nearly impossible. Blockchain technology might be utilized to address efficiency and proficiency difficulties in
the construction sector, in addition to removing fragmentation. “®

There is a substantial research gap in the use of blockchain technology for supply chain management in
civil engineering. Despite increased interest in blockchain’s potential to transform supply chain operations by
increasing transparency, traceability, and trust, there is a scarcity of detailed research concentrating on its
deployment in civil engineering projects. The particular intricacies of building supply chains, such as multi-
tiered subcontractor networks, procurement issues, and severe regulatory constraints, provide different
challenges that demand customized blockchain solutions. Addressing this research gap is critical for harnessing
blockchain’s transformational powers in optimizing supply chain operations, minimizing risks, and promoting
improved efficiency and sustainability in civil engineering projects.

Real Estate Management

The rights and obligations resulting from asset ownership agreements (on and off-system assets) may be
formalized on blockchaiThe blockchain can store and preserve the record of actual commodities as they move
from one owner to the next.G" When property is turned into “smart property” on blockchain, it becomes
a valuable asset that can be transferred via smart contracts, Ramage M.“? Blockchain, a decentralized,
irreversible ledger, enables the permissioned ledger to perfectly record all current and past real estate
payments.“ This reduces the chance of fraud and paper-based errors in asset title transfers. Blockchain
technology in the property ownership and transfer ledger improves service availability while lowering costs.“
There is a substantial research gap in the integration of blockchain technology into real estate management
in civil engineering. While blockchain has potential for improving transparency, efficiency, and security in
property transactions and asset management, there has been a dearth of significant research into its particular
use within the complex dynamics of civil engineering-driven real estate developments. Bridging this gap is
critical for realizing blockchain’s disruptive promise in streamlining real estate operations, maintaining data
integrity, and improving sustainable civil engineering methods.

Smart contract

Acontractis a legally binding agreement that defines and controls the rights and duties of the parties involved.
®) The word “contract” most often refers to “traditional contracts,” which are formed with present parties
and specify the tasks necessary to perform a certain activity. A smart contract is computer software made up
of if/then statements that divides a project into smaller, quantifiable work units while automating compliance
and payment processes.® Smart contracts, unlike traditional contracts, may be implemented on virtual
platforms, and physical presence is not necessary when creating payment arrangements. Smart contracts are a
computerized, code-based method.®*® Self-executing Smart contracts are collections of rules that exist over a
distributed, decentralized blockchain network® 449 with the conditions of the buyer-seller agreement clearly
documented in lines of code. Smart contracts are computer programs that run on blockchain networks that,
depending on the circumstances, may automate a number of functions. When compared to traditional software
solutions, smart contracts provide more consistency, accuracy, interoperability, effectiveness, accountability,
fraud resistance, integrity, and a variety of other advantages. The most significant effects of smart contracts are
self-satisfaction, lack of materiality, and disintermediation. Smart contracts are very scalable and performant.
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Blockchain-based solutions provide advantages over conventional systems in terms of decentralization,
immutability, auditability, anonymity, security, honesty, transparency, trust, and disintermediation.®® The major
advantage of blockchain and smart contract technology is an increase in trust between parties.®" Blockchain
and smart contract technologies provide significant security advantages.®” Blockchain and smart contracts
contribute to greater transparency and trust®"? It is claimed that a blockchain-based supply chain will improve
compliance. System standardization is a critical criterion for corporate-level applications.®® Blockchain and
smart contract technologies provide fair outcomes for all stakeholders by providing considerable financial
incentives.®? Blockchain and smart contract technologies are effective accelerators of non-physical automation
efficiency.®? Smart contracts provide outstanding transparency and the capacity to lower the overall frequency
of conflict points, as well as an immutable record of project progress that may be used for dispute resolution if
needed.® The cryptographic signature of records protects the transaction data kept on the blockchain.®® The
smart contract is a fundamental component of the blockchain idea; it is referred to as “smart” because of its
capacity to autonomously self-execute complex coupled agreements that are not conceivable alone. %% Smart
contracts, unlike conventional contracts, are supposed to be clear and predictable software code.®® According
to the statistics, blockchain adoption might save 8,3 percent of the total cost of residential construction, with
a standard deviation (SD) of 1,26 percent.®® Among current blockchain uses, the smart contract’ has been
recognized as the most promising.©®

Following are the advantages of smart contract in construction industry:

e Self-executing and self-enforcing.

Contracts can be evaluated automatically.
Reduce paperwork.
Improve overall the project’s flow, service delivery, and material management.
A reduction in the number of persons engaged in contract management.
Increase in productivity.
Increase project governance’s performance.

