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Preface

The fourth industrial revolution, also known as Industry 4.0, has transformed the
construction industry by creating digital, smart and sustainable construction tech-
nologies. The innovative deployment of Industry 4.0 concepts and its application in
the construction industry is called Construction 4.0. These new technologies such as
Building Information Modelling (BIM), Robotics, 3D printing and Drones give the
professionals in the industry a different outlook about optimising their operations to
boost the delivery of cost-effective, timely and quality projects. The application of
these technologies comes with several benefits and some risks. More importantly,
the adoption of these technologies demand new skills for its operation and effective
performance.

In order to realise the benefits of these modern technologies, the construction
industry needs to address the inevitable challenges, especially those pertaining to
human resources. The availability of required skills will improve the implementa-
tion of Construction 4.0 technologies. Consequently, it becomes necessary to develop
and build talents for the present and future needs of the industry. In line with this,
the stakeholders in the industry have roles to play in building the necessary capabil-
ities required to rapidly adapt to the new technologies. The industry is responsible
for training the workers, creating a learning environment for practical application
of the new technologies and working closely with educational institutions to equip
personnel with the required knowledge and skills for Construction 4.0. Also, educa-
tional and training institutions with the collaboration of the industry are required to
design courses and training programmes that can help nurture, develop and re-skill
the human resources suited for a digitalised construction industry.

Furthermore, the governments have a responsibility in policy formulation to rein-
force human capital development both at the educational institutions and the work-
place. Hence, this research book will examine the key technologies of Construction
4.0, the benefits, risks and relevant skills required to implement the technologies. The
book will also consider human resources reskilling needs and the roles of key stake-
holders in developing the skills needed for Construction 4.0. This research views
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the lack of twenty-first century skills and the skills gap, especially in developing
countries, as a limiting factor to implementing these technologies.
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Chapter 1
Introduction

1.1 Background to the Study

The construction industry, a significant driver of economic growth of nations, is
currently experiencing transformation through advancements in technology ushered
by the fourth industrial revolution, also known as Industry 4.0. This transformation
is demanding new approaches and specific skills requirements for effective imple-
mentation. This revolution is significant as the construction industry represents an
economic booster and a major source of employment opportunities. This is also
reflected in the 2018 analysis of McKinsey, which reveals that global spending in
the construction industry was $11 trillion, with a projection to $814 trillion in 2025,
accounting for 9% of World GDP. In sub-Saharan Africa, the construction industry
market is projected to register a 6.4% CAGR by the end of 2024 (Africa Review,
2021). An observation of the built environment and humans’ daily activities reveals
that the construction industry shapes humanity’s economic, social, and environmental
aspects.

Industry 4.0 is premised on combining physical and digital technologieswith data,
cyber-physical systems and the Internet of things (IoT) in ensuring smart production
and processes. The cyber-physical system, which is the core of the fourth industrial
revolution, comprises a pair of technologies that connect the physical and virtual
worlds. These technologies can create an intelligent environmentwhere smart objects
communicate and interact with one another. The technologies of industry 4.0 include
the Internet of Things (IoT), Big Data, Augmented and Virtual Reality, Simula-
tion, cybersecurity, Cloud computing, Robotics, Prefabrication/Additive manufac-
turing and integration of Horizontal and Vertical systems. These nine (9) pillars
have reshaped, reprogrammed and refocused the process, technologies, and method-
ologies, of many industries, such as the Construction industry. Industries can be
assured of operational efficiency, optimised profitability, better quality, increased
productivity, customer and stakeholder satisfaction, and more innovations.

Industry 4.0 technologies exert influence and pressure on other industries, espe-
cially the construction industry, which is the fulcrum of humanity. The influence of
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industry 4.0 technologies on the construction industry is known as construction 4.0.
The construction industry Fourth Industrial Revolution is the application of industry
4.0 in the construction industry (Adepoju & Aigbavboa, 2020). Construction 4.0,
according to Sawhney et al. (2020), is “a paradigm that uses cyber-physical systems,
and the internet of things, data and services to link the digital layer consisting of
BIM and Common Data Environment (CDE) and the physical layer consisting of the
asset over itswhole life to create an interconnected environment integrating organisa-
tions, process, and information to efficiently design, construct and operate assets”.
Construction 4.0, as adapted from industry 4.0 technologies, is the application of
emerging technologies, digital processes and cyber-physical procedures to construc-
tion activities in the industry. The Fourth industrial revolution in the construction
industry is a new dawn of processes driven by digital technologies permeating the
architectural, engineering, construction and facility management of the construction
industry.

Moreover, construction 4.0 operates on four (4) design principles of interconnec-
tion and interoperability, technical assistance (seen in the usage of drones, robots,
3D printing), Information transparency (occasioned by virtual reality and augmented
reality in construction processes) and decentralised decision making (Hossain &
Nadeem, 2019). Hence, construction 4.0 brings about digital clarity in construction
procedures and automated processes in construction activities. The application of
Industry 4.0 to Construction can be summarised under six principles which include:
virtualisation, decentralisation, modularity, service orientation, interoperability and
real-time capability (Hermann, Pentek, & Otto, 2016). Virtualisation is the ability
of devices with the use of sensors to monitor physical procedures and communica-
tion between machines. The principle of decentralisation entails decentralised deci-
sion making empowered through computer systems installed for devices, workers
and organisations. Modularity entails establishing a modular manufacturing system,
which creates manufactured components that can be assembled, expanded, flexible,
and replaced. The principle of service orientation emphasised that the technologies
must solve problems and satisfy needs and wants. Interoperability is the ability of
technologies to connect, communicate with each other and comprehend the func-
tionality of one another. Real-time capability entails the immediate collection, trans-
mission and analysis of data required by machines and men for effective operations
and decision-making processes.

All these principles and models of the fourth industrial revolution have shaped
both the construction industry, demanding an adjustment to new ways of building
construction projects, new ways of living inside construction projects, and new ways
of maintaining finished projects.

1.1.1 Construction 4.0

Construction 4.0 revolves around creating a digital construction site through internet-
connected sensors on equipment and its application at modern technologies at
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every stage of the construction project (Osunsanmi, Aigbavboa & Oke, 2018).
This concept has introduced several changes in the construction industry, such as
the application of industry 4.0 technologies, mass production, green Construction,
increase in professional technological proficiency and customisation. The Construc-
tion 4.0 technologies include: Building information modelling (BIM), Big data,
Internet of things and services, unmanned aerial vehicle (UAV), additive manu-
facturing (3D printing), modular prefabricated Construction, 3D scanner, cloud
computing, Augmented reality (AR)/ Virtual reality (VR)/ Mixed Reality (MR),
simulations of virtual robotics/ autonomous vehicle, GPS, Artificial intelligence,
sensors and actuators, cyber-physical systems and Radio-Frequency Identification
(RFID) (Kozlovska, Klosova & Strukova, 2021). Most of this technology is infused
in the construction industry during application in construction activities. The most
prominent Construction 4.0 technologies are Building InformationModeling (BIM),
Drones and Unmanned aerial vehicles (UAC), prefabrication, 3D printings, Robotic
Construction and the Internet of things. The effective implementation and utilisation
of these technologies require specific skills and a technologically oriented environ-
ment. However, this book explored six major Construction 4.0 technologies in the
construction industry. These are discussed below:

1.1.2 Building Information Modeling (BIM)

The construction industry optimises the construction data and information through
building informationmodelling (BIM). According toMohandes andOmrany (2013),
the BIM is a project simulation technology consisting of three dimensional (3D)
models of project components by connecting all the project data and information to
the project planning, project constructing and decommissioning. The US National
Institute of Building Sciences (2007) defined the BIM as “a digital representa-
tion of physical and functional characteristics of a facility and a shared knowledge
resource for information about a facility forming a reliable basis for decision making
during its life cycle, defined as existing from earliest conception to demolition”.
According to Tahir et al. (2017), the BIM technology applications in the construction
industry includes design and visualisation, scheduling, quantity take-off and estima-
tion, quality and risk control, integration and collaboration of stakeholders, clash
detection and coordination, analysis of constructability, material resource control,
human resource management, facility management, reduction of reworking during
Construction, contract administration and efficient communication. The BIM is an
integrative technology that collects and use construction stages. Mohandes and
Omramy (2013) opined that BIM is very important to the construction industry due
to its numerous benefits, such as improvement in project visualisation, proper team
management, analysis of complex details, effective project scheduling, estimations
of work breakdown structure, quick site preparations, enabling the best routes for
pipes, lights, cables, wires, ductwork and sprinklers; proper scheduling for lifts for
the utilisation of concrete, steel, electrical equipment placement and hugemechanical
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equipment placement, evaluation of needed safety precautions and adequate coordi-
nation of construction activities. This unequivocally improves construction works,
site effectiveness, waste reduction and management, cost-effectiveness and high
project performance. The BIM technology is built with various software, including
Revit, Revizto, Navisworks, ArchiCAD, Vectorworks Architect, Edificius, Autodesk
BIM 360, Sketchup, Buildertrend, BIMobject, Civil 3D, BricsCAD BIM, Sefaria,
VisualARQ, AllPlan Architecture, ActCAD BIM (Ocean, 2020).

1.1.3 Drones and Unmanned Aerial Vehicles

Construction works are often complex, depending on the project size or nature of the
project site. However, for efficiency, drones which happen to be one of the industry
4.0 technologies, can be utilised. Drones, also known as unmanned aerial vehicles
(UAVs) or unmanned aircraft systems (UAS), are like an aircraft without anybody
controlled from a remote place. Drones are equipped with downward–facing sensors
such as LIDAR, RGB for capturing aerial data in a short time (Wingtra, 2021). Tkac
and Mesaros (2019) opined that the utilisation of drones in the construction industry
had served many purposes, which includes: inspection of highways, bridges, cell
towers, wind turbines, high mast lighting, building façade, surveying and mapping,
drainage and erosion, trafficmonitoring andwetland. Drone usage in construction 4.0
ismainly for data collection andmonitoring purposes. In collecting and collating data
from the built environment and construction sites, drones can access and navigates
narrow and dangerous locations. The high-quality data collected through drones
have helped in construction management in the following areas of site coordination,
safety, dispute resolution, quality control, planning and designing documentation
of field conditions, the performance of large scale analysis, time management, cost
efficiency, aiding better project performance, building surveys, laser scanning and
aerial photogrammetric for scanningbuildings, thermal image recording for assessing
cold spots in buildings (McCoy&Yeganeh, 2021;Tkac&Mesaros, 2019).According
to Tkac and Mesaros (2019) and Chapman (2013), different types of Drones are
used for construction works, and these include: multi-rotor drones (primarily used
for aerial mapping, aerial photography, aerial surveying and video recording); fixed-
wing drones, ( high altitude drones, used for efficient for aerial mapping topography);
single rotor drones (drones with one rotor but last longer in the air than multiple
rotors), and fixed-wing hybrid, vertical takeoff and landing rotor (a drone that flies
on a pre-scheduled flight route at user-specified heights and collects data through its
colour and multispectral sensors).
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1.1.4 Prefabrication

Ineffective material management has been a constant headache for construction
professionals, as materials are the cornerstones of a construction project. This is
why prefabrication technology has been adopted. It entails producing construction
components off-sites and then assembled on-site to create/ build the needed structure.
According to Li et al. (2014), prefabrication entails producing various construc-
tion components at a specialised facility before final assembling and installation.
This process is against conventional construction processes of the cast–in–place
of concrete, timber formwork, bamboo scaffolding, tilling, reinforcement, and plas-
tering. Auti and Patil (2018) opined that prefabrication technology is the construction
process that entails: the finalisation of the design of various components of casting,
structure and curing of units, transportation of units on site and the installation of
those units. Mays (2021) stated that advantages of prefabricated technology include:
a reduction in labour costs, improvement in labour safety, minimisation of construc-
tion delays, increase in high quality of work, sminimisation of waste, increases paces
of work and increase in energy efficiency.

1.1.5 3D Printing

Another construction 4.0 technology is 3D printing, a digital fabrication tech-
nology that produces physical object 3D printing. This digital fabrication technology
produces physical objects in a dimensional structure of any shape from a geomet-
rical representation (Shahrubudin, Lee, &Ramlan, 2019). Also, Hossain et al. (2020)
stated that 3D (three dimensional) printings, which is industrially known as additive
manufacturing, are an automated process that produces 3D shapes using a computer-
aided design (CAD) on a layer by layer basis to get the required results. The use
of 3D printing technology in the construction industry, which is enhanced by other
construction software, is more about the precision of buildings and buildings parts
coupled with time effectiveness. Also, in 3D printing, different materials are inte-
grated to print a particular building layer, such as binders, cement, sand, aggre-
gate, and water. 3D printing layers are primarily manufactured and produced off-site
before being assembled on the construction site. In the construction industry, the
3D printing technology aids the reduction of a manual process, reduce construction
waste by 30–60%, construction time by 50–70%, labour costs by 50–80%, material
costs by 65%, and it is environmentally friendly (Markets &Markets, 2020; Hossain
et al., 2020; Allouzi, Al-Azhain & Allouzi, 2020). 3D printing is enabled by 3D
printers, which includes stereolithography (SLA), selective laser sintering (SLS),
fused deposition modelling, FDIM (Formlabs, 2021). Other printers, according to
Cherdo (2021), includes; BetAbramPi, COBOD BOD 2, 3D constructor, Cyber
construction, ICONVulcan II, MudBots 3D concrete printer, Total Kustom story Bot
6.2, WASP Crane WASP, APIS cor, Bati print 3D, SQ4D—ARCS, Contour crafting
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and Xtree E. However, before 3D printings, they are designed in several 3D soft-
ware, depending on construction requirements. These include Sketch-up, AutoCAD,
ArchiCAD, AutoCAD Architecture, DataCAD, Revit, Cedreo, Auto CAD Civil 3D,
chief Architect, All plan Vectorworks Architect, Microstation, Bricscad BIM, Rhino
3D, CorelCAD, Solid works (Sculpteo, 2021).

1.1.6 Robotic Construction

Consequently, like most industries, data and information are the operational bedrock
of the construction industry. This data feeds into different construction processes and
technologies to optimise the satisfaction of end-users and maximise shareholders’
wealth.

Moreover, construction activities, processes and procedures require excessive
human efforts to achieve project performance, which has led many stakeholders
and investors to use automation through Robotics for efficiency and effectiveness.
Robotic technology is a technology designed to replace and perfect some human
activities and work. Umachandran (2020) stated that Robotics technology is an inter-
disciplinary field of information engineering, computer science and electro mecha-
tronics to compute and control using sensory feedback and dispensation of data
to support applications that substitute human actions. McCoy and Yeganeh (2021)
also stated that construction robotics entails the design, construction, operation and
application of robots at the different levels of components, building and infrastruc-
ture. Turner et al. (2021) opined that Robotics in the construction industry is applied
using unmannered aerial vehicles and quadruped robots. Also, robotics is used in
various ways, such as surveying construction sites, gathering data for 3D building
modelling, and aiding workers in carrying heavy tool kits. Robots, through various
computer programming, can be used for painting, bricklaying, loading using an
autonomous vehicle without an operator, and acts as technical assistant to construc-
tion manager and workers. Robots are both use off-site and onsite, where off-site
applications include the production of concrete, brickwork or steel components.
In contrast, the onsite applications include reinforcement manufacturing and posi-
tioning, steel welding, distribution of concrete, façade operations, earthmoving and
material handling (McCoy & Yeganah, 2021). The use of Robots in the construction
industry brings about: time efficiency, accessibility and decentralisation of informa-
tion, aids mobility, improves workers’ performance, efficient site management, cost-
effectiveness, automation of excavation, drilling, earthworks, precision and accu-
racy, and increment in productivity. However, there are different kinds and types
of robots used in the construction industry, which depends on the task for which it
is built. Examples are road bricklaying robots, demolition robots, welding robots,
painting robots, humanoid robots, exoskeleton suits robots, forklift robots, contour
crafting robots, etc. According to Das (2021), typical robots must exhibit five major
fields. The five major fields are: operator interface (a medium of communication
between the user and the robots); mobility (that is, it must be able to move, and this
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is usually designed based on human anatomy), manipulators and effectors (that is the
ability of the robots to interact with the environment in moving and picking objects
according to commands); programming (this the language inputted into the robots
to give commands, allowing it to adapt and learn changes in the environment) and
Sensors (the ability of the robot to sense and gather data from the environment using
sensors). Robotic technology is a construction 4.0 technology that is bringing about
change in the construction industry landscape, construction activities, processes and
construction management.

1.1.7 Internet of Things (IoT)

Internet of things is an ecosystem of the Internet, where the Internet is the connector
between things and things, people and people and also things and people. Umachan-
dran (2020) stated that IoT technology is an integrated computing device through
the attachment of sensors to machines, devices and gadgets for data collection and
analysis, situation monitoring and recording. The main backbone technology in the
IoT system is Radio Frequency Identification (RFID), which consists of a radio
transponder, radio receiver and transmitter to automatically identify and track tags
attached to objects, gadgets, machines or equipment.

Moreover, Turner et al. (2021) opined that IoT devices use different communi-
cation protocols for sending and transmitting data with different frequencies and
ranges. These protocols are; Bluetooth with 2.4 GHz frequency and 50–150 nm; Zig
Bee 3.0 protocol of 2.4 GHz within 10–150 m; Wifi of 2.4 GHz and 5 GHz band
with approximate 50 m; LoRaWAN of different frequency and between 2 and 15 km
and also cellular protocols, with a frequency of 900/1800/1900/2100 MHz and with
ranges of 85 km (GSM) and 200kkm (HSPA). Furthermore, McCoy and Yeganeh
(2021) stated that the IoT technologies, in collaboration with other technologies
in construction 4.0, are applied to: monitor and control the progress of construc-
tion projects, identify real-time material and equipment location, monitor workers
health, knowledge of the material quantity, observe the conditions of equipment on-
site and monitoring of vibration, deformation, tensile stress, comprehensive stress,
temperature and wind speed in construction sites.

The technologies of construction 4.0 are efficiency optimisers for the Construc-
tion industry, which will help shape all aspects of construction activities. Sawhney
et al. (2020) stated that adopting Construction 4.0 technologies in the construction
industry would solve productivity stagnancy and low efficiency facing the industry.
Also, Turner et al. (2021) opined that construction 4.0 technologies adoption in the
industry would lead to efficient utilisation of natural resources, reduced life cycle,
costs of construction projects and reduction in greenhouse emission. Qureshi et al.
(2020) stated that construction 4.0 would solve the construction industry’s long-
standing challenges of conflict in scheduling, cost/ budgets overruns and construc-
tion risk management. Hossain and Nadeem (2019) opined that the digitalisation of
the construction industry would introduce: improvements in construction designs,
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quality enhancements of construction projects, and efficient digitalisation of the
construction industry value chain. Osunsanmi et al. (2018) stated that the adoption
of Construction 4.0 technologies would have the following advantages: the creation
of a sustainable building, speedy budget project delivery, enhancement of safety,
facilitation of harmonious relationship between professionals, adequate construction
planning, effective monitoring and controlling, encourage seamless communication
throughout the organisation, promotes the participation of employees in the decision
making process, reduction of errors and rework, and overall ensure client satisfac-
tion. Unequivocally, the adoption and usage of Construction, 4.0 technologies in the
construction industry and the built environment will lead to: a sustainable environ-
ment, high rate of project success, cost-effective construction projects, minimisation
of waste, improvement in safety management, assurance of quality at all stages of
construction, enhanced time performance and schedule, aid more innovations break-
through in the industry, improved workers productivity, increase the life cycle value
of buildings and construction projects, effective data management and analytics,
helps in the attainment of the United Nation 2030 sustainable development goals
and increase construction industry contribution to a nation’s economic growth and
development.

1.1.8 The Need for Reskilling and Upskilling

However, the benefits, importance, features, and advantages of Construction 4.0 tech-
nologies adoption in the construction industry have placed an enormous demand on
skill development in the industry since the industry is an epochal transition. Adepoju
and Aigbavboa (2021) and Alaloul et al. (2019) stated that these technologies would
lead to skill disruptions altering skills, practices and approaches in the construction
industry. Also, this disruption will lead to the loss of thousands of jobs, as the tech-
nologies of construction 4.0 will replace human labour. According to Adepoju and
Aigbavboa (2020), the digitalisation of construction work comes with several bene-
fits and opportunities despite its challenges, such as the loss of jobs. The benefits
and opportunities identified are: advancements in productivity of employees, promo-
tion of job satisfaction among workers, reduction in construction risks for workers,
reduction in the number of hours required for a worker, reduction in accidents and
loss of lives, workers access to current project information and team management.

Nevertheless, the challenges and opportunities ushered by construction 4.0 tech-
nologies are a research gap in skill development in upskilling and re-skilling in the
construction industry, which is the book’s focus. Slowey et al. (2019) and Cerika and
Maksumic (2017) also emphasised the opportunity of skill acquisition and develop-
ment in creating a skilful, better and creative workforce for the industry. Also, Ras
et al. (2017) opined that technology usage in industry 4.0 would lead to a shift and
upgrade of job profiles, whichmight be challenging sincemost needed skills aremore
interdisciplinary. Manda and Backhouse (2017) stated that the new technologies in
the industry require a new breed of innovative and technologically savvy workers.
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Vuyiswa and Nischolan (2019) noted that the new required skills would include:
analytical thinking and innovation; active learning and learning strategies; creativity,
originality and initiative; technology design and programming; critical thinking and
analysis; complex problem solving; leadership and social influence; emotional intel-
ligence; reasoning, problem-solving and creativity; and system analysis and evalu-
ation. According to a McKinsey report, more than 371 Million workers might need
to change their levels and type of skills by the year 2030 due to the digitalisation
of various industries (Chakma & Chaijinda, 2020). The required skills are technical
and soft skills for utilising each of the technologies in the industry, which will lead to
a wide skill gap in the construction industry. Adepoju & Aigbavboa (2021) averred
that the skill gap entails the differences in the current level of skills in an organi-
sation or industry and the future skills needs of the organisation. This is currently
happening in the construction industry before the advent of construction 4.0, where
employers cannot find the required work with the right skill in the labour market even
in developed and developing countries (Juricic, Galic & Marenjak, 2021). However,
in bridging this skill gap created by construction 4.0, there is a need for re-skilling and
upskilling, which construction stakeholders and professionals must support across
the industry.

According to Sivalingam&Manson (2020), re-skillingmeans learning an entirely
new skill which leads to a new job profile and career position while upskilling is
learning new skills that will improve the current job profile. Also, as stated inChakma
and Chaijinda (2020), the, Cambridge dictionary describes re-skilling as an attempt
made “to learn new skills so that you can do different jobs” and upskilling means “to
learn new skills or to teachworkers new skills”. Therefore,with construction 4.0 tech-
nologies in the construction industry, construction workers and professionals must
adapt quickly to the mechanism of upskilling and re-skilling of skills in the industry
to match the expected Construction 4.0 technical and soft skills. This is necessary to
avert the loss of an experienced and knowledgeable construction workforce.

Consequently, in re-skilling and upskilling of skills in the construction industry in
line with construction 4.0 technology, there is need for a collaborative though sepa-
rated efforts of construction industry stakeholders, including the industry, academia
and the government, in the form of a skilled supply chain. Through various construc-
tion companies, the industry must begin to see re-skilling and upskilling of their
workforce (through training and retraining) as an investment into organisational
growth and sustainability. Construction companies must start to give skill training a
priority by ensuring their professionals and workers attend required courses, confer-
ences, symposiums, and events that will re-skill and upskill them in line with the
skills needed for construction 4.0. Also, construction companies should adopt the
mechanism of interdepartmental and Intra–organisational partnership for appropriate
knowledge and skill transfer, thus helping them in re-skilling and upskilling their
workforce. However, as the industry through construction companies and bodies
shapes the current workforce in line with construction 4.0 required skills, academia
has a two-way approach to help in re-skilling and upskilling in the construction
industry. Firstly, academia must rejig curriculum in the built environment to suit
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the requirements and skills for construction 4.0. Graduates from the built environ-
ment field should naturally fit perfectly into the construction 4.0 landscape. This
will further boost re-skilling and upskilling initiatives in the construction industry as
work/ industry integration will be easy and done on time in achieving construction
companies’ goals. Also, academia should focus on more research in adapting the
needed Construction 4.0 skills, as the book has done. Research into required skills,
which are different according to the types of construction 4.0 technologies, will
aid easy re-skilling and upskilling as the assimilation, retention and practicalizing
process will be easy, quick and balanced. Vinayan et al. (2020) also stated that a part-
nership between industry and academic institutionswould be cost-effective andmake
skills retention faster. This will also ensure that researches into various Construction
4.0 technologies and skills needed are based on industrial need, whereby researchers
wouldn’t be vaguely researching. Furthermore, the government, which will be the
biggest beneficiary of re-skilling and upskilling for construction 4.0, needs to imple-
ment policies and regulations to support these skill acquisitions and development
processes. This is also to spur technological innovations and simplify technological
processes in the industry, going by the significant and colossal role the construction
industry plays in the nation’s socio-economic development.

1.2 Aims and Objectives

This book explores the need for re-skilling and upskill in the construction industry
occasioned by construction 4.0 technologies and analyse the roles of construction
industry stakeholders such as academics, industry and Government in enhancing
Construction 4.0 skills. The book objectives are summarised as follows;

a. To explore the various Construction 4.0 technologies and their applications in
the construction industry.

b. To examine the benefits and opportunities provided by different construction
4.0 technologies.

c. To identify the various risks and threats inherent in the Construction 4.0
technologies.

d. To analyse the relevant skills in each of the Construction 4.0 technologies.
e. To develop a framework for re-skilling and upskilling human resources in

the construction industry to meet the needed construction industry skills for
construction 4.0.

1.3 Organization of the Book

For clarity, simplicity, and understanding, this book is structured into three (3) parts.
Part A introduces the of Construction 4.0 technologies giving its conceptual and
historical background, the prospects of the construction 4.0 in the industry, and
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the technologies’ threats. Part A has two (2) chapters. Part B has six (6) chapters
explaining the different technologies of construction 4.0, delineating the applications,
benefits, risks and skills of the various technologies. Part C has only One (1) chapter
focusing on re-skilling in the construction industry according to the different tech-
nologies. Part C also highlights the role of the major stakeholders in the construction
industry on the need for re-skilling concerning Construction 4.0 technologies. The
book was concluded in Part C, summarising the significant highlights of the book
and the book’s essence.

1.4 Contribution and Value

This is a highly innovative and timely book for the construction industry and built
environment generally in utilising Construction 4.0 technologies. The contribution
and value of this book are in five (5) folds. Firstly, the book bridges the gap of the
relevant skills needed in construction 4.0, where many pieces of research have given
a general perspective of the skills required. Still, this book explains the skills needed
for each of the technologies in construction 4.0. This, of course, will give practical
insights into skill development and help strengthen specialisation in the construc-
tion industry, where different construction companies can access the needed skills
according to their technological strengths and Construction 4.0 adoption. Also, this
book highlighted the various risks of construction 4.0 technologies, not on a general
basis but on each of the technologies. This will aid skill sustainability and provide
the modus operandi for utilisation in the industry, where construction 4.0 will not do
more harm than good. Thirdly, the book is a cure to collaborative deficiency among
the stakeholders in the industry in developing the needed skills for the epochal transi-
tion to construction 4.0. It brings out the various roles of the three major stakeholders
in the industry on relevant, necessary and significant skills needed to implement the
technologies of construction 4.0. The fourth value this book contributes is the various
case studies on construction 4.0 technologies, which gives a practical insight into how
the technologies work, which will ensure skill building confidence for construction
professionals. Lastly, the book introduces strategies for re-skilling and upskilling in
the construction industry to meet the demand for construction 4.0.

1.5 Summary

This chapter gives an extensive introduction to Construction 4.0 and the major tech-
nologies. It highlighted the birth of construction 4.0 from industry 4.0 and provides a
background into the major technologies of construction 4.0. The chapter also intro-
duces the essence of re-skilling and upskilling in the industry and how the major



14 1 Introduction

stakeholders can contribute to skill development in the industry. This chapter also
highlighted the aims and objectives of the books and the contributed values of the
book.
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Chapter 2
Construction 4.0

2.1 Introduction

The present-day is increasing in technological innovations. Technology has trans-
formed practically all sectors, and this has provided new ways of doing things in
every aspect of human endeavour. The financial world has fintech; the agriculture
world has ag-tech, the academic world has ed-techs, the health sector has health-
techs, media has also been largely affected by technology. In fact, it will not be a
mistake to label a sector “under-developed” if it has not been affected by technology.
Now, we’ve already had three different industrial revolutions, and we are in the
fourth presently. The construction industry is currently experiencing transformation
by the fourth industrial revolution and its emerging technologies and this is termed
construction 4.0.

In retrospect, the first industrial revolution, which spanned from the sixteenth
century to the seventeenth century, specifically from 1760 to around 1830, recorded
an exponential growth rate with the mechanical industry, which resulted in the devel-
opment of a slew of newly developed building materials. Architects and engineers
utilised cast, Steel, glass and iron to construct buildings that no onewould have imag-
ined its existence concerning its frame, form and purpose (Mokyr, 1998), (Fisher,
2015).

The second revolution between (1870–1914) was distinguished from the first due
to its complex creativity based on vital knowledge used to design technologies that
fuelled the industry with cheaper and efficient bulk production of railroads, tele-
graphs, electricity, and steel (Mokyr, 1998). This revolution drove the construction
industry in terms of the creativity of architectural design and lightening for vertical
spaces (Fisher, 2015); new technologies for prefabrication; and the introduction of
designs aided by the computer (Bethany, 2018). This brought about different benefits
to the industry. The third industrial revolution occurred between the 1970s and 1980s,
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ushered in the Internet and computer-aided system. This stage, driven by informa-
tion technology, impacted the architectural design software and introduced construc-
tion automation activities such as BIM, Lean processes, Revit, 3D, Enterprise-wide
Project management etc.

The rate at which technology is improving with the fourth industrial revolution
is faster compared to the previous industrial revolutions the world has experienced.
The first industrial revolution was characterised by water and steam as the means
of industrial production. The steam engine was used in many factories and indus-
tries for production, but it was relatively slow. The elements of the first industrial
revolution served well. Still, its limitation of time process made engineers push for
more advancement. The constant push for advancement ushered in another indus-
trial revolution after the first, which has electricity as its major characteristics; this
worked better than water and steam engine. It aided production and work became
easier. Though production became easier than in the first industrial revolution, further
attempts to improve, the production process was achieved using information and
electronics technology. The current revolution, which is the fourth industrial revolu-
tion, now builds on the third revolution by expanding the scope of the information
technology of the third revolution (Boyes, 2018).

Newer technologies like the Internet of Things, Sensors, Analytics, Social Media,
3D printing, Artificial Intelligence, Augmented & Virtual Reality, and other tech-
nologies have contributed immensely to the current vital transformation being
experienced by the construction industry. The manufacturing industry is gradually
becoming fully digitalised using automated technologies. The innovation is currently
introduced in the construction industry known as construction 4.0. This new develop-
ment has shown great benefits towards improving the construction process. However,
full benefits of digitalized construction processes, automation, and in the context of
construction projects is yet to be fully explored.

Prefabricated parts or end-product performance is primarily verified as part of
construction projects. Building data from planning to deliverywith digital processing
continuously, on the other hand, can detect anomalies and thus avoid unnecessary
rework. Today, the client’s delivery contains digital information about the building
configuration. This information is essential as wrong information can have negative
consequences on operations, management and performance of buildings project.
Digital technologies present a better performance of project with the synergy of
information and communication technologies. Also, large amounts of data can be
digitally processed and accessible throughout construction projects using informa-
tion and communication technologies (ICT). This demands product for a reliable and
correct information in real-time. Building Information Modelling (BIM) is mainly
associated with studies on digital processes in the Construction Industry. Still, there
are other digital technologies related to construction 4.0 that can improve operations
in construction projects. Internet of Things (IoT), 5G, Artificial intelligence, 5G,
and augmented reality are all technologies that have potential benefits. Construction
projects are known to have a progressive method of production, and most times,
the positive outcome of a project is dependent to a larger extent on the knowledge
of each of those involved in the Construction work. However, with the advent of
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Construction 4.0, automation will take over most of the construction operations and
there will be more reliance on the functionality of the machines and technical knowl-
edge of the operator. For example, in the case of prefabrication, precast of building
parts, fully preparedmodules, and automation techniques are automated construction
techniques. The steps involved in these technologies are analogous to those of the
manufacturing sector; products should be categorized and correlated with realisation
technologies before production begins (Lessing et al. 2015). Modules produced off-
site have the potential to increase construction efficiency (Vianna et al. 2017). 3D
printing can be used to make parts of a building on or off-site (i.e., additive manufac-
turing) and can be modified and augmented for certain purposes. These innovations
have brought about automated devices that can function in any unpredictable places
thereby making construction areas more convenient.

Furthermore, the appearance of 5G networks is proposed to permit various robotic
systems to form a construction process in which robots are designed to replace
manual labour in repetitive and dangerous construction procedures such as masonry
wall construction (Bruckmann et al., 2016). Combining various methods of pre-
configured production can personalise each building construction, and thus the risk
of product variations and waste is reduced. For instance, in the area of renovation
of building, the adoption of digital processes makes it possible and easy to achieve
the desired construction pattern without much redesign. In minimising waste during
construction, the introduction of digital technology into construction process help
to curtail unnecessary construction work caused by deviations from the projected
final product. With the use of digital technology in combination with building with
robotics, early detection of errors is made possible thereby creating a better control
over building designs (Whyte et al., 2016). Consequently, unnecessary construction
work caused by deviations from the intended final product is minimized.

Furthermore, emerging technologies such as Artificial Intelligence avails project
managers and professionals the opportunity to get accurate materials required for
proposed construction projects and data on materials consumed on already finished
projects. This information promotes effective planning, execution, prompt delivery
of project and reduction of environmental effects. Before production can begin,
automated construction methods must be established.

Most industries have evolved over the last few decades, incorporating process
and product creativity into the core of their operations. The construction and engi-
neering sector have lagged in technology opportunities that can help boost production
and productivity, resulting in reduced labour productivity (Livotov, 2019). Diverse
internal and external challenges are responsible for this situation, including the
industry’s ongoing fragmentation, the challenge of finding the right talent for your
specific job descriptions, insufficient links to contractors and suppliers, and insuffi-
cient knowledge transfer from one project to another (Craveiro 2019). Despite the
big potential in the industry, expanding productivity and profitability can only be
actualised through digital technology, new techniques of Construction, and innova-
tions. Building information modelling (BIM), drones, augmented reality, and three-
dimensional (3D) scanning are all maturemarket tools (Gao, 2019). Firms can benefit
from incorporating these innovations by increasing productivity, safety, quality, and
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improving project management. To unleash this potential, a plan for concerted and
concentrated inputs in different areas, including operations, technology, personnel,
regulation, and others, need development.

The fourth industrial revolution has brought sensor systems, AI machines, smart
materials, and digital technologies to the construction industry. Thus, Construction
4.0 is built on two foundations: use of digital technologies in the construction industry
and the industrialisation of the construction processes. Digitisation refers to the field
of digital data management via the use of the Internet and software. (Wang, Li & Li,
2015). This technology affects the entire industry, including organisations involved,
the environment, and the people. An example of this is the increased movement
brought about by laptops, tablets, and smartphones, allowing for and enabling priv-
ilege to relevant and up-to-date data on digital buildings at any time and from any
location. Indeed, digital technologies are recognised as tools that are increasingly
being used in the construction industry to achieve successful outcomes in various
tasks and processes Finally, switching to new technologies increases productivity,
which industries such as Construction seek the most.

The industrialisation of Construction concentrates on automation of Construction,
which comprises a recent collection of technologies and processes that will transform
how the construction sector is conceptualised (King, 2018). The adoption of these
technologies play a vital role in the execution of productive construction processes in
many years to come. Manufacturing processes are included because manufacturers
can be providers and developers of new solutions and sources of innovation. In short,
the construction industry has focused on technological advancements to seek techno-
logical innovations that can increase performance through industrial development.
Though the concept of Construction 4.0 has only been around for a short time, it
appears to be attracting a lot of attention. As a result, there were several attempts
to define it, though the definitions are obscure. Most times they adopt theoretical
approaches from its origin which is the fourth industrial revolution.

2.1.1 Historical Background of Construction 4.0

Industry 4.0, which primarily focuses on utilising computer and internet systems, has
resulted in significant technological advancements in the twenty-first century (Boyes,
2018). However, this evolution has benefited the construction industry, leading to the
coining of “Construction 4.0,” which has gained prominence in recent years.

The term construction 4.0 was first mentioned by Roland Berger in 2016. It was
founded on the realisation that the construction industry is going digital. This digitisa-
tion is built on four concepts which are: automation, digital data, access and connec-
tivity. Construction 4.0 is a relatively new term to the construction industry, but it
has gained ground and has been developed a lot in the past five years. Construction
4.0 was derived from the conceptual perspective of a bigger idea known as Industry
4.0. It has been dubbed the “Fourth Industrial Revolution” in recent years because it
can influence big industries at the development and production levels, dictating the
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future of productivity growth in Construction. This word was coined in Germany,
where the concept of Industry 4.0 was first announced in 2011 as part of the country’s
high-tech strategy. Considering that the idea is relatively new, and there is still no
agreement on a standard definition. Some authors have emphasised the importance of
a dynamic and comprehensive definition, describing the fourth industrial revolution
as a.

shift in the manufacturing logic towards an increasingly decentralised, self-regulating
approach of value creation, enabled by concepts and technologies such as cyber-physical
systems (CPS), Internet of things (IoT), Internet of Services (IoS), cloud computing, or
additive manufacturing and smart factories (Hofmann, 2017).