There is a significant research gap in the use of blockchain technology for smart contracts in civil engineering.
Despite blockchain’s promise to automate and secure contract execution procedures, there has been little
research on its particular usage in civil engineering projects. Addressing this gap is critical for exploiting
blockchain’s capabilities to improve the efficiency, transparency, and dependability of smart contracts in
handling complicated construction agreements, payment milestones, and project delivery timeframes in the
civil engineering industry.

Precast construction

The precast construction technique involves pouring concrete into reusable molds, or “forms,” which are
then treated and transported in a controlled environment. Lifted to a location from a building site. Precast
concrete construction Various precast elements, such as walls, are used in technology. Beams, slabs, columns,
a stairwell, a landing, and other custom-made elements were standardized and developed for consistency, the
building’s endurance, and structural integrity.

Problems in precast supply chain:
Operating records can be altered without being found.
Participants may be dishonest.
Pursue personal profits and breach the contract.
Lack the record of operation details.
Information gaps resulting in inefficiencies.
Failure of on-time delivery.
Planned schedules cannot be executed exactly.

NoUuAWNS

The stated current problems in the precast construction can be overcome by using the digital Blockchain:
Information exchange management.

Real-time schedule control.

Data traceability.

Keeps track of the causes of disagreements.

Reduces construction time.

Productivity increase.

SUuhAwWwN =

There is a substantial research gap in the use of blockchain technology in precast construction within
civil engineering. Despite its promise to increase supply chain transparency, quality control, and project
coordination, there has been little research on blockchain’s particular use in precast concrete manufacturing,
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transportation, and assembly processes. Bridging this gap is critical for maximizing blockchain’s potential
in precast construction processes, reducing logistical problems, and improving communication among civil
engineering players.

Smart City
Smart Healthcare

Healthcare services manage and generate massive amounts of sensitive data, necessitating stringent
security and access controls.®"-63¢3) Blockchain innovation has the potential to provide many improvements
in the sphere of brilliant medical care. According to Kundu® a blockchain-enabled medical care framework
ensures the dependability and interoperability of clinical health information, works on the nature of arbitration
in protection claims, and provides excellent patient-centered services. One important issue with health records
is that they are stored in compartmentalized, correct record-keeping frameworks across several medical
care associations, making accessible patient information tough to reach for medical care providers when it
is needed.®) Blockchain technology makes medical care better by combining and protecting health data®*¢®
allowing researchers to change health data®¢) and making it easier for patients to access and move their
health records. -8

Smart Logistics and Supply Chains

Blockchain innovation can possibly work on the presentation of shrewd city-coordinated factors and store
network tasks. It can work with correspondence and data dividing between the many accomplices occupied
with coordinated factor processes.® Essentially, blockchain innovation empowers savvy city clients to screen
and follow the beginnings of their items or administrations, supporting consumer loyalty and certainty.®
The framework works on the adequacy of trace-back tasks, wipes out duplication and misrepresentation(®
and improves an assortment of planned operations and store network exercises the board exercises like item
conveyance, stock administration, and request satisfaction.” Under smart with blockchain technology, Smart
Mobility"7273) Smart Energy”*7), Smart E-Voting(¢4:67,68.:6%.70.71,72,73,74.76 Smart Home®® and Smart Education’:78.79.80.81)
are done.

There is a significant research gap in the use of blockchain technology in the context of smart city
development in civil engineering. While blockchain has the potential to improve data security, interoperability,
and citizen engagement in smart city initiatives, there has been little investigation into its specific integration
in infrastructure management, urban planning, and service delivery within the context of civil engineering
projects. Addressing this gap is critical for realizing blockchain’s transformational promise in creating resilient,
sustainable, and technologically sophisticated smart cities, thereby increasing the quality of life for urban
populations.

Country

To answer this requirement, Hughes D.® proposed that using blockchain technology, workers with adequate
talents and capacities may be identified by way of a digital identity card, which can then be sent to the
appropriate authorizing authority. For instance, in Malaysia, a qualified engineer working on a project would
have to go through a blockchain-enabled screening process since the Department of Standards Malaysia must
approve their digital ID.® In Malaysia, it is proposed that the government’s current BIM initiative be linked with
blockchain, which stores digital IDs of construction industry partners. More specifically, the authors propose that
relevant authorities digitize paper-based certificates (e.g., identification cards, contractor working licenses)
and ownership documents (e.g., land titles, home ownership titles).®) BIM technology serves as the basis for
digitizing investment and construction processes; nonetheless, blockchain technology has grown in popularity
in the Russian Federation.® Building Information Modeling (BIM), Big Data, Blockchain, the Internet of Things
(loT), 3D printing, resource-saving technologies, and new building materials are just a few of the cutting-
edge technologies employed in Russian construction.® Blockchain has the ability to create a dependable
infrastructure for data management across the construction project’s life cycle.®