Technological advancements have resulted in cultural shifts known as “industrial
revolutions”. Since the dawn of the industrial age, mechanisation spanning from the
first industrial revolution brought about intensive use of electrical energy, the second
industrial revolution, and widespread globalisation through the third industrial revo-
lution (Lasi et al., 2014). Industry 4.0 enhances relating between information, objects,
and people by creating physical and digital construction simulations that allow indus-
tries to transform their environment into an intelligent production environment. In
light of this, it is vital to understand the rationale behind the adoption of Industry 4.0
ideologies and incorporate it into the construction sector, hence birthingConstruction
4.0. To give a proper account of this, Web of Science (WoS/ISI) and Scopus scien-
tific databases conducted a survey to determine when Industry 4.0 and Construction
4.0 were first mentioned in the scientific literature. This is significant because, as
previously stated, the Roland Berger report linked these two concepts saying that
Construction 4.0 is an example of an Industry 4.0 application. Thus, researches were
conducted to know how construction 4.0 is connected to industry 4.0. The first article
concerning “Industry 4.0” and “construction 4.0” together dates back to September
2014 (Lasi et al., 2014). An assessment was carried out in the article as to howmech-
anised 3D-printed mock-ups could meet customers’ demands, and a pilot project
was established for this purpose. Li and Shi published the first article mentioning
Construction 4.0 in August 2015, before Roland Berger (Berger, 2016). The paper
containing the result of the research but did not outrightly mention construction. The
article explicitly mentioned the automation process for monitoring the construction
of dams. As a result, “Industry 4.0” was introduced to the construction industry for
the first time in 2014, and “Construction 4.0” was first discussed and described as a
notion in 2016.

Existing information on Construction 4.0 is currently insufficient due to a lack
of an adequate framework resulting in insufficient data analysis. As a result, it is
critical to examine this comparatively novel idea from a broader and more pragmatic
perspective, anticipating that Construction 4.0 is more than just traditional buildings
with modern technology, but describe an innovative way of understanding Construc-
tion in light of creativity and higher productivity. Construction 4.0 is based on the
same principles as Industry 4.0, but it focuses on and is relevant to the construc-
tion industry. As a result, Construction 4.0 refers to all developments connected to
integrating future work techniques in terms of techniques, resources, and customers.
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Meanwhile, its first stage of Construction is primarily labour-oriented, with few
specialised disciplines as is common today. It requires the use of primitive equipment
such as shovels, diggers, and hoes. The second stage is driven by mechanisation and
machinery such as excavators, conveyors, and cranes. The second stage, which is
the mid-twentieth century, was characterised by many specialised disciplines (e.g.,
architects, project management). At the same time, some automation construction
equipment, but site work remained hugely labour-intensive. However, due to cost and
time overruns, the resulting productivities are very low (Barbosa, 2013). The third
stage is driven by technological innovations, which has given rise to drones and other
automated construction equipment. Technology-driven architecture and design (such
as BIM), lean processes and systems, increased digitisation of construction activities,
and additional software such as CRM, enterprise-wide project management, and so
on was all part of the third stage, which began in the late twentieth century.

In essence, four major changes (four industrial revolutions) have occurred and
are growing exponentially in the twenty-first century, particularly in the last 8–
10 years. The driving force of technology such as: Big Data (including data such
as text, voice, image, and video data), Artificial Intelligence, Virtual & Augmented
Reality, 3D printing, Internet of Things/Sensors, and other technologies have begun
to play an essential role in this revolution as they became more affordable. In the
late 1950s, the Internet, information technology (IT), and the widespread availability
of personal computers ushered in a new technological revolution in which mechan-
ical and analogue processes were digitalised, and mass manufacturing gave way to
customised products (Yanagawa, 2016). The third wave ushered in a new interaction
between architecture and technology, posing a challenge to the manufacturing sector
(Kolarevic, 2001). Architects began adopting dispersed 3D computer-aided design
software as a representational tool to increase precision and expand the scope of their
work (Naboni & Paoletti, 2015).

End-user expectations and attitudes have shifted dramatically as well: the new
generation is very tech-oriented, enlightened, globally-connected, and uncompro-
mising, demandingworld-class quality at low prices and expecting a verymemorable
personal experience during the home purchase and possession process (Gardiner,
2016). On the one hand, the construction industry’s focus is shifting to customi-
sation en-masse, particularly in urban areas, and mass-production rapidly in rural
areas. It is pertinent to note that because of changing climatic conditions around the
world, there is a unique emphasis on sustainability and green construction, which
was previously a low priority (Fig. 2.1).

Most countries are currently operating at the Construction 3.0 level. Nevertheless,
due to the construction industry’s challenges, there is now an urgent need to transition
to Construction 4.0. This new advent of Construction 4.0 presents its own challenges
while also presenting new and innovative solutions. This proves that humans have
had a substantial effect on the ecosystem of Construction, including the construction
industry (Gildow 2012). The essential elements of the revolution in technology can
be divided into three categories: material, energy power, and control technology.
These elements assess the procedure and strength capacity of the products built,
thereby evaluating the paths of human experience, the form and capacity of human
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Fig. 2.1 Construction 4.0: The 4th revolution: (Rastogi, 2017)

understanding, and the technique by which humans assimilate information, allowing
for the construction of a new living method (Wang, Li & Li, 2015). Previous to the
nineteenth century, Construction is limited within the confines of specific properties
such as the weight of the building, how high the building is, the strength of the
building due to the strength of materials (man-made and natural materials such as:
timber, stone, lime mortar, and concrete) used in Construction, (Gildow 2012).

2.1.2 Components of Construction 4.0

The component of construction 4.0 in the construction industry can be classified into
three (3) sections (Osunsanmi et al., 2018). These include the following:

• The Smart Construction
• Simulation tools and
• Virtualisation construction.

Prefabrication/Modularisation, Internet of Things, Automation, Internet of
Services, Product-lifecycle management (PLM), Human–computer interaction
(HCI), Addictive manufacturing, Radio-frequency identification (RFID), Robotics,
Cyber-physical systems (CPS), and embedded systems are all examples of technolo-
gies that enable smart Construction. Building information modelling (BIM) and
augmented/virtual/mixed reality are two types of simulation technologies, while
virtualised Construction involves the use of mobile computing. Big data, social
media, and cloud computing are all buzzwords these days (Fig. 2.2).

(i) Smart Construction: Smart Construction seeks to transform the construc-
tion industry through the introduction of automation and robotics. This
construction approach involves building process under controlled conditions
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Fig. 2.2 Components of construction 4.0 (Temidayo et al., 2018)

with a high level of resilient which help to minimize waste in construction.
This technology gives the sector the opportunity of project costs reduction,
waste, increasing precision and sustainability. Smart construction works
with intelligent construction objects (SCOs) which are considered smart
construction resources. Examples of construction objects includemachinery,
equipment, materials, and structures with sensor, computation, networking,
responding, and communication capabilities which possess. These equip-
ment’s have the autonomy and ability to interact with their surroundings to
improve decision-making (Niu et al., 2016). Smart Construction involves the
use of digital technologies, industrialized techniques and cooperative part-
nerships to design construction projects. This has availed the construction
industry the opportunity of reduced cost, increased productivity and better
client’s satisfaction.

(ii) Prefabrication/Modularization: This is when construction elements and
components are manufactured off-site, in a factory-like setting and trans-
ported to the job site where it is assembled. Examples of prefabrication are
smaller elements in a façade and factory-fitted bathrooms. Prefabrication and
modularization are terms that are frequently used interchangeably. Prefabri-
cation is the process of designing construction elements away from the site
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and assembling them on-site. In theory, these prefabricated elements can
be tailored to a specific project. Modular construction refers to instances
of prefabrication in which the elements are standardized modules. Each
modular unit can be a dorm room, a factory-fitted bathroom, or a façade
element (Fig. 2.3).

(iii) Automation: Construction automation is a fascinating topic that focuses
on using computer-controlled processes and mechanization techniques in
the construction industry. It is concerned with applying cutting-edge auto-
mated technology to construction projects when human presence is impos-
sible, unwanted, or harmful. The study of construction automation and robots
began in the 1980s and has gained prominence in recent years (Son et al.,
2010). In a laboratory environment, automation is designed to simulate a
building site, produced a winding dry brick semi-autonomously. An auto-
mated method of construction is designed with a capacity which permit a
self-contained ground robot to create a protective shield utilizing responsive

Fig. 2.3 Prefabricated accelerated bridge construction (Mohiuddin, 2015)
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pockets (Soleymani et al., 2015). Construction automation and robotics are
two examples of cutting-edge technologies in the construction sector. These
technologies make use of codes with the use of a combination of mechan-
ical, electronic and computer software to operate robots to carry out specific
tasks. These innovations have helped to promote health and safety, better
working condition, project scheduling, and improved quality of construction
projects. Construction automation uses information technology in conjunc-
tion with robotics to aid in designing, preparing, and cost estimation of a
project (Hosseini et al., 2018). Furthermore, it uses computers and innova-
tive technologies to resolve challenges in the construction industry, such as
shortage of labour. This innovation has rapidly increased the use of prefab-
ricated materials, thereby promoting more of off-site construction methods
in the construction industry (Fig. 2.4).

Fig. 2.4 Robotics for the construction industry (Li, 2018)



2.1 Introduction 27

(iv) Internet of Things: The Internet of Things is mainly seen as actual objects
that are widely dispersed and have limited storage and processing capacity
to enhance the durability, performance, and security of smart cities and
their infrastructures (Dalvi et al. 2017). Device connected via the Internet of
Things will successfully maintain their actual identities in the online world
and receive data from the physical world (e.g., their actual location, the
status of their environment), thereby interacting with real-world entities.
The Internet of Things (IoT) is an innovative technology that present great
opportunity towards achieving smart cities (Fig. 2.5).

(v) Radio-frequency Identification: Radio Frequency Identification (RFID) is
a formofwireless communication to identify objects that have been tagged. It
is used in various industrial applications, fromkeeping track of items checked
out of a library to track items through a value chain. An RFID makes use of
a microchip, a powered antenna, and a scanner. Its first commercial products
were developed in the 1970s but have only recently become more widely
available. It is now more affordable to purchase and adapt due to advance-
ments in communication and energy storage (Paulson 2018). RFID relies on
a small electrical appliance, usually a microprocessor, to store information.
These sensors are generally tiny, about walnut size, and have a large storage
for data. They can generate a processed source of power or capacitors, even
if they sometimes don’t generate electric power (Oke 2019). The detectors

Fig. 2.5 The internet of things: a survey (Atzori et al., 2010)
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Fig. 2.6 Dynamic RFID identification (Pawłowicz et al. 2020)

which are used to interpret these systems can provide sufficient capacity to
read the microprocessor. The technology has various applications, but it is
most used to track products, animals, and currency (Fig. 2.6).

(vi) Robotics: Construction robots of various types are expected to flood the
construction industry in large numbers. For example, there is the 3D-printing
robot, which can be used for building large structures on demand. Amovable
robotic arm is used to run a 3D printer, and the 3D printer uses preset instruc-
tions to 3D print a full reinforced concrete building. This technology is also
used to build bridges, with the first 3D printed bridge recently completed in
the Netherlands. There are machines for laying bricks, cement mixing, tiles
laying, wood fitting, and bathroom installations (Fig. 2.7).

(vii) Simulation: Construction simulation is a technique used to create and test
computer-based images of construction systems in order to better understand
the operations mechanism. Professional in the construction industries such

Fig. 2.7 Beginners guide with robotics, (Semra and Hafize 2017)
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as architects, designers, builders and engineers adopt construction simu-
lation (4D simulations in BIM) for construction planning and scheduling.
This technique avails them the opportunity allows to envision construction
arrangements and monitor the life span of a project and progress on the
construction site. Furthermore, in construction project planning, simulation
offers an accurate project outlook which enables the contractor to analyse
all problems encountered during construction with a high level of precision
before the commencement of the construction. The emerging technologies
with simulation facility help architects and construction designers to assess
the advantages of potential solutions without the formation of physically
concept. Consequently, prior examination of construction design problems
enhanced better decision and reduced cost of project execution.

(viii) Building Information Modeling (BIM): Building Information Modelling
(BIM) is a process that uses several tools, technologies, and contracts to
create and manage virtual models of aesthetic and behavioural aspects of
places (Fig. 2.8). (Bello, 2017) Building information models (BIMs) are
computer files that can be retrieved, distributed, or networked to aid in the
decision-making process for a constructed asset (often but not always in
proprietary formats and containing proprietary data). Individuals use the
BIM software, businesses, and government organizations to plan, design,

Fig. 2.8 Building information systems and their applications in Turkey (Kalfa 2018)
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build, operate, and manage buildings and diverse physical infrastructures
such as water, waste, electricity, gas, and communication services, among
other things (Ciribini, 2018).

(ix) Augmented Reality: Augmented Reality (AR) is a technology that merges
the physical and digital worlds, allowing for the interconnection of digital
and physical things. (3) The sensory input layered can be either positive that
is, beneficial to the natural environment or disruptive that is harmful to the
natural environment. Although verifying the building process is complex,
detecting real or possible schedule delays in field construction operations
is crucial for project administration. The current approach, which does not
use AR, is highly demanding, requiring human data collection, interpre-
tation, and graphically complicated representations of progress tracking,
among other things (Abdul 2017). As a result, completing this process takes a
considerable amount of time, diminishing overall efficiency and increasing
resource outflow. Without a doubt, the focus of a real-time feedback and
tracking system should be on approaches that can prevent or alleviate the
concerns described above. AR is undoubtedly a feasible choice; users may
visualize the construction phase in real-time and notice deviations from the
original concept (Fig. 2.9).

(x) Cloud Computing: Cloud computing is a relatively recent concept in the
building sector. It allows for the delivery of a wide range of computer
services through the internet and provides construction experts with faster
and more flexible resources. The computer services include storage, spread-
sheets, networking, servers, application, and analysis. For example, archi-
tects and engineers can work on a Building Information Modeling project
in an architectural and engineering firm utilizing cloud computing, even

Fig. 2.9 Augmented reality (Toshendra, 2019)
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Fig. 2.10 Cloud computing in automation construction (Bello et al., 2021)

if they are in separate places. Since the construction industry is capital-
intensive, it can be hesitant to experiment with new technologies, resulting
in a slow rate of technology adoption. Cloud computing uses a pay-as-you-go
pricingmodel to include inexpensive andflexible computing resources (Voas,
2009). This cost minimization offer has helped to resolve a major constraint
in the adoption of Information Computer Technology in the construction
industry. Consequently, cloud computing can be suitable for small projects
as it presents a reduced cost of computing facility procurement, installation,
and maintenance (Fig. 2.10).

2.2 Prospects of Construction 4.0

With the advent of the Fourth Industrial Revolution, the construction industry can
advance in efficiency and productivity as a result of the new technologies. To achieve
this, the need to integrate current and new fourth industrial revolution technologies,
which are part of the Industry 4.0 model, is vital to ensure a smooth transition into
the Construction 4.0 era. The prospects of construction 4.0 are therefore discussed
below.
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2.2.1 Development of a Creative Environment

Construction 4.0 may have the appropriate mix of accelerators to help the industry
embrace an innovative mentality. The invention will lead to integrated solutions that
will strike at the heart of the industry’s current horizontal, vertical, and longitudinal
fragmentation by integrating the real and virtual layers.

2.2.2 Improved Sustainability of the Construction Industry

Building and construction industry takes up 36% of the overall energy and emits
nearly 40 per cent carbon dioxide (UNEP2021). Up till now, thewaste from construc-
tion sites increases global energy consumption and carbon emissions which nega-
tively impacts on the construction industry. However, with the new technologies
of construction 4.0, there will be less waste and more automation in construction.
Construction 4.0 is all about using creative technologies to improve the use of mate-
rials and use environmental and energy-efficient technologies to achieve sustain-
ability in the construction industry. Construction 4.0 will enable the efficient use of
resources for high-quality production while lowering carbon emissions and energy
consumption.

2.2.3 Boosting of the Image of the Construction Industry

The building industry’s bad reputation is due to several reasons, such as challenging
working conditions and lack of automation technology. Construction 4.0’s digital and
physical technology can enhance the industry’s image by transforming the construc-
tionwork as awhole. This is termsofmotivated constructionworkers, better construc-
tion workplaces therebymaking the profession more appealing for talent recruitment
and retention.

2.2.4 Increased Productivity

Construction is a job that requires focusing on details, and this detailed work makes
projects stay long before they are completed. Many times, construction projects take
severalmonths before completion despite the largeworkforce deployed.Construction
4.0 has come in to fill the gap between efficiency and productivity. The technologies
employed in construction 4.0 ensure that projects are done with precision within a
short time frame, thus increasing productivity and improving efficiency. Meanwhile,
the level of productivity matters a lot in construction. It is a combination of having
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a quality job done within a short period, which construction 4.0 seeks to achieve.
Automation can also result in higher quality outcomes. Production will become
more consistent and efficient as a result of digitally programming and monitoring
manufacturing processes.

2.2.5 Reduction of Risk in Construction Sites

Decisions can be made, and mistakes avoided by creating prototypes and digital
models before building begins, thereby reducing financial and reputational risks to
clients and contractors. By testing 3D models, designers can evaluate a building’s
efficiency by examining its energy retention, ability to withstand weather events, and
even predicting future maintenance costs.

2.2.6 Enhanced Cost-Predictability

With real-time monitoring, automatic site data collecting, image processing, AI, and
analytics technologies, current projects’ cost and time prediction can be enhanced.
Large volumes of historical data and information can aid in the establishment of
standards for initial project time and budget forecast, allowing for longitudinal
integrating.

2.2.7 Saves Time

Construction 4.0 technicians create 3D models that allow projects to be organized
to improve decision-making processes, avoid inefficiencies and delays, and reduce
waste. Construction processes, when done manually, takes time before completion.
Sometimes the length of time spent on a construction project matters a lot; some
linger to the point that the project is adversely affected. Construction 4.0 automated
tools ensure things are done within a short time frame. Automation saves a lot of
time by lowering error margins and increasing output speed.

2.2.8 Improves Site Safety

Digitalization has the potential to make construction work safer. Automation
frequently reduces physical risks to workers, and the use of augmented and virtual
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reality eliminates the risks associated with site visits. With improved onsite connec-
tivity, construction professionals can communicate more effectively and avoid
unnecessary accidents.

2.2.9 Better Output for Worker’s Effort

Construction 4.0 technologies help to make work neater and more durable. Since the
workers will be working primarily with automation tools, there is no need to bother
about how the building will turn out, as automation makes construction work neat
and more beautiful.

2.2.10 Growth in Foreign Trade Communication

Most of the technologies used in the Construction 4.0 will be imported, which means
there will be constant communication with foreign manufacturers; this will, in turn,
put the country in a good spotlight economically. This importation can also set the
tone for the easy import of other goods and seamless export of goods, thus improving
the image of the country in foreign-trade business.

2.2.11 Increased Innovation in the Construction Industry

The advent of construction 4.0 will create more automated designs; creating auto-
mated designs will lead to more innovation in the industry. Since automation will
make construction work faster, there is the tendency that construction workers can
have more time to apply their minds to more creative/innovative things.

2.2.12 Increase in National GDP

The construction industry has always been amajor contributor to a nation’s economy.
In the developed country, it accounts for almost 10% of the gross domestic product.
The new technologies of construction 4.0 present the benefits of cost reduction,
reduction in delay of project execution, increase efficiency and productivity. This is
presumed to positively impact on gross domestic product of any nation.
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2.3 Threats of Construction 4.0

Construction 4.0 indeed has many prospects for the construction industry; neverthe-
less, it also poses some threats to the industry. These threats are barriers that create
a sceptical stance to construction 4.0 from some that are already used to the old
methods of construction.

2.3.1 Reduced Creativity

Since robots and automation will be taking over, the creativity level of construction
workerswill reduceor beof nouse; sincematerialswill come in alreadyprefabricated,
they only have to install the prefabricated materials. Thus, the workers do not have to
think about designs to use for the construction, and this leads to reduced creativity,
which will affect the dynamism in the designs used for construction.

2.3.2 High Start-Up Cost

Some construction companies may find the initial costs of investing in new digital
technologies and adopting Construction 4.0 prohibitive. While large corporations
may pay for advances in advance, small businesses and self-employed contractors
may find it difficult to compete.

2.3.3 Loss of Jobs

Job loss has been cited as a significant impediment to the advancement of construc-
tion 4.0. (FIEC, 2019; Fahy, 2019). Particular skills, specific practice, technology
preparation, and experience-based judgment are critical in the construction sector. It
becomes incredibly tough when this is automated (Alaloul et al., 2018). Automation
replaces tasks that should be performed by humans, placing workers at risk of losing
their jobs. According to Bayraktar and Ataç (2018), technological developments will
alter the labor composition in the short term, resulting in some job losses.

2.3.4 Increase in Social Anxiety Among Different Cadres

The diverse cadres in the construction industry will experience increased social stress
due to the demand for new capabilities. Due to their degree of competence, employees
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with better skillswill command higher compensation,whereas individualswith lower
abilities will be paid less (Schwab, 2015). Employees who lack the requisite skills
to meet the demands of the technology business may become dissatisfied as a result.

2.3.5 Cyber-Security Risk

Cybersecurity is another concern that workers in the fully digitized business will
confront. To communicate essential information, the construction sector, like other
economic sectors, frequently relies on stakeholders who rely extensively on smart-
phones and web technologies (Doss et al., 2019). The industry becomes exposed if
construction design, architectural plans, and standards are not adequately protected.

2.3.6 Workers Enslavement

Another challenge with construction automation is workers becoming slaves to auto-
mated machines and the risk that vast computer data networks will invade the privacy
of humans. Consequently, construction workers are at risk if they are not well trained
to manage confidential information.

2.3.7 Increase in Unemployment

The introduction of digital technology will increase the unemployment rate in the
country as many will lose their jobs and will be left with little or no option as means
of survival. An increase in the unemployment rate means a decrease in the country’s
economic growth.

2.3.8 Increase in Expenditure of Import Materials

Since most of the technology that will be used will be imported, it implies that the
country will generally spend more on import items than the former production rate
of construction materials; this will be a big blow to the nation’s economy.
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2.4 Summary

The Industrial Revolution has resulted in several advancements in several aspects
of human life. Because of Industry 4.0, the construction industry has taken on a
new look. In any economy, the building industry is one of the most active and
flexible industrial sectors. This is because it is critical for all nations’ social and
economic growth as a driver of economic development, providing an environment in
which resources such as equipment, materials, labor, and capital are traded to build
an economy’s infrastructure. Given the industry’s relevance to this study, building
operations are defined by traditional methodologies and a lack of ICT implementa-
tion, resulting in low-quality infrastructure and harming the construction industry’s
overall performance. Construction 4.0 is based on industry 4.0, the fourth indus-
trial revolution, and thrived in the manufacturing sector. It comprises blending the
physical and virtual worlds through the Internet of Things, simulations, and virtu-
alization. According to this study, the necessity to develop a smart construction site
and embrace simulation tools and virtualization for construction operationswill drive
construction 4.0. The study concludes that construction 4.0 has its pros and cons to
the development of the construction industry; meanwhile, the advantages out-weighs
the disadvantages. Thus, it is a development that should be embraced.
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Part II
Construction 4.0 Technologies



Chapter 3
Building Information Modelling

3.1 Introduction

Building Information Modelling (BIM) is one of the most promising developments
in the Architecture, Engineering, and Construction (AEC) industries. It is a process
for creating and managing information about a project all through the project life-
cycle. The digital description of every aspect of the physical project is considered
the resulting output known as a Building Information Model. The Building Infor-
mation Model creates a centralized data model where all the project stakeholders
can work together effectively. BIM is an intelligent model, which provides insights
that enhance the planning, designing, construction, and management of infrastruc-
ture. The model is incorporated into all stages of construction and includes data
collection, construction design, equipment, construction process, renovation, and
demolition. The Building Information Model is a data-rich, object-oriented, intelli-
gent, and parametric digital representation of the facility. View and data appropriate
to various users’ needs can be extracted and analyzed from it. This enables the
generation of information that can be used to make decisions and to improve the
process of delivering the facility (AGC, 2005). BIM can be used to demonstrate the
entire building life cycle, which is characterized by geometry, spatial relationships,
geographical details, building item quantities and properties, cost estimates, inven-
tories of materials, and project schedule (Bazjanac, 2006). BIM makes it possible
for projects to be constructed virtually before they are physically built. This helps
to eliminate several problems and inadequacies that may arise during the construc-
tion process. BIM is the main digital planning method in construction, which helps
develop a strategy that ensures collaborative working among participants involved
in project execution. In essence, since a construction project often requires collab-
oration between geographically located parties in diverse locations, BIM creates a
platform for different participants to exchange and use information (Hossan &Yeoh,
2018). Consequently, it is a highly collaborative process that allows multiple stake-
holders and professionals to collaborate on the planning, designing, and constructing
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of a building project. According to Sai Evuri andAmiri-Arshad (2015), BIM has four
characteristics based on several views:

(i) Information Sharing: Making information available for all participants
involved in a project.

(ii) Information Management: These are processes that support acquiring,
organizing, storing, sharing, and using information for project success.

(iii) Part ofVisual,Design, andConstruction: It is used as an information system,
which can help support the processes defined in visual, design & construction
(VDC).

(iv) Extra Dimension to 3D Models: It provides all the necessary information
required by the entire participants involved in a project.

3.1.1 Dimensions of Building Information Modelling

Several dimensions of BIMhave evolved and generated additional information, func-
tions, and application of the Building Information Model System. These evolving
dimensions bring about improvement in data processing through the incorporation of
all information required for a better understanding of a project. According toWorden
(2016), Mesaros et al. (2019), there are seven dimensions of BIM. These include:

(i) 3DModel (geometry): This is a well-known dimension because it represents
the geographical elements of a building structure and the visible part of the
BIMmodel. It is essentially about the creation of graphical and non – graphical
information. The component of the 3Dmodel enables stakeholders to visualize
the entire structure of a building before the commencement of the project,
thereby facilitating prompt risk detection and risk communication. Thismodel
has a central data environment where the same information is shared among
the stakeholders, enhancing collaboration. For visualization, programs such
as Tekla, Revit, ArchiCAD and Vector works are examples of the 3D BIM
dimension (Fig. 3.1).

(ii) 4DModel (time, schedule & duration): 4D are models that can be described
with the connection between the 3D representation of a proposed project with
a time schedule (Fig. 3.2). Thesemodels represent four-dimensional modeling
of information used for planning construction sites with the inclusion of time
elements. It presents data on schedule, which estimates the time required to
execute each stage of the project life cycle and its completion. 4D offers
the benefit of better information sharing, thereby averting costly delays and
supporting early identification of risks. The model presents program and visu-
alization information that shows how a project develops successively. The 4D
model ensures optimization of plans, construction activities, and team coor-
dination. Examples of 4D scheduling programs include Primavera, Microsoft
Project, and Vico Office Schedule Planner.
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Fig. 3.1 3D Building information modeling (Rightserve, 2019)

Fig. 3.2 4D model depicting 3D project and schedule (Hijazi et al., 2009)
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(iii) 5DModel (Cost estimation and budget analysis): 5D is an advancement in
4D with cost-related data. Specifically, this model is used for planning, cost
analysis, and budget monitoring. It specifies the costs and the profit in the
building budget. With the 5D model, contractors and clients can get updated
and accurate cost estimates for projects with adjustments when there is a
change in materials, labor, equipment, and scope. A significant advantage of
this model is the prompt update of a project’s financial status through the
5D accessibility of cost and notification when changes are made. Hence, this
simplifies cost and budgetary analysis with predicted and actual expenses over
time. It alsominimizes budgetary offshoots due to periodic cost reporting, cost
monitoring, and cost tracking. Examples of programs for the 5 Costs include
Quantity Takeoff and Vico Cost Planner. Figure 3.3. further depict a 5D-BIM
application for a project conceptual cost estimating is proposed.

(iv) 6D Model (Sustainability). The six-dimensional building information
modeling is designed to review the energy consumption requirements, which
provide the cost implication of the project for sustainability and cost-
efficiency. 6D promotes optimization through easy access to the structural
details, equipment model, energy requirements, installation date, mainte-
nance plan and configuration technical specification, and estimated lifespan.
Majorly, this model provides better insight into the entire project lifecycle,

Fig. 3.3 5D Building information modeling cost estimation process (Forgues et al., 2012)
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cost, and assets, which enhances decision-making for cost-effectiveness and
sustainability. The 6D model makes use of programs such as Eco tech, Green
Build Studio, Eco Designer, Hevacomp, ArchiCAD (Fig. 3.4).

(v) 7D BIM (FacilityManagement): The 7Dmodel is used explicitly for facility
management,which entails spaceplanning, renovation, andmaintenanceoper-
ations (Azhar, 2015). Project managers utilize this data model for building
operations and maintenance. The 7D model is a method that organizes the
detailed information of a facility required to manage a building from design
to demolition. It presents the benefit of simplifying the repairs, replacement,
and maintenance process for contractors and subcontractors (Fig. 3.5).

Fig. 3.4 6D CAD model (Yung & Wang, 2014)
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Fig. 3.5 BIM for facility management approach (Weebly, 2020)

(vi) 8DBIM(Occupational safety andhazards): The eight-dimensional building
information modeling was designed to reduce the incident rate and hazard
of accidents in the construction industry. This model is built explicitly for
prevention through a design methodology applied to the design process to
identify and mitigate risks encountered by construction workers. This model
is significant to ensure a safe work environment (Fig. 3.6).

.

3.2 Application of Building Information Models
in Construction

BIM has proved to be an intelligent tool adopted to manage the entire construc-
tion process. Below are some of the areas where BIM have been applied in project
execution (citation).
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Fig. 3.6 8D building information modeling (Kamardeen, 2010)

3.2.1 Design Visualization

BIM has transformed the architectural world by the creation of better and beautiful
building designs. One of the crucial roles of theArchitects and engineers in the design
process is predicting the end result of a building (Boukara & Naamane, 2015). As
a result, Architects and designers use visualizations to communicate their concepts
with their clients and subcontractors. The use of BIM presents an innovative way
of design visualization such as virtual reality, material representation, walk-through,
and detection of design errors. All the entire project elements are captured through
these data representations, thereby giving the stakeholders an in-depth understanding
of the final project before it is commenced. Figure 3.7 shows a BIM visualization of
a project with structural components.

3.2.2 Constructability Analysis

One of the key functions of Building information modeling is to improve
constructability investigation of construction operations. Constructability is a funda-
mental part of the construction process, and it has been recognized as a critical factor,
which may affect the successful execution of a project. It can generally be described
as amethod of projectmanagement used to assess the construction processes from the
beginning to the end. Constructability issues often originate due to the gap between
the designers’ drawings and the contractors’ executed projects (Hijazi et al., 2009).
Most often, engineers encounter problems with the use of 2D CAD drawings when
executing the project. These problems are due to the design of the construction
projects and include architectural, mechanical, electrical, and plumbing (MEP) chal-
lenges. In situations like this, the project will have to be redone, and this will increase
the cost of construction (Yang et al., 2013). BIM-based Constructability investigation
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Fig. 3.7 BIM visualization of a structural project (Foster, 2008)

helps evaluate construction processes during the design phase. It identifies possible
problems and design errors that might lead to rework delays and an increased cost.
Furthermore, constructability analysis is made easier with BIM as it defines the
spaces and establishes a suitable relationship between the components of a building
model (Hijazi et al., 2009). In summary, the utilization of BIM technology hasmade it
easier to solve the major constructability problems, including design, measurement,
clash detection, and space review (Fig. 3.8).

3.2.3 Site Planning and Utilization

Site planning is essential in part of the construction process, affecting project cost,
time, and safety on the construction site. The site planning process ensures that all



3.2 Application of Building Information Models in Construction 51

Fig. 3.8 Procedure for constructability using BIM (Yang et al., 2013)

operations and organizations required for the project to progress through the stages
of construction are put in place. This includes creating office facilities, worker’s
chambers, electrification, and storage of materials, transportation, and safety. The
BIM-basedmodel offers newopportunities for site planningwhich provide site layout
plans, site safety, and communication. According to Sulankivi et al. (2009), the
important contents of a BIM-based site plan include the following:

(i) temporary construction site and surroundings (such as roads, adjoining streets,
and parking lots);

(ii) temporary site facilities, structures, and equipment (such as storage facilities,
office facilities, fencing, concrete mixer, wood saw, and tower crane);
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(iii) temporary site situations, such as area reservations for material storage (such
as trash skips with 3D-text, thermal insulators, heating ventilation, and air
condition pipes and reinforcing bars); and

(iv) visualizations that promote safety (such as site walkways, crane reach, and
vehicles)

Also, construction projects require a lot of temporary facilities to support various
construction processes. BIM makes it possible to develop a construction site layout
plan that can automate the computation of required materials, assign materials to
different storage, and determine the best arrangement of temporary facilities (Kumar
&Cheng, 2015). Figure 3.9 depicts a BIMmodel for construction site layout used for
size estimation, creating dynamic layout models and actual travel paths for facility
layouts.

Fig. 3.9 BIM-based automated site layout planning framework (Kumar & Cheng 2015)
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3.2.4 Scheduling and Sequencing

Scheduling and sequencing are essential activities that ensure the efficiency of project
delivery. These mechanisms are put in place to allocate, communicate tasks, identify
relationships among project activities and define the sequence of the tasks for the
prompt delivery of a project. BIM provides intelligent networking of a 3D digital
model with a built building from start to finish. It assists project participants in
confirming if the project is on track, gives contractors a clearer view of the timing and
scope of their tasks, and communicates the project’s completion dates to the client. In
scheduling, it informs teammembers and tracks the project’s progress from the begin-
ning to the end (Barati et al., 2013). BIMalso creates a building construction sequence
by linking the construction tasks across various professionals, including architects,
mechanical, electrical, and structural engineers. In construction sequencing, it helps
coordinatematerial orders, fabrication, and delivery time for all building components
(Azhar, 2015). An example is the 4D building information model that comes with
an additional time factor function which integrates data with a date for commencing
and finishing the supply and installation of construction elements required for the
overall project (BIM Community, 2019). BIM ensures accurate project sequencing,
which helps identify potential problems and give opportunities to make necessary
adjustments without affecting the work of the contractors (Fig. 3.10).

Fig. 3.10 4D construction sequencing (BIM Community, 2019)
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3.2.5 Cost Estimation

Accurate cost estimate and effective cost control assessment are essential require-
ments towards achieving successful project execution. Projectmanagers need reliable
cost estimating systems to prepare their budgets and develop financial management
plans. Cost estimation is simply a process of determining the cost and resources
required to execute a project within a definite time frame. The use of BIM has
proved to be more efficient and cost-effective than the traditional cost estimation
methods. BIM is designed to input several project data where information such as
cost, materials, and performance of the project can be accessed. The use of BIM
makes it possible for the cost estimators to have access to directly generated takeoff,
counts, and measurements consistent with the project design (Elbeltagi et al., 2014).
This enables the project managers and team members to get quick and accurate cost
estimates for quantifying materials and the cost effects of any adjustments made in
project execution. These benefits have helped to minimize the shortcomings of the
traditional cost estimation techniques, which take a long time and can potentially
have mistakes due to human error. According to Abanda et al. (2017), some of the
leading BIM soft wares packages include project-wise navigator, Autodesk QTO,
Navisworks, CostX, Innovaya, ProjectWise Navigator, etc. Figure 3.11. Illustrates
the process of cost estimation using these software packages.

3.2.6 Communication

Communication is a significant part of projectmanagementwhich entails the flowand
dissemination of relevant information among project participants. Building Informa-
tion Modeling with special emphasis on ‘I’ Information’ has dramatically impacted
the communication network throughout the project life cycle.BIM is designedmainly
to communicate and share knowledge. This model provides an integrated communi-
cation and collaboration system between different stakeholders, including the archi-
tects, designers, engineers, clients, contractors, authorities, and even the end-users.
BIM is a digital building model with descriptive information and object-oriented
geometric, which coordinates data exchange between project participants by linking
information through an information carrier to the various stakeholders (Melzner
et al., 2015). The introduction of BIM for communication demand that projects
managers and their team are equipped with digital tablets which enable them to get
quick access to all the relevant information on the construction site. Through this
digital process, the project teams can communicate and collaborate more accurately,
thereby resulting in better quality and delivery on the site. Figures 3.12 and 3.13
depicts the communication and knowledge sharing among project participants with
a BIM framework model.
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Fig. 3.11 Cost estimating process in a BIM-based cost estimating software (Abanda et al., 2017)

3.3 Case Studies of Building Information Modeling
Application in Construction and Resultant Benefits

3.3.1 Case Study One: Venetian Casino Construction
in Macau, Hong Kong

A Venetian Casino Construction case in Macau involves a podium façade, with a
design reflecting Balinese styles managed by Hsin Chong Mace Management. The
design phase reveals some complex coordination issues between the architect and
structural engineers. This led to the adoption of the BIM 3D model, which detects
queries such as conflicting information between architectural plans, sections, and
elevations, misalignment, and setting out issues between the structural framing and
GRC panels. The use of the models throughout the design coordination process
facilitated better understanding between the client, architect, and engineers. At the
end of the scheduled 12-weeks tender documentation, a detailed interactive model
of the podium façade was presented. As the client noted, the BIM coordinated tender
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Fig. 3.12 Building informationmodeling for sharing and exchange of information (Liu et al., 2015)

was completed within a shorter period than the previous phase (Rowlinson et al.,
2010).

3.3.2 Case Study 2: Cathay Pacific Cargo Terminal, Hong
Kong

A Cathay Pacific Cargo Terminal case situated at the Southside of the Hong Kong
International Airport platform costing roughly USD 500 M is presumed to be the
largest air cargo terminal in theworld. At peak times, the cargo terminal is expected to
process more than 75 flights per day. The client specified the design and coordination
of the project using BIM. BIMwas further adopted to incorporate the project design,
drawings, specifications, and a detailed clash detection analysis matrix in the model.
In the BIM process, clashes were identified using the specialized clash matrix, which
helped to integrate the cargo’s design specifications and operational requirements.
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Fig. 3.13 BIM framework and communication flows (Nyvlt & Novotny, 2019)

This resulted in lesser cost over-runs, delays, on-site RFIs, smoother operation, and
better collaboration among team members (Rowlinson et al., 2010).

3.3.3 Case Study 3: Aquarium Hilton Garden Inn, Atlanta,
Georgia

The Aquarium Hilton Garden Inn project comprised a mixed-use hotel, retail shops,
a proposed budget of Project $46 million, and a 484,000 square-foot hotel and
parking structure. The project was designed using BIM to develop the architec-
tural, structural and mechanical, electrical, and plumbing models of the proposed
facility. These models were used for clash detection and potential collision between
various structural and mechanical systems, visualization, work sequencing, collab-
oration among the team installation by subcontractors. As a result, 55 clashes were
identified, resulting in cost avoidance of $124,500, cost–benefit of $200,000 and 1,
143 h saved (Azhar, 2015).



58 3 Building Information Modelling

3.3.4 Case Study 4: National Cancer Institute (NCI)
in Malaysia

TheNationalCancer Institute project is a government projectwith 10.65 acres of land,
a 690 million RM budget, and a schedule of 36 months. The project was proposed to
provide comprehensive care to patients with special emphasis on cancer treatment in
Malaysia. BIMwas adopted for 3D visualization of project design, resolve fabricator
issues, and identify clashes at an earlier stage of the project, which helps close the
communication gap among team members. As a result of this, 1800 clashes were
discovered, which help minimize construction costs, time and improve the quality
of the project (Azhar, 2015).

3.4 Benefits of Building Information Models
in Construction

The introduction of Building Information Modelling offers several benefits to the
stakeholders and the construction industry. Below are some of the benefits:

(a) Capture Reality: Reality is a representation of a subject from the real world.
BIM provides/shows a model representation of a building, site, or project that
allows the participants involved in a project to capture accurately and quickly
all data related to the project. This has brought about innovation from the tradi-
tional methods using manual blueprint paper by the architect and engineers,
which is often difficult, time-consuming, and inaccurate.

(b) Enhance Information Flow: The BIM provides an integrated construction
system that permits the professionals such as architects, engineers, and project
managers involved in the project execution to access all information relating to
the project from anywhere. This allows each participant to subtract, add, and
change information for the successful performance of their task (Boukara &
Naamane, 2015). Consequently, the flow of information among professionals
improves productivity and reduces error.

(c) Time Effective: The traditional method of capturing the sites takes a long
time to collect information required by project participants to execute the
project. BIM provides a faster and effective process of collecting, sharing, and
using information which speeds up the design and the construction process. It
saves time in the entire designing process where the workflow and drawing are
produced directly from a single unified model. For instance, the BIM drawing
device performs faster than the 2D drawing tools due to its connectivity to a
quick and automatically updated database.

(d) Improve Collaboration: Collaboration is vital to the success of construction
projects. The project participants have recognized the sharing of information
and knowledge as a vital component of a successful project. Building infor-
mation models is a collaborative system between construction participants,
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making information sharing easier than traditional drawing tools. Communi-
cation becomes better through the opportunity given to all team members to
have input throughout the whole construction process.

(e) Cost Reduction: BIM provides detailed and better information of the building
than a drawing set which helps to minimize the incidence of errors, thereby
preventing rework and reducing cost. Also, the model makes it easy to adjust
materials without incurring additional costs. As a result, better cost estimation
can be achieved with the benefit of high precision of information through BIM
use.

(f) Conflict Resolution: The adoption of BIM provides solutions for resolving
conflicts that arise during project execution. This is achieved by early detection
of potential errors that might occur on the project and necessary adjustments
before the commencement of the project.

(g) Better Visualization: Effective visualization is vital to several activities
conducted in the Architecture, Engineering, and Construction (AEC) industry
(Mikael et al., 2015). One of the benefits of BIM is the ability to visualize
a building from a different environment. It helps the participants to visualize
what is intended to be built at any time of the project and in a virtual setting,
thereby detecting any possible problem associated with the design and the
construction process. As a result of this function, there is a reduction of cost
and better management of the project.

(h) Improve Safety: The adoption of BIM improves safety management in
construction. Through this technology, workers are well informed of the
working conditions, potential risks associated with their task before the
commencement of the project. This helps the workers to take the necessary
precaution and work efficiently. In line with safety benefits, BIM provides the
clients and operators with a better understanding of the design, which allows
adjusting the design atwill to achieve the desired result, including crowd safety.

(i) Improved relationship between clients and contractors: A good relationship
between contractors and clients is essential in achieving success in any project.
BIM is a digital model that creates transparency where the contractors and
clients can access all the model information. Through this model, the clients
become a part of the project team and update and accurately visualize the
project status from time to time. Hence, a good relationship is enhanced based
on the assurance that the project aligns with the objectives and interests of the
client.

(j) Improve Performance: Through BIM adoption, the ultimate benefit that
accrues to a construction company, project team, and the industry is improved
project performance.This is in termsof cost, time, safety, andproductivity.BIM
models are designed with several facilities and functions that help reduce cost,
time, detect risk early, improve safety, promote communication and collab-
oration among project stakeholders. The sum of all these benefits enhances
performance and productivity.
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3.5 Risk of Adopting Building Information Modelling

There are several risks associated with the adoption of BIM. Since BIM use is
expected to increase in the future, addressing the risk becomes essential for effective
utilization of the technology. According to Ya’cob, et al. (2018), the risks can be
categorized into four categories:

(i) Technological Risk: This refers to technical problems in applying BIM to a
construction project. Majorly this risk emanates from the structure of BIM,
which depends on a single information supply that meets the requirements
of all the professionals such as architect mechanical, electrical, and structural
engineers working on a project. Members of these project teams are expected
to utilize the same building informationmodel to carry out their tasks resulting
in interoperability, complication, and compatibility., As a result, several other
technical risks such as data sharing, data loss during file exchange, upgrading
of technology, version control, and software compatibility are also presented
under technical risk.

(ii) FinancialRisk: Building InformationModelling requires a high cost of imple-
mentation. These include investment in software, hardware, acquiring BIM
expertise, licenses and certifications, and training personnel on the use of
technology. Also, the high cost of BIM implementation includes updating the
software and modifying the work process and workflow.

(iii) Management Risk: The newness of the building information model presents
some managerial threats. These include resistance to change from team
members, traditional leadership style, the inadequate commitment of top
management, shortage of experts of BIM, lack of knowledge of BIM
application, lack of training, and low demand of BIM.

(iv) Legal Risk: The legal risk associatedwith BIM implementation emanate from
the collaborative design of BIM, which integrates all stakeholders’ roles and
responsibilities on a project. s BIM procedures lack a standard policy, thereby
creating a high risk of intellectual property. Thismakes it difficult to determine
the data’s ownership and assign responsibility to any project participant for
any error detected. Invariably this can lead to disagreement among the project
team.

3.6 Relevant Skills Required for Building Information
Modelling

Building informationmodelling is premised on integrating skills from different back-
grounds of the built environment for efficiency and project success. These sets of
skills are essential for building, utilizing, and implementing BIM irrespective of
the dimensions. These inevitable skills for BIM specialists can be grouped into two
categories (Davies et al., 2015; Rahman et al., 2017). These include the following.
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3.6.1 Soft Skills

These are skills that must be inherent in BIM teams, reflecting their personal traits,
interpersonal management abilities, and individual differences. These skills must be
possessed in moderate proportions and a balancing mechanism for achieving BIM
objectives considering the disciplines of the actors. These soft skills include the
following:

(i) Communication Skill: BIM is an information-based model that demands a
high level of communication among the stakeholders. As a result, commu-
nication skill involves communicating unambiguously, and accurately with
the stakeholders of the project.

(ii) Interpersonal Skill: BIM is a collaborative process that requires the support
of various units towards the successful accomplishment of the project. Inter-
personal skills involve the ability to tolerate and respect personal views,
opinions, and professional resolutions regarding the BIM operations. This
skill is necessary for BIM operators in enhancing the quick resolution of
clashes between models.

(iii) Negotiation and Conflict Management Skill: The collaborative nature of
projects and clash detection give rise to conflicts. BIM helps to detect clashes
early before the commencement of the project. Accordingly, negotiation and
conflict management skills are essential for BIM operators to quickly resolve
disagreements and prevent clashes from overriding and diminishing BIM
project objectives.

(iv) Team Playing Skill: Team playing is the ability to contribute effectively to
individual roles, especially cautiously looking out to control others’ poor
performance. BIM demands input from diverse expertise on the project team
to achieve its objective. This is important as the knowledge of each member
is highly valuable for the process of BIM application. Hence, it becomes
necessary for members to possess a team playing skill to develop the best
strategy for successfully implementing a BIM project.

(v) Leadership Skill: This is the ability to queue behind the team leaders’ direc-
tives, instructions, and visions. Leadership skill is a necessary soft skill
required in the BIM environment. Each team member must have control
over their work and contributions and protect their information and process.
This is important to ensure successful implementation and compliance with
the BIM agreement.

(vi) Planning and organizations: The application of BIM entails developing
activities and processes required to achieve a quality project that is cost-
effective, within the scheduled time, and meets the client specification. As a
result, BIMentails the ability of the operators to plan and develop procedures,
organize activities and determine the workflow to achieve the objectivities.

(vii) Analytical Skill: BIM is a digital model that draws a vast amount of data and
information across a project’s life cycle. This takes place from the designing
through the construction process to themaintenance of the project.Analytical
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skills entail the ability to collect and analyze information/data to make the
most effective decision. This skill is vital in the BIM environment as it helps
in decision-making.Hence,BIMoperators require analytical skills to unleash
the full potential from their building information models.

(viii) Problem Solving Skill: BIM demands the ability to use independent judg-
ment, problem-solving, and priorities-based factors. A problem-solving skill
involves defining a problem, determine the cause of the problem, identify
alternatives course of action and implementing the best solution

3.6.2 Technical skills

These skills are based on knowledge, understanding, and utilizing BIM software,
tools, and technologies.

(i) Information Technology /Computer Literacy: The primary technical skills
required of BIM operators are computer literacy and information technology
(IT) proficiency.

(ii) Proficiency in BIM Software: The software skills are fundamental compe-
tencies required for BIM operators and professionals. Examples of this soft-
ware include the AutoCAD, Revit, SketchUp, AutoCAD MEP, ARCHICAD,
Navisworks, Vector works Architects, SolidWorks Electrical 3D, Civil 3D,
Revit Live, Data CAD, Vector works Designers, MicroStation, Revit LY,
BIM Track, Vectorworks landmarks, Leica Geosystems, Trimble SysQue,
Aurora, IrisVR, Matterport, The Wild, Autodesk Ecotest Analysis, Iconstruct;
ALLPLAN, AECOsim Building designer, cadmatic 3D Plant design, GT
Digital project, Intergraph Smart Fabrication, planning & execution, Tekla
structural designer, ARCADia BIM 11, Edificius, Green building studio, GT
STRUDL, and Primavera.

3.7 Summary

Building Information Modeling has rapidly become an indispensable technology
in the construction industry. Globally, this technology has proved to be data-rich
intelligent models through which a virtual prototype of a building design and the
construction process can be developed before commencing a project. Therefore,
making it easier, cheaper, and effective. Over the years, BIM has evolved into
various dimensions ranging from the 3D geometry, 4D schedule, 5D Model cost
estimation analysis, 6D sustainability, 7D facility management, and 8D occupa-
tional safety and hazards model. These models have improved the data processing
by incorporating information required for better comprehension of project activi-
ties. As a result of BIM application, the industry has experienced a commendable
improvement in design visualization, constructability analysis, site planning and



3.7 Summary 63

utilization, scheduling, sequencing, cost estimation, communication. Case studies
of BIM application in the construction process have shown several benefits: clearer
visualization, early detection of conflicts, better communication, and collaboration
among stakeholders, safety, fewer cost overruns, and timely delivery. These benefits
have enhanced the overall quality of projects and the performance of the construction
industry. However, BIM adoption also presents some risks, which can be categorized
into technical, financial, legal, and managerial risks. Examples of such risk include
data sharing, high cost of implementation, shortage of BIM experts, and intellectual
property. Finally, the performance ofBIMdemands specific skills requirements. Both
soft and technical skills are necessary for successful utilization of the technology to
deliver quality projects. This presents an excellent challenge for the industry to train
and equip the construction employees with the required skills.
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Chapter 4
Drone/Unmanned Aerial Vehicles (UAVs)
Technology

4.1 Introduction

Drone technology, also known as Unmanned Aerial Vehicles (UAVs), has digi-
tally transformed the construction industry and gained much application in archi-
tecture, engineering, and construction operations. The digitalization of the construc-
tion industry, recently known as construction 4.0, has made drone technologies a
piece of essential equipment for proper monitoring of construction activities from
commencement to completion of the project.

Historically, drones have been around for some while now. However, before now,
drones were mainly built and researched for military purposes. Over the years, and
with tremendous improvements in drone technology, civilian applications of UAVs
have gained wide popularity (Albeaino et al., 2019; Tatum & Liu, 2017; Zhou &
Gheisari, 2018). It was noted by Sanson (2019) that in 1849, the Austrian empire
utilized hot air balloons to drop bombs on Venice in the first Italian War of Inde-
pendence. The first exemplar of modern UAV with the capability of an autonomous
flight coupled with -range and wireless links to the ground station was developed in
1944 during the Second World War (Giordan et al., 2020). About the year 2000, the
recreational and commercial drones began to show up and by 2006 issuing commer-
cial drone permits in the United States started, with about two permits issued per
year (Devers, 2019; Ford, 2018). Thereafter, drones such as Parrot AR Drone and
DJI Platinum were available for civil and commercial purposes (Devers, 2019; Lin,
2018). In 2014, the development of drone technology for commercial use caught the
construction industry’s attention (Lin, 2018). Since 2014, the construction industry
has experienced several applications of drone technologies in areas such as: site
security, safety inspection, construction monitoring, etc.

Drones technology can be described as a flying robot that can be remotely regu-
lated by flight software and Global Positioning systems. A drone is a recognizable
airplane remotely controlled for data collection. Drones vary in size, and it contains
topographicmeasurement used to survey buildings, roads, highways, bridges and any
surface region. These technologies are built with intelligent stabilization systems,
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sensors, and cameras that can fly, perform dedicated functions, and obtain high-
quality video photography (Accenture, 2016). They are structured to provide infor-
mation regarding work progress, locations of certain objects on larger sites, and
even survey elevations and topography of the prebuilt land (Higgins, 2017). Gener-
ally, the term drone refers to autonomously guided aircraft, including submarines or
land-based autonomous vehicles (Yaacoub et al., 2020).

Drones are likened to an automated plane and are often called Unmanned Aerial
Vehicles (UAVs); UnpilotedAircraft System (UAS); Remote PilotedAircraft System
(RPAS); Quadcopter etc. (Albeaino et al., 2019; Fox, 2017; Giordan et al., 2020;
Tatum & Liu, 2017). Generally, drones can be described as a device capable of
flying and can either be controlled remotely or controlled autonomously by soft-
ware.Dronesmainly focuse on “flying” and are controlled remotely or autonomously.
Unmanned Aerial Vehicles (UAVs) do not require a pilot, but are airborne systems
controlled through ground control stations. Tatum and Liu (2017) defined an
Unmanned Aircraft System (UAS) as an aircraft system that a pilot on ground flies.
Grayson (2016), as cited inTatumandLiu (2017), noted that the termdronemight also
broadly refer to any equipment operated independently of human control. Giordan
et al, (2020) also stated in their study that a UAV is referred to as an unmanned
aerial system, which can have an autonomous flight with or without an engine, can
be remotely controlled, and collect data. Defining a construction drone would be
tasking, but it can be defined as a device that is airborne, controlled remotely, or
through software deployed for construction activities: such as traffic monitoring,
surveillance or survey mapping, site navigations, material tracking, and inspection,
etc.

In recent times, the use of drones in the engineering and construction industry is
increasing. It has enhanced the key stages of delivering a quality project, including
pre-planning, planning, inspection, construction and post-construction, and moni-
toring. Drones have brought about developments in the construction industry by
improving safety, reducing cost, reporting precision, and increasing efficiency.
Construction projects are rapidly evolving beyond past standards, and commercial
drones are driving technical evolution, thereby spurring industrial change across
construction sites (DeYoung, 2018). In the construction industry, drones have proven
to be a valuable technological development due to their success in data sharing for
project execution. Also, drones present aviation opportunities and abilities that have
helped resolve many challenges faced on the construction site. In the construction
industry, drones are used explicitly on construction sites for several purposes. These
include project design pre-construction site assessment, mapping, aerial surveying,
material stockpiles, locating utilities, workers and equipment measurement of exca-
vation pits, monitoring site progress, inspection, security, and safety. Drones are
equipped with high-resolution cameras, Global Positioning System (GPS), ultra-
sound devices, radio-frequency identification readers, laser scanners, and remote
sensors for: imagery, data collection to detect objects, surveying, measure distance,
inventory, and equipment tracking. Today, the industry has experienced tremendous
improvement due to drones and UAVs used for several stages of the construction
projects. In light of the growing advancement in drones, drones are expected to
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create more jobs, thereby increasing drone application usage in the construction
industry. Drones are manufactured for commercial and combat purposes. Military
drones are the first innovation of drones specifically manufactured for defense and
used by military force for intelligence surveillance and weapon of delivery during
combat.

On the other hand, commercial drones are drones manufactured for the use and
control of civilians. For many years now, commercial drones are primarily used
in the construction industry (Zitzman, 2018). According to the Federal Aviation
Administration (2018), approximately 79% of commercial drone usage is used for
public and private construction projects, aiding project site inspections and civil
engineering endeavors.

4.1.1 Components of a Drone

A drone can be sophisticated based on components, uses, and area of application. In
its simplest form, the main elements of a drone are classified into three which are;

i. the aerial platform (for flying);
iii. the ground control station (for remote or autonomous control); and
iii. the communication system (for synergy between components) (Giordan, 2020).

Components of a drone are based on authors and expert lexical register; There
are several classifications of the elements of drones provided by various authors.
Tatum and Liu (2017) stated that the elements of drones include the drone itself and
the control system, ground and satellite-based equipment, communication links, and
operators which are required to operate the aircraft effectively and safely. Sanson
(2019) itemized components of a typical drone as consisting of a: quadcopter, four
propellers, motor, landing gear, battery, camera, and remote control.

Tatale, Anekar, Phatak, and Sarkale, (2018) also stated that the main part of the
quadcopter is a frame that has four arms and should be light and rigid to host: a LIPO
battery, four brushless DCmotors (BLDC), controller board, four propellers, a video
camera and different types of sensors along with a light frame as shown in Fig. 4.1.

According toOstojić, Stankovski, Tejić, Ðukić, andTegeltija, (2015), quadcopters
can have a very different hardware component which is dependent on the applica-
tion in which they will be employed. They furthered that the standard features of a
quadcopter are microcontroller, sensors, motors, Global Positioning System (GPS)
power supply, and telemetry devices.

In summary, the component of a drone may vary based on the control system,
either autonomous using programmed navigation software or remotely controlled
by a person). Regardless of the variations, components that can make a drone fly,
communicatewith the base station (that is, operate autonomously or gather data into a
storage device), and onboard communication between two ormore components must
be available. Considering the various components enumerated by multiple authors, a
summary of the various components of a drone and their functions is detailed below.



68 4 Drone/Unmanned Aerial Vehicles (UAVs) Technology

Fig. 4.1 Drone/quadcopter structure (Tatale et al., 2018)

Components that enable a drone to fly include the following:

a. Battery: all electronics need electricity to function. Therefore, the battery
supplies the necessary electricity required for the drone and its components
to work. In light of the preceding, the battery can be referred to as the life of the
drone—once it goes off, the drone comes down. The higher the battery capacity,
the more time a drone can stay fully functional in the air.

b. Propeller andMotor: These are used for navigation and take-offs. Thepropeller
and motor provide thrust, which are responsible for the drone’s movement from
the ground up and back on the ground. They are the wheels of the drone.

c. Frame: This allows for the attachment of other devices. The frame is the body
of the drone and also houses the weight of the drone.

d. Landing Gear: This is the stand or leg of the drone, and it is important for
balance while on the ground or in the air. The landing gear bears the weight of
the frame and other components attached to the frame.

Components that establish communication with a base station and visuals
include the following:

a. GPSAntenna: This component is used to establish a proper connection between
the drone, location, and base station for adequate interaction. TheGPS is respon-
sible for sending and receiving tracking, location, mapping, location signals,
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etc. The GPS and other sensors like infra-red and ultrasonic sensors are used
for navigation purposes, to avoid collision, and altitude control.

b. Camera: This is used for visuals when flying. The camera is the essence of
the drone because the work of a drone is to get you where you cannot access.
The camera helps in gathering programmed data by taking aerial snapshots,
providing imagery and video recording to the mapped area.

Components that establish communication between two or more components
include the following:

a. Control Board: This is the drone’s brain, and it helps coordinate, give and
interpret instructions and commands given to a drone. The control board is
responsible for telling other components what to do, when to do it and how to
do it when a remote user or programmed software initiates a command.

b. Microcontrollers: these provide a set of digital and analog I/O pins that can be
interfaced to various expansion boards (shields) and other circuits. The micro-
controllers control the overall performance of a quadcopter, such as flyingmech-
anisms and live streaming of videos. The boards feature serial communications
interfaces, including USB on some models for loading programs from personal
computers (Tatale et al., 2018).

4.1.2 Classification of Drones

Classification of drones varies, but basically, drones are classified as autonomous and
non-autonomous depending on the control system (Kazi et al., 2018). Autonomous
drones are controlled from remotely spaced programmable computers using an
onboard autopilot and global positioning system (GPS); in other words, an
autonomous drone flies and carry out programmed functions without human inter-
ference. Non- Autonomous drones are controlled or piloted manually using a remote
controller requiring a skilled operator. Structurally, a drone can also be classified as
an Aircraft drone or a Copter drone (Kazi etal., 2018). Aircraft drones are fashioned
to look like planes with wings attached to it for flight; these types of aircraft are
popularly used by military and security operatives and are famous for their high-
speed flying ability. An aircraft drone needs a runway to take off and land. Copter
drones are fashioned after a rotorcraft, or like a helicopter whose flight and thrust
are supplied by spinning rotors. Drones within this classification are often referred
to as quadcopters and are suitable for recreational and commercial purposes within
a highly dense urban area (Kazi et al., 2018).

Unmanned Aerial Vehicles are multifaceted, with over 28 variations based on
the single qualifier of flying principles alone. The most inclusive classification of
Drones is based on operating mass/weight and UAV’s purpose of flight/usage. Clas-
sification based on operating mass can either be heavier-than-air or lighter-than-air.
On the other hand, the classification of UAV based on flight usage is categorized
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Fig. 4.2 Common unmanned aerial vehicles classification (Liew et al., 2017)

as flight time versus UAV mass and degree of autonomy versus degree of socia-
bility. Figure 4.2 illustrates common UAV types given a respective vehicular mass
differentiation between heavier-than-air and lighter-than-air.

4.1.2.1 Classification of Drones/Unmanned Aerial Vehicles Based
on Operating Mass/Weight

(i) Heavier-than-air: The heavier-than-air UAVs have substantial vehicle mass
relying on aerodynamics and propulsive thrust to fly. This classification of
drones is sub-classified into wing or rotor types for drone type determina-
tion. Wing-type UAVs comprise fixed-wing, flying-wing, and flapping-wing
methodologies to generate aerodynamic lift. On the other hand, Rotor-type
UAVs include a plethora of multi-rotors by combining multiple rotors and
propellers, which point upwards to create propulsive thrust for its lift (Fig. 4.2).

(ii) Lighter-than-air: The lighter-than-air UAVs rely on buoyancy forces such
as helium gas or heated air to fly. They have an extended stamina flight
capacity which can be used for photography and surveillance. One major
setback/constraint of the lighter-than-air UAVs is its inability to maneuver,
requiring tethered/rope to keep it from drifting due to the wind. Examples
include blimps and balloons (Fig. 4.3).

4.1.2.2 Classification of Drones/Unmanned Aerial Vehicles Based
on Purpose of Flight/Usage.

(i) Flight time versus UAV Mass: One factor to consider when purchasing a
drone is flight time. On average, the flight time of drones ranges from 15 to
30 min, dependent on the battery energy, design range of flight, and weather
condition. However, a non-racing drone can fly between 30 to 60 min, while
a racing drone can fly for 125 min per hour. More often, the battery capacity
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Fig. 4.3 Categories of Heavier-than-air drones (Hassanalian & Abdelkefi, 2017)

determines the flight time of a drone. Also, UAV mass implies the weight of
drones which also varies. It can be bigger/heavier or lighter and smaller.

(ii) Degree of Autonomy Versus Degree of Sociability: The degree of autonomy
is the capability of drones or UAVs to take off, carry out the specific task and
return to their base without significant human involvement. In essence, the
technology is programmed with the tasks required to be executed without the
need of an operator. The attainment of UAV autonomy shows a significant
level of achievement of any technology inventor. The degree of sociability
describes the extent to which a drone can interact or collaborate with humans.
Such categories of drones are developed with software that enables them to
communicate with a human. As a result, these drones have a lower degree of
autonomy due to manual control. (Liew et al., 2017).

4.1.3 Types of Drones Used in the Construction Industry

In recent years, drones in the construction industry are one of themost striking trends.
This accounts for almost a 240% increase in drone use compared to other sectors
of the economy. Even though there are various types of drones, the construction
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industry mainly uses commercial drones. Examples of these drones are listed below
(Tkac and Mesaros (2019)

(i) Single Rotor: A single rotor is a type of drone one rotor with a propeller to
control it. The single rotor drone comes with a simple design, is low cost, is
easy to start and move, and has shown greater efficiency than the drones with
multiple rotors (multi-rotor). However, they are nor no strong, which requires
caution when landing and a lot of maintenance

(ii) Multi-Rotor: Multi-rotor is a common type of UAV that makes use of more
than two rotors. They are categorized based on the number of rotors. For
example, theUAV’s thatmakeuse of three rotors are called the tricopters,while
four rotors are called quadcopters, six rotors hexacopters, and eight rotors
UAV’s are called (octocopters). Multi-rotors comprise fixed-pinch spinning
blades that produce lift. Multi-rotor drones are used for professional aerial
mapping and pleasure. These types of drones are primarily used for video
recording, photography, and aerial surveying. Two significant advantages of
motor rotors are the drone’s ease of operation and affordability option in
getting “an eye in the sky.” However, multi-rotor drones are limited in speed
and endurance. As a result, it cannot be used for long-distance inspection,
large scale aerial mapping, and long endurance monitoring. An example of a
multi rotor drones is theDJIMatrice 210 used at theAllianz FieldinMinnesota
(Fig. 4.4).

Fig. 4.4 An example of a multi rotor drone (Gibson & McManmon, 2018)
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(iii) Fixed Wing Drones: A fixed-wing drone which can also be referred to as
an-unmanned aerial vehicle or system, is a firm structure of aircraft that used
a fixed or static wing to generate lift. It is custom-built with an internal engine
to ensure proper functioning. This Fixed-wing drones can fly longer distances
within a short time. As a result, it is considered more efficient than other types
of drones regarding topographic mapping, energy efficiency, and its ability
to reach a high altitude during flight. Also, this type of drone has a higher
carriage capacity (payloads) and survives in harsh weather conditions. The
fixed-wing drones also present some shortcomings regarding landing as it is
restricted to moving forward only. In time past, this type of drone was used
by the military for surveillance during the war. Nevertheless, in recent times it
has become a standard tool used by several industries, including construction.
Common fixed-wing drones include straight wing, delta wing, and a swept
wing.

(iv) Hybrid Systems: Hybrid systems of drones are drones developed to solve
some of the constraints of the single, multi-rotor, and fixed wings drones.
This system of drones possesses the features of multi-rotors and fixed wings.
This type of drone has wings and multiple rotors. These features enable it to
take off quickly, climb, hover, fly a longer distance, and land with little energy
consumption. It can hover like a helicopter and fly like a plane. It has the
advantages of stability, flexibility, and fuel efficiency. Hybrid drones operate
by flying a pre-schedule flight route at a specified height of a user, gather data
through its color andmulti-specified sensors, and land vertically to the starting
point (Tkac & Mesaros, 2019). An example of a hybrid system of drones is
the quadrotor (Fig. 4.5).

Fig. 4.5 A mini Quadrotor (Papa et al., 2017)
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4.2 Application Drone Technology in the Construction
Industry

Implementing drones’ technology in the construction industry hasmade the construc-
tion workmore efficient and sustainable. The use of drones has gainedmore attention
in the construction and engineering field due to the swift, safe, and low-cost access to
visual data, thereby providing spatial information about hazardous geographical loca-
tions. These technologies permit construction companies to utilize the data collected
from drones to perform processes and improve almost all aspects of construction
management. Consequently, drones/aerial vehicles are adopted in the construction
industry for several purposes, which include the following:

I. Construction Site Inspections.

Inspection is a key activity in the construction process, and drone technology has
enhanced this procedure. Drones are developed to collect visual data required for
inspection, detect violations and track site progress. The use of drones for construc-
tion and inspection helps identify any formof technical problems on the constructions
sites, which is important for delivering a quality project. Over time, using a drone
has aided construction firms to work more effectively in managing resources, time
and minimizing delays. Also, using drones for construction site inspections protects
the workers from dangerous locations, thereby minimizing health and safety risks.
Recent advancement in technology has made it possible to use a drone to fly around
construction sites, to view things on the top of the roof of a skyscraper under construc-
tion and helped in the creation of a detailed 3D models of new construction projects
(Young, 2019). To achieve an excellent result on construction sites, drones can be
undertaken regularly and can cover larger areas (Ayemba, 2019) (Fig. 4.6).

II. Topography Mapping and Land Surveying.

The introduction and advancements in drones’ capabilities have benefitted the
construction industry with high-quality aerial mapping. Topography mapping using
the drone is a process by which land is surveyed using Unmanned Aerial Vehi-
cles. Maps, which are used to update clients on their project’s progress, are easily
accessible with the data collected by drone. These data collected via drone give
an accurate image of the site required to properly plan a project. This information
guides the contractors on the area to dig, fill and construct the building. The drone
mapping process with the generation of high-quality aerial images often results in a
3D representation of the surveyed area. Consequently, the work of the surveyors is
made easier and effective. Figure 4.7 shows how a drone can be used to switch maps
into 3D for analysis and project planning and drone survey of acres of land in few
minutes.

III. Laser Scanning and Aerial Photogrammetry.

Advancement in technology such as drones is developed with software facilities that
can convert data collected from laser scanners and photogrammetry into: geographic,
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Fig. 4.6 Construction Site Inspection by Drone Technology (Zitzman, 2018)

Fig. 4.7 Drone for Topographic Mapping and Land Surveys (Zitzman, 2018)

photographic, thermographic, and metric information required by construction
professionals to design. Also, drones are developed with software facilities that can
survey, and deliver quality projects. With the laser scanner facility of a drone, it
becomes possible to measure a region of space following the predefined density.
Also, drones are used for topographic, geological, and orthophotos surveys on
the construction sites can achieve photogrammetry. Some of the photogrammetry



76 4 Drone/Unmanned Aerial Vehicles (UAVs) Technology

Fig. 4.8 Drone Application for Connecting Terrestrial Laser Scanning and Aerial Photogrammetry
(Tkáč & Mésároš, 2019)

services provided by drones required for construction include processing contour
lines, creating 3D maps and models, mapping construction sites monitoring with
hydrogeological instability, and reconstructing point clouds. Consequently, drones
have proffer solutions to some of the constraints faced by surveyors in accessing a
suitable laser scanning location. Figure 4.8 depicts a building where a drone was
used to achieve terrestrial laser scans and aerial photogrammetry (Fig. 4.8).

IV. Building Inspection.

In recent times, drone technology is being used to inspect buildings and structures.
This has made it possible for inspection to be undertaken while construction is going
on. This involves the inspection of the roof and areas within the structure that are
difficult to access. The roof inspection is very vital to evaluate the current conditions
and any defect that needs attention. The use of drones serves as a better option than
the traditional method that requires the service of inspection providers/professionals.
Generally, due to the height in reaching the roof area, the conventional methods
that involve the use of ladders, or scaffolding, often pose some dangers and are
time-consuming.

V. Automation and Data Collection.

Construction 4.0 has brought about the need and importance of automation and data
collection for the prompt delivery of quality projects in the construction industry.
The construction industry represents one of the sectors in the economy with signif-
icant adopters of aerial data. The use of drones makes it possible for construction
tasks to be automated and conducted in correspondencewith procedures. In construc-
tion, drones are applied to collect data required by the project team to execute the
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project successfully. This avails the team the opportunity to review and compare
information for a better decision. In recent times, drones are structured for auto-
mated operations, which provides essential information required for construction.
These include topography studies, design data, analysis of stockpiles, and cutting
and filling parameters.

VI. Remote Monitoring and Progress Reports.
Drones are also referred to as Remote Piloted Aircraft System (RPAS), which

encompass aflying platform remotely directed by a pilot to viewand capture the entire
construction site. One of the utmost benefits of drones in the construction industry is
the opportunity for the project contractors and clients to view the construction site or
ongoing project from any location. The capability of the remotemonitoring of drones
can be used to evaluate the progress of the construction work at different stages of
implementation. This is helpful to the project manager, contractor, and clients as
precise information on the project’s day-to-day progress is provided. The overall
components of drones for smart construction monitoring are described in Fig. 4.9.

Fig. 4.9 ConstructionMonitoring/ReportingConcept usingDrones andUnmannedAerial Vehicles
(UAV) (Anwar, Izhar & Najam, 2018)
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VII. Site Logistics and Planning.

Construction tasks are subjected to human errors even in proper planning, site design,
and inventory management. However, the introduction of drone technology in the
construction industry helps minimize many human errors. The drone technology
makes it possible to capture the entire site used to generate a building design required
for proper site planning and logistics. Using drones and Site scan, the project team
is availed with the updated and precise site logistics plans. This enables everyone on
the project site to be well informed of the locations of gates, truck routes, closures
on-site, inclement weather areas, traffic flow, and the list goes on. The project plan
can be accessible by anyone on the site, either through a mobile device or computer
(Gibson &McManmon, 2018). Figure 4.10 depicts a complete site logistics plan for
a project team by drone.

VIII. Thermal Imaging recording.

Drones are equipped with a distinct thermal camera or thermal imaging sensors
which can interpret thermal energy (heat) into visible light. Thermal energy, which
is invisible to the naked eye, can be illuminated through the infrared camera sensors
of the drone. Thermal imaging is required to examine a specific object or location.
In construction, drones can generate aerial thermal images to examine cold spots in
different parts of buildings. This avails the building professionals the opportunity to
identify and rectify: hidden construction defects, improper sealing of windows and
roof, water infiltration leaks, moisture intrusion, rot areas, thermal hotspots, leaks
areas, delamination, and other areas that may cause damage to the building. Thermal

Fig. 4.10 A Case Study of Drones used for Overall Site Logistics Plan for Entire Project Team
(Gibson & McManmon, 2018)
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Fig. 4.11 Drone Thermal Imaging (Tkac, & Mesaros, 2019)

imaging can also be used to inspect the roof of the building, which gives firefighters
insight into heat areas where smoke emanates (Fig. 4.11)

4.3 Case Studies of Drones/Unmanned Aerial Vehicles
(UAVs) Technology Application in Construction
and Resultant Benefits

4.3.1 Case Study One: 3D Building Construction
in Shandong University of Science and Technology
and the Henan University of Urban Construction

A case study of the mapping of a 3D building construction in Shandong University of
Science and Technology and the Henan University of Urban Construction is exam-
ined. In this case study, a Drone/Unmanned Aerial Vehicle with a four-combined
camera with a unique design of overlap images was designed and used for these
projects (Feifei et al., 2012). The primary use of the drone was for aerial photog-
raphy and imagery of a 3D building construction with large-scale mapping of 1:1000
and 1:1500. A drone of such capacity was used due to the characteristics and theo-
retical demonstration that the UAV system for low altitude aerial photogrammetry
can be used to construct a 3D building. The most significant advantage of a UAV
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carrying a four-combined camera is that vertical and inclined images of one building
can be captured simultaneously by route planning. For precision, the four-combined
camera was regulated individually and collectively. The outdoor calibration field
in the Chinese Academy of Surveying and mapping was used for single-camera
calibration (Feifei et al., 2012) (Fig. 4.12).