Equipment leasing

Traditional leasing is inefficient and time-consuming. The rising difficulty of development projects and the
increased demand for heavy equipment to aid in the delivery of their responsibilities. Leasing might be a
profitable alternative for both large and small contractors looking to save costs on building projects.®

There is a substantial research gap in the integration of blockchain technology into equipment leasing
in civil engineering. Despite its promise to improve contract administration, asset monitoring, and payment
processing, there has been little research into blockchain’s particular applicability in equipment leasing
operations in civil engineering. Addressing this gap is critical for using blockchain’s capabilities to improve
transparency, efficiency, and confidence in equipment leasing agreements, resulting in optimal resource usage
and project results in civil engineering projects.
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File sharing for document management

Documentation is an essential part of any project, and construction projects are huge and involve a large
number of stakeholders. Various document types are produced on a regular basis for every construction sector.
The biggest problem is managing this massive amount of data, which might be in the form of reports, drawings,
legal papers, and so on. Organizations confront several challenges in data storage and management due to the
huge quantity of storage space required.® Another data-related difficulty is storing documentation for finished
projects. As a good practice, data from finished projects should be saved for future use, which necessitates a
large amount of storage space.

Aresearch need exists for the use of blockchain in file sharing for document management in civil engineering.
While blockchain has the potential to provide advantages such as increased security, traceability, and
decentralized access control, there has been little research on its particular integration into the file sharing
procedures required for civil engineering projects. Addressing this gap is critical for exploiting blockchain’s
capabilities to increase collaboration, data quality, and version control in document management, thereby
increasing project efficiency and lowering the risks associated with information sharing in civil engineering
projects.

Asset Management

Most businesses are beginning to recognize the importance of good asset management in their operations.
Throughout the asset life cycle, all vital information and data relevant to the asset must be traced. However,
because development efforts are dispersed across several locations, supply chain forms are complicated, and
there are a large number of small businesses contributing to the process, effectively maintaining asset data at
every stage can be an important challenge in the construction sector.” There will be no record destruction,
and all information from various firms will be maintained in a unified blockchain network. Blockchain will
enhance asset life cycle management while decreasing obstacles.

There is a research vacuum in the study of blockchain’s applicability in asset management and document
management in civil engineering. Despite the potential advantages of blockchain, such as increased security,
transparency, and traceability, there has been little study into its particular integration into asset management
procedures, including document management in civil engineering projects. Bridging this gap is vital for exploiting
blockchain’s capabilities to enhance the organization, monitoring, and preservation of key documents and
assets, resulting in optimized project processes and regulatory compliance in the civil engineering industry.

Construction Management

The first challenge that construction businesses face is a lack of trust between suppliers and consumers, as
well as how they interact with one another.® Because of its immutable data record, blockchain technology has
the ability to alter present construction engineering management procedures and drastically minimize disputes
and lawsuits. Although process automation can help you save money and time, there are various hurdles to
using it in real-world building projects.®

There is still a research gap in the use of blockchain technology for document management in civil engineering
projects. While blockchain has potential for improving openness, security, and efficiency in document handling,
there has been a paucity of significant research on its particular incorporation into construction management
procedures. Addressing this gap is critical for realizing blockchain’s promise to simplify document sharing,
version control, and project collaboration, resulting in better project results and lower risks in civil engineering
construction projects.

Payment Management

Late payments and revenue worries are two of the most typical challenges in the construction industry. The
construction industry has a far more linked payment and reimbursement system than other businesses.® In
addition to the lengthy settlement process, the building industry experiences severe payment delays. In the
construction industry, there are a large number of partial payments and non-payments.“" This incurs additional
expenses to fulfill payment stays, affecting the contract price to be hiked to finance the purchase. Many major
construction firms are dealing with cash flow management issues. As a result, controlling cash flows is crucial
in building projects and organizations.®"

There is a need to study blockchain’s applicability in payment administration and document management
in civil engineering. Despite its potential to improve transparency, security, and efficiency in payment
procedures, there has been little research into its particular integration into document management systems
in civil engineering projects. Bridging this gap is critical for using blockchain’s capabilities to enhance payment
monitoring, lower transaction costs, and resolve payment disputes, eventually improving financial operations
and ensuring accountability in civil engineering projects.
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Waste Management

The trash created by the development industry is seen as a serious issue that has a direct negative influence
on the environment. A precise estimate of building and demolition garbage is a key component for the successful
implementation of a waste management strategy. Appropriate trash management has become critical, with
precise waste assessment being particularly necessary in emerging nations like China.® This technology might
be used to develop a waste management system that sees garbage as a resource and offers solutions for
construction waste management. Smart technology checking and tracing would provide a complete solution for
improving accurate waste estimation and management processes in building projects. ¥

There is a substantial research vacuum in investigating blockchain’s possible applications in waste
management and document management within civil engineering. While blockchain provides chances to improve
transparency, traceability, and efficiency in waste management operations, there has been little research
into its particular incorporation into document management systems in civil engineering projects. Addressing
this gap is critical for harnessing blockchain’s capabilities to enhance trash creation, disposal, and recycling
paperwork, resulting in better waste management practices and compliance with environmental requirements
in civil engineering projects.