This first 3D building construction experiment in Shandong University of Science
and Technology used un-manned airship FKC-1 carrying a four-combined camera
for aerial photography. A total of 20 control points of high precision aerial exper-
imental control was filed in the university; the aerial photography meets the aerial
photogrammetry accuracy with scale mapping of 1:1000.

The second 3D building construction experiment adopted the fixed-wing UAV
carrying a four-combined camera for aerial photography. With intensive control
points (36 control points), aerial photographymeets aerial photogrammetry accuracy
with a scale mapping of 1:500.

4.3.2 Case Study Two: Projects A (91 5-Story Buildings and 5
3-Story Buildings), and Project B (1 26-Story Building)

A case of two residential projects, A and B, are situated in Brazil. Project A consists
of residential low-income housing projects with 91 (5-story buildings) and 5 (3-story
buildings), while project B consists of a residential high-rise building with 1 (26-
story building). Drones were used for constructionmonitoring, safety inspection, and
analysis of the non-compliances based on a safety standard of two projects. Advanced
UAV, known as DJI Phantom 3 with Sony EXMOR camera, was used to conduct the
monitoring and safety inspection on the construction site. This involved four stages
which include targets planning, data collection, data processing, and data analysis.
The target planning was carried out to determine the area of interest for monitoring
and inspection. At the same time, the data collectionwith the drone through the visual
assets was used to inspect the safety conditions on the construction site. A total of 26
flight tests were performed with an average time of 9 min each. The data collected
was fully processed based on the Flight Log Data Form and Safety Checklist by
Snapshot Types - Full Version (60 items). A database of safety inspection items
and visual assets was created. In total, eight inspections were performed, four for
Project A and four for Project B. Due to the large number of visual assets collected,
a smaller set of visual assets for safety analysis was selected, which considered
many visual assets that could verify all requirements. A total of six to eight visuals
assets were selected per inspection. Two analyses were carried out based on the
visual assets selected: the first one aimed to evaluate the applicability of the UAV
for safety inspection; the second analysis aimed to evaluate the non-compliance with
the safety requirement that could be visualized in the first stage, according to the
Brazilian Safety Regulations (Santos-de-Melo et al., 2017) (Figs. 4.13 and 4.14).
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Fig. 4.12 a The structure of the designed four-combined wide-angle camera. b The outdoor cali-
bration field (Feifei et al., 2012). c Drone imagery used for mapping 3D building geometric model
in Shandong University of Science and Technology (Feifei et al., 2012). d Drone imagery used for
mapping 3D building geometric model in Henan University of Urban Construction (Feifei et al.,
2012)
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Fig. 4.13 Project A and project B (Santos-de-Melo et al., 2017)

Fig. 4.14 DJI phantom 3 advanced with a tablet Samsung Galaxy Tab E 7 for display (Santos-de-
Melo et al., 2017)

4.4 Benefits of Drones/Unmanned Aerial Vehicles
Application in Construction

(1) Facilitate the work of Designers, Engineers, and Contractors: Drones are
becoming an essential component of virtual design and construction (VDC),
giving architects and engineers new and efficient ways to visualize and analyze
structural requirements from the ground up. The planning, architecture design,
and engineering that shape what eventually becomes a building require good
data. The raw data captured by the drones help designers create 3D models
and maps that can be packaged and sold under various pricing structures.
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This becomes yet another tool in the surveyor’s arsenal, adding to traditional
surveying with modern technology (Danielak, 2018).

(2) Improve Safety and Minimize Safety Risk: One of the most profound bene-
fits of drones’ technology is enhancing the safety of construction teams on
construction sites. Drones are equipped with monitoring devices/components
that are used for site surveillance. This technology helps to identify hazardous
areas on time and ensure that equipment and materials are appropriately
stationed where required on the construction site. As a result, tasks needed
by personnel to ensure safety on sites are taking over by drones, and all infor-
mation needed by the construction crew is easily accessible without risking any
life. Hence, minimizing the vulnerability of the workers to accidents, injury,
and other risks.

(3) Enhance Speedy Progress Monitoring on Construction Site: A major task
of project managers is to conduct periodic inspections on construction sites
to ensure the quality of projects is enhanced by implementing drone tech-
nology. Drones are designed with a camera that can capture all the angles of a
construction site within a short time. The visual data collected avails the project
managers, teams, and project owners with the updated situation of the ongoing
projects, which facilitates the project progress. Also, the dronemaps that give a
bird view of the construction sites lessen the time spent on inspection, thereby
speeding up the monitoring process. Consequently, improvement in progress
monitoring ultimately improves the project delivery.

(4) Saves Cost of Project Execution: Generally, construction works are time-
consuming. However, the introduction of modern technology such as drones
represents a cost-saving tool in the construction industry. This is achieved with
the operationof drones for surveillance and aided inspectionon the construction
sites. This helps to monitor and identify suspicious activities and errors that
might lead to delays and ultimately result in cost overruns. Also, with regards
to risk management, the cost of drone technology insurance is lower than the
on-site workers.

(5) Saves Time: The introduction of drone technology in the construction industry
for tracking, mapping, automation, and surveillance has enhanced speed
in construction activities. Data collected manually on the time-consuming
construction sites can be generated speedily using drones. Similarly, the small
size of drones makes it possible to fly and maneuver swiftly to capture the
entire project site and send back photographs and footage of all the informa-
tion required for effective project execution. This saves a lot of time that would
have required the construction workers and professionals to achieve.

(6) Facilitate Communication: Communication across the construction crew
must keep tabs on the construction progress; this has been made easier through
drone technology. Drones with a cloud-based facility and mounted make it
possible to share annotated maps and provide video footage that facilitates
communication and collaboration among the project teams. This visual data
deduced from the drone allows all team members and external stakeholders
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to assess the construction sites, thereby enhancing communication. A clear
display of the updated site situation represents an important communication
tool.

(7) Enhanced Decision-Making Process: Decision-making process is vital in
achieving a quality project within a stipulated schedule and cost. Drones give a
bird’s eye view of a construction site that promotes accurate decision-making
on real-time information instead of narratives. The drone technology enhances
the significance of data in the construction process. Drone technology improves
decision-making through quick data collection, mapping, and analysis.

Furthermore, Unmanned Aerial Vehicles avails project managers updated visual data
of daily activities such as topography and aerial, surveying, analysis of stockpiles,
measurement of excavation depths, materials movement, safety and security, and
monitoring of construction sites progress. The information collected, which can be
reviewed, benchmarked, archived, and comparedwith other information, is a valuable
tool for better decisionmaking.Also, the decision-making process can be streamlined
by referencing a drone map which allows for changes to be accommodated anytime.

4.5 Risks Associated with Drone Technology

Rapid use in drone technology, especially for commercial purposes such as construc-
tion, presents several benefits and, at the same time, poses some risks. These risks
emanate from technical, legal issues and uncertainties. Some of these risks are
discussed below.

(a) Drones Registration and Regulations: Different countries have established
rules and regulations regarding licensing and use of drones. Some of these
regulations specify adherence in weight, height, the purpose of drone use,
certification, and obligations of drone operators. When these regulations are
not strictly adhering to, it poses the risk of prosecution by the Civil Aviation
Authority (CAA). This might result in large fines, withdrawal of license, and
even imprisonment. This can be corroboratedwithYaacoub et al. (2020), which
states that violators of drone regulations could be penalizedwith unlimitedfines
or a jail term of five years. Consequently, the ongoing construction projects
are obstructed, leading to cost overruns and delays in the projects’ delivery.

(b) Data Privacy: In construction, a drone is considered a data capturing tech-
nology that is used to collect real-time data of construction projects and the
activities on the construction site. As a result, the technology is susceptible to
data theft, trespass, invasion of privacy, and intellectual property. Some of the
risks include data theft or cybersecurity, resulting in drone data and imagery
records being stolen or compromised by a competitor. Drones operators’ pref-
erence for using smartphones and devices for operation makes data collected
highly susceptible to hacking. Also, data privacy risk can occur when a drone
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operator secretly captures personal images, including workers, visitors, and
third parties, recordings, or entering another personal property without autho-
rization. The recognition of some of these risks has informed Federal Aviation
Authority (FAA) (2018) in formulation rules and regulations guiding drones.

(c) Accident: Another potential risk of drone application in construction is drone
accidents. Drone accidents on construction projects have been a prominent
occurrence in the industry. Drones accident occurs when there is a collision
with another object, unfavorable weather condition, hijacking or attack by
external parties or drone crashing. Consequently, this can lead to property
damage, personal injury, and loss of life. The aftermath of the drone accident
ultimately impacts negatively on the delivery of the projects under execution. It
is important for construction firms to secure proper insurance cover considering
the risk of drone accidents.

To manage the risks involved in drone use, the construction industry, firms, and
participants should get acquitted with rules and regulations on the use of drones
specified by the Federal Aviation Administration (2018). Also, there is a need for
project managers to constantly enlighten drones operators on the regulations and
develop a procedure for managing the risks involved in drone usage. An individual
construction company can build its regulations and procedure to guide use of drones
for project execution. These include drone planning and operations, conditions and
processes for drone use, cybersecurity, intellectual property, establish a data manage-
ment team, qualifications, training, and compensation of drone operators. It’s also
essential to get insurance cover and secure the service of a well-grounded lawyer
who specializes in the drone industry.

4.6 Skills Required for Drone Operation
in the Construction Industry

Drones application requires specific skills and knowledge to be considered as a good
drone operator. This is vital across all sectors where drones are used as safe drone
flights trained and licensed pilots. In today’s world, drone technology has become
an indispensable device, and securing the required skills becomes a vital tool for any
industry to gain a competitive advantage. Also, considering the ecosystem, knowl-
edgeable and skilled drone personnel are necessary for various roles such as main-
tenance, innovation, and development of products and solutions. In general terms, a
drone operator is expected to be skilled in video and camera settings, photography,
filming technique, manual flight. However, modern Unmannered Aerial Systems
(UAS) are becoming more autonomous, requiring higher skills than general skills.
Considering the development in the use of drone technology, the following are the
core skills for drone application.
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(1) Communication Skills: Drone operations require solid and effective commu-
nication as it relies on transferring information and data. There are several
communications in drone technology. Yaacoub et al. (2020) classified drone
communication into Drone- to-Ground-Station (D2GS), Drone-to-Satellite
(D2S), Drone-to-Drone (D2D), and Drone-to-Network (D2N). Communica-
tion is vital in the construction industry, and drones are currently primarily used
for communicatingwith all parties, onsite andoffsite, involved in project execu-
tion. Consequently, drones operators require specific communication skills for
effective operation.

(2) Programming Skills: The introduction and application of new technologies
that demand computer programs have made programming skills crucial. A
drone operator requires programming skills to manage, process, and analyze
correctly the data collected by the drone. Advance Unmannered Aerial Vehicle
Systems are becoming more autonomous with several systems of autopilot
modes. This demands a high level of programming skills to successfully acti-
vate the flight assistance tools of drones such as homing, levelling, automatic
takeoff, and landing methods. Construction dynamics would always give rise
to reprogramming of worksite drones if the drones worked autonomously.
Programing skills in drone technology could be outsourced to experts in the
absence of employed professionals or funds to finance a permanent drone
expert.

(3) Data Analytics Skills: A drone or unmannered aerial system is a -data-driven
technology used to capture, store, and transmit data. The advancement in the
application of the unmannered aerial vehicles system has expanded beyond
just capturing videos but used for wider applications that require the collec-
tion of data for surveys. These technologies are now designed to produced
large datasets, which demands proficiency in data analytics. For the applica-
tion of drone technology in the construction industry, data analytics skills are
required to extract valuable information from the drone, analyse and deliver
data accessibility to the project teams to make informed decisions. This skill
is also to address critical problems that might arise regarding data generated
by the drone.

(4) Machine Learning Skills: Drones can be categorized as one of the new
automated technology of the fourth industrial revolution. Machine learning is
essential to automate the analysis of aerial data. With machine learning profi-
ciency, it is possible to extract information from data, make precise measure-
ments, detects objects and transform extensive data into consumable reports.
Machine learning has proffered solutions to some of the challenges faced in an
unmannered aerial system for autonomous flight in recent times. Proficiency in
machine learning can help identify and predict data patterns alongside software
programming for autonomous flight.
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4.7 Summary

The drone technology represents one of the fourth industrial revolution technologies
(4IR) that has gained wide application and experienced rapid technological devel-
opment. These technologies, also referred to as Unmanned Aerial Vehicles (UAVs),
have become indispensable and digitally transformed the construction industry. In
recent times the capabilities of drone technology have increased by the inclusion
and pairing with several vehicles such as sensors, GPS navigation units, laser scan-
ners, and high-resolution cameras for commercialization around the world. There are
several variations of drone technology, and these can be classified in terms of oper-
ating weight/mass and the purpose of drone flight. In the construction industry, drone
technology has rapidly gainedmuch acceptance and become an essential tool applied
in all the stages of the construction process. The use of drones has presented several
benefits to construction projects. These include aerial photography resulting in preci-
sion in reporting, improved safety, better inspection, speedy progress monitoring
on construction sites, cost-saving project execution, and enhanced decision-making
process. The increasing use of drone technology has brought about the formulation of
stringent policies and restrictions by a legal framework to manage the risks of drone
use, such as data privacy, accidents, hijacking and coalition that caused damage from
unauthorized pilots. The advancement and modification of the drone or Unman-
nered Aerial System (UAS), characterized by automation and robotics, demands
specific critical skills other than universal skills. Skills such as machine learning,
programming, data analytics and communication will be required by drone opera-
tors to effectively utilize the technology to enhanced sustainability in the construction
industry.
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Chapter 5
Prefabrication

5.1 Introduction

Prefabrication is a building technique that has made it possible for incomprehensible
building structures to be built within a little time. Although this building method is
considered one of construction 4.0 technologies, it has earlier existed during the post-
war era but later went into extinction. However, technological innovation has created
more attention/ interest in prefabrication in the construction industry. Prefabrication
existed during the ancient period of burnt clay bricks of the Mesopotamian civi-
lization in the Roman forts, when the conqueror brought prefabrication sections of
defences for invading England to post-world war II housing (Redshift, 2019). During
the period, a panelized wood house, the first known prefabrication, was shipped from
England to Massachusetts to housing a fishing fleet. Majorly, the historical back-
ground of prefabrication mould-making in construction is associated with the Greek
andRoman. Hence, this building system has been recognized as one of the alternative
solutions to changing the speed of conventional construction methods at a fast rate.

Also, one of the notable events in the historical foundation of prefabrication is the
rescue mission, which helps provide a solution for the accommodation for families
after worldwar in 1946when buildingswere destroyed (Hearn 2018). In recent times,
prefabrication/modular construction is increasingly becoming attractive and gaining
much recognition due to its bail-out for housing shortages experienced in some parts
of the world. The recent innovation in this building technique has led to the speedy
realization of good quality projects such as skyscrapers, bridges, offices, hospitals
etc.

The term prefabrication has been described using several words: off-site manu-
facturing, modular construction, industrialized building, etc. Themost common term
used interchangeably is prefabrication with modular construction. This difference in
these terms shows that modular construction is just a classification according to the
structural configuration, where almost 75% of construction is done at a factory site.
In the construction industry, the term prefabrication describes building components
manufactured in an industrialized setting and then transported to construction sites
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to be assembled into a building structure. It can be classified as a construction or
manufacturing process with the end-product of a preassembled component prepared
at a dedicated site with different construction materials. This end-product includes
bricks, slab pairs, columns, window shades, wall panels, and a complete construc-
tion component (Muhammad et al., 2017). Prefabrication as a manufacturing process
takes place at a specialized facility, in which the various building materials are joined
to form a part of the final installation (Zhong-Lei et al., 2019). The fabrication of
different building components at an offsite location separate from the construction
site is carried out to improve control, reduce labour operation on-site, and better
utilise resources—all in the interest of speed and profit.

5.1.1 Classification of Prefabrication

There are several classifications of prefabrication adopted by different authors based
on the system of operation. Adapting from thework of Alireza et al., 2015; Fred et al.,
2016, prefabricated systems can be classified according to structural configuration,
materials and components.

1. Structural Configuration: Prefabrication under structural configuration can
be classified into panel system, frame system, box/module/cell system and
hybrid System.

(i) Panelised systems of prefabrication are units produced in a factory and
assembled on-site. This system boosts the speed and convenience of
conveying walls to a site (Figs. 5.1 and 5.2). An example of a panel
system is the 30-story hotel near Dongting Lake in the Hunan Province
of China, called T30 that was built in 15 days (Lauren, 2015).

(ii) Frame system: Frame system provides the possibility of erecting build-
ings of any geometrical configurations and the different storeys of the
same building (Figs. 5.3 and 5.4). Roof andwalls systems are joint to the
frame by bolts that exclude welding construction parameters that meet
every client’s requirements regarding volume and space. (Anuradha &
Dhawade, 2015).

(iii) Modula system: The modular system, also known as the box or
cell system, is a three-dimensional construction modular unit mass-
produced completely with services and finishes equipped in a factory
setting before being transported to the construction site (Tharaka et al.,
2016). This prefabrication system is made up of 3D box-like modules
that can serve as both interior and exterior designs. These modules can
be easily assembled and quickly erected. An example of a modular
concept is the mobile home which can be easily moved from one place
to another (Figs. 5.5, 5.6 and 5.7). A typical case study is the Mini
Sky City which is a 67 storey skyscraper apartment constructed in 19
working days (Fred et al., 2016).
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Fig. 5.1 An exterior wall panel (John, 2020)

Fig. 5.2 Panels assemble on site (Anuradha & Dhawade, 2015)

(2) Materials: Prefabrication is classified based on the materials used as the major
build-up of the building structure. Prefabrication units are made up of some
basic construction materials, including concrete, steel, and wood. Recently,
glass fibre reinforced polymers were included as one of the materials for
prefabrication (Alireza et al., 2015; Martin, 2019).

(i) Concrete: Concrete modular buildings are not very popular. In high
rise prefabricated buildings, concrete is mainly used for the panels
of partially prefabricated buildings or as a core to be combined with
the modular units (Martin, 2019). Some of the advantages of concrete
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Fig. 5.3 Frame system (Anuradha & Dhawade, 2015)

prefabrication materials include high quality, durability, strength, and
withstanding/endurance of heat, thereby reducing the energy consump-
tion of the building. The disadvantages of concrete materials include
waste, which leads to high transportation costs and sustainability due to
difficulty in recycling or reuse.

(ii) Wood: In the past, wood has been the most used structural material
in prefabrication, especially with modular methods. This is because
modular construction has been for a long time associated with the
family home detached houses. The wood material is also often used
due to its low price, good performance, and high solidity value recog-
nized by designers. Other advantages of wood include renewable and
energy-efficient, which is associated with low-rise buildings and ease of
transportation due to its lighter weight than other materials. The disad-
vantages of wood are the limitation in height requiring a maximum
amount of floor connection and the inability to withstand loads during
placement and transportation. Hence, installing temporary bracing to
cushion/resist loads (Hopkins, 2014; Martin, 2019).

(iii) Steel: Steel is also used in modular buildings for a structural system.
Steel is a metal structure fabricated that can be used to construct a
steel building. It can be used for interior support and exterior covering.
The steel material for prefabrication has the advantages of: durability,
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Fig. 5.4 Frame assembly process (Anuradha & Dhawade, 2015)

firmness, lightweight, recyclability, and ability to resist lateral force.
These advantages reduce the amount of work that ought to be done on-
site, thereby saving cost and time. The rigid and robust structure allows
larger opening spans, reduced need for lateral bracing and more design
flexibility (Martin, 2019).

(iv) Fiberglass:Fibreglass is also referred to as fibre reinforced plastic using
glass fibre, which can be rearranged, flattened into a sheet or woven
into a fabric and used to protect other materials such as concrete, steel
and wood. In prefabrication, fibreglass is often used for decoration and
beautification. The aesthetic formability of fibreglass has made it the
most preferred interior and exterior design structure and coating mate-
rial (Polser, n.d). Also, in architecture, it can be used for insulation
which comes in roof and insulation panels. The advantages of fibre-
glass include flexibility (it can be designed into several shapes), low
cost, durability, high impact resistance (to water, weathers, corrosion
etc.) and low thermal conductivity serving as an excellent insulating
material.
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Fig. 5.5 A Module or Unit (Fred et al., 2016)

Fig. 5.6 An image from themodular building: aAfter being built and occupied; bDuring its on-site
assembly (Navaratnam et al., 2019)
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Fig. 5.7 Construction building process of modular components (Anuradha & Dhawade, 2015)

(3) Components: Prefabrication components can be classified into vertical and
horizontal.

(i) Slabs: The prefabricated slab is one of the parts of contemporary build-
ings which comprise a horizontal flat surface made of cast concrete.
Slabs are often used to construct ceilings cast in a factory and trans-
ported to the site through trucks. It can be categorised as a suspended
or ground bearing, resting on a foundation. Examples of slabs used in
construction include flat slab, precast slab, composite slab, hollow core
slab and one-way joist slab (Fig. 5.8).

(ii) Beams: The beam is a horizontal structural component produced with
high strength concrete that can withstand load bending moments and
shear forces that transfer load from slabs to the columns. It gives support
to the slab by resting on the column. Beams are designed to fit to the
structural requirement and according to the sizes and shapes of the
columns provided. The typical depth of the beam is 16 to 40 inches,
and the typical width provided is 12 to 24 inches (Fig. 5.9). Prefab
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Fig. 5.8 Prefab slab (Chinmay, 2019)

beams and columns provide flexibility in design, shape and application
and are highly durable compared to alternative building materials. It
offers a clean, finished surface for the structural aesthetic of the building
(Chinmay, 2019).

(iii) Column: The column is considered the most important structural
member as it helps to transfer huge loads from beams to the foundation.
It is a vertical supporting pillar that can be in the form of a single or
double-storey height. Columns are initially cast in hollow sections with
an arrangement of dowelled connections. Prefab columns can be erected
five times faster than cast-in-situ columns (Fig. 5.10). It can achieve a
high quality and uniform finish. Erection of a column is a silent process
that can take place at any time. (Chinmay, 2019).

(iv) Shear Wall: A Shear Wall is a vertical structural element composed of
braced panels (also known as shear panels), which is used to counter the
effect of lateral load acting on a structure. Shear wall is usually designed
to resist wind in-plane and seismic loads. The applied load is generally
transferred to the wall by a diaphragm or collector (Fig. 5.11). Typically,
materials such as wood and plywood are used in shear walls. However,
advancements in technology have introduced more options for sharing
walls in prefabrication, such as steel and concrete. Hence, creating shear
assemblies into narrow walls that fall at either side of an opening and
can be cast according to the design requirements. (Chinmay, 2019).
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(a) Precast main beam

(b) Precast secondary beam

( c) Connecting detailing  between the prefabricated main beam and secondary beam

Fig. 5.9 Prefabricated Beam (a), (b), (c), (Lida et al. 2018)
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Fig. 5.10 Precast column (Chinmay, 2019)

5.2 Application of Prefabrication in Construction

In time past, prefabrication techniques are applied to housing facilities, but in recent
times, technological evolutions have brought about a paradigm shift to other forms of
construction. These include bridges, highways, stadiums, shopping centres, health-
care facilities, skyscrapers, schools, churches, ramps and more. The application of
prefabrication can be grouped as follows:

• Residential and Commercial Housing
• Building, Rehabilitation and Reconstruction of Bridges
• Stadiums and Grandstands.
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Fig. 5.11 Prefab share wall (Chinmay, 2019)

5.2.1 Residential and Commercial Housing

From history, housing had been a significant challenge. The advent of prefabrica-
tion paved the way for housing accommodation for communities and apartments
to host soldiers who returned from war. For many years, prefabrication has been
applied to residential buildings, but recently it has extended to commercial buildings.
Prefabricated residential and commercial buildings are built by industrial method,
which entails assembling all building components prefabricated in the factory and
later transported to the construction sites. In recent times, several countries world-
wide are now adopting prefabrication to construct their residential and commer-
cial outfits. Architects and designers across countries have adopted prefabrication
construction techniques for sustainable and low-cost housing. Prefabricated residen-
tial housing are houses designed to provide accommodation for people or families
either temporarily or permanently. These include private apartments, hotels, hospitals
etc. Figure 5.12 shows the interior and exterior of permanent modular school build-
ings, an initiative of the Victorian School Building Authority (VSBA) of Australia to
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Fig. 5.12 Permanent modular school buildings (Navaratnam et al., 2019)

replace old schools’ buildings.On the other hand, commercial housing includes shop-
ping malls, kiosks, showrooms, offices etc. Figure 5.13 depicts a prefabricated office
building with a complete manufactured component at an off-site, quality-controlled
factory.

5.2.2 Reconstruction of Bridges and Rehabilitation

Across the world, road traffic coupled with an ageing road network that needs repair
is vastly becoming a crucial issue that demands critical attention to minimize traffic
and ensure free flow movement on the highways. Consequently, this requires speedy
re-construction or renovation of the roads and bridges to avoid road closures, leading
to other complications. These challenges have been resolved through the adoption
of prefabrication. Modern technology in construction has to offer new techniques of
prefabricated bridge such as Prefabricated Bridge Element System (PBES), Prefab-
ricated Bridge System (PBS) and Prefabricated Precast Bridge System (PPBS). This
prefabrication mode consists of variations and a blend of different precast elements
made of concrete or steel or combining the two. In recent times,Government agencies
of several countries across the world, especially the developed ones, have resolved to
the application of prefabrication to accomplish quality road and bridge construction
projects within a short period. Also, the adoption of prefabrication offers several
advantages over on-site casts, such as cost reduction due to off-site manufacturing
reduces traffic disruption. It improves safety by minimizing workers’ and environ-
mental risk encounter during construction. The adoption of prefabrication for road
and bridge construction makes it possible to speed up work two to three times against
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Fig. 5.13 Modular building for offices (Navaratnam et al., 2019)

the traditional construction approach (Radan, 2017). Figure 5.14 depicts modular
bridge construction.

5.2.3 Stadiums and Grandstands

The application of prefabrication for the construction of stadiums and grandstands
has also gained recognition in recent times. This is majorly applied with the use
of precast concrete for building stadiums. Architects, contractors and clients have
discovered the use of prefabrication as an exceptional application for outdoors and
indoors facilities for precast stadiums. Although not all parts of the stadiums are
fully prefabricated, the application of its construction techniques to building parts
had made a glaring impact in the construction of stadiums. The current require-
ment of stadium designs regarding vibration control, durability and fast construction
speedmakes prefabrication techniques a perfect application. Prefabrication stadiums
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Fig. 5.14 Kintaikyo Bridge Reconstruction Project. a New arch ribs. b Falseworks for arch
construction. c After replacement (Mohiuddin, 2015)

constructed are entirely different from conventional stadiums based on the advan-
tages it offers. It is more durable, allow shorter timeframes, lower programming
costs without any compromises in terms of flexibility, comfort, safety and has light
tolerance control, produce fast erections and champion quick stadium completion.
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5.3 Case Studies of Prefabrication Application
in Construction Projects and the Resultant Benefits

5.3.1 Case Study One: Fort Sam Houston Medical Education
and Training Complex

Modular and onsite construction was adopted in a Medical Education and Training
Complex construction project in San Antonio, Texas, Fort Sam Houston. This
construction, which is expected to house 2400 medical trainees, was accomplished
with three construction techniques. The construction techniques are factory-built
dormitory modules that utilized a wooden shear wall design, steel frame construc-
tion, and the moment frame construction that uses rigid-welded connections at the
intersection of a column and beam to resist lateral loads. The use of Permanent
Modular Construction (PMC) offered an effective solution to speed up the project’s
construction without compromising the quality, ensuring the safety and durability of
the building. Prefabrication helped to realize the desired requirements of the clients,
thereby creating a LEED-certified building with a total square footage of one million
sqft. This is the world’s largest military medical training facility and one of the
world’s largest permanent modular construction projects in the world. Thus, this
project achieved a state-of-the-art structure built at an affordable price in a relatively
short period (Fig. 5.15). Therefore, a quality, safe, sustainable, and superior result is
achievable by effectively utilizing prefabrication andmodularization for construction
projects (Ankit, 2016).

5.3.2 Case Study Two: One9 Modular Building in Melbourne
Australia

One 9 is a ten-storey modular building consisting of 34 apartments is located
in Melbourne central district in Moonee Ponds, Australia. This construction was
designed by Amnon Weber architecture firm and constructed by Vaughan Construc-
tions using a prefabricated building system. The modular ground floors were assem-
bled on-site, and the manufactured apartments were erected using 36 unitized
building modules in five days. The building was situated on a land area of 277 square
metres, which is considerably small. Due to the heavy site environment congestion
and fear of disturbance considering the shopping mall located close by, prefabri-
cation technology has been proven as the best option (Fig. 5.16). This has helped
save costs that would have otherwise been incurred due to challenges encountered in
construction in a heavily congested suburbwith a difficult set of constraints.Adopting
prefabrication techniques didn’t leave amenities off the books, as the building had
secured a six-star rating from Green Star Australia for its many features that endorse
sustainable construction (Tharaka et al., 2017).
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Fig. 5.15 Fort SamHoustonmedical education and training complex in SanAntonio, Texas (Ankit,
2016)

5.3.3 Case Study Three: La Trobe Tower in Melbourne,
Australia

LaTrobe is theworld’s tallestmodular buildingwith 43 storey construction located in
central Melbourne CBD that consists of 206 residential apartments. This project was
developed by Long river Group, designed by Lothelowman architects and executed
by Hickory. The projecting tower, which is 133 m high, was completed and delivered
in 19 months. Thus, it shows a 60% faster than convention construction. The project
used structural building elements patented by hickory, sync bathroom pods and struc-
tural construction elements such as shotcrete, precast and load-bearing concrete wall
elements. This project has succeeded in carrying out entirely night-time construction
to ensure minimal disturbance to the rest of the city. More importantly, it has served
as a productive solution for post-disaster relief operations (Fig. 5.17). This method of
prefabrication presented more excellent safety on-site, reduced the number of crane
lifts to accelerate the construction process and delivered a quality project on time
(Tharaka et al., 2017).
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Fig. 5.16 One9 Nine Storey Prefabrication apartment Tower (Tharaka et al., 2017)

5.4 Benefits of Prefabrication Application in Construction

(1) Saves time: A prefabricated system provides a substantial decrease in time.
Compared to conventional construction methods, prefabrication brings about
a 40% decrease in the time required to complete an onsite construction project.
A major contributing factor to this benefit is the already prefabricated building
components that eliminate delays of scaffolding and shuttering on the construc-
tion site. The prefabrication method of the building also gives contractors
the chance to take up multiple projects due to preparing the construction site
alongside the fabricated modules.

(2) Reduce cost: Any construction work aims to get a quality structure in place
at the least price. Prefabrication construction reduces the cost and time of the
on-site construction phase significantly compared to conventional construc-
tion (Navaratnam et al., 2019). Prefabrication involves bulk production and
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Fig. 5.17 43 level prefabrication la trobe tower in Melbourne, Australia a Design tower form
b View of the tower (The State of Victoria Department of Environment, Land, Water and Planning,
2015)



5.4 Benefits of Prefabrication Application in Construction 109

purchase, which helps achieve cost reduction in the procurement and trans-
portation of construction modules. Also, prefabrication offers the computeri-
zation of the construction process. This permits a high degree of customization
at an affordable cost. The fact that time is saved due to ready-made components
for building speed results in a low labour cost per project. In sum, prefabrica-
tion is adopted where labour costs, power, materials, space and overheads are
lower, thereby achieving economy in cost.

(3) Reducewaste:Prefabricated construction systems reducewastage ofmaterials
than in site-built construction. This is possible as most construction operations
occur in the factory, therebyminimizing potential errors during the construction
process. Adopting prefabrication reduces theft of materials and damage due to
vandalization or environmental hazards. Prefabricated building modules can
be disassembled, relocated, or retrofitted and refurbished to be used in other
projects, decreasing waste due to excesses and surplus. (Navaratnam et al.,
2019). Also, wastage of materials can also be minimized as prefabrication
avails the opportunity to recycle and reuse materials remaining from a project
for another project.

(4) Safety of workers and workplace: Considering the hazardous nature of the
construction industry, the safety of workers is one of the significant concerns
of project contractors. Over time, stakeholders in the construction industry
have realised that minimizing injury on the construction site can be attainable
through off-site construction operations. Off-site construction allows workers
towork in a spacious environmentwithminimal collision.This ismadepossible
through prefabrication techniques where a controlled environment where risks
on construction sites such as sliding and electrocution scaffolding are mini-
mized. Hence, construction workers are free from injuries that might occur due
to an accident of large vehicles moving on the construction site. Also, there is
a better set-up plan, and the potential of workers getting injured is minimized
due to fewer workers on site.

(5) The solution to the shortage of local skilled labour: Shortage of skilled
labour has always been a significant challenge in the construction industry.
Even though several initiatives and research have been conducted to resolve
this issue, the challenge still prevails in the industry. However, the invention of
the modular construction system offers advanced technology for construction,
where less labour is required.

(6) Weather and Climate: Prefabrication construction occurs in an enclosed off-
site factory environment that is hardly affected or delayed by weather and
environmental conditions such as rain, intense sun, cold, snow, storms etc.
(Navaratnam et al., 2019). On the other hand, the on-site construction process
is susceptible to diverse environmental conditions, which can cause delays and
eventually the project’s outcome.

(7) Product Quality: Prefabrication entails manufacturing significant off-site
construction components, which allows for the quality outcome of building
construction. The use of industrialized components for prefabrication gives
room for a detailed process that ensures conformity with standards towards
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achieving better quality. Better quality in prefabrication is achieved as the
manufactured components help minimize risks, waste, and other dangers on
construction sites that might affect the quality of the project output.

(8) Aesthetic Appeal: Prefabrication makes the building of any shape possible
with different façades and beautification.

5.5 Risk of Adopting Prefabrication in Construction

Despite the benefits of prefabrication, it comes with some risks and constraints. It is
pertinent to address the risks for better implementation in the construction industry.
According to Sabrina and Tamer 2019; Lin et al., 2019; Wuni et al., 2019, the risk
of prefabrication can be classified into the following:

(a) Structural risks: In recent times, discoveries have shown that natural change
risks resulting from climatic conditions such as earthquakes, flooding, land-
slides, typhoons, cyclones are divulging some structural risks in the construc-
tion field (Lin et al., 2019). Modular construction comprises completed inte-
grated modules such as fittings, fixtures, and finishes that may be susceptible to
environments that encounter natural disasters. As a result, these natural events
present a significant risk to prefabricated structures, resulting in the project’s
structural failure.

(b) Ergonomic risks: Ergonomic risks are physical conditions that may pose
injury or risk resulting in musculoskeletal disorders. The factors that constitute
ergonomic risk can cause biomechanical strain on the employee. Construc-
tion workers are exposed to ergonomic risk because there is still manual
handling of modular components such as screwing, unloading, welding and
inspection in prefabrication.Manual activities in prefabrication which involves
heavy masses of modular components, cause risks to workers’ safety. Manual
handling and operations during modular construction and on-site assembly
are guidelines to ensure protection from ergonomic risks. There have been
reported cases of construction workers in the United Kingdom with severe
fatigue. They manually inspected, unpacked, lined up, unfastened, screwed,
and welded modules and enabled crane lift upon the arrival of modules to a
construction. Again, the manual handling, inspection, unloading, screwing and
welding of the heavy modular elements upon arrival to the construction site
exposes workers to injuries and risk of work-related musculoskeletal disorders
(WMSDs).

(c) Inflexibility in Changes: Prefabrication components are already fabricated
based on agreed design and specifications of the clients. Consequently, any
form of error or adjustment intended to be made is often difficult to effect
on the prefabricated construction. Also, considering the lifespan of a building
(which may extend to 80 years), the modification of the indoor building may
be required as a result of development, changes in taste and lifestyle. However,
this may not be possible in prefabrication buildings.



5.5 Risk of Adopting Prefabrication in Construction 111

(d) Higher Initial Capital: Although prefabrication has proven to be a cost-
effective construction system, the implementation demands a high initial
capital. The application of prefabrication involves the initial purchase of plant
and machines, land for manufacturing plant, modular storage warehouse, soft-
ware and cranes. The high initial capital cost constitutes disadvantageous
recipes for large risk spectra (Wuni et al., 2019). The severity of this risk
is felt more by economies with diseconomies of scale, where the producers
might find it challenging to break even to recoup the initial capital invested.

(e) Limited Customization: Modular structures are indeed customizable
according to the needs and expectations of the clients. But it is also true that
there is a limit to how much customization can go into it. Although the prefab-
rication component kits can be custom-made for different projects, there’s a
limitation to the design of each component. Only limited types of components
are available for various projects. Hence, if you are looking for a highly person-
alized and customized project, modular construction may not be the correct
type of construction for that purpose.

(f) Damage in Transit: Prefabrication involves the transportation of construction
modules and equipment from the placewhere it is prefabricated to the construc-
tion sites. Some of these prefabricated modules are large and delicate, posing
a significant risk of transit damage. Hence, additional materials are required to
be joined with the modules to minimize damage during transportation (Sabrina
and Tamer, 2019).

5.6 Relevant Skills for Prefabrication Application

Compared to other industry digitalization and technological advancements, the
construction industry has not been fully developed because of its cost and labour
intensive setbacks (Dallasega et al., 2018;Woodhead et al., 2018). The skills shortage
has always been one significant issue faced by the construction industry. For the
application of prefabrication, professionals such as architects, engineers, quantity
surveyors and few manual workers such as bricklayers, carpenters are required to
possess specific skills.More importantly, prefabrication requires a high level of skills
in planning, design, manufacturing, installation of prefabricated modules to achieve
a quality prefabricated construction. Consequently, the following skills are relevant
for the implementation of prefabrication. According to Buddhini and et al., (2019),
skills needed to carry out prefabrication successfully include the following:

(1) Designing Skills: Designing skills is an essential skill in construction and
prefabrication/modular construction. It involves reading and producing a set
of drawings from which the building will be built. This also involves: design
integration, understanding buildability, knowledge and expertise, business
management skills (such as generating new business models), and achieving
repeat orders of different technologies to deliver a prefabricated building.
Majorly, prefabrication is an offsite construction demand skill in Design for
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Manufacture and Assembly (DfMA). (Ginigaddara et al. 2019). This skill is
significant in the success of the modular project.

(2) Digital Skills: Prefabrication construction, categorized as offsite manufac-
turingof building components, uses automatedproduction techniques requiring
digital skills. These encompass information technology and programming.
These skills are essential to use digital devices, access andmanage information
and communicate effectively. For example, digital skill is essential in designing
an off-site building.

(3) Data Analytics Skill: These are analytical skills in performance parameters,
including structural, energy efficiency, material strength, and cost.

(4) Planning Skill: Planning is essential for any project to be carried out success-
fully, but in prefabrication, planning is not just a prerequisite to start with, but
what the whole project is about. It takes professional ability to think about
activities, materials and labour needed to carry out a prefabrication project.
The ability to plan well could be the difference between profit and loss. Well-
grounded planning skills in prefabrication would entail creating a blueprint of
a project from start to finish, and prefabrication can only take place after the
project has been completed on paper. Prefabrication rides on detailed plan-
ning and organizing carried out before work starts. Planning skill directs all
other skills needed for prefabrication. Planning skills would be reflected in the
material handling of any construction project from start to finish.

(5) Installation Skill: The installation stage is one of the most crucial aspects
of any construction or manufacturing setting. Successful installation tends to
be a successful project. Prefabricated components would not arrange them-
selves: it needs professionals to get it fixed onsite. A prefabricated building
module includes the components of a conventional multi-story house project
and the well-designed installation procedure. Each module has been config-
ured to provide a range of room and dual-room configurations, and without
proper installation, tech know-how, erection would never be possible. A good
installation skill all-round would encompass the ability of a person or firm to
be compliant with safety and building integrity, environmentally sensitive, and
must pay immense attention to details.

(6) Automation Skill: Automation has to do with the ability of a process to be
carried out with little or less human intervention. Automation is similar to the
manufacturing industry, where parts are coupled and arranged by an installed
automated processwith little or no human intervention or supervision.Automa-
tion skills in the construction industry or instead in prefabrication have to do
with creating a process of arrangement of building installation with little stress
and human intervention. Automation saves time and energy, and prefabrica-
tion is a product of an automation process. A well-grounded automation skill
would involve the ability to understand development methodology, to commu-
nicate skills through the building process effectively, have an idea of computer
programming and excellent acute attention to detail.

(7) Collaboration: Prefabrication cannot be done just by having one person or a
set of people with just one skill. In prefabrication, different professional skills
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will be needed across every unit, and all these experts need to collaborate as
a team for success to be recorded. It’s not a one-person job; it is a job that
requires different people having different skills, playing their parts well and
synergizing with one another for the project optimization.

There is a critical need for the construction personnel to possess digitalisation,
automation, and industrialisation skills to cope with the smart city. The current off-
site construction with the presence of the internet of things, cloud computing, data
analytics, cybersecurity etc., demands the inclusion of higher-level skills. Hence,
creating the need for up-skilling and reskilling to match up to modern technological
requirements (Buddhini et al., 2019; Woodhead et al., 2018).

5.7 Summary

Prefabrication/Modular construction, which has existed for a long time, is currently
gaining much recognition as a building technique in the construction 4.0 era. Stake-
holders in the construction industries such as professionals, contractors, clients and
even the government are beginning to adopt this building technique as a solution to
some of the challenges, such as the shortage of building faced in the industry. The
introduction of new technology in the construction industry has improved prefabri-
cation, thereby creating comprehensible building structures within a little space of
time. This building technique applies to almost all construction categories, including
residential, commercial, bridges, stadiums, and grandstands. Adopting this building
method offers several benefits, which makes it a better option than conventional
construction. These benefits include -saving, cost and waste reduction, promoting
the safety of workers and workplace, and solution to the shortage of skilled labour
and better-quality construction project. Similarly, some risks such as higher initial
capital, inflexibility in changes, damage during transit, structural and ergonomic
risk, and the implementation of this building method. However, identification and
management of the risks make the prefabrication method more effective. Further-
more, the implementation of prefabrication and Modular in the current digitalized
construction (Construction 4.0) demands a high level of skill comprising soft skill
and technical skills. The soft skill includes planning, communication, interpersonal,
collaboration, negotiation, team skill. On the other hand, the technical skills include
designing, digital, automation, programming and installation. Therefore, the need
for up-skilling and reskilling of the construction workforce becomes necessary and
inevitable.

In summary, prefabrication will make houses and buildings less cumbersome
to erect as prefabrication will make building projects faster, thereby tackling the
shortage of housing caused by an increase in population around the world. Buildings
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would not just be allowed to spring up without proper documentation and certifica-
tion from professional government agencies. Policies and regulations will be chan-
nelled towards safe and sustainable prefabricated housing projects as it has done with
conventional building requirements.
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Chapter 6
3D Printing/Addictive Manufacturing

6.1 Introduction

3D printing, also referred to as Addictive Manufacturing (AM) is categorized as one
of the Construction 4.0 technologies. Technology is considered one of the fastest-
growing technology in almost all industries, including construction. This technology
involves the construction of a Three-Dimensional solid object from a digital model.
This technology includes the manufacturing of building modules with a computer-
aided diagram (CAD). It is primarily useful for prototyping and the manufacture
of geometrically composite components. 3D Printing started in the early twentieth
century with the first-ever 3D printer invented in 1984, evolving from automated
production. It had its first application in the manufacturing and automotive indus-
tries. Recently, 3Dhas becomeone of the fastest-growing technologies,with its appli-
cations covering several industries. The application of this technology has proved
effective and beneficial in industries such as medical, aerospace, and construction,
thereby providing the opportunity for mass customization and complex shapes that
cannot be produced in other ways.

Historically, 3D Printing, termed Rapid Prototyping (RP) technology, was
conceived in Japan in the 80’s. In 1984, a method of 3D printing known as stere-
olithography (SLA)was invented by anAmerican Inventor. Stereolithography (SLA)
is a liquid photopolymer resin contained in a reservoir, as shown in Fig. 6.1.

Subsequently, the 3D model created from digital files is printed into a solid and
physical shape with one layer, UV lasers which are used to activate the resin to
solidify. In architectural firms, the printing tabletop scale model represents one of
the earliest uses of 3D printing. These models enhanced the design process and were
a valuable tool for planning the marketing of building projects. Today, stereolithog-
raphy (SLA), one of the early invented 3D models, is still one of the most popular
3D printing technologies. Other common additive technologies include selective
laser sintering (SLS), fused deposition modelling (FDM) and direct metal depo-
sition (DMD) (Ellis, 2018). Over the years, the capabilities of 3D printing have
extended beyond its initial potentials. For example, a system of 3D printing called
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Fig. 6.1 First Invented stereolithography (Giacomelli & Smedberg, 2014)

Contour Crafting is designed to print buildings in place. Recently, the automated
and accelerated process of 3D printing is also auspicious for civil structures such as
buildings and bridges, which requires extensive labour.

In recent times, the application of 3D printing has brought about a significant
change in the construction industry. The adoption of 3D, known as Construction 3D
Printers, has enhanced the building process, such as a higher speed of construction
and assembling, less use of labour, less waste of resources and materials. The 3D
machines, alternatively referred to as construction 3D printers, are technologies used
to build houses by depositing paste-type material, either concrete or earth materials,
pushed through a nozzle layer by layer to print buildings in 3D (Cherdo, 2020). The
3D digital model that sets the foundation of any 3D printing process is created using
various 3D software programs. This model is cut into layers according to design and
further converted into a readable file by the 3D printer. Globally, several construc-
tions are built with 3-dimensional printing technology. The 3D Printing Process in
Construction involves inputting appropriate construction data such as plans, maps,
dimensions, and designs into an automated machine that generates a specific phys-
ical output. The three-dimension printer uses a stereolithography procedure which
involves the laying of a product layer by layer pattern. Building components such
as walls, partitions and beams can be produced with an automated 3D printer on
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Fig. 6.2 3D printing process (Mehmet & Yusuf, 2017)

the construction sites, while other building components can be installed using the
traditional methods. In construction, 3D printing involves the following five stages:

• 3D Model Computer Designing which consists of the preparation of graphical
design with the help of CAD software;

• Conversion and exporting of model into Stereolithography/standard tessellation
language (STL) Format which is adapted to work;

• Processing to decompose into slices and required adjustments are made to the
designs and orientation;

• Reading and laying down designs into successive layers of 3D object printing
structure, which is generated by filling up of the cartridges with the necessary
materials such as powders, liquid, binders and sheet;

• Production of the structure, which is the final object produced.

These stages listed above are graphically depicted in Fig. 6.2 below make it
possible for any shape to be produced using 3D printing.

Furthermore, in construction, the 3D materials are vital as they determine the
structure’s quality. Several materials can be utilized for 3D printing. These include:
concrete, silver, steel, glass, titanium, photopolymers, stereolithography, polycar-
bonate, Acrylonitrile Butadiene Styrene (ABS) plastic, Polylactic acid (PLA). These
materials can be mixed with other substances to get a perfect solution, such as
concrete mix with recycled material, fibre, sand and geopolymer. 3D printing has
provided a cheaper, faster and more sustainable alternative to construction in the
world today.

6.1.1 3D Printing Materials

Several materials can be used for 3D printing. However, these are selected based
on the method of 3D printing to be adopted and requires the identification of 3D
techniques. The common materials can be classified into Cement, Polymers, Metals
and Ceramics.

(i) Polymers: Polymers for 3D printing/additive manufacturing comes in the
form of filaments, thermoplastic, reactive monomers, resin or powder. Poly-
mers are the most-used materials in 3D printing. This results from its avail-
ability, low cost, diversity and ease of adoption in printing processes (Alberta
& Paolo, 2020; Ngo et al., 2018). More importantly, it is widely used because
of its cost-effectiveness compared to traditional methods. Polymers utilize
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3D techniques, including laminated object manufacturing, fused deposition
modelling, stereolithography, selective laser sintering, 3D bioprinting, and
Inkjet printing. Each of these has techniques designed to process only a
specific polymer. In the industrial field, the most-used polymer technique
is the Photopolymer resins used for stereolithography due to the perceived
possibility of excellent achievable accuracy during the building process (Ngo
et al., 2018). The only concern in the use of polymers is mechanical proper-
ties and pure polymer products built by 3D printers, which are used explicitly
for conceptual prototypes due to the innate lack of strength and functionality
(Alberta & Paolo, 2020; Ngo et al., 2018; Parandoush & Lin, 2017).

(ii) Ceramics: The main methods of 3D printing ceramics are inkjet (suspen-
sion), powder bed fusion, paste extrusion, stereolithography and selective laser
sintering (SLS) of powder. Inkjet is deemed the primary method of making
dense ceramic samples that may not need post-treatment (Travitzky et al.,
2014; Ngo et al., 2018). Using Ceramics in 3D printing has the advantage of
controlling the porosity of lattices. This advantage ushered in the benefit of
developing advanced lightweight materials tailored for different applications
(Withell et al., 2012;Ngo et al., 2018). The ceramicAMprocesses have rapidly
evolved in recent years; however, in many cases, the mechanical properties of
manufactured parts do not reach the desired values (Alberta & Paolo, 2020;
Wang, Dommati & Hsieh, 2019).

(iii) Metals: Metals and alloy materials are increasingly growing in use for 3D
printing technology. Metals in 3D printing are majorly processed by melting
metallic feedstock made from powder or wire using an energy source such
as a laser or an electron beam. Melted are commonly used materials that
are transformed layer by layer to form a solid part through several tech-
niques. The methods for transforming metals to printing metals are powder
bed fusion (PBF) and direct energy deposition (DED). Powder bed fusion tech-
nologies possessed good mechanical properties and can produce components
with complex shapes of high accuracy. However, one of the shortcomings
of these technologies is that it is slow and as a result mainly used for small
parts (Ngo et al., 2018). Nevertheless, in recent times, other techniques such
as cold spraying, friction stir welding, binder jetting, direct metal writing
and diode-based processes have been developed (Ngo et al., 2018). These
processes can achieve higher accuracy or speed. Examples of metallic mate-
rials used in 3D printing include: steels (austenitic stainless steels, maraging
steels, precipitation hardenable stainless steels, and tool steels), titanium and
its alloys, aluminium alloys, and nickel-based alloys (Herzog, Seyda, Wycisk
& Emmelmann, 2016; Ngo et al., 2018; Alberta & Paolo, 2020).

(iv) Titanium: Titanium alloys are the most-used alloys in additive manufac-
turing. The first type of alloy processed and used in several industries, such
as automotive and aerospace, is 3D Steel. Among the processable steels of
3D printing, the most explored are the stainless, tool, maraging and precipita-
tion hardening (PH) steels. We also have aluminium alloys, which has shown
enormous success in 3D printing/addictive manufacturing. However, this type
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of alloy is limited in use due to the tendency of cracking due to solidifica-
tion during 3d processing. This use of this material presents several benefits,
such as the ability to control interspatial content and produce customized and
complex 3D printing designs.

(v) Concrete: Generally, concrete is the most used material in the construction
process around the world. Concrete material has been integrated into 3D
Printing. There are several compositions and methods available for concrete
blend and technology that can be adopted. The composition and the concrete
mixture is very important as it determines the strength and end product of the
3D printing. Fibre-reinforced concrete could also be printed using 3D printing
technology. 3D printed fibre-reinforced concrete composites benefit from
increased flexural strength and controlling fibre orientation in a printed struc-
ture compared to traditional fibre-reinforced concrete (Hambach & Volkmer,
2017; Ngo et al., 2018).

6.1.2 Methods of Three-Dimensional (3D) Printing
Technologies in Construction

There are several types of 3D printing technologies that can be used to process
different materials to create a final product. There are four main methods of 3D
printing technology in construction. These include the following:

(i) Contour Crafting (CC): Contour Crafting is a layered additive fabrication
technology developed by Behrokh Khoshnevis of the University of Southern
California (Khoshnevis, 2004). CC is computer controlled to exploit the supe-
rior surface-forming capability of troweling to create smooth and accurate
planar and free-form surfaces. Technology is considered the most promising
3D printing technology in the building industry as it gives a great opportunity
to automate the construction process. This technology makes it possible to
print a whole house directly on-site with the use of 3D printers. The Contour
Crafting of 3D printers shown in Fig. 6.2 makes it possible to construct
complex structures on sites with crane and robotic arm aid. This process is
conducted on-site as the materials are poured progressively into layers. The
idea behind the invention of the CC technology is to create a printer that will
have one or few nozzles that are moving on two parallel lanes installed at the
construction site, separated a few meters from each other and broader than
the width of the building. The material is thrust through the nozzle and laid
down in the shape of empty blocks, with a crosswise pattern inside to ensure
desired stiffness and strength (Izabela et al., 2016). Several other methods of
CCmachines have been designed to construct both small and large-scale struc-
tures effectively. Figure 6.2 display A 3D printed castle of Andy Rudenko’s
garden produced by the Contour Crafting technology. The design of these
models involved a mix of cement and sand printed on a single run. However,
the towers were printed separately and assembled in the building (Figs. 6.3
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Fig. 6.3 Contour crafting 3D printer (Sagheer et al., 2018)

and 6.4).
(ii) D-Shape: D shape is a 3D invention developed by an Italian engineer Enrico

Dini in 2004. This technology is the only original large-scale 3D printing
initiative used to digitally design and construct a multinational building struc-
ture. This technique made it possible to construct a structure at any shape
from the basement up to the roof at once. The D shape technology is essen-
tially a large 3D printer that uses binder jetting technology. The opportunity
of a large gantry structure of the D Shape to move the printer creates an
alternative type of concrete. This is achieved by selectively applying a liquid
binder on top of layers of powder material consisting of a cement-sand blend.
Following the application of the binder, the powder material solidifies, while
the residual unbound material remains as a support for the hardened parts.

Fig. 6.4 a First structure printed in-situ; b printing progress (Izabela et al., 2016)
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One of the significant features of the 3D printer is that it allows the printing
of 3D models directly from a file into concrete-like shapes with a high degree
of freedom. There are several opportunities of the D shape 3D printing that
avails avail contractors faster and cheaper methods of construction; devel-
opers offer of customized building, well suited to produce unique pieces and
building components and best suited for off-site prefabrication of various
highly complex construction elements. Figure 6.5 shows D-shape printing
technology.

(iii) Concrete Printing: A group of people developed Concrete Printing tech-
nology at the University of Loughborough, United Kingdom. Concrete which
is themost used constructionmaterial in the construction industry faces several
challenges. The invention of 3D concrete printing has made construction
work easier and resolve many challenges faced with the conventional use
of concrete. The use of 3D concrete printing avails opportunities such as
creativity and geometrical freedom for architects, improve workers ‘safety,
facilitate construction, thereby reducing delay. However, the concrete printing
technology has been developed to retain 3D freedom and has a smaller depo-
sition resolution, which allows for greater control of internal and external
geometries. The 3D concrete printing can be categorized into two. These
include the factory and the site. The factory creates a centralized location with
a controlled environment, making it possible to produce construction elements
without interruption. The project team also can inspect the production anytime

Fig. 6.5 D-shape printing technology (Hamad et al., 2018)
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so desire. On the other hand, the 3D concrete printing -site takes place at the
construction site, thereby availing the opportunity to produce larger units and
less transportation. Nevertheless, this method demands security of intellectual
property, mobilization, land and climate limitation.

(iv) 3D Printing Metal: In construction, metal addictive manufacturing has been
developed for structures that can withstand more pressure. This is a laser-
based technology that uses powderedmetal, which fixes together particles on a
powder bed with layers of metallic powder distributed by the technology. This
technology combined a manufactured robot with a welding machine to turn it
into a 3D printer. In construction, metallic materials commonly used include
aluminium, carbon steel and stainless steel. The metal 3D printing enabled
through lightning nodes makes it possible to achieve an efficient, lightweight
structure that might be costly and time-consuming using traditional methods.
Typical examples of metal 3D printing in construction include the façade node
and lighting node, as shown in Fig. 6.6.

Fig. 6.6 a 3D Metal lighting node b 3D Metal façade node (Buchanan & Gardner, 2019)
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6.2 Application of 3D Printing to Construction

Since 2004,when the first 3Dwallwas built, 3D technology has experienced dynamic
advancement and applied in numerous forms in the construction industry. These
applications are explained below.

6.2.1 3D Architectural Design

Building design lays the foundation of a quality building project and is considered
a key element by architectural and other building professionals. Clear and accurate
building designs help clients to visualize their ideas vividly. This is made possible
through the 3D printer. 3D printing has transformed architectural designs, thereby
making it possible to design a building model accurately within few hours. It avails
architects and designers the opportunity for added and more innovative designs,
early detection of mistakes before construction, saving cost and reducing human
error. Also, complex shapes can be printed, and detailed designs can be made. This
may include interior, complex facades, landscape, environmental elements, towns,
and cities that can be designed. These opportunities have replaced the traditional
method of designing, which is tedious, expensive, and depends intensely on the
skilled artisan. Fig depict an architectural design for a structure and light network
(Fig. 6.7).

Fig. 6.7 A 3D printing architectural design structure (left) and light network (right) (Raspalli &
Banon, 2017)
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Fig. 6.8 The three-dimensional modern printer (Shakir, 2019)

6.2.2 3D Printed Houses

3D or Addictive Manufacturing has become an indispensable technology for the
construction industry. This technology which consists of a head robot that moves in
and out in the form of a paste-like substance known as the jetting of the printer ink
shown in Fig. 6.8, has made it possible to construct notable buildings structures with
great designswithin hours. In the same pattern of creating 3Dobjects, 3Dhouses have
become a reality. These houses are printed using reinforced and enriched concrete
mixtures such as sand, cement, fibers, geopolymers. Concrete is mixedwith additives
to ensure the hardening of the 3D printed house. Also, several building components
which form a building structure can be printed using 3D printing technology. The
3D building components include walls, stairs, and roofs. A typical example of a
3D printed house is the Apis Cor printed house in Russian (Fig. 6.9) which was
constructed 24 h.

6.2.3 3D Office

3D printing technology has also been applied to office construction using concrete,
glass fibre and plastic. The innovation of the 3D printing construction office is a
new design that offers a solution to one of the challenges of inadequate building. 3D
printing allows designing the interiors of the office structures, such as furniture and
partitions. A typical example of a 3D office is the first world 3 Dimension Printing
Office in Dubai, the United Arab Emirates, as shown in Fig. 6.10. This office was
constructed to fulfil the vision of the leaders in Dubai and serve as a place where
people worldwide can converge. The 3D printing is fully functional with all required
facilities.
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Fig. 6.9 Apis Cor 3D printed house in Russian (Mehmet & Yusuf, 2017)

Fig. 6.10 a Side view b front view, 3D printing office in Dubai (Mehmet & Yusuf, 2017)

6.2.4 3D Bridge and Canal

3D printing can be applied to the construction of bridges and canals. Recently, a
fast-growing company known as Dutch MX3D specialising in 3D printing revealed
a metal bridge crossing an ancient canal in Amsterdam, the Netherlands’ capital.
The bridge’s design was carried out at the company’s workshop using a 3D printing
robot. The MX3D bridge confirms that metal 3D printing is probable at a measure
appropriate for application in construction. The mental 3D printing shows a possi-
bility of constructing an efficient, lightweight structure such as the bridge that could
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Fig. 6.11 a MX3D bridge in Amsterdam (Hossain et al., 2020) b MX3D Bridge in Amsterdam
(Hossain et al., 2020)

take a long time and be costly to manufacture using the traditional farming method.
Figure 6.11 shows the completed MX3 bridge in Amsterdam, Netherlands.
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Fig. 6.12 3D-printed stormwater collectors (GaudilliEre et al., 2018)

6.2.5 Stormwater Collectors

3D can also be applied in the construction of stormwater collectors. The stormwater
collector is a system designed to capture, retain and stormwater for valuable use. The
stormwater is stored in ponds, land surfaces and soak into the soil. Stormwater can
be used for domestic use such as drinking, washing, cooking and public use such as
farm irrigation, firefighting etc. In the case of Lille and Roubaix construction project
in France, a 3D stormwater collector was produced and installed on-site by Xtree,
shown inFig. 6.12. Thiswas conceived in aworkshop to explore the potential of three-
dimension concrete printing (3DCP) in public works. The adoption of 3D printing for
producing the stormwater took two days instead of twoweeks.As a result, this offered
the benefit of speed, convenience and a radical reduction in onsite involvement. Also,
3D offered the opportunity for several designs, workflow integration.



130 6 3D Printing/Addictive Manufacturing

6.3 Case Studies of 3D Printing Applications
in Construction Projects and Resultant Benefits

6.3.1 Case Study One: Apis Cor Printed House in Russian

ApisCor printedhouse situated inMoscowasdesigned in 2016byaRussian company
specialising in developing mobile construction 3D printers. The 3D printing tech-
nology makes it possible to design a whole building on site. The Apis Cor printed
house, which comprised 400-square foot concrete walls and foundation and facilities
such as windows, fixtures, and furniture, was constructed 24 h from scratch. The total
cost implication of the entire project, including materials, foundation, walls, roofing,
windows, interior and exterior, amounted to $10,134. This printed house was built
entirely on the site with the use of the 3D printer alone. The final construction of
the house can be described as habitable and comfortable with equipment such as a
sofa, fridge and Television. Naturally, building a house takes months. Thus far, the
Apis Cor 3D printed house was completed at a lower cost within a day that ordi-
narily would have taken an average of two months to construct using the traditional
construction method. The resultant benefits of using 3D printing include speed, low
cost, less personnel and human error due to automation.

6.3.2 Case Study Two: 3D Printed Office in Dubai

The world’s first 3D printed office in Dubai was designed for the United Arab
Emirates to serve as a conference space for parties from all over the world. It also
serves as a management office for museums of future projects that will help deliver
SMART technologies to the Emirates. This structure, a 2,000 square feet office and
exhibition space was printed with a 20 feet tall 3D printer. The components of the
3D printed structure were produced in China and shipped to Dubai for installation.
This office structure was constructed using 3D printed concrete, plastic and glass
fibre in nineteen (19) days to print and install with a total cost of $140,000. Due to
the high level of automation, the structure was completed with the assistance of eight
personnel; one personnel oversee the printing process, and eight were involved in
installing the building components on-site. The 3D printed office has various facil-
ities such as water, telecommunications and air conditioning systems. The resultant
benefits of adopting 3D printing in constructing this project include speedy delivery
of the project (19 days), reduction in the cost of construction, labour (50% to 80%
reduction in labour cost), efficient utilization of materials (30% to 60% reduction in
waste).
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6.3.3 Case Study Two (3): Freeform Truss Shaped Pillar
in Aix-En-Provence, France

The Freeform pillar is a 4 m-high column situated at the sports centre of a school in
Aix-en Provence, France. This pillar was made of integrated concrete 3D printing
that covers a part of the school’s playground. TheXtreeE 3D printing technologywas
used for fabricating the architectonic elements, which made it possible to construct
unusual geometrics with curved and fine elements. The pillar was printed at XtreeE in
Paris, France, the casting and integrated connectors were produced in Germany and
the final assembling of the structure on-site inAix-en Provence. 62.5% is gained from
the total cost of production using 3D printing compared to traditional manufacturing.
In summary, the resultant benefits of using 3D/Addictive Manufacturing include:
materials saving, reduction in labour and safety (through the elimination of on-site
manual construction process), time-saving (through reduction of some steps in the
traditional construction process), and workflow between project stakeholders. Also,
the adoption of 3D printing creates the possibility to achieve the complexity of the
composition of the 3D shape of the pillar. (GaudilliEre et al., 2018).

6.3.4 Case Study Four (4): Ten (10) 200 Square Meters
Houses in China

A Chinese company named WinSun Decoration Design Engineering Company
printed ten full-sized houses of 200 square meters in 24 h. This project was achieved
at the cost of $4,800. The process of 3D printing involves the use of CAD for
the architectural work plan, a layer by layer mix of high-quality cement and glass
fibre material. The houses were constructed from recycled industrial and construc-
tion waste materials, including concrete, cement, rubble, steel, and binders. The 3D
houseswere printed in prefabricated panels which the 3D printer invented byWinSun
produced. These panels, which were printed in a central factory, were assembled and
installed on the site. The resultant benefits of 3D printing in the actualization of the
project include low cost, speed, less labour requirement and solution to the housing
crises confronting a massive population in China.

6.4 Benefits of 3D Printing Addictive Manufacturing
in Construction

The introduction of 3D Printing Technology/Addictive Manufacturing offers a solu-
tion to someof the problems faced in the construction industry.As a result, contractors
have discovered the adoption of 3D has a way to gain a competitive advantage in the
industry. These benefits are discussed below:
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(1) Speedy Delivery of Construction Project: 3D Printing is considered one
of the emerging technologies of construction 4.0, which has greatly reduced
construction time compared to conventional construction methods. Ordinarily,
a project thatmight takeweeks ormonths to complete can nowbe accomplished
within hours or days by adopting 3Dprinting. This is possible as the technology
is fully automated and operates faster with minimal human error than the tradi-
tional constructionmethod. This benefit of speed production allows contractors
to execute projects on time and manoeuvre other projects.

(2) Cost-Effectiveness:Cost reduction is a significant factor that justifies the adop-
tion of new technology. The use of 3D printing technology in the construction
process is an important milestone that has been achieved. This is made possible
through the reduction in the process of construction, reduction in labour cost
due to automation, reduction in energy cost due to lightweight end-product
and non-requirement of expensive tools such as moulds and patterns. Also,
travelling costs are reduced because 3D can create and complete a product
without moving from one place to the other. Also, cost-effectiveness through
the adoption of 3D printing in construction can be achieved by using recycled
materials, which reducesmaterial wastages, transportation and storage. Conse-
quently,when comparing addictivemanufacturing and traditional construction,
these factors have radically reduced production costs.

(3) Waste Reduction and Sustainability: 3D printing has proved to be a double-
edged sword for waste management, and the traditional construction process
is well known for waste. This includes broken and damaged materials such
as bricks, wood, and concrete, often accumulated during construction works.
However, 3D printing is designed to use the exact materials specifically
required to build products with layer-to-layer processes. Also, the 3D tech-
nology can recycle industrial and construction waste and convert it to building
materials. As a result, waste is reduced to the barest limit. In terms of sustain-
ability, 3D technology releases less carbon dioxide, which can resolve the
challenge of large emissions in the construction industry.

(4) Innovative Design Solutions: One of the added advantages of 3D printing is
the innovative solutions it offers to the construction industry. This technology
avails the building designers, such as architects, to construct complex designs
that traditional methods cannot achieve in terms of labour and cost. Also, 3D
printing presents several designs and shapes, such as unique facades and curved
walls, unlike the rectangular shape structures,which is familiar to the traditional
construction method. The possibility of innovative building designs improves
clients’ satisfaction as 3D printing gives them the opportunity to personalized
their design structure. The creation of complex structures using 3D does not
come with a higher price than conventional methods in which price increases
with complexity.

(5) Improve Safety in Construction the Industry: Construction is well known
as one of the most dangerous industrialise with a high recorded injury and
accident record. 3D printing offers a solution to the challenge of safety in the
construction industry. This technology which is considered construction 4.0
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technology, has automated the construction process, thereby reducing labour,
risks and accidents among construction workers. 3D printing is designed to
perform most of the tedious work carried out on the construction site. As
a result, this has helped minimize the rate of injuries and accidents on the
construction site. Furthermore, 3D technology can detect on time risks that
might endanger the workers during the construction process. Consequently,
project managers and their teams become proactive in resolving such issues to
promote safety.

(6) Better Durability of Building Project: The durability of a building is of
great importance in the construction industry. 3D printing is well known for
designing structures that can withstand adverse environmental conditions such
as earthquakes and hurricanes. A recent discovery has shown that the method
by which materials are created and assembled using 3D printers contributes to
structural elements’ durability. The advantage of securing building structures
that will last for a long time goes a long way to improved clients’ satisfac-
tion, reduces the incidence of repairs, and increases the construction industry’s
productivity. Examples

(7) Improved ProjectManagement: The construction industry is reaping a lot of
benefits with 3D printing technology. This has brought about a great improve-
ment in project planning, execution and timely delivery. This is made possible
as 3D printing helps resolve several challenges of the traditional construction
methods. Hence, with the adoption of 3D printing technology, the benefits
of better and more accurate designs, reduction in safety risk, accurate cost
projection, lesser labour, reduction of materials, etc., is achieved.

6.5 Risks Associated with 3D Printing in Construction

The introduction of new technology such as 3D printing presents new risks. Despite
the benefits and potentials of 3D printing technology in the construction sector, some
risks comewith its implementation. In light of this, it becomes crucial that these risks
associated with 3D printing are addressed to mitigate the adverse effect which might
hinder its effectiveness. Below are some of the associated risks.

6.5.1 Health Risk

3D printing presents health risks in terms of worker’s exposure to the emission from
3D printers. Some of the materials such as nylon, thermoplastic, lay wood and lay
brick used for 3D printing have a level of toxicity that can be harmful to human
health. Also, the generation of ultrafine particles, explosive organic, polymers and
heated filaments released by most 3D printers is hazardous to human health. This
can lead to health challenges such as heart disease, asthma, and stroke. Some of the
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ways of minimizing these health risks are by designing 3D printers that limit the
emission of particles, the use of materials with low emitting filament and ensuring
the 3D printers are operated in a well-ventilated environment,

6.5.2 Cyber Risk and Intellectual Property Risk

With the increase in internet use and the digitalization of many operations, digital
designs and infringement on patents have become rampant. The ability of the 3D
printer to design and print a product at any place, any time through digital means
presents cyber and intellectual property risk. 3D printing makes use of Computer-
aided drafting (CAD), which produces files that contain patented information. Loss
of these files can lead to theft of designs. Also, there has been a rise in hackers
who can gain access to information stored digitally, and this presents another risk to
the use of 3D printing being a data-based technology. Furthermore, the danger of a
compromised supply chain may arise as manufacturers face the risk of producing a
product with unsafe 3D printed parts, which might cause damage.

6.5.3 Legal and Regulation Risk

The adoption of 3Dprinting in construction presents new legal risks and implications.
First and foremost, the regulations of 3D printing have not been fully implemented
in the construction industry compared to other sectors. Also, a defect or improper
functioning of 3D technology can cause damage to property and humans, thereby
incurring liability on the key players connected to the manufacturing of the tech-
nology and project management. Consequently, this might lead to a lawsuit. Simi-
larly, in terms of regulations, there is the risk of government regulations such as
inspection requirements. The scheduling procedures of the project may conflict with
the increased speed of the 3D printer in completing a project. As a result, govern-
ment agencies may be required to adjust to new technologies to meet the demand
of 3D technology, which might be challenging to attain in struggling economies
(developing and under-develop economies). Currently, there’s much uncertainty in
this aspect of 3D printing in construction. 3D printing will unlikely make too much
of a mark in the construction sector until laws and regulations are clearly defined.
(Ellis, 2018).

6.5.4 Risk of Job Loss

The construction industry, which is labour intensive, faces a threat of labour reduc-
tion, ultimately leading to job loss due to adopting 3D printing. 3D printing is a
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wholly digitalized process of designing andmanufacturing products, therebymaking
construction simple and easy. Products are designed and printed from the beginning
to the end with few operators. This technology is currently applied to almost all the
construction processes, and as a result, the demand for labour is greatly reduced.
Although it is considered a viable tool that can resolve the problem of shortage of
labour, there is a greater risk of job loss, especially among unskilled labour. Conse-
quently, the increase in the use of 3Dprinters in the construction industrywill translate
into lesser workers on construction sites, as most tasks become automated.

6.5.5 Management Risk

The newness of 3D printing in construction presents some managerial threats. These
include a shortage of experts in 3D printing technology, as 3D printing requires a
more specific skill set that would have to pull from a slimmer and more niche group
of candidates. Construction labour shortages are already a problem, and finding
qualified workers to employ in 3D printing construction environments could prove
to be evenmore challenging. Also, a 3D printer presents construction risks that might
surface due to errors in the digital model, which create some problems for the site
resulting from reworking. Furthermore, managing quality is another factor in 3D
printing in the construction industry; being an automated process, there is a need for
constant monitoring of the process by real humans. Otherwise, the process could be
an expensive mess (Ellis, 2018).

6.5.6 Material Shortage Risk

The materials for 3D printing are crucial to the smooth running of the technology.
The risks associated with 3D printing materials arise from limited availability of
materials or incompatibility of materials with the technology. When these materials
are not available, it can paralyse the operation of the technology. Furthermore, the
use of materials not compatible with the specification of 3D technology presents a
great risk of liability for defects on the project contractors.

6.5.7 Financial Risk

3D printing technology requires a high cost of implementation. Perhaps the biggest
challenge to the widespread adoption of 3D printing technology on construction sites
is the high cost of purchasing or renting such equipment and the logistics involved
in getting these large 3D printers to the worksite. 3D printers are costly, and that
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upfront purchase cost doesn’t include materials or maintenance. Due to the high
cost of setting up 3D printers for construction work, there is a low demand for 3D
technology.

6.6 Skills Requirement for 3D Printing Application
in Construction

The 3D printing/addictive manufacturing technology is gaining more grounds and
transforming project management in the construction industry. Accordingly, skilled
personnel with certain skills are required for the effective implementation of this
technology. These skills are needed to comprehend digital and masonry technology
to detect glitches in the digital model during construction (Brehm, 2019; Hossain
et al., 2020). Consequently, training is required for current workers to adapt to the
new working processes. Below are some relevant skills for the effective application
of 3D printing in construction.

6.6.1 Technical Skill

Technical skill is vital in understanding and utilizing the 3D designs software and
tools. A major application of 3D printing is prototyping which involves an experi-
mental and developmental process of designing a product froma prototype. Technical
skills are required all through the 3D printing process to ensure that the final prod-
ucts printed are in line with the prototype. This involves inputting relevant data in an
orderly and pre-planned way into the 3D printing machine, producing the specific
output. Technical skill is essential because any error in the printing process is of great
consequence to the product outcome.

6.6.2 Software Designing Skill

The design of any project is key to the successful accomplishment of the desired
outcome. 3D printing involves creating and designing new object from scratch before
it is transformed to 3Dmodel for printing. The 3D process starts with the building of a
prototype using digital designs using a computer. These designs are producedwith the
software. More often, the 3D process involves using computer-aided design (CAD)
software as it gives the detailed information required to build a product. Construc-
tion professionals such as architects, engineers, and project managers use CAD to
create precise designs and drawings of proposed building projects. Consequently, the
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increasing application of 3D in the construction industry demands advanced software
design skills for effective implementation.