Analysis of Blockchain Application in Construction

According to the network diagram for the co-authorship study based on the use of blockchain technology
in building, six applications can be classified into six major clusters (figures 12, 13, 14, 15, 16 and 17). These
figures look to be closely linked in the network, indicating that the articles that begin in these construction
blockchain applications receive a higher number of citations.

The two standard weight attributes are the links and the total link strength attributes. The attributes links
strength and total link strength of a certain object represent the number of links an element has with other
elements, as well as the total strength of the links an element has with other elements.
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Figure 12. Network and density figures for Smart Contract
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Table 1. TLS and links for the Applications of Blockchain Technology in Construction

Applications of Blockchain in Construction Links  Total Link Strength (TLS)
Smart Contract 84 25944

BIM 465 7740

Supply Chain Management 706 14155

Real Estate 703 16667

Precast Construction 51 231

Smart City 136 4678

In the field of civil engineering, there is still a significant research gap in understanding the entire range of
applications for blockchain technology. While blockchain has enormous potential to transform various aspects
of civil engineering projects, such as construction management, asset tracking, supply chain optimization,
and document management, there has been a lack of comprehensive research into its specific integration
in this domain. Bridging this gap is critical for harnessing blockchain’s disruptive potential, which may
improve transparency, efficiency, and confidence in civil engineering operations. Furthermore, understanding
the difficulties, possibilities, and best practices for adopting blockchain in civil engineering is critical for
guaranteeing its effective adoption and maximizing its advantages in terms of infrastructure development,
sustainability, and project delivery.

DISCUSSION AND CONCLUSIONS

The goal of this research is to undertake a thorough review of the current literature on blockchain in the
construction sector as well as assess the potential areas for its implementation in the industry. A systematic
analysis of all 889 articles was performed in order to identify potential areas where blockchain may be effectively
utilized to address present difficulties in the construction industry and establish future research paths. The bulk
of the publications reviewed focused on how blockchain technology may be used in project management and
the construction sector, namely in building information modeling and supply chain management.

The mapping of the construction industry’s difficulties to the properties of blockchain technology underlines
the urgency of its deployment in the construction sector. Blockchain technology is more suited to the construction
business due to the following characteristics:
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o The utilization of blockchain technology in the management of construction projects has
the potential to enhance transparency and security while also reducing or eliminating the need for
centralized data audits.

o This research determined that the benefits of blockchain technology include decentralization,
security, immutability, transparency, disintermediation, and trust, among other things, and that it is
effective in dealing with many challenges in the construction sector.

o This study examines 889 valid blockchain articles from the core collection of WoS from 2011 to
2024 to provide a visual and methodical evaluation of current blockchain themes. The following are a
few key findings from the analysis.

o The number of publications on blockchain technology has skyrocketed since 2016.

o In the analysis of cooperation between countries and institutions, China topped all others,
while the United States, England, South Korea, and India contributed significantly and creatively.

o Keywords, theoretical knowledge, and hot research topics on blockchain include the following:
a) Bitcoin; b) a smart contract; c) transparency; d) safety; and e) trust.

o This study made use of VOS viewer to stay up-to-date on the blockchain industry and acquire a
deeper comprehension of blockchain research topics.

o The study carried out in the context of the various domains of the construction sector has
revealed that in a few areas, the application of blockchain has major potential and has already started;
however, there is still huge scope for the same. The following conclusions are derived from this part of
the study.

o Smart City, supply chain management, smart contracts, building information modeling (BIM), real
estate management, precast construction, equipment leasing, file sharing for document management,
asset management, construction management, payment management, and waste management are
examples of blockchain applications in the construction industry.

o The study identifies BIM, construction management, supply chain management, smart
contracts, real estate management, and smart cities as six potential areas for blockchain research
in the construction industry. The work on the practical application of blockchain technology in all six
of the aforementioned areas is still in its infancy, but there is a lot of room for improvement when
considering a holistic approach to blockchain application.

The bulk of the papers studied remain conceptual. As a result, future studies may focus on performing case
studies of real blockchain applications in building projects and assessing how compatible they are with current
construction systems. Despite the fact that there is still a big gap between the digitization of the construction
industry and the potential of blockchain, econometric research may help transform the sector’s existing level
of awareness, adoption, and acceptance. This illustrates that the construction sector is still in the early stages
of adopting blockchain technology. The potential of future case studies, stimulation research, and prototype
design studies on the use of this technology is vast.
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