6.6.3 Modelling Skill

The arrival of the 3Dmodels has transformedArchitectureEngineering andConstruc-
tion (AEC). 3D models offer better architectural designs, diagrams, and building
plans—this avails the architect’s opportunity to communicate effectively and provide
better and satisfactory service to their clients. However, the procedure of 3D printing
technology lies in the ability of the operator to conceptualize the desired object
and precisely create a digital representation. As a result, the modelling skill with
emphasis on CAD is required to construct models for 3D printing. CAD modelling
is a complex process that entails learning software, tools, basic commands, visual-
ising the conceived ideas in 3D, and converting the model into a printable 3D object.
Developing the modelling skill becomes essential for a construction professional
who doesn’t want to be limited to basic designs and models.

6.6.4 Creativity Skill

Creativity is a required skill for the effective utilization of 3D printing technology.
Every project beginswith conceiving an idea that can be brought to reality through 3D
technology. This technology is a digital approach that allows for innovative designs
and artistic creativity such as drawing, moulding and painting. All that is required
to deliver a product with the technology is a blueprint. Consequently, 3D printing
involves the process of creative thinking outside the box to generate designs and
objects that might be difficult or impossible with traditional construction methods.
Accordingly, professionals in the construction industry, especially architects and
designers, need to develop their creative skills to explore the full benefits of 3D
printing.

6.7 Summary

3D or Addictive Manufacturing has become an indispensable technology for the
construction industry. The application of 3Dprinting in civil engineering is promising
as it is particularly helpful in creating buildings with complicated shapes. The
construction industry has been slow in adopting 3D printing technology. However,
since the 3D printing technology has just started, it is believed that many more devel-
opments are still uprising, and some have been field-tested, some used for stereo-
typing etc. The current advancement in technology has shown diverse advantages
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in the construction industry. Some of the benefits include low cost, higher accu-
racy (resulting from eliminating human error due to automation), material saving,
reduction in labour, increased work safety, time-saving, and design of complex 3D
shape composition of pillars. 3D technology has proved to beworthwhile, and further
advancement would benefit the construction industry. Also, the implementation of
3D printing presents some threats. These include health, legal regulations, loss of
job, management, material shortage, financial, cyber and intellectual property risk.
For the construction industry to fully implement 3D printing, there is a need for
reskilling and upskilling. Effective adoption of this technology requires both soft
and technical skills. These include software designing, modelling, graphics, safety
management, creativity, critical thinking, problem-solving, finishing and intellectual
property protection.
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Chapter 7
Robotic Construction Technology

7.1 Introduction

Robotics, also known as automation, have contributed to improving the construction
process in all aspects. Over the years, the construction industry has been with an
image of hard work of long hours in a hazardous working environment. However,
the introduction of automation and robotics technology has brought about a solution
to this problem. Robotics and automation often go hand-in-hand. Historically, the
introduction of the computer brought about programmable automation in which
machines are controlled by fully integrated computer systems and are flexible enough
to be reprogrammed according to a specific task. Automation is a broad terminology
that increases productivity and efficiency, involving less effort. Automation such
as robotics are machines attributed with high-level programming and machinery
abilities capable of making decisions using sensors, recognizing errors and faults
to generate solutions to those faults (Bolivar, 2019). A robot is a machine, while
robotics is the application of robots. Robotics is defined as “the science of designing,
building, and applying robots.” (Bolivar, 2019).

Robots are equipment built on an automated system to carry out a specific related
task. A robot is a reprogrammable, multifunctional manipulator designed to: move
material, parts, tools, or specialized devices through variable programmed motions
for various tasks’ performance (Bolivar, 2019).Robotics comprises the ability of tools
with multi-axis flexibility to perform diversified tasks by themselves. This allows the
mass- customisation concept to be applied in the production. Robotics construction
can be traced to the 1980s by introducing single-purpose robots designed to perform
specific jobs such as concrete finishing or welding and majorly dangerous, difficult,
and dirty activities.Afterwards, several large construction companies in several coun-
tries started to commit considerable investments in robotics technologies to solve the
high cost of projects and cost overrun. In the construction sector, robots were first
developed in Japan and applied to off-site prefabrication of building to increase the
quality of building components for modular homes (Bock et al., 2012). In the last
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decades, construction robotics have been generating much interest in the construc-
tion community. Robotic systems have become common in many manufacturing and
production operations because they have proven to be more robust, safe, efficient,
accurate and productive.

In the construction industry, robot technology is increasingly being adopted
to build construction sites, efficiently reduce construction time, improve working
conditions, and increase safety by replacing humans in dangerous operations.

Automation and robotics in construction became necessary to resolve some of the
problems associated with the construction industry, such as lack of skilled personnel,
decreasing quality and productivity, occupational safety and substandard working
condition (Mahbub, 2012). Robotics in construction involves the incorporation of
mechanical technology such as machines, engines with computer technology (auto-
mated systems, programming languages, control system, etc.) to achieve greater
productivity and ensure safety during construction activities such as earth-working,
data processing, monitoring and feedback, heaving lifting of equipment etc. (Son
et al., 2010; Yahya et al., 2019). Modern robots are usually re-programmable,
having multifunctional manipulators designed to carry materials, tools, parts, or
other devices through variable programmed motions for the performance of series of
tasks occurring in the construction process (Krom, 1997; Stein et al., 2002; Yahya
et al., 2019). The construction robots require engines, batteries or motors and are
able to drive themselves. The development of robots in the construction industry is
gradually moving from factories to actual construction sites.

In construction, robotics technologies can be implemented in all stages of the
construction life-cycle, including the design, construction of the building on-site,
maintenance after completion of a building, and demolition of the building (Struková
&Líška, 2012). These technologies can also perform functions such as planning, cost
estimation, construction schedules and project management. One major setback of
robots and automation is that they tend to operate within a given set of program-
ming. According to Bolivar (2019), tasks performed by robots are programmed
according to certain conditions and factors, making it impossible for robots to deviate
or change from the planned task or even plan new things unless they are repro-
grammed. Recent technological development is moving to fix these issues with the
help of artificial intelligence and machine learning. Recently, the use of robots in
construction has grown at a tremendous level, and their adoption on construction sites
include positioning, inlaying, attaching, coating, concreting, connecting, building,
covering, jointing, scaffolding, demolishing, finishing, tunnelling, repairing elements
and inspecting (Bolivia, 2019).
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7.1.1 Components of a Robot

According to Anudari (2019), a robotic system comprised the following parts:

(i) Body: The body parts have similar functions to the human body parts. It
serves as the body to other internal parts of a robot, and it encloses the internal
components giving it a rigid shape and protecting them from external damage.
Also, the body provides a structurewhere other essential parts like sensors can
be attached. Robots body parts are built to be strong and vibration resistant.

(ii) Locomotion: Fully automated or not, robots have to move. The locomotion
part makes sure the robot can move from one point or place to another on its
own without being physically carried about by a human. Robots locomotive
equipment may be in the form of legs (can walk), Wheels (can drive itself),
wings (can fly).

(iii) Sensors: For identifying the environment, sensors are necessary for a robot
because they receive information from the environment and send electric
signals to the control unit. Sensors are used to scan the environment to avoid
robots crashing into some objects and mapping task environments.

(iv) Manipulators: These are used for movement and navigation during work-
in-progress. The type and purpose of the robots will determine the number of
manipulators such robots would have. Manipulators differ in shape and size.
They serve as the arm for a robot when interactingwith thework environment.
The simplest manipulators have three Degrees of Freedom (DOF), which
describes the number of the axis that it can move. Robots with three DOF can
move in x-axis up and down, in y-axis back and forth and in z-axis rotate.
The higher DOF of a manipulator, the more complex is the robot.

(v) End Effectors: these are tools surrounding the robot’s manipulator and
are used for grabbing, screwing, holding, etc. Depending on the purpose
of the robots, the end effectors can be grippers, hammers, spikes or even
screwdrivers.

(vi) Control System: In general, control systems are known for data processing.
The control system is the robot’s brain, where all information is received,
processed and transmitted to various parts where they are needed. A Control
system is a combination of hardware and software programming which
requires coding. Artificial Intelligence should increase the functional ability
of the control system, helping the robots make decisions and learn from
previous experience based on received data.

(vii) Power Supply: Robots need the energy to work and function properly. In
the construction world, where robots are applied onsite, such robots need
replaceable or rechargeable batteries to work correctly.
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7.1.2 Types of Robotics Construction

Robots in construction can operate either on the ground or in the air. However,
there are two major types of robots in construction: ground robots and aerial robots.
Ground robots are robots that move on the ground manually or automatically using
a ground mechanism such as wheels. Theoretically, there is no ad-hoc consensus
regarding the categorization of construction robotics. The lines between categories
are constantlymoved or blurred by newdevelopments in technologies. The difference
in categorization is based on individual authors perception and understanding of
robotics in construction. Oesterreich and Teuteberg (2016) also listed several types
of robotics technologies used in the construction industry as:

• Reality computing technology (Laser Scanners, Rovers, Unmanned Aerial
Systems)

• Simulation technology (Augmented Reality, Mixed Reality, Virtual Reality)
• Automation technology (AdditiveManufacturing, Autonomous Vehicles, Prefab-

rication and Modularization Robotics systems)
• Smart Technology (Artificial Intelligence, Big Data, Cloud computing, Cyber-

Physical Systems, Human–Computer, Interaction Internet of Things (IoT), Radio-
Frequency Identification)

Li (2018) categorized robots in the construction industry into three: traditional,
wearable robotics, and arms robotics.

(i) Traditional robot : These types of robots are controlled by computers or
other kinds of stimuli. They are designed to construct the superstructure of
buildings autonomously and are applied to different construction sections.
These include, e.g. climbing robots for skyscrapers, traffic marshal robots
to direct cars during bridge construction and high maintenance. Traditional
robots are also deployed to reduced onsite work hazards associated with the
installation of heavy building materials by manual labours (Li, 2018; Li &
Ng, 2017)

(ii) Wearable robotic/exoskeleton: This is a support robot used to support work
stress on the human body. These types of robots come in the form of amechan-
ical suit to be worn by a human controller, which assists to lift heavy materials
such as reinforcing bars, wall panels etc., which ordinarily cannot be lifted
by an individual. These robots are designed to fix a fundamental weakness
of humans, which diminishes strength and fatigue. On the other hand, the
exoskeleton is designed to move naturally with the wearer and are usually
adjustable to suit different body types. Research prediction reveals that there
will likely be an increase in demand for wearable robots due to the shortage
and ageing of construction workers (Li, 2018; Li & Ng, 2017).

(iii) Robotic arms: These are robots designed to imitate human arms and are
usually lightweight. These types of robots are small but have an excellent
capacity for carrying out all types of work conducted by robots. They also
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serve as a tool for lifting and placing objects the same way a human hand
would have done (Fig. 7.1).

Delgado et al. (2019) categorized robotics alongside a system of operation on-
site automated, off-site prefabrication systems, robotic systems, drones, autonomous
vehicles and exoskeletons.

(i) Off-site automated prefabrication systems: Automated robotic systems
require no human effort to operate. These offsite facilities build, recycle, and
transform construction materials such as concrete, steel, wood, bricks, etc. to
high-level prefabricated construction components (concrete prefab elements,
steel trusses, wood structural elements, etc.). Their operations improve the
quality of prefabrication components. Examples include large-scale prefab-
rication (LSP) with high-level building components and 3D printing, also
known as the additive manufacturing technique.

Fig. 7.1 Exoskeleton robot
(Ruggiero et al., 2016)
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(ii) On-site automated and robotic systems: This category involves robotic
systems directly applied on the construction site. At first, this category of
robotics were single-task construction robots (STCRs), which can only carry
out a singular specific task in a repetitive manner. An example is a robotic
arm that can be used to carry out simple tasks such as bricklaying, wall
painting, scaffolding, welding, concrete spraying etc. This robotic system is
very flexible because it could be easily adapted to other traditional construc-
tion methods. However, this approach generates other challenges such as the
need for additional health & safety requirements, the difficulty of parallelising
and integrating with human worker activities, and the lack of integration with
downstream and upstream activities.

(iii) Drones and autonomous vehicles: This category of robotic construction
comprises terrestrial, aerial or nautical automobiles that steered remotely.
Drones and autonomous vehicles can be used for various construction tasks,
including surveying and monitoring, accessing dangerous environments to
protect workers from high-risk areas and excavating, demolition and trans-
porting materials (Delgado et al., 2019). Terrestrial vehicles are often used for
groundwork construction such as building foundations, rehabilitation of road
networks, monitoring and inspecting ongoing projects and handling heavy
material onsite. Aerial vehicles are mainly used for surveying, inspection and
monitoring.

(iv) Exoskeletons: Exoskeletons are complementary robots used to augment
human strength and capacity. They are wearable devices that are integrated
to work together with the user, which performs the task instead of a fully
robotic system that autonomously carries out tasks without human interfer-
ence. Exoskeletons can help to minimize fatigue, injuries, disabilities and
stress accruing to the repetitive and heavy nature of daily tasks among
constructionworkers. This robotic has helped to proffer solutions to the ageing
problem in construction industrymanpower as it could perform dangerous and
challenging tasks stress-free (Delgado et al., 2019).

7.2 Application of Robotic Technology in Construction

In the modern age, the application of robots in construction activities has increased.
Robots are applied to construction tasks to gain speed, accuracy, safety and quality
project. Robotics has been used for several sections of construction, both on-site and
off-site. Below are some of the areas where robots have been used in construction.
From the work of Ruggiero et al. (2016) and Bolivar (2019). The technological mile-
stones that have been reached in the construction industry have been made possible
by the use of robots in performing the following functions:
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7.2.1 Painting and Spraying

Painting is a significant activity in building construction that is time-consuming and
labour intensive. It is carried out to beautify and protect the surface of a building from
weather conditions and decay. Robots have been designed to apply paint/spray paint
on both the interior and exterior surfaces of the constructed buildings. These robots
can accomplish the painting task faster the humans. The application of robotics to
painting promotes the accuracy of painting quality (smooth, evenly sprayed surface
with uniform spray quality) across all surface areas. This technology has helped to
address some of the challenges and risks of construction. Some of these challenges
and risks include labour shortage, painting hazards, high rise buildings and inaccu-
racy, and variation in painting quality by different professionals. Painting robots has
helped to solve labour shortage as one person is required to operate the technology.
This has enhanced the production rate about five times the efficiency of conventional
methods regarding speed, waste, accuracy etc. (Akshatha et al., 2017). Also, the risk
of injury or death that painters face while working at height is minimized.

Consequently, there is the speed of job accomplishment and increase productivity
in the construction industry. The painting robot is designed using few sheets of steel,
a conveyor shaft, a spray gun and a controller unit to control the entire operation of
the robot. This robot is simple to install, durable, efficient, and has simple control
systems with control noise vibration, thereby operating without noise and vibration
(Keerthanaa et al., 2013) (Fig. 7.2). For effective performance, a painting robot
requires three (3) degrees of freedom; X (to approach the wall), Y (to move between
successive strips) and Z (to adjust the orientation facing the wall). Figure 7.3a and b
depict a typical example of a painting robot.

Fig. 7.2 Risks painter faces during painting (Jayaraj & Divakar, 2018)
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Fig. 7.3 Painting robots (Ahsan et al., 2018)

7.2.2 Demolition

Demolition is an essential aspect of construction, most specifically during the reno-
vation and reconstruction of existing buildings. This activity is conducted either for
the purpose of redesigning, restructuring and renovation. The introduction of this
activity has resolved the challenges of hazard and time consumption of demolition.
The prime benefit of using robotics for the demolition process is that it promotes
safety, increased efficiency and effectiveness. It allows the operator to operate the
machine by staying at a safe distance from the contaminants and debris, making
them safer than handheld machines (Ruggiero et al., 2016). Also, it is used in the
restricted space and selective demolitionworks (Fig. 7.4). The precise control enables
the demolition of needed sections while leaving the remaining sections unscattered
(Akshatha et al., 2017) (Fig. 7.5).

Fig. 7.4 Demolition robot (Akshatha et al., 2017)
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Fig. 7.5 Demolition machines (Cieslaki et al., 2015)

Currently, there are three types of demolition robots which are:

1. Multi-tooled: A multi-tooled robot is designed with different kinds of tools on
the robot’s arm. This comprised multiple tools placed at the end of a robotic
arm on the demolition robot.

2. Hydro-powered: These robots use hydro generated pressure to break down
the materials such as walls, weak concrete and beam with ease. As a result, it
prevents the chances of air pollution and contamination.

3. Eco-friendly: Eco-friendly demolition robot absorbs the debris and material
removed (without environmental contamination) in the process of demolition
for recycling if necessary (Figs. 7.6, 7.7 and 7.8).

7.2.3 Bricklaying and Plastering

Bricklaying is considered one of the most tedious and monotonous in the construc-
tion process. It entails standing, lifting and kneeling and working on high rise build-
ings. As a result of the tedious nature of this task, there is a probability increase
in risk. The advent of the robot has helped to resolve the risks associated with
bricklaying. In recent times, bricklaying robots are used in construction sites to
execute such monotonous tasks efficiently. Bricklaying robot is not a recent tech-
nology. The first bricklaying device namedMotor Mason was patented in 1904. This
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Fig. 7.6 Multi tooled demolition robot (Ruggiero et al., 2016)

Fig. 7.7 Hydro-powered demolition robot (Ruggiero et al., 2016)
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Fig. 7.8 Eco-friendly
demolition robot (Ruggiero
et al., 2016)

device is a mechanical robot that required three people who are skilled in brick-
laying for operation. This technology operates five to 10 times faster than humans.
However, this technology had major drawbacks like regular breakdown and large
size restrict its placement around the corners and complex structures like windows.
Recent bricklaying robots have added advantages such as: it utilizes arms of indus-
trial robots to perform repetitive tasks and can assemble the masonry structure of the
buildingwhereby human-operated robotmixes bonding agent or cement andmakes it
possible to create structures. This ordinarily cannot be created by traditionalmethods.
Example of bricklaying robot which has been tested and applied include SAM 100
and Hadrian.

Hadrian is a more static robot attached to a position at the start to the end of its
bricklaying task with only the manipulators moving. On the other hand, SAM 100
(Fig. 7.9), a complete brickwork robot realized, has its manipulators mounted on a
movable chassis. The manipulator is supplied with bricks by a device then further
moves it around the wall. However, one major bottleneck of applying robotics to
the bricklaying section is positioning, i.e. creating an effective algorithm to move
the different sites with different characteristics. Nevertheless, algorithms like Free
Movement Algorithm (FMA) and Brickwork Passing Algorithm were developed to
tackle the movement issue (Malakhov et al., 2020). The recent design called Semi-
Automated Mason (SAM), designed by New York-based Construction Robotics can
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Fig. 7.9 SAM 100 (Dakhi & Lafhaj, 2017)

lay 3000 bricks in an eight-hour shift, which is more than a traditional mason. Conse-
quently, themain benefit of this technology is efficiency and time reduction. The only
limitation to this technology is the high cost of the installation (Fig. 7.10).

Fig. 7.10 Bricklaying robot (Semra & Hafize, 2017)
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7.2.4 Construction Welding

Welding is an essential and instrumental activity towards the success of any construc-
tion project. It connects metals in a process called fusion which entails heating, inter-
mixing and cooling. Welding robots or robotic welding is an automated technology
designed to join anything steel (beams, columns, riggings used for concrete slabs
etc.) together. These robots can perform accurate welding and manoeuvre easily in
difficult locations. In the construction business, such technology is widely used in
building skyscrapers by wielding the iron beam used in the structure. Also, it is
used in welding the rings of the concrete slabs for large-scale projects. This tech-
nology is most widely used in Japan, with minimal application in other countries.
Adopting welding robots in construction presents a lot of advantages. It is faster,
operates without interruption, has better weld quality, promotes a safe work envi-
ronment, conserves materials, and cuts down labour costs. It increases the efficiency
and productivity of the construction industry. The shortcoming to this technology is
that it is a stationary device that needs to be installed in the desired work location
(Fig. 7.11).

Fig. 7.11 Welding robot (Ruggiero et al., 2016)
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7.2.5 Transportation in Construction

Transportation is a vital function in construction. It ensures that building materials
are conveyed from the manufacturers or where it has been procured to the construc-
tion site. The movement of materials is an essential part of the construction process
because all equipment and materials have to be moved around during different tasks,
which may be burdensome. These movements by humans tend to lead to stress
and body pain which is the major problem transportation robots are designed to
fix. Recent development has shown the application of robots for transportation on
construction site. Hence the robots are used for heavy lifting while humans do the
fixing. This important activity leverage by the robots ensures prompt delivery of the
project and enhances the supply chain towards achieving a competitive advantage.
By conceptual application, almost all robots (except static) used on-site are mounted
on transportationmachines or robots formovement. Robots transportation can, there-
fore, be categorised into two: aerial and ground transportation robots. As explained
in the previous chapters, Drone and Forklift robots are majorly used to transport
light, heavy, small or large-sized materials on-site. Technology such as drones and
autonomous vehicles are helping to get the work done faster and minimizing the
hazard-prone to the manual worker. Transportation drones are majorly used to carry
lightweight constructionmaterials to areas needed. This technology can easily access
high locations in less time and without stress than human workers who can get tired
and stressed up (Fig. 7.12). The downside of such technology is that due to variation
in the wind, efficiency and accuracy may be reduced. The forklift robots (Fig. 7.13)
also work on the ground and can be used to transport large and heavy materials
from place to place. These robots are designed for reducing the human effort used in

Fig. 7.12 Transportation drone (Ruggiero, Salvo, & Laurent, 2016)
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Fig. 7.13 Forklift robot (Bolivar, 2019)

carrying heavy objects to any construction site. For the effective operation of forklift
robots, there is the need to have a flat ground of smooth operation, which is almost
impossible to get on a construction site. A road network always has to be created for
proper application with the construction topography that’ll be flat for easy passage
of a forklift robot. Another critical consideration is that the construction site’s terrain
network map has been programmed into the robot.

7.2.6 Surveying and Monitoring

Construction robotics such as drones is used for surveying and monitoring during
construction project execution. By navigation of the construction site, these drones
help scan, assess and provide vital information about the progress of a construc-
tion project. The information collected by the drones promotes safety by detecting
potential problems and errors early. These types of drones are equipped with high-
resolution cameras for aerial shots and video recording. This type of drone was
applied to the Mini Sky City in Japan, where all the progress of the construction was
monitored from the foundation level up to the finishing. In recent times, drones with
artificial intelligence can help to predict tasks required ahead (Fig. 7.14).
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Fig. 7.14 Surveillance and monitoring drone (Ruggiero et al., 2016)

7.2.7 Roadwork

Road and highways construction is very significant to the socio-economic devel-
opment of a nation. It promotes effective and efficient transportation of people and
goods from one location to the other. Roadwork construction involves several tedious
tasks such as cut and fill, grading, base preparation and placement, surface material
placement, curbing and guardrail placement and road maintenance. The introduction
of robotic construction technologies is helping to resolve problems causing disrup-
tion and congestion for travellers on the roads. This type of robot is currently in its
developmental process and testing state, which are majorly developed primarily for
revamping and repainting roadways (roads and bridges). Currently, large machinery
is required to repaint and fix small potholes and other cracks inroads. This tech-
nology is smaller in scale and can do smaller patch jobs on potholes and cracks.
The repainting robots allow for the same type of small job scale fix jobs. Their main
abilities are that they alleviate the need for a large workforce and machinery for
relatively small jobs (Ruggiero et al., 2016). Ultimately, robotic roadwork construc-
tion offers several advantages, including speed up construction time, facilitating
problem reporting, better traffic control, and reducing disruptive excavation during
road construction (Fig. 7.15).

7.2.8 Interior Decoration

Interior decoration is an important process in completing a building project, and
this process includes wiring, plumbing plastering, masonry, painting, and air condi-
tioning. Interior decoration is time consuming, monotonous, draining, hazardous and
demands a high level of precision. As a result, modern technology such as robots
presents excellent opportunities for accurate, speedy, and easy interior decoration
(Fig. 7.16). Examples of robots used for interior decoration include Fireproofing
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Fig. 7.15 Robot grader. A new 3-D blade control system principle for road grader (Heikkilä &
Jaakkola, 2002)

Fig. 7.16 Ceiling mounted robot (Stock et al., 2015)
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spray robot (SSR-3), Ceiling-panel positioning, RoboPainter, Spray-coating robot
Shimizu Ceiling Panel Robot (CFR-1), Pictobot, Quicabot, Wall-finishing robot,
Steel-beam positioning manipulator, etc. (Fig. 7.17).

Fig. 7.17 PictoBot robot (automated spray painting of multiple vertical strips) (Asadi et al., 2018)
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7.3 Case Studies of Robotic Construction Applications
in Construction Projects and Resultant Benefits

7.3.1 Case Study One: Semi-Automated Mason (SAM
or SAM100)

In the Modern era, SAM100 is boasted to be the first commercially available brick-
laying robot for onsite construction activities (Dakhi & Lafhaj, 2017). Construc-
tion Robotics designed and engineered the robot and has successfully passed the
prototyping phase and is now commercially available (Dakhi & Lafhaj, 2017;
Madsen, 2019). SAM100 was formally launched in 2014, and since then, it has
started commercial operations (Madsen, 2019). The robot has been lauded for its
contribution in terms of cost and, most especially, time-saving (Fig. 7.18).

SAM 100 is not a fully automated bricklaying robot, and its performance varies
based on the construction site. The robot picks up the bricks, applies for the mortar
and positions the bricks on the wall but still requires a human to work alongside to
smooth over themortar before additional bricks can be placed. SAM100 costs around
500.000$ (Dakhi & Lafhaj, 2017; Madsen, 2019). According to Madsen (2019), The
SAM100 has alreadymade itsway into the construction industry and has proven itself
on previous projects to be an important player in improving the bricklaying process.
Several companies have utilized and are utilizing this technology. Fact presented
by Madsen (2019) indicated cases where SAM100 has been used, such as the Will-
helm Construction in Indianapolis. The average mason lays 400 modular bricks on a
good day, and after purchasing SAM100, the Willhelm Construction in Indianapolis
claim they are now laying more than 2000 bricks a day. Also, Berich Masonry, a

Fig. 7.18 SAM 100 (Dakhi & Lafhaj, 2017)
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Colorado-based company, began using the SAM100 at the beginning of 2018. Todd
Berich, president of BerichMasonry, states that the company rents the robot at around
$20,000 amonth. However, Berich claims the rewards of using SAM100 are twofold,
stating that the company can do more volume, or in other words, say ‘yes’ to clients
more often (Madsen, 2019).

7.3.2 Case Study Two: Jay and Susie Gogue Performing Arts
Center Rendering

Another case study where SAM100 was used is the Jay and Susie Gogue Performing
Arts Center Rendering. During the design phase of the project, there was no intention
of using the SAM100. The idea to integrate SAM100 into the project came from the
masonry subcontractor’s decision, and the subcontractor incurred costs relating to
the robots. Having SAM100 on board, the size of the masonry crew was significantly
reduced from about 15–20 masons to about 4–5 masons. Two labourers mixed the
mortar, two cuts and fed the bricks into the machine, and one labourer operated the
machine (Madsen, 2019) (Fig. 7.19).

The most significant benefit of using the SAM100 on the project was regarding
the quality of the project as robots do not get tired; the quality of the job does not
reduce. Naturally, mason’s get tired at the end of the day, and the work’s quality goes
down due to fatigue. Using the SAM100 for the most tedious task of laying the brick
increases the quality of the masonry work. In addition to quality, the SAM100 also
reduces labour costs. Twelve masons would have been required to do the job in two

Fig. 7.19 Jay and Susie Gogue performing arts center rendering (Madsen, 2019)
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weeks without SAM100 is done with 4 SAM100 in one week to complete the project
(Madsen, 2019).

7.4 Benefits of Robotic Construction Application

Technology means more productivity with less human effort. Manual Labour has
been the backbone of the construction industry, and with the application of robotics,
more significant benefits accrue to the construction industry. Some of these benefits
are discussed below:

(1) Increase Efficiency: Traditional construction industry demands a high number
ofmanpowerwhoare susceptible to several personal and environmental factors.
However, one of the fundamental benefits of robotics technology is efficiency.
Robots are designed to operate continuously without getting tired, burn out
or constrained. Robots perform monotonous tasks at a faster speed and higher
level of efficiency than humans. The efficiency of Robotics reflects in its impact
on the speedy accomplishment of building projects, conservation of energy,
environmental pollution and time consumption.More energy is expendedwhen
humans have to work for longer hours utilizing equipment powered by fossil
fuel. Consequently, adoption of robotic in construction reduce emission, hence
protecting and preserving the environment

(2) Increase Quality of Construction Product: Another advantage associated
with robotic construction is that robots can perform repetitive operations,
resulting in a high level of accuracy and hence impacting the quality of project
deliverables. Robots can be designed to dependably and precisely repeat a task
that could be monotonous and difficult for a human worker. Robots for tedious
construction tasks will improve precision as robots do not experience fatigue,
and human error is minimized. Also, the increase in the adoption of robotic
systems will result in more automated construction parts and materials with
higher quality. Consequently, the adoption of robots can leverage efficiency
and speed to achieve better quality projects.

(3) Lower Cost of Operation: The initial cost of acquiring robots is usually
high, but the cost–benefit compared to human labour is lower in the long run.
The employment of diverse construction workers has cost implications such
as wages, salary, incentives, feeding, fringe benefits, and medical insurance,
which are not required in the use of robots. Deploying robots for construction
work reduces the number of labour needed for a project, thereby cutting down
costs. Most construction companies are now adopting robots to take advantage
of labour and cost reduction.

(4) ImproveWorkers’ Safety: Construction involvesmany risky tasks that expose
workers to hazards resulting in injury, incapacitation, or death. Several inci-
dences can be caused by falling, working with heavy machines, electrocution
and being struck by an object. The introduction of robots to the construction
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process plays a major role in promoting safety on the construction site. A robot
is a machine designed like a human being that is capable of moving indepen-
dently and performing complex tasks. As a result, robots can support workers
in risky activities such as bricklaying, lifting heavy objects, installing heavy
or large building components, taking down a wall, welding and putting down
safety cones on road construction.

(5) Reduction in material waste: Construction generates a lot of waste during
project execution. These wastes are produced from unused building materials
and products of demolition such as concrete, tiles, asbestos, ceramic, wood etc.
In order to minimize waste, these products can either be recycled, reused, or
ensure accurate estimation of buildingmaterial. However, onemajor character-
istic of robots is creating more efficiency with limited resources than humans.
Robots are designed to operate and conduct the task with minimal errors and
use materials very precisely. As a result, less waste is produced. Also, they
have the capability of recycling, reusing and reducing waste.

(6) Reduce Construction Time: Construction needs a lot of time which may run
into weeks, months and even years. Manual labours are one of the leading
causes of extended timing required in construction; with the adoption of
robotics, the time usually spent has been largely reduced without affecting the
quality of construction projects. Jobs that take two weeks with more manual
labour can now be done in one week or less with less labour. Although, it
is said that the set-up time of construction robots to fit into the construction
environment is a significant constraint.

7.5 Risks Associated with Robotic Construction

Robotics offers several benefits to the construction industry. However, it comes with
its risks and challenges. These risks are discussed below.

(1) Environmental Risk: Most of the challenges of applying robotic in compar-
ison with conventional construction are the different characteristics of the
environment. The implementation of robotic construction may be interrupted
by harsh climatic conditions due to: adjustments concerning the environ-
ment, exposure to dust, the complexity of the environment, adjustment to
changing surface conditions, interactivity between sensors and end-tools,
changes like the robotized work process versus the traditional approach,
human- performed work process and identification of various types of objects
in natural environmental conditions (Akshatha et al., 2017).

(2) Incompatibility of the technologies: Incompatibility of the robots with
existing practices and contemporary construction operations. It is known that
humans are resistant to change, and often, workers prefer methods that they
are conversant with and established solutions instead of innovative ways and
technologies. This is a result of the unstable and unpredictable nature of
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the construction environment. The unstructured nature of construction sites
prevents the smooth integration of robotic technologies (Guglielmo et al.,
2018).

(3) Cybersecurity: Cybersecurity is a significant threat of new technologieswhich
are data-based in operation. This internet-connected system can be described as
a means of safeguarding computer or electronic data from theft, criminals and
unauthorized access. Robotics are computer-based software with components
such as sensors, manipulators and control systems for effective functioning.
These components act as individual computer programs that communicatewith
each other. The Robot Operating System integrates several hosts connected by
a peer to peer topology in which messages are transmitted unencrypted. The
unencrypted nature of the messages makes them vulnerable to be intercepted
by an unauthorized entity (Priyadarshini, 2017).

(4) Loss of Job: In recent times, the robotic insurgency is transforming the world
workforce, and one of the greatest fear of workers with these inventions is
the loss of jobs. There has been several predictions and survey that reveals
that some construction jobs will be automated. The construction industry is
a highly labour-intensive sector that carries out several tedious, complex and
risky tasks. With the introduction of robotics, some workers will no longer be
required. Also, contractors are faced with increasing demand for better quality
from clients, tighter project schedules, dwindling skilled personnel and, as a
result, are opting for new technology such as robotic construction to achieve
to improve their productivity.

(5) Health and Safety Risk: It has been established that robotics promote the
health and safety of workers as workers can work in hazardous environments,
and risky tasks can be conducted with robots’ help. Nevertheless, robotics
comes with its risks. This risk can arise from an interaction between the
robots and humans as the operations of some robots demand human input.
For example, miscommunication, inadequate understanding of the control of
the robots can lead to injuries and even the death of a worker. Also, safety risks
from robotics can be caused by electromagnetic interference (EMI). This is a
situation of interference between electromagnetic fields resulting to malfunc-
tioning of the robotics such as unexpected movement of the robot, recurrent
system restarts and false triggering of a safety mechanism. To avoid these
occurrences, robot developers need to understand the EMI and specify the
precautionary measures.

7.6 Relevant Skills for Robotic Construction

The era of industrialization and digitization offers a wide range of technological
development. These technological developments must be matched with necessary



164 7 Robotic Construction Technology

skills for effective implementation of the technologies. Research carried out byBade-
mosi et al. (2019) showed that the required skills needed in robotic construction could
be categorised into computing and computer science. These include the following.

7.6.1 Computing Skills

These are basic computing skill sets that a modern construction engineer should get.
Computing skills include;

(i) Building information modelling: Building information modelling (BIM)
seems relatively straightforward, but it does have some common misconcep-
tions. BIM is a design tool and software that integrates that 3D modelling
with data collection. Combining the two processes provides the measure or
standard for the building project—an analogy or smaller-scale representation
of the final appearance and effect.

(ii) Cloud computing: Cloud computing refers to the storage and processing of
data and software storage on remote servers rather than on-site hardware.
The remote servers are housed on massive server farms run by firms such as
Google and Amazon, which rent out space to store data and run applications.
Computer users, in general, are beginning to transition from on-site to cloud
computing, spurred in part by the lower cost of storing massive amounts of
data (“big data”) remotely compared to on-site. Cloud computing is expected
to become an integral part of the supply chain and in-house manufacturing
processes, facilitating manufacturers’ ability to collect, store, and analyze
large amounts of data about their production processes.

(iii) Collaborative Environments: Collaborative work environment or teamwork
is a critical skill responsible for integratingmore than one function to carry out
a greater goal. In construction, irrespective of the unit, it is expedient to collab-
orate with other units, individuals or machines for optimal output. In robotic
construction, a robotics pilot or engineer must understand the need for collab-
oration amongst different components of construction work. A robot must
be driven or automated to fit into an environment where it’ll not only func-
tion as a unit but as a member of a team working together with other robots
or humans. Collaborative skills lead to knowledge and experience Integra-
tion of more than one individual, leading to synergetic creativity, innovation,
problem-solving, and productivity.

(iv) Electronic Communications: There is no effective teamwork without proper
communication. In robotic construction, various communication media are
necessary: a robot must communicate with its environment using electronic
media. Electronic communication is the meaningful exchange of informa-
tion at a distance through technological means, mainly through electrical
signals or electromagneticwaves. An in-depth or advanced electronic commu-
nication skill is required to match the highly technically driven construction
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industry. Electronic communication between robots and their work environ-
ment, between robots control station (i.e. for robots remotely controlled and
base station for monitoring), must be professionally taken care of to avoid
navigation and information glitch.

(v) Programming: All works need basic rules and principles for functionality.
Likewise, all computers (including construction robots) also need basic rules
and regulations for functionality. Giving computers rules or a set of instruc-
tions isn’t an easy task, and it involves a process called Programming. Skilled
in programming means a person has learned the language computers under-
stand and can give instructions tomachines to follow. Programming is creating
a set of instructions that tell a computer how to perform a task. Construction
robots must: move (aerial or on land), perform tasks (bricklaying, spraying,
coating, welding etc.), and give feedback when necessary: these cannot be
possible without a computed set of instructions that can only be done through
programming, for a construction robot to work, programming skills must
be present to make it happens. Programming skills are needed to create
specialized engineering software to match robotic technical requirements.

7.6.2 Computer Science Skills

These are advanced computing skillsets that a modern construction engineer should
get. Computer science skills include:

(i) Algorithms: An algorithm is simply a set of steps used to complete a specific
task. They’re the building blocks for programming, and they allow the likes
of computers and smart devices to function and make decisions. Algorithm
skills create basic programming blueprints for computerized robotic action.

(ii) Big data analytics: Big data analytics uses advanced analytic techniques
against huge, diverse data sets that include structured, semi-structured and
unstructured data from different sources and in various sizes from terabytes
to zettabytes. Big data analytics examines large amounts of data to uncover
hidden patterns, correlations and other insights.

(iii) Computer graphics: Computer graphics is routedmainly in image processing
and visualization, such as two dimensional (2D), three dimensional (3D), and
animated graphics. Computer graphics is the use of computers to create and
manipulate pictures on a display device.

(iv) Database concepts (computer-based databases): Database is a storage device
that keeps information for later use. Typically, a database may be a clouds
base or a local base. A cloud-based database uses a non-visible local physical
depository (saves data online through internet devices); a local-based database
uses local physical hardware such as a hard drive, flash drive etc. Both cloud
base and local database use storage devices, with the only significant differ-
ence being that cloud base use Internet services to connect to remote storage.
In contrast, the local base has used resident native storage like the physical
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hardware of Hard disk to store data and information. A database is an orga-
nized collection of data, generally stored and accessed electronically from
a computer system. A database must be integrated for interaction applica-
tion and client use. This integration and interaction can be achieved through
the databasemanagement system (DBMS). The databasemanagement system
(DBMS) is the software responsible for the interaction between the end-users,
applications, and the database itself to capture and analyse the data. TheDBMS
software additionally comprises all core facilities made available to aid proper
use of the database.

(v) Data structures: The data structure is a data organization, management, and
storage format that enables efficient access and modification. More precisely,
a data structure collects data values, the relationships among them, and the
functions or operations that can be applied to the data. Data structures keep
the database organized, easy to interpret, easy to modify and developed.

(vi) Machine Learning: Machine learning involves computers or machines
discovering how to perform tasks without being explicitly programmed to
do so. It involves computers learning from data provided so that they carry
out specific tasks. Machine learning is a computer algorithm related to Arti-
ficial Intelligence that helps computerized machines such as robots carry out
tasks based on data obtained from sites that weren’t programmed. Machine
learning gives a computerized machine the ability to read, learn and carry out
actions based on new knowledge.

7.6.3 Soft Skills

(i) Critical thinking: The construction site is unique and different based on
environmental factors like soil, land mass, access to the construction site,
the shape of a construction site, and the type of design to be erected on the
construction site. An expert in robotics for construction must be a very sharp
thinker—capable of carrying out logical and informed evaluation and objec-
tive analysis of construction situations to know how best fit a robot operation
could fit.

(ii) Problem Solving: Due to the dynamic state of the construction industry,
problem-solving skills for the successful adoption of robotics, flexible solu-
tions towork site complexitiesmust be provided tofit specific needs. Providing
effective solutions to construction complexity isn’t an easy task and requires
talent and professionalism. A designated construction robot might have to
be redesigned to suit the on-ground construction situation: for that to be
possible, a robotic engineer or user must be professionally vast, experienced
and possesses high intellectual capacity all running together to provide a solu-
tion.Good problem-solving skillswould involve: identifying a problem and its
source, device several alternative counter measures, choosing the best counter
measure based on critical analysis and evaluation, and using creativity and



7.6 Relevant Skills for Robotic Construction 167

intelligence to adopt or adapt a well-designed solution that best solves an
identified problem.

(iii) Teamwork: The construction industry is filledwith different fields of expertise
that must collaborate for success. Teamwork is a collaborative effort of a unit
or group to achieve a specified goal or to complete a task most effectively
and efficiently successfully. Good teamwork skills must include commitment,
accountability, communication and cohesion. A robot expert must know that
working together with other units as a team to paramount to achieving the final
construction goal. Good inter and intra unit communication and interaction
skulls must be possessed by robotic expertise. The willingness to collaborate
with others and accept their ideas can spring up fresh concepts or solutions.

7.7 Summary

Robotics have contributed to the improvement of the construction process in all
aspects. Over the years, the construction industry has been with an image of hard
work of long hours in a hazardous working environment. However, the introduc-
tion of automation and robotics technology has brought about a solution to this
problem.Robotic systems have become common inmanymanufacturing and produc-
tion operations because they have proven to be more robust, safe, efficient, accurate
and productive. In the construction industry, robot technology is increasingly being
adopted to build construction sites, efficiently reduce construction time, improve
working conditions, and increase safety by replacing humans in dangerous opera-
tions. Automation and robotics in construction became necessary to resolve some
of the problems associated with the construction industry, such as lack of skilled
personnel, decreasing quality and productivity, occupational safety and substandard
working condition. So far, the application of robotics initially promised relative bene-
fits on books, but actually, the application has proven its success beyond doubt. Of
all construction works, it can be said that monitoring and bricklaying sections are the
two most rapidly growing sections of the robotic application with the use of Drones
or UAVs and Mason Robots (SAM100 and Hadrian). Other sections like painting,
welding, interior decoration, onsite transportation of heavy materials etc., have also
seen robotic development capable of real-time work transformation. Some benefits
of using robotics in construction include increased efficiency, increased construction
quality with quality sustainability from start to finish with no varying standard, lower
cost of operation, improved workers’ safety and reduction in work hazards, waste,
and time-saving others. Adopting robotics also has risks ranging from loss of jobs in
the construction industry, cybersecurity, incompatibility of robotic technology with
the different construction sites. The advent of new technologies is changing both
onsite and off-site construction practice and increasing the need to acquire more
engineering and cyber-related expertise and training. To fully adopt the technology,
an existing practitioner must reskill and upskill to match the knowledge required
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to operate optimally. Cyber robotic expertise must be inculcated into the institu-
tions training curriculum to ensure future development. Skills required may include
problem-solving, critical thinking and teamwork, computing, programming, data
analytics, cloud computing, electronic communication and machine learning.
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Chapter 8
Internet of Things (IoT)

8.1 Introduction

Technology today is an inevitable necessity for organization productivity, develop-
ment of industries, economic growth, increment in a human development capacity,
and livelihood improvement. Also, the advent of internet connection in technology
has made it the cornerstone for every industry and a necessary fulcrum for effective-
ness, efficiency and optimality. Among several industries, the construction industry
is a formidable pillar in which construction projects are directly proportional to
the economic development of countries. However, the construction industry has
been faced with inadequacies in acquisition, management, utilization and fore-
casting of construction data, which has led to fluctuated productivity and inconsistent
business value. Therefore, with the advent of several technologies, the Internet of
Things (IoT) technology can recognise, configure, and transform data to optimize
construction operations, leading to high productivity, increased business value, and
cost-effectiveness.

The internet of Things (IoT) is intelligence that connects all things to the internet
to exchange information and communicate through information sensing devices
following agreed protocols (Chen et al., 2014). The internet of things technology
is the interaction of the internet with things (objects, equipment or anything) via
radio–frequency identification (RFID) tags, actuators, sensors, mobile phones, etc.,
for a specific objective. The IoT is a concept of connecting any device with an on–
and–off switch to the internet and to each other. These include everything from cell
phones, wearable devices, industrial equipment, industrial facilities and anything that
can be thought of Attaran (2017). It is an information technology that enables the
exchange of data and information from human–human, human–things, things–things
or things–human on any network, based on standard internet protocols as shown in
Figs. 8.1 and 8.2.

Moreover, Urie (2019) opined that the Internet of Things is a network of embedded
sensors, meters, appliances, and devices that can send and receive data about changes
to their current physical state and environment over the internet. Furthermore, the
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Fig. 8.1 Description of IoT (Attaran, 2017)

Fig. 8.2 Description of IoT and various applications (Farhan et al., 2018)

Internet Architecture Board, IAB (2015), describes the Internet of Things as “a trend
where many embedded devices employ communications services offered by the
internet protocols. Many of these devices often called ‘smart objects’ are not directly
operated by humans, but exist as components in building or vehicles, or are spread
out in the environment”. Therefore, IoT deals with exchanging data and information
between the virtual environment and the physical environment based on standard
internet protocols (IP).

Internet of Things (IoT) can be enabled using various technologies,which includes
Near Field Communication (NFC), Machine – to – Machine (M2M), Radio—
Frequency Identification (RFID) andVehicle-to-Vehicle (V2V) (Sindhu et al., 2016).
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RFID utilizes radio waves to recognize, read and record information stored on a tag
attached to a device. Tags are microchips with antennas applied to objects to obtain
information using radio–frequency electromagnetic fields. NFC is wireless connec-
tivity enabled by magnetic field induction to ensure communication between devices
near each other. M2M is a process of communicating between microcontrollers,
sensors, computers and smartphones, which is thus used for sensing, providing
access control between different devices and processing the information. V2V tech-
nology is awireless communication technology that enables automobiles to exchange
information with one another.

The usage of IoT in the construction industry has impacted the three major phases
of design, construction and management. This has led to the availability and opti-
mization of real-time data from construction activities, which have led to: better
decision making, improved health and safety of personnel, efficient performance,
higher productivity, smarter designs, lesser emissions, timely project delivery and
most importantly, it has led to smart construction (Gbadamosi et al., 2019). Smart
construction entails utilising digital technologies throughout a typical construction
project to optimise profitability, reduce construction projects life costs, sustainability,
and expand clients’ benefits (Reddy & Kone, 2019). The use of IoT s led to Smart
buildings, which are buildings where every part of the building is run by IoT devices
that automatically control the home/ building automatically, from communication
devices, to entertainment devices, security, and other convenience, as shown in
Fig. 8.3.

Internet of Things was first discovered in the 1980s at the CarnegieMelon Univer-
sity, USA, where local programmers connect through the internet to refrigerated
appliances. This was done to ascertain if the drinks were available and cold before
making the trip. In 1999, the term “Internet of Things” was used for the first time
at a presentation for Procter & Gamble, Kevin Aston working on supply chain opti-
mization. This was done to attract senior management attention to a new exciting
technology, called Radio—frequency identification (RFID). In the presentation, the
term IoT was coined to illustrate how data could be generated and processed through
internet appliances without interferences of people-related problems of limited time,
attention, and accuracy. He concluded that RFID was a prerequisite for IoT. This
concept later gained wide acceptance and publicity in 2010 when Google’s Street
View stored tons of data on people’s Wi-Fi networks. This generated the debate
about Google’s strategy to index the internet and the physical world. By 2012,
Europe’s most prominent internet conference, LeWeb called their theme “Internet of
Things”. Since then, the Internet of Things, has been gaining ground, and it’s now
the cornerstone of every industry, including the construction industry.

8.1.1 Components of Internet of Things

There are various components of the internet of things that works together to
form a unified system. These components are categorised under sensors, data
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Fig. 8.3 Smart Building (Yang et al., 2018)

processing, connectivity and user interface. According to Hassan et al. (2020), the
main components of IoT can be classified into the following:

(i) Internet of Things Sensors: Sensors known as detectors are automated
devices that produce electrical, visual, or digital data generated fromaphysical
condition or occurrence. This data produced is transformed electronically by
another device into information that can be used in decision making. Sensors
collect and detect relevant data from the surrounding environment. Often, they
are linked to the cloud, where they can transmit and receive data. There are
small/simple sensors that measure simple things like blood pressure and large
sensors that can be used for advanced and complex applications.

(ii) Actuators: Actuators in the internet of things perform functions that are oppo-
site to sensors. This distinction shows that actuators perform an act while
sensors show the intelligence of the senses. In essence, an actuator receives
a signal and perform an action accordingly. Also, these devices convert an
electrical signal into a corresponding physical substance such as sound, force
and movement. Actuators can be used to switch a device on or off and can
regulate valves. There are several types of actuators; a common example is
the servo motor which can rotate any desired degrees based on the need.

(iii) Internet of Things Cloud: IoT cloud represents a device designed to collect,
process, store, and manage massive amounts of data. The cloud is the facility
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where data are processed. It can be further described as the brain of IoT
that processed, command and analyse data. The cloud system is essential
because IoT create enormous data from devices and applications, and as a
time-sensitive device, data are required to be processed on time. With IoT
cloud, information is made effectively available for clients, improvement of
product and services, decisions making and preventive measure

(iv) Internet of Things Gateway: This is an essential component of the internet
of things that connects the Internet of things devices to the cloud. It acts as a
bridge that creates a way to transmit raw data from the sensors to the cloud and
sent it back to the sensor’s devices. It proves a cloud hub to the IoT devices and
provides command, management, and control of the devices. It represents an
important channel of continuous communication network between devices in
the IoT. Gateways perform several functions, including pre-processing of data
from the sensors before transmitting it to the cloud, translation of different
network protocols to ensure interoperability of connected devices and sensors,
and protecting IoT from illegal access. Importantly, gateways offer effective
and easy management of data traffic in IoT.

(v) Internet of Things Analytics and Data Management: One of the key bene-
fits of the Internet of things is smart analytics, which helps professionals
quickly identify flaws in data collection and proffer solutions. Analytics is
converting analogue data from devices and sensors into useful insights that
can be understood and used for comprehensive analysis. Analytics translate
raw data into valuable information that can serve as great insights in predicting
future business opportunities and decision making. Smart analytics solutions
are inevitable for IoT systems for management and improvement of the entire
system.

(vi) End-User Devices and User Interface: The user interface is a component
of IoT that allow a user and a computer system to interact. It constitutes the
elements that a user sees and interact with; it is a device controlled by users and
easily accessible. These elements includehardware,websites and applications.
For example, designers use a user interface for interactive design to ease
complex tasks and make them accessible to users. This device enables users
to set their preferences and control of the system. A user may interact with
the system through the device itself or remotely through tablets, smartphones
and laptops.

8.1.2 Technologies of Internet of Things

Internet of Things exploits various networking technologies to collect, transmit,
analyse, measure, and control information. These technologies make it possible to
bring physical objects into the domain of cybers world. The major technologies
include the following:
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(i) Internet Protocol (IP): Internet Protocol (IP) forms the basis for data
communication over the web. It is the key network protocol used on the
internet. It is a set of rules for directing and addressing the pack of data to
ensure the data pass through the networks and arrive at the precise desti-
nation. There are two versions of IP which have different addresses. These
include IPv4 and IPv6.The authentic protocol provides for 4.3 billion IPv4
addresses while the IPv6 will significantly supplement the availability to
85,000 trillion addresses (Madakam et al., 2015)

(ii) Radio Frequency Identification (RFID): Radio Frequency Identification
(RFID) technology plays a significant role in the Internet of things. It is
a system that transmits the identity of an entity wireless with the use of
radio waves in a serial figure format. RFDI identifies objects, collects data
regarding the object, and enters the data into a computer system with little
or no human intervention. One of the main benefits of RFDI is that it helps
solve object identification cost-effectively. The three main components of
RFDI are the tags, antenna and reader, while the reader converts the radio
waves to a more usable form of data. Information collected from the tags
is then transferred through a communications interface to a host computer
system,where the data can be stored in a database and analyzed later. The tags
are used to transmit data to the reader. Other components include software,
server and access controller

(iii) Electronic Product Code (EPC): Electronic Product Code (EPC)is a
supporting device of RFID used to identify the world’s physical objects.
It is embedded in RFID to check the physical identities of objects and track
them. EPC is used for sharing data in real-time by discovering a unique
identifier and creating the smart industry for standard global for EPC global
network. EPC is the 96–bit number linked with an RFID tag for identifying
a specific tag among other tags. It differentiates two identical products and
provides information such as the product’smanufacture name, date and batch
number.

(iv) Barcode: Barcode is a device that connects consumers with the internet
of things through a mere scan of communication devices. In contemporary
information technology and communication systems, information is often
encoded. These codes are used for identification and security. Barcode is a
method of encoding numbers and letters using bars and spaces of different
sizes. They can be described as a printed sequence of parallel lines with
varying widths. These lines are processed and entered into a computer
system, and the bars are often black colour on a white background. The
codes are applied to products for easy identification. A key benefit of barcode
systems is that it allows users to process detailed information when the
barcode is scanned other than merely storing data for future processing.

(v) Bluetooth: Bluetooth is a significant short-range communication device and
protocol for internet of things applications. It acts as a communication layer
and data link which connects sensors to the gateway. It is a wireless tech-
nology that makes it possible for wireless connectivity, and in a situation of
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no wireless facility, Personal Area Networks can be designed. Comparing
Bluetooth to other communication protocols such asWiFi, RFID,WAN, and
NFC is cost-effective.

(vi) ZigBee: Globally, Zigbee is an internet of things protocol that is widely
accepted, like Bluetooth. It is also a wireless technology that allows devices
to communicate through several communication networks. This is achieved
using a mesh network, which will enable devices to communicate with
several networks. According to Madakam et al. (2015), ZigBee has a range
of around 100 m, and a bandwidth of 250 kbps and the topologies that it
works are mesh, star and cluster. Zigbee is specifically designed to meet the
needs of low cost and low power of internet network. Examples of appli-
ances that Zigbee is applied include lighting control, sensors, security and
other home technology with low power consumption. Consequently, it is
considered the most standard protocol in wireless communication based on
unique characteristics such as flexibility, reliability and long-lasting battery
life span.

(vii) Near Field Communication (NFC): Near Field Communication is a tech-
nology designed to enhance the effective functioning of the internet of things
where physical objects of all kinds can collect and exchange data. NFC
is essentially a short-range high-frequency Radio Frequency Identification
(RFID) technology that allows exchanging information between Near Filed
Communication enabled devices. These devices can communicate to various
applications such as communication between smartphones and booking of
a ticket at the airport and bank payment using NFC credit card for secu-
rity. It is also a wireless, low data communication technology that uses
electromagnetic waves.

(viii) Wireless Sensor Networks (WSN): Wireless Sensor Network (WSN) is
an essential technology as sensors are considered the Internet of Things’
key technology. WSN is a network that comprised several sensor nodes,
with each node being equipped with a sensor to detect physical occurrences.
Sensors nodes is a major part of WSN, which screen data collected before
transmitting to other nodes. WSN enabled interaction between computers
and person, senses and also controlled the immediate environment.

8.1.3 Architecture Layers of Internet of Things

According to Attaran (2017), four (4) major layers of IoT architectures regulate IoT
devices’ internal workings. The layers are;

(a) Sensor, Connectivity and Network Layer: this is the bottom of IoT Archi-
tecture, which constitutes sensors, RFID tags and a connectivity network that
collects information. The RFID tags, barcode reader, and sensors are essential
parts of an IoT, and they are wireless devices responsible for collecting raw
data. Simply put, they are the messengers of IoT devices. These essential parts
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work within network connectivity like Wide Area Network (WAN), Personal
Area Network (PAN), etc., and thus communicate the raw data to the next
layers.

(b) Gateway and Network Layer: this layer ensures that data coming from the
bottom layers are routed correctly to the next layer through a set of networks
and gateways. The gateways include signal processors, embedded operating
systems, microcontrollers and gateway networks are Local Area Network,
LAN, and Wide Area Network, WAN. This layer has a large storage capacity
to store an enormous amount of data from the bottom layer.

(c) Management Service Layer: this layer processed the information from the
gateway and network layer through the following activities; text mining, data
mining, service analytics analysis of IoT devices, information analysis, and
device management.

(d) Application Layer: the processed data are then used for various applications
using different services based on suitable communication models.

8.1.4 Communication/Connectivity Models for Internet
of Things

According to the InternetArchitectureBoard, IAB (2015), andKulkarni andKulkarni
(2017), there are four common communication models used by IoT devices, which
makes the difference between different IoT devices. They include:

(a) Device–to–Device (D2D) Model: This model is two or more devices that
directly exchange information through different types of networks that
comprise internet protocols. These connections may be gotten from proto-
cols such as Bluetooth and Z—wave. This model, as depicted in Fig. 8.4 is
usually used in devices found in buildings such as light bulbs, lights switches,
thermostats, door locks, etc.

(b Device–to–Cloud Model: This model is designed in the form of service
providers that connect directly to an internet cloud service for data exchange
and relevant information, as shown in Fig. 8.5. The internet cloud services are
enabled through mechanisms such as wired Ethernet or wifi connections. This
mechanism establishes a connection between the device and IP networks such

Fig. 8.4 Device to device model (Kulkarni & Kulkarni, 2017)
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Fig. 8.5 Device to cloud model (Kulkarni & Kulkarni, 2017)

as Transmission Control Protocol (TCP), Hypertext transfer protocol (HTTP),
Constrained Application Protocol (CoAP), Datagram transport layer security
(DTLS), Transport layer security (TLS), and User datagram protocol (UDP).
Comparing this second model to the first model, the device to cloud connec-
tivity is not limited by distance but based on regulations and the relationship
between the service provider and the user.

(c) Device–to–GatewayModel: Thismodel involves using an intermediarydevice
by an IoT device to access a cloud service. The intermediary devices are usually
a software application that acts as a gateway to a service provider as shown
in Fig. 8.6. The gateway in this model provides security, unique functionality
such as data or protocol translation. The gateway device is a smartphone that
runs an application to communicate with a device and relay such information
to a cloud service (Fig. 8.6).

Fig. 8.6 Device to Gateway model (Kulkarni & Kulkarni, 2017)



180 8 Internet of Things (IoT)

Fig. 8.7 Back-end data sharing model (Kulkarni & Kulkarni, 2017)

(d) Back–End Data Sharing Model: This model optimizes the single device to
cloud communication model so that Authorized third parties can access ioT
devices and sensor data. The Back–end data-sharing model enables users to
export and analyze smart objects data from a cloud service in combination
with data from other sources. As shown in Fig. 8.7, this communication model
suggests a federated or central cloud service approach or cloud applications
programmer interfaces (APIs), which are all needed to achieve interoperability
of smart device data hosted in the cloud.

8.2 Applications of Internet of Things to the Construction
Industry

The application of IoT in the construction industry is necessary for the optimization
of construction activities. This ensures high construction management performance,
encompassing project objectives without time or cost overruns and the high quality of
projects (Mahmud et al., 2018; Reddy & Kone, 2019; Urie, 2019). The applications
in the construction industry are divided into two categories; on-site applications and
off-site/construction buildings applications.
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8.2.1 On-Site Applications

Almost every construction project starts from the construction site with many activ-
ities. The revolving around the implementation of construction designs, which thus
necessitated the involvement of technology such as the IoT device. The application
of the IoT technology on-site can be in the following ways:

(a) Digital Communication: many devices are IoT oriented, which has aided
communications among construction workers, construction project stake-
holders and construction activities. The use of social media such asWhatsApp,
Facebook, Telegram and email on smartphones have made the communication
of project status, project progress and project monitoring effective and stress-
free. The use of these applications on smartphones, tablets, and computers (all
IoT enabled devices) has easily exchanged opinions, video calls, and timely
information. Also, the use of Scan marker air or pen scanner, a digital pen that
scans any printed texts and transmits the text into any device via Bluetooth
connections. This IoT device can be used to transmit any construction docu-
ments/ texts into the computer or Smartphone, or tablet. It can also translate
around forty (40) languages and text scans.

(b) Project Monitoring: to ensure smoothness of the project on the construction
site, projects must be monitored effectively. Hence, IoT devices like drones
are deployed to the site to monitor activities, project stages, security purposes,
and employees well-being, as shown in Fig. 8.8.

(c) Material control: project smoothness is directly proportional to the control of
materials on site. Using the IoT to ensure that the right quality and quantity
of materials are on site: the supply unit of the materials can be labelled with a
Radio frequency identification (RFID) tag, which would ensure that materials
are counted automatically. They provide information when they fall below

Fig. 8.8 A drone used to monitor a construction site (Tkac & Mesaros, 2019)
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Fig. 8.9 Construction materials being identified and counted at construction site gate (Patil &
Shelake, 2021)

expectation, as depicted in Fig. 8.9. Also, the RFID tags ensure that materials
are easily accessible, the suitability of the temperature of the material are
verified, the extent of material damage and that materials are restocked when
depleting.

(d) Maintenance of Machinery and Equipment: one of the main components
of an IoT device is a sensor, which forms part of the bottom layer of IoT
Architecture. This sensor can also be connected to machines and equipment
in the construction industry, especially heavy construction machinery. The
sensor monitors from a distance necessary maintenance required and condition
monitoring, such as temperature range, vibration level, ductility level, etc., as
shown in Fig. 8.10. This will ensure that there are no avoidable damages,
additional costs and unnecessary delays.

(e) Power, Energy and Fuel (PEF) savings: through the IoT approach, informa-
tion about the amount of power, energy and fuel consumed on construction
sites by offices and machines can be generated, managed and saved. This is
done through IoT devices, which involves automatic switching on/ off office
lighting and pieces of machinery when they exceed the required period of
operation. Furthermore, Motlagh et al. (2020) opined that using IoT devices,
an integrated smart energy system can be generated, as shown in Fig. 8.11.

(f) Security control: many construction sites have stores where the materials
are kept for easy access when needed to avoid delays. However, there is a
possibility that these materials will be stolen if kept on the construction site.
The possibility of theft, which poses a challenge, can be curbed using the IoT.
A practical example of implementing IoT is when RFID tags are placed on
materials. When there is a theft or attempted theft, the sensors on the materials
will detect the current location of the materials or item. Also, on or off-site,
an IoT device known as August Smart Lock installed on doors, as shown in
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Fig. 8.10 Checking the state of heavy machinery (Jiang & He, 2020)

Fig. 8.11 An integrated smart energy system using IoT (Motlagh, et al., 2020)
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Fig. 8.12 A smart lock
(Aluri, 2020)

Fig. 8.12, can detect any image, even guest images, and trigger an alarm when
a threat is detected. The device can be lock and unlock anywhere using an
application on Smartphones.

(g) Workers Management: construction workers are one of the most vital assets
on construction sites; hence, effective management is essential to the project’s
progress. Therefore, sensors are connected to the worker’s badge through
an IoT device, which contains project information about their availability
on on-site, skills & qualifications, time duration on tasks, and their loca-
tion on site. This information could be used effectively for payment systems,
human resource management, planning, and other managerial functions. Also,
workers’ health can be ascertained using an IoT device that can record pulse
rate, temperature rate, etc., as seen in Fig. 8.13. It can also detect when aworker
is at risk. It can also be used to reduce absenteeism among workers.

(h) Concrete curing: in construction, sensors are embedded in concrete during
casting to properly monitor and plan schedules with certainty, as shown in
Fig. 8.14. The sensor provides information on the comprehensive strength of
concrete, formwork removal time, opening a bridge to traffic, concrete mix
design, and prestressed cable tensioning time, as shown in Fig. 8.15: all this
enhanced quality and service delivery.
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Fig. 8.13 A diagrammatic display of sensors connected to the human body (Pham, et al., 2020)

8.2.2 Off-Site Construction Buildings Applications

This application category deals with the usage of IoT IoT-enabled devices when
the project work is completed and for existing buildings. They are applied in the
following ways;

(a) Environmental Monitoring: through IoT devices such as Waspmote Plug &
Sense, shown inFig. 8.16, the environments and the buildings canbemonitored.
The device sensor monitors the possibility of fire outbreaks, flood threats, air
quality, waste containment level, structural health of buildings, noise maps,
dust concentrations, humidity, temperature, luminosity level, and electricity
measurement.

(b) Building structure Health Monitoring: buildings have a lifecycle for main-
tenance and renovations periods, which exactness of period cannot be fixed.
However, due to IoT devices like laser displacement sensors (which operating
mechanism is shown in Fig. 8.17), structures can detect cracks, vibration,
building conditions, the state of building materials, and buildings/construction
structures like bridges and monuments.

(c) Smart Buildings: smart buildings are buildings mostly controlled by IoT
enabled devices such as heating, ventilation, and air conditioning system
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Fig. 8.14 A sensor connected to a cast iron (Cabezas et al., 2018)

(HVAC), energy management, lighting system, fire prevention device, crime
prevention device, closed-circuit television (CCTV), sound detection, a video
camera for surveillance, photovoltaic walls, smart locks, smart switches, and
Aerogel sealant for air leakage/smart windows. This is depicted in Fig. 8.18.
These devices in a smart building communicate necessary information to both
building users and facility managers for proper regulations.
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Fig. 8.15 A connected sensor for data collection in a concrete (Lee et al., 2014)

Fig. 8.16 Waspmote Plug &
Sense device (Velasco et al.,
2016)

8.3 Benefits of Internet of Things in the Construction
Industry

The applications of IoT to the construction industry have brought needed, timely and
efficient benefits to the industry, which includes the following;

(1) Availability of Real-time data: Through IoT devices’ usage in every process
and activity of a construction project, data are generated and can be managed.
This available data enables informed decision-making and efficient perfor-
mance monitoring.
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Fig. 8.17 A laser displacement sensor (Gopinath & Ramadoss, 2021)

Fig. 8.18 A view of functions of IoT in a building (Zhao et al., 2018)

(2) Ensuring preventive maintenance: the maintenance of construction projects
without IoT enables devices are usually corrective due to the absence of real-
time caution. However, using IoT devices, through the use of sensors and RFID
tags, vulnerabilities on construction sites or smart buildings are easily detected
and prevented from causing any damages. Hence, preventive maintenance of
IoT devices on construction projects optimizes project delivery.
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(3) Ensures administrative Efficiency: in the construction industry, there are
lots of exchanges of documents, memos, drawings, printings, tasks reallo-
cation, unplanned activity lags, unforeseen lead time, etc., which rely on
manual processes. However, these administrative bureaucracies are digitized
with IoT devices, thus saving and optimizing processing time, sending accurate
information at the right time, in the right format, and to the right recipients.

(4) Cost-effectiveness: throughout the world, construction projects are usually
capital intensive and vary depending on the size and type of projects. However,
with IoT applications, the cost is being minimized in the design stage through:
tracking labour hours, waste minimizations, theft impossibility, workers’
safety, maintenance of machinery & equipment, workers’ effectiveness, reduc-
tion in rework, and avoidance of natural disaster mitigating effect of natural
disasters. Therefore, IoT in the construction industry ensured the effectiveness
of cost in the industry, even with low-cost sensors (Gbadamosi, et al., 2019).

(5) Safety of workers: on construction sites, many workers are performing
different activities, and with IoT devices & sensors, they could be tracked
and located in case of any accidents or security threats.

(6) Security of Materials: Construction sites are often associated with theft,
wastes, and vandalism, resulting in loss of profit and insurance loss. However,
construction companies are alerted about any guest image or missing material
or any smoke or any accident with IoT devices.

(7) Improvement of building lifespan: most buildings collapse and deteriorate
before reaching their lifespan due to excessive usage of energy, overloaded
bodies on the building, etc. However, with IoT devices like a smart ther-
mostat, circuit breaker, humidity sensor, linear displacement sensor, digital
power meters, etc., building lifespan will increase. However, this is based on
adherence to the information generated from IoT devices.

(8) Certainty of Productivity: IoT technologies in the construction industry will
undoubtedly ensure the productivity of construction due to cost-effectiveness
of the project, adequate supply of materials, adequate scheduling for delivery
date, an automatic commitment of workers through effective monitoring, and
the usage of quality material.

8.4 Threat Associated with IoT in the Construction
Industry

The sophistication of technology makes the risks higher, and implementation chal-
lenges are unique, especially in a people-oriented industry like the construction
industry. Below are major challenges that confront IoT utilizations which are
applicable in the construction industry (Gazis et.al., 2015);

(a) Technology and semantic interoperability: The IoT is an omnipresent
network of both the physical and virtual world, focusing on connecting devices.
However, IoT’s challenge is incompatibility or technological interoperability
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of the devices that need to be networked together due to their different tech-
nological capability. This is also because many devices have their own IoT
solutions that are likely incompatible with other IoT solutions. Also, IoT
devices are challenged by their different semantic interoperability or informa-
tion model. Generally, IoT devices are heterogeneous in terms of underlying
communication protocols, data formats, different ontologies, semantic web,
and technological capability.
In addressing the challenge associated with interoperability of IoT devices, the
Internet Society (2015) poses the following question for consideration during
the manufacturing process;

• Are the current interoperability standards sufficiently similar or different
across the wide range of potential IoT applications and use cases?

• What are the generic and widely available standards (such as the internet
protocol suite) that could be used as building blocks for IoT devices and
services?

• How would a lack of interoperability impacts users’ ability to connect,
speak, share and innovate?

• What are the optimal roles of standards developing organizations (SDOs),
industry consortia, and stakeholders’ groups in IoT standards development?

• What is the best approach to educate and engage user and developer
communities about problems of badly behaving IoT devices?

(b) Security and Privacy Challenges: The Internet of Things is mostly about data
acquisition, processing, management, and sharing about a situation, a person,
or an environment depending on the purpose of deployment.However, there is a
security challenge of these data being hacked and users’ privacy being breached
and exchanged with unauthorized third parties. Hence, issues such as data
integrity, verification procedure, unique identification, data ownership, liability
and legal matters should be considered during manufacturing, installing, and
transferring ownership.

(c) Schedule Risk of Manufacturers: technology is a high value-driven sector
of any economy, which yields a high return on investment; hence, competition
among companies and brands is unavoidable. Also, the advantage of first-
mover in the market is a strategy in getting a sizeable market share. However,
during this business strategy thinking and deployment, there is a risk of the
device lacking certainty in standards development schedules and processes due
to impulsiveness.

(d) Configuration risk for users: in the construction industry, buildings have
many parts that need different IoT devices, requiring configuration settings
of the different devices. A user with poor knowledge of how-to work on the
configuration or a sophisticated configuration setting poses a risk for the user,
the building, and the device’s brand. Hence, simplicity in the configuration of
IoT devices should be prioritized.
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8.5 Relevant Skills for the Internet of Things

The development of IoT devices requires a pool of different abilities, knowledge,
and skills (both hard/technical & soft skills). However, technical skills are mostly
needed, for the operation of IoT. These skills are essential to the device, the brand,
and the user. In recent times, the complexity of IoT technology is creating a high
skills gap in the workforce and, hence limiting its implementation. Therefore, for
organizations, including the construction industry, to succeed in implementing IoT,
there is a need to get acquittedwith the relevant skills. Below aremajor skills required
for successful implementation of IoT technologies/ devices;

(a) Business Intelligence: This skill involves collecting, storing, and analysing
data streams using a different necessary software tool. It also includes data
centre management, sensor data analysis, predictive analytics, and program-
ming in relevant languages depending on the device’s purpose.

(b) Data security: The complexity of internet of things connectivity and commu-
nication has made security skills of great importance. Security skill is also
important as Iot involves exposure to large volumes of data and connec-
tivity with several devices, making it highly risky. This skill will help miti-
gate data privacy security risk and identity physical and logical threats. one
of the IoT challenges is unauthorized data access, use, sharing, manipula-
tion, interference, and destruction. Hence, data security skill is essential and
encompasses vulnerability assessment ability, public key infrastructure (PKI)
security, ethical hacking, and wireless network security.

(c) Artificial Intelligence Skill: The Internet of things generates a high volume of
data. This requires a highly efficient and faster mechanism to collect, organize
and analyze data. AI skills also help to filter unnecessary data

(d) Data Analytics: The introduction of IoT has led to the mining of data in
terabytes per second, andputting this data to use is as important as the data itself.
Data analytics is required to extract data and build algorithms that help to annex
out insight and analytics out of data. Skill in data analytics requires knowledge
of machine learning, data presentation, data visualization, programming, SQL
etc.

(e) Teamwork: An IoT device is not a one-person special effort but a coordination
of different human capital. Teamwork is highly essential for all team members
to achieve the product specifications and objectives. Teamwork involves toler-
ance, patience, understanding of one’s role and other’s roles, unity of purpose,
and individual/ collective coordination.

(f) Designing: Designing skill is very crucial in IoT especially AutoCAD. This is
a premier design software experiencing an increase in demand due to growth
in IoT complexity. The AutoCAD permits late changes in the product devel-
opment process to be affected. Also, IoT demands application design in which
devices are set in motion by humans in a situation. When there is a bad inter-
face between the device and the user, the goal of the device will be limited.
Hence, application designs skills include a user interface (UI), user experience
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(UX), product designs, graphic designs, and other necessary designs vital to
IoT devices.

(g) Mobile Applications Development: IoT devices are mostly controlled on
smartphones’ applications; hence, mobile applications developers are crucial
to IoT devices. The developers must be sound in cloud computing, wireless
technologies, mobile technologies, and different programming languages, and
how the applications can work on Androids and Apple ioS.

(h) Hardware interfacing: IoT devices are both communication and electronic
hardware, which demands the knowledge of engineers or people that are good
in AutoCAD designs, wireless sensor modelling, quality management, and
Microelectromechanical systems (MEMS).

(i) Internet Protocol (IP) Networking: routing data and information from an
IoT device to another is the basics of IoT technology, which is made possible
through various internet protocols networks, which must be secure, reliable,
set up for enormous traffic, and perfect. The IP networking skill includes the
ability to set up and resolve: modern networks, use of RFID, conversant inWifi
protected access (WPA)/ wired equivalent privacy (WEP) or 3G/ 4G networks,
proficiency in existing networking practices and technologies, knowledge of
Bluetooth low energy, knowledge about the basics of open system intercon-
nection (OSI) stack, how connectivity protocols work and latest standards in
IoT communication.

(j) Machine Learning: Machine learning helps create a smarter application and
make predictions through sensors and other connected devices.

8.6 Summary

Internet of Things is the connection of anything to anything/ anyone at any time,
at any place, at any service, and any network based on standard internet protocols.
Its basic foundation is RFID and sensors with relevant networks. IoT, first called by
Kevin Aston in 1999, has four (4) communication models; a device-to-device model,
a device-to-cloud model, device to gateway model, and a back-end data-sharing
model. It also has four Architectural layers; sensors, connectivity and network layer;
gateway and network layer, management layer, and application layer.

Internet of Things is a landmark phenomenon for the construction industry,
making: construction work efficient, easier life for construction end product users,
high productivity and profitability, effective and timely maintenance of machinery
and an effective decision-making process. Also, introducing the IoT in the construc-
tion industry has led to several benefits: availability of real-time data, preventive
maintenance, administrative efficiency, cost-effectiveness, the safety of workers,
security of materials & buildings, improvement of buildings lifespan, and certainty
of productivity. However, to sustain the gain of IoT in the construction industry,
there must be: effective technological and semantic interoperability of IoT devices,
productive teamwork, usage of highly skilled and knowledgeable personnel in the
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manufacturing process, high level of data security, and patient adherence to necessary
IoT standards before market penetration.
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Reskilling and Roles of Stakeholders

for Implementation of Construction 4.0



Chapter 9
Reskilling for Construction 4.0

9.1 Introduction

Theworld is constantly changing on thewheels of technological advancementswhich
demand human capital development and acquisition of relevant skills. Over the years,
theworld haswitnessed three different revolutions and is currently in the fourth indus-
trial revolution (4IR). The fourth industrial revolution has altered and is still altering
how we live, learn, work, eat and communicate. In the world of works, this revolu-
tion greatly affects how products are imagined, manufactured, distributed, acquired,
and consumed. The expectations from businesses, employees and society as a whole
have taken a new turn. Ultimately, these changes are redefining job requirements. As
a result, it becomes necessary to get familiar with the demands that come with the
revolution for quick adaptability. The degree of adaptability depends to a large extent
on the emphasis on human capital development. This demands the involvement and
collaborations of the industries, government, and educational institutions towards
this development. The collaboration of the stakeholders is crucial as human capital
development is a real-time investment. It is thus believed that this will facilitate and
motivate workers to learn and be well equipped to appropriate the new technologies.
Consequently, this goal can be achieved through the implementation of upskilling
and reskilling of human resources. In line with this preceding, the emergence of the
fourth industrial technologies has necessitated the need to reskilling human resources
to remain relevant in an ever-developing world.

The construction industry employs several categories ofworkers for the successful
completion of a project. These include the professionals (architect, engineers,
surveyors etc.), skilled (plumbers, electricians, carpenters, bricklayers etc.) and semi-
skilled workers (messenger, janitor, truck driver). In retrospect, the construction
industry has constantly been challenged with a shortage of skilled manpower, and
the introduction of construction 4.0 is likely to widen the skill gap (Adepoju &
Aigbavboa, 2020). Also, there have been several predictions that adopting these
new technologies might result in job loss. According to the World Economic Forum
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(2018), therewill be approximately 133million new roles created due to the newdivi-
sion of labour between humans, machines, and algorithms (WEF, 2018). Recently,
some workers are now clueless about what to do since machines and robotic devices
have replaced their skills. Organizationswith suchworkers should rather retrain them
entirely with new technology systems and tools to keep their workforce and keep
themvibrant.However, the best possibleway to tackle these challenges and addressed
the new development in skills is reskilling and upskilling of the human resources. In
light of the application of 41R in the construction industry landscape, which involves
the use of new technologies, there is a need to emphasise the significance of reskilling
and upskilling the workforce in the sector.

9.2 Concept and Significance of Skills

Every nation, organization and industry are made up of people, and its success lies
in the skills and competencies of human resources. Human resources, also referred
to as human capital in a holistic view, consider skill one of the key elements. Skills
are important to the future of any economy, and improving skills is crucial to main-
taining the sustainable growth and development of nations. The provision of a skilled
workforce promotes creativity, innovation and increased productivity in the various
sector of a nation. Skills can produce economic benefits to individuals, groups, orga-
nizations, communities and a whole nation. Historically, the concept of skill was
described as a manual craft. Over the years, the narrative has changed due to the
emergence of new skills as a driver of innovation and competition and economic
growth. Skills contribute to creating a greater capacity in workers, which encourages
industries to adopt new technologies andways ofworking (ProductivityCommission,
2017). The world of work is rapidly transforming so that current skills are becoming
obsolete, thereby creating more demand for skill upgrades. Skill is considered an
important factor that workers ought to adapt to the current changes in various indus-
trial operations ushered by the fourth industrial revolution. Every industry requires
certain skills for successful delivery in this fast-changing world influenced by tech-
nological innovation. (Adepoju & Aigbavboa, 2020). Consequently, advancement in
technology present a greater risk of increasing skill shortage and widening skills gap
and mismatch.

The word skill has been defined in several ways based on the field of study.
Nevertheless, in general terms, skills are competencies and expertise required to
perform a job and conduct the everyday task in the best possible way. It is the
delivery of skilled, expert, fast, and accurate behaviours to complete tasks. A skill
is the ability of an individual to perform appropriately in every situation. It entails
the application of knowledge (explicit and/or tacit), the use of tools, cognitive and
practical approaches and procedures, and implies beliefs, dispositions and values (for
example, attitudes) (OECD, 2016). Skills can be categorized into two: the hard skills,
also referred to as technical, and the soft skills. Both skill categories are important
and required from job applicants to possess to be qualified for any job.
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9.2.1 Soft Skills

Soft skills are an important requirement for all jobs, which often complement the
hard skills. It is called social skills or people skills. It indicates competencies that
are not directly associated with a specific task but are essential in any position.
They can be described as qualities an employee should possess to be effective on
the job. They apply to an individual’s required behaviours and attitudes, such as
emotional intelligence, which establishes good relationships with people in the work
environment. In a corporate organisation, human resource management emphasises
soft skills because it is believed to drive a positiveworking atmosphere that is essential
for an organisation’s growth. These skills are not necessarily acquired through formal
education but an interpersonal relationship in the workplace. Examples of soft skills
include communication, interpersonal, teamwork, problem-solving, critical thinking,
conflict resolution and negotiation skills. In the current 4th industrial revolution,
the human skills under the soft skill which enhance value creation activities for
the organisation are of great demand. These skills include emotional intelligence,
complex problem solving, critical thinking, analytical thinking, creativity, leadership,
innovation and social influence. In the construction industry, soft skills are required
to manage a project from the beginning to the end successfully.

9.2.2 Hard Skills

Hard skills are also referred to as technical skills. They can be described as technical
expertise, which is an important factor that determines a worker’s competence on
the job. These skills relate to specific capabilities to accomplish a particular job. It
defines what a worker does on his/her job and the level of professionalism. Workers
require hard skills to be effective and efficient in any line of job. These skills are
significant as it increases workers’ efficiency and productivity. Hard skills are learnt
and can be acquired through formal and informal education and training programs.
Examples of hard skills include computer, digital, programming skills.

9.3 Current Skills Demand for Construction 4.0

Construction 4.0 presents great opportunities for enhancing workers’ productiity
but also create wide skills gap. This scenario is generating a need for a workforce
with a specific set of skills and capabilities. Some schools of thought believe that
Construction 4.0 is simply adding to the rising skills gap, other believe that it will
create more job opportunities to close the gap. The complexity of construction 4.0
characterized byCyber-Physical System andSmart Factories, transforming construc-
tion production environments, places workers under more pressure to perform well.
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The construction work is becoming less routine and demands continuous knowl-
edge and skill development. Workers’ skill sets are likely now require better higher-
order critical reasoning and decision-making abilities. On the other hand, bridging
the skills gap necessitates novel user-facing technology such as Augmented Reality
(AR) andwearables for human performance augmentation provided vis live guidance
to increase productivity and effectiveness of workers. AR extends beyond mobile
applications with 3D object super-imposition for marketing to more complex use
cases delivered by an increasingly increasing innovation ecosystem of hardware and
software providers working closely with R&D organizations (Kember et al., 2017).

The workforce in the era of Construction 4.0 needs to acquire new skills to update
themselves for successful implementation of the new technologies. There is no doubt
about it that all the categories of Job will be affected one way or the other. However,
professionals working on site will need to acquire new skills as the nature of their
job changes. Also, some jobs will be automated, thereby resulting to loss of job.
Consequently, for the construction industry to fully enjoy the benefits of construction
4.0, reskilling and upskilling becomes an important focus.

Construction 4.0 is characterized by technologies such as Robotics, Internet of
Things, Building Information Modeling, Drones Technology, Prefabrication, 3D
Printing. The first step to take in embarking on reskilling and upskilling is the iden-
tification of relevant skills. The construction industry will require reskilling in two
aspects: technical skills and soft skills. For the purpose of reskilling and upskilling,
this section will take a cursory look at the current skills in demand in light of the
construction 4.0 technologies.

9.3.1 Building Information Modelling

Building Information Modelling is one of the construction 4.0 technologies that is
widely adopted in both developing and developed countries. Building information
modeling (BIM) generates and manages digital representations of physical and func-
tional characteristics of places using a variety of tools, technologies and contracts.
It demands both the soft and technical skills and the soft skills include: communi-
cation skills, interpersonal skills, negotiation and conflict management skills, team
playing skills, leadership skills, planning and organizations skills, and the analytical
and problem solving skills. On the other hand, the technical skills include: computer
literacy skills, information technology and proficiency in BIM software’s skills.

9.3.2 Drone/Unmanned Aerial Vehicles (UAVs) Technology

The impact of drones in the construction industry under the construction 4.0 era is
very significant. This technology is used more for visualization and video recording.
The advancement of UAV technology has necessitated the need for reskilling of



9.3 Current Skills Demand for Construction 4.0 201

workers to effectively operate the technology, push the existing boundaries, and
develop new drone applications to benefit the general public. This technology also
demands both soft and technical skills. The soft skills include communication, data
analytics. The technical skills include programming and machine learning skills.

9.3.3 Prefabrication

Prefabrication is an important manufacturing technology in the Architecture, Engi-
neering and Construction industry that allows building components to be manu-
factured in a regulated environment away from the construction site. In the era of
construction 4.0, prefabrication requires a high level of skills. Consequently, profes-
sionals in the construction industry such as architects, engineers, quantity surveyors,
and few manual workers such as bricklayers and carpenters are required to possess
certain skills. These skills can also be categorized under soft and technical skills. The
soft skills include: planning, communication, collaboration, interpersonal, negotia-
tion and team skill. The technical skills include designing, digital, automation, analyt-
ical, installation and material handling skills. The designing skill should be a top
considerationwhen reskilling tomeet upwith the construction 4.0 skill requirements.

9.3.4 3D Printing/Addictive Manufacturing

3D printing, also known as Additive Manufacturing (AM), requires specific skills
for effective use in construction 4.0. Recently, new machines and materials are being
introduced in the growing and rapidly 3D printingmarketplace. Hence, professionals
in the industry need to acquire certain skills to utilise the 3D technology in construc-
tion4.0 effectively. These skills can also be categorizedunder soft and technical skills.
The soft skills include critical thinking, problem solving and creativity. The tech-
nical skills include software designing modelling, intellectual property protection
skill, safety management and 3D post-processing/finishing.

9.3.5 Robotic Technology

Robotics, also known as automation, have contributed tremendously to the improve-
ment in the operations of the construction industry. It is an interdisciplinary field
that depends on multiple fields of study. However, there are universal skills profes-
sionals should possess for the effective operation of robotic, either as a generalist or
a specialist. These skills can be categorised into technical and soft skills. The soft
skills include problem-solving, critical thinking, problem-solving, and teamwork.
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The technical skill includes computing, programming, data analytics and machine
learning.

9.3.6 Internet of Things (IoT)

Internet of Things (IoT) technology is an intelligent technology that presents great
potentials to the construction industry. It can connect all devices to the internet and can
recognize, configure and transform data to optimize construction operations leading
to high productivity, increased business value and cost-effectiveness. IoT applications
demand certain skills for effective applications in the construction industry. However,
there is a lack of skills and expertise to take advantage of this technology in most
organisations, including the construction industry. The skills are primarily hard skills.
These skills include Business Intelligence, Data Security, Machine learning, Artifi-
cial Intelligence skills, Data Analytics: Teamwork, Designing, Mobile Applications
Development, Hardware Interfacing, and Internet Protocol (IP) Networking.

9.4 The Concept of Reskilling and Upskilling in the Fourth
Industrial Revolution

The concept of upskilling and reskilling is significant for all industries in the economy
to take advantage of the new technologies of the fourth industrial revolution. The two
concepts are considered human capital development strategies that are crucial for any
organization to remain competitive and be assured of talents required for the future.
In the era of the fourth revolution, upskilling and reskilling becomes important to
ensure that there are skills available to operate the facilitate the implementation of
construction 4.0. It is apparent that any organisation that wants to survive the change
brought by the fourth industrial revolution must be given to upskilling and reskilling
of their workers. Technology cannot be fought; we can only adapt to its changes.
According to the World Economic Forum’s (2018), new technologies will displace
75 million jobs across 20 major economies by 2022. However, this does not imply
that workers are being priced out of the labour market. According to the same survey,
technological advancements would create about 133 million new jobs, which is good
news for workers. However, these new positions and experiences would necessitate
further training. Companies must develop strategies that will distinguish and make
them stand out among their competitors in the markets, both locally and globally.
This can be achieved with a flexible, diverse, and creative workforce committed to
learning, acquiring and adapting to new skills. Considering the rapid pace of techno-
logical change, a scalable and agile workforce must remain ahead of the curve. The
culture of Upskilling and reskilling has become a powerful tool that will facilitate the
implementation of new technologies and creative business practices. Any proactive
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industry must take upskilling and reskilling if they desire to stay ahead of the curve.
This decision will further demand that organizations conduct a skill gaps analysis to
determine the employee who needs to reskill and the skills they need to acquire. In
light of this development, the construction industry has been dramatically affected
by the fourth industrial revolution, which is referred to as Construction 4.0. This
has necessitated the need for reskilling and upskilling of workers. The construction
4.0 technologies present new skills demand which is explored in this book. This has
necessitated the need for reskilling and upskilling of the workforce.

9.4.1 Reskilling

Reskilling involves learning new skills other than the current skills required to fit
into the modus operandi of doing things. It is the process of preparing an existing
employee for a new job or retraining them in the skills needed in today’s workplace.
This may be a successful technique in a variety of situations (Coonan & Pratt-
Adams, 2018). This concept involves acquiring new skills to perform a different job
and develop the capacity to train others to perform a different job. The demand for
reskilling cut across every category of workers; professionals, skilled, semi-skilled
and unskilled. Every individual worker is expected to be dynamic and not get stuck
in the old ways of doing things regardless of expertise. Reskilling implies a complete
overhaul of skills for employees by taking the workers through the knowledge of new
skills entirely within the organisation. It focuses on making employees eligible for
other positions within the company. Reskilling creates the opportunity in the orga-
nization for lateral learning, making it possible to have people with ‘adjacent skills’
that are close to the new skills required by the organisation. Reskilling is necessary
for the fourth industrial revolution because some skills will become obsolete in the
fourth industrial revolution. From a logical point of view, since new technologies are
replacing old ones, it follows that most organizations and industries, ranging from the
construction industry to other sectors of the economy, might be more tilted towards
the new technologies as it guarantees faster methods of operation. Hence, reducing or
using old technologies will require workers to learn completely new skills to operate
the new technologies of the fourth industrial revolution.Moreover, a companydoesn’t
have to go obsolete before realising that their workers need reskilling; there should be
constant evaluation of skills and workflow to see if the present: skills, tools, job-type
and functions are still relevant with present technologies.

Once a decline is noticed, then reskilling should be done when necessary. The 4IR
is a whole world of opportunities waiting for exploration; thus, learning new skills
will surely add to the chance to explore them. TheWorld Economic Forum estimates
that the average worker will require 101 days of learning to reskill for the future.
Thus, there is a need to train workers on new skills. Reskilling can transcend beyond
training or boot camps. It could go as far as enrolling for a new course entirely to
get new certifications or attain a new degree. One can decide to go back to school to



204 9 Reskilling for Construction 4.0

study a new course relevant in 4IR; thus reskilling is broad and cuts across all forms
of learning.

9.4.2 Upskilling

Upskilling follows the same thought of reasoning and purpose as reskilling.
Upskilling involves acquiring additional skills to the previous skills acquired in a
field. In contrast, an upskilling culture entails teaching employees new, advanced
skills to close skill gaps. Upskilling focuses on assisting workers in becoming more
professional and relevant in their current roles. This concept occurs when employees
enhance their current abilities and have a more significant influence in their exper-
tise. Employees become better positioned for new responsibilities and higher-level
tasks on a career path by broadening their expertise. The intention of upskilling is
to add more skills already possessed in each area of specialization. The addition
of these skills keeps an employee up to date with new technologies as the fourth
industrial revolution comes with improved ways of doing things. In this increas-
ingly technology-driven world, a company’s capability to upskill, or its capacity for
training and developing its personnel to extend their skill sets, generates a substantial
competitive edge.

9.4.3 Need for Reskilling and Upskilling in Construction 4.0
Era

Industries under the fourth industrial era, such as the construction industry, present a
new working condition characterized by human machine interaction, Big data, inter-
face network problem solving, and control tasks. The construction 4.0 era demands
professionals trained in data analytics since most modern technologies are databases
that require a vast amount of Big data for operations (Adepoju & Aigbavboa, 2020).
According to the OECD (2018), over 1 billion workers, or about one-third of all
jobs worldwide, will be transformed by 2030. Some job positions may become
obsolete, and at the same time, new ones will be created. As a result, some of the
employees’ roles might need to be replaced, requiring the industry to either recruit
new personnel with the needed skills or engage in reskilling and upskilling of its
workforce. Reskilling and Upskilling is necessary for the following reasons:

(i) Workers’ existing skills are becoming redundant: Digital technology grad-
ually reduces the importance of some workers’ skills and areas of expertise
in the construction industry. While some construction skills are already obso-
lete, construction automation is hastening the natural cycle of skills, becoming
obsolete at a much faster rate than before. Also, robots are forcing construc-
tion workers to change their occupational categories. These will likely lead
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to some workers becoming redundant and, as a result, laid off. To avoid this
occurrence, reskilling and upskilling of workers is required to implement
construction 4.0 technologies.

(ii) Skills Gaps: Skills gap is one of the challenges faced in the construction
industry. Several reasons such as: lack of qualified candidates and skilled
professionals, ageing workforce, rising investment in construction projects,
dwindling intake into the construction-related profession and lack of necessary
skills by employees to meet the changing demand have been attributed to the
cause of skills gap. It is believed that the implementation of construction 4.0
technologies will widen and worsen the skills gap. Consequently, upskilling
and reskilling becomes a vital strategy to address the problem of skills gap.

(iii) Accelerated New Technology Adoption: Today, technology is an integral
part of any organisation, which requires that employees possess digital skills.
The entry of construction 4.0 comes with new technologies, machines, and
techniques present another digital advancement that necessitates digital skills
for its integration. Emerging technologies such as Robotics, Artificial Intelli-
gence, Cloud Computing, automation machines and simulation technologies
in the construction industry requires special skills to handle them. Hence,
upskilling of the workers becomes essential to get them acquainted with the
whole idea of construction 4.0. and develop the human capacity for new roles
that will emerge.

(iv) Need for recruitment of new employees: The construction sector stands
a high chance of getting new employees when they commit to training
new workers on the new technologies used in construction 4.0. Naturally,
candidates who want to feel respected at work will frequently seek out
employerswith a professional development culture that provides opportunities
for reskilling and upskilling.

9.4.4 Importance of Upskilling and Reskilling

(i) Minimize Skills Gap: Skills gap is a major challenge that organisations face
with introducing new technologies. The swift advancement in technology in
the workplace is propelling employers to adopt digital methods of working.
The implementation of this is hindered as a result of the skills gap. However,
this can be minimized by reskilling and upskilling employees to keep tab
of the organisation’s current needs. Addressing the skills gap entails the
following steps:

• Awareness: The industry must be conversant with the area of needs and
skills required at and in the future

• Assessment: The industry must assess the current workforce to identify
areas of skills deficiency.

• Strategy: The industry is required to comeupwith a strategy for upskilling
and reskilling the workforce to bridge the skills gap
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• Acceptance: There must be a level of acceptance on the part of the
management and the employees for the need to be committed to the
training programs and imbibe the culture of lifelong learning.

(ii) Reduce Cost of Hiring New Personnel: Acquiring new personnel to
adopt new technology can cost a company a lot. Prospective candidates
may demand better compensation because they are applying with special-
ized skills required and qualifications that are not available among current
employees. Also, general recruitment and selection of skilled and competent
personnel are expensive and time-consuming. The inclusion of onboarding
and training of new employees comes with additional costs. Consequently,
reskilling and upskilling current employeeswill reduce the costs of recruiting
and onboarding new employees, reducing the organizational cost of opera-
tion.

(iii) EmployeeMotivation: Employees feel highly valued at theworkplacewhen
their organisation invests in their development. It is common knowledge that
working for a company that does not commit to personal development isn’t a
great place to be. Employees are motivated when there is the opportunity for
active learning, training and developmental programs. This opens the door
to professional growth and gives your company a stronger sense of purpose.

(iv) Constant Updating of Current Skills: Upskilling of workers will keep
workers’ skills from becoming obsolete, reflecting the commitment to their
professional progress. This process is not restricted to professional training
but entails educational processes such as research in the new trends in the
industry. Naturally, this will foster innovation and creativity among the staff
in the industry.

(v) Improves Employee Productivity: Upskilling is an essential element in
improving the productivity and efficiency of workers. Through this contin-
uous learning process, workers are motivated to achieve their set targets.
Productivity is enhanced through the benefits of flow of communication,
multitasking, commitment to strong core values and keeping tap with the
new trends offered through upskilling of the employees.

(vi) Reduce Labour Turnover: Upskilling is one of the strategies for employee
retention. It helps retain employees because organisations that encourage and
create learning opportunities have better overall workplace morale. It will
make employees feel more at ease in their workplace, but it will also help
them be more committed to their jobs and have a more optimistic outlook on
their future with the organization. Also, the awareness of the willingness of
employers to support their employees in their success help them feel valued
builds trust and enhance employee retention.

(vii) Develop Stronger Organisational Brand and Image: Reskilling and
upskilling practices indicate an organizational commitment to the growth
and development of its staff. This propels the workforce to become powerful
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brand advocates for the organisation. Consequently, it improves an orga-
nizational reputation/image and aids in developing a stronger brand in the
business market and the society at large.

(viii) Attract Larger Pool of Skilled Personnel to meet New Technology Skills:
In recruitment, organizations’ commitment to reskilling allows them to
access a larger talent pool. This opportunity appeal to job seekers who want
to enhance their careers and broaden their skill sets. This is also a desirable
trait for highly qualified applicants with a wide range of talents and experi-
ence. Companies that invest in professional development generate an active
learning culture where employees will seek to upskill on their own volition in
this climate. Instilling a vibrant learning culture in an organisation will help
it be more responsive and prepared the organisation for the ever-changing
nature of today’s job market.

9.4.5 Strategies for Reskilling and Upskilling
for Construction 4.0

Every industry is required to develop an upskilling and reskilling strategy based on
their unique need. However, the fourth industrial revolution presents a scenario that
affects all industries that specifically entail adopting new technologies. Hence, this
requires preparing and implementing effective upskilling and reskilling initiatives.
Hence the following approach can be followed to achieved to implement the.

(1) Assess the Current Situation, Challenges of the Industry: Upskilling and
reskilling the workforce demands assessing the industry’s current situation.
This can originate from the national industry level or within the company level.
The current state of the construction industry and the level of implementation
of the industry 4.0 technologies differ from one country to another. Globally,
the industry is enthusiastic and gradually integrating automation and digital
technologies into its operations. However, security issues such as privacy, data
protection, leaked information and risk of data misuse constitute a signifi-
cant factor limiting the implementation of the technologies (Alaloul et al.,
2020). Consequently, the current situation and challenges can be discussedwith
key stakeholders such as: senior executives of companies, Human Resources
leaders, workers’ representatives, government officials and representatives
from academic and training institutions.

(2) Assess the Jobs and Skills required: The decision to upskill and reskill
requires assessing the jobs and skills required in the construction 4.0 era. The
construction industry is experiencing increasing demand for construction and
building projects as a result of urbanization. Across the globe, there is amassive
movement of people from rural to urban areas, coupled with demand for better
quality projects. This has propelled the desire to adopt the new technologies
by the construction companies and professionals to find leverage and make
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work more accessible and efficient. Consequently, new jobs are emerging,
thereby increasing the skills gap in the industry. Addressing this situation
entails assessing the jobs required to meet the industry’s increasing demand
with the implementation of the new technologies and skills requirements.

(3) Assess employees’ current skills and their capacity to acquire new skills:
The industry, through the service of theHumanResourceManagers, is required
to assess the employees’ current skills to ascertain the skills that are available
within the organisation and the competencies that are lacking. This informa-
tion is needed to organize training to fill the knowledge and skills gaps. It
also forms the basis for formulating the reskilling and upskilling plan. The
following procedure can be adopted to assess the current skills within an
organisation/industry:

• Conduct an examination or test to determine the skills of the employee and
the capacity to learn

• The use of personnel evaluation/assessment exercise to determine their
current performance and career pro

• Organise a meeting with the employees to get their feedback on the
assessment and perception regarding the implementation of the new
technologies.

• Identify the skills (soft and hard skills) that are required and employees that
are right for upskilling and reskilling

(4) Develop a Reskilling and Upskilling Plan: Managers are to develop the
reskilling and upskilling plan after identifying the jobs and skills required
to implement the new technologies. These plans involve:

(i) Establishing a lifelong learning culture to maximize the success of
the upskilling and reskilling plan. This can be achieved through
management active involvement and support.

(ii) Design a roadmap to move the employees from their current skill level
to the expected skill level. This involves identifying the three pathways
of employees which includes employees that require to learn new skills
or technology to remain on current job, employees that require reskilling
to take up new roles and employees whose jobwill no longer be required

(iii) Decide on the methods of training, training providers and resources
required. Themethod can include internal and external such as coaching,
workshop, seminars, case studies, job rotation, job enlargement, person-
alized development programs, training/educational courses. Because
training requires innovative technologies, updated digital syllabuses
should be adopted. It is also essential to choose the best delivery method
such as younger employee workers may prefer online while the older
may desire traditional training methods

(iv) Design amotivational strategy such as upgrade, incentives, career devel-
opment to encourage the workers’ commitment to the reskilling and
upskilling program.
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(5) Execute the Reskilling and Upskilling Plan: Once the reskilling and
upskilling plan are in place, the next step to take is to launch the programs.
It involves active participation of managers, employees and human resource
personnel. Successful execution of the training plan must ensure adequate
training resources such as digital technology facilities and a robust Information
Technology system to keep track of the training programs and the employees’
attendance. In the case of off-site training, management should support the
employees who opt for private career development through sponsorship and
the opportunity to participate in the training classes and programs.

(6) Assess the Success of the Plan: The purpose of reskilling and upskilling is
to meet the organisation’s changing needs. Training of the workforce in the
light of digitalization of the industry expects skills acquisition and capability
to take up new responsibilities and roles. Organisations invest a lot in training
and developing their staff. Consequently, assessing training effectiveness is
vital as it reveals the impact of the training and informs the management on
the area of improvement. It is also advisable that the organisations decide
ahead on the measures of training effectiveness. Assessing training effective-
ness can be conducted through a feedback mechanism, discussion, oral and
practical assessment. In addition, evaluating training effectiveness should be a
continuous process to keep the employees updated and well equipped for the
future.

9.5 Role of Industry, Academia and Government
in Reskilling for Construction 4.0

Skills are fundamental to the development of any economy. Skills required to strive
in jobs and the trajectory of careers are swiftly revolving due to technological inno-
vation, significantly changing the labour market’s skills (WEF, 2017). The fourth
industrial revolution has presented a significant demand for reskilling and upskilling
of human capital. This calls for individual and collaborative efforts of the stake-
holders. The government (policymakers), industries (business leaders), academia
(training and educational institutions) have a role to play in ensuring that training
and education systems optimize the availability and skill of the labour force, which
demands multi-stakeholder collaboration and investment (WEF, 2017).

The construction industry, like other industries, is experiencing skills mismatch/
gaps and threats of unemployment on the workers with the introduction of 4IR
technologies. There is a need to explore the roles of the stakeholders to maximise the
impact of improving existing skills (upskilling) and training in new skills (reskilling).



210 9 Reskilling for Construction 4.0

9.5.1 Role of Construction Industry in Reskilling
and Upskilling

The construction industry represents an important sector of any given economy, as it
is well known to be a catalyst for development alongside agriculture. This sector is
responsible for residential and commercial buildings, roads andother social amenities
needed for any economy to thrive. Construction 4.0 is gradually transforming the
industry with the rise in sustainable buildings constructed faster with less cost and
minimize safety risk. However, the demand for this transformation has created a
skill gap in the construction sector that requires all the stakeholders with greater
responsibility for the industry. The industry must be proactive in ensuring that the
modern technologies’ skills are in place. At this time, the construction industry must
fight to survive by being on the forefront of championing personnel skill development
of workers, carrying out skill requirement sensitization, sponsoring training and
developmental activities, and partnering with the education institutions. It is believed
that the involvement of the industry in reskilling ad upskilling of the workforce for an
digitised sector can resolve the problem of the unattractive nature of the construction
industry to the young generation. Consequently, the role of industry in reskilling and
upskilling is highlighted below:

(i) Creating Awareness of Skills Demand for Construction 4.0: The starting
point for implementing construction 4.0 is creating awareness of the emerging
technologies of the fourth industrial revolution, the benefits and the skills
requirement. Every industry, like construction, is taking several steps to ensure
the adoption of these new technologies and techniques due to several advan-
tages it presents. However, the pace of adopting these technologies depends
on the level of industry commitment in creating awareness and promoting the
requirements for the application of the technologies. This can be achieved
by industry organizing conferences, developing programs to raise the aware-
ness of critical skills, reskilling and upskilling benefits and training oppor-
tunities. Furthermore, the workers and employers in the industry need to be
conversant with the essential skills and how to leverage them. This could
entail organizing an outreach program to educate workers and employers
of existing skills training and support, developing real-time online informa-
tion and mobile application in the required skills (Asian Development Bank,
2021).

(ii) Retraining Existing and New Entrants Workforce: The need for human
capacity development has greatly increased in the past two decades due to
intense competition and changing business practices. In this present digital
age, the concept of reskilling and upskilling isn’t just about training. Still, it
has grown into a more complex approach of learning and developing not just
at the individual level but also at the organizational level (Kareem&Hussein,
2019). In the face of new development, the industry is responsible for training
its current workforce and new entrants to ensure that knowledge is updated
across ranks and files in the industry. Each organisation is responsible for
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pushing for reskilling and upskilling its workforce by providing funds for
training and development. Also, bonuses and salary upgrades may be used as
a driving force to propel its workforce to upgrade his/her skills personally.

(iii) Consequently, the construction industry has a role to play in reskilling and
upskilling of the construction workers to get acquitted with the current best
practices. The current digital age is changing fast, so organizations should be
on the lookout for new technologies to boost their competitive stance. In the
past, organizations have used reskilling and upskilling as an essential strategy
in stimulating positive individual behaviour, imparting knowledge and skills
for optimal and increased productivity and competitiveness in this modern,
rapidly changing workforce environment (Kareem & Hussein, 2019).

(iv) Partnering with Educational Institutions: Construction firms should take
it upon themselves to find the best cost-effective means of reskilling and
upskilling its workers. For that to be possible, construction firms need to
partner with educational institutions. Partnering with educational institutions
constitutes offsite training that allows the current employees to attend courses,
acquire knowledge of new introduced technologies, and get certification to
upgrade work experience. For example, a construction firm that wants to
implement BIM technology can allow an engineer to go for a course in BIM
in construction design and get a certification. The partnership with educa-
tional institutions would reimagine institutional education the opportunity
for students and practitioners to gain knowledge and skills from the revised
curriculum in response to the digital era.

(v) Promoting Work Integrated Learning (WIL): Work-integrated learning is
vital in meeting the demands of construction 4.0 ushered by the fourth indus-
trial revolution. This scheme is an experiential learning activity that allows
a student to apply what is learnt in the workplace. This learning experience
allows the learner to acquire the basic work abilities of both soft and tech-
nical skills before gainful employment. The challenge faced by most African
counties is that industries are not often keen on offering opportunities for a
student learning experience. Openings are not available for students to learn
WIL program is relevant in reskilling by giving opportunities for

(vi) Funding Research and Development: Construction firms themselves can
be at the forefront of construction development and investing in research
and development, and gaining raw, direct knowledge from field experiences
and extensive developmental research. Carrying out research and develop-
ment in-house would ensure first-hand knowledge update within the organi-
zation. Effective research anddevelopmentwould ensure that the right skilling
programme is in place, identifying redundant and potential skills andwill also
help in strategic skill prioritization.

(vii) Micro-Credentials: Micro-credentials, also known as industry-recognised
certificates, are certifications (often digital) that authenticate or validate a
person’s proficiency in a definite skill or collection of skills.Micro-credentials
have been hailed as a means by which interested persons can skill up in a
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specific area and bridge the deficiencies conventional Higher Education Insti-
tutions (HEI) degrees present.Micro-credentials have the benefit of providing
focused training and are a means for employee upskilling and reskilling.
These skills can either be hard or soft skills. Another more critical advan-
tage of micro-credentials is that they provide a platform for developing and
assessing job competence. The industry has discovered that qualifications
do not always translate to competence, and there is the need for alternative
methods for competence assessment and development. Construction indus-
tries can leverage micro-credentials and offer them to their employees either
singly or in conjunction with accredited educational institutions. The goal
is to enhance micro-credentialing systems in the construction industry to
upskill and develop competence in persons and bridge the skills gap that HEI
programmes currently have.

9.5.2 Role of Educational Institutions

Education is still considered a critical factor for promoting all-encompassing
economic growth and creating a future of opportunity for all. The educational insti-
tutions play a significant role in a wide-ranging reskilling and upskilling agenda.
These institutions that comprise the secondary and tertiary lay the foundation for
learning and acquiring formal knowledge required in the working environment.
The higher institutions specifically offer several courses and train the human capital
needed in various industries. These institutions can drive major change by enhancing
students’ awareness, skills, and competencies to contribute to sustainability, environ-
mental conservation, and other critical objectives. They are responsible for training
students to engage critical and responsible people and provide opportunities for
lifelong learning to assist them in their social roles (EHEA Rome Communiqué,
2020). Education has advanced based on the needs of society. It serves to prepare
the human capital to take on the changing tasks and support the students to develop
the skillset required in the future. However, the technologies of the fourth industrial
revolution are creating a huge knowledge and skills gap, hence calling for the urgent
need for higher education to respond to the demand of upskilling and reskilling of
the workforce. In the construction industry, several professionals such as architects,
quantity surveying, engineers, and project managers who are a product of the tertiary
institutions, lack the skills required to appropriate the new technologies. Construc-
tion 4.0 presents technologies such as the Internet of Things, Building Information
Modelling (BIM), automation and simulation, data analytics, etc., which demands
special skills to operate. Developing these skills requires learning and training, which
can be acquired from the educational institutions.

In the upskilling area, higher institutions can design new courses, certificates
that will improve the existing knowledge and skillsets of the construction workers.
These courses will equip the current workforce to keep their jobs by introducing new
technologies and preparing potential workers to take up new jobs. In reskilling, the
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educational institutions also can develop short- terms courses, programs, and certifi-
cates that will help increase the skill level of the current workers. These programs
can be coordinated in collaboration with professional and certifying bodies. This
avail the workers the opportunity to move from one field to another. Consequently,
the role of education institutions in reskilling and upskilling agenda for construction
4.0 include the following:

(i) Development and Revision of School Curriculum: A curriculum is a vital
tool in the educational system comprised of learning and teaching content
for courses offered in schools. It serves as a guide for implementing teaching
activities. Developing and reviewing curriculum is an essential process in
response to the current ongoing digital revolution that is transforming every
field of study. Construction 4.0 can be effectively implemented when smart
technologies and techniques, such as data analytics, big data, artificial intelli-
gence, robotics, the internet of things and cybersecurity, has been embedded
in the courses taught in educational institutions. The design of the school
curriculum, especially that of tertiary institutions, is expected to meet the
demands of the labourmarket. The demands of the recent jobs involve complex
problem solving, critical thinking, creativity skills etc., that is required to be
developed among the students right from the secondary level. Consequently,
there is a need to redesign the school curriculum from secondary level to
tertiary to prepare the students for the new jobs and roles evolving as a result
of 4IR.

(ii) Technology-Based Teaching and Learning: The recent digital revolution is
altering every aspect of life, presenting a demand on the educational system
to transform the teaching and learning methods. Advancement in technology
has provided easy access to information and educational materials which has
facilitated the learning process. The fourth industrial revolution, which is
characterized by the internet of things, automation, big data, artificial intelli-
gence, requires the adoption of technology-basedmethods to train and educate
students to acquire the necessary skills. Furthermore, educational institutions
need to integrate digitalized teaching techniques because the current genera-
tion of students are “digitalized natives”. This generation is often referred
to as Generation Z, access information, communication, and exposure to
mobile systems, social networks, and the internet. Different learning styles,
self-directed learning, and nanodegrees can be adopted at the tertiary level to
promote lifelong learning and meet different learners’ categories. The nano
degree is designed to equip professionals who desire to learn new innovative
skills or advance their existing abilities to work with cutting-edge technology.
Also, the implementation of construction 4.0 requires the use of information
and technology to train students based on the automated and data-based nature
of the technologies. Consequently, in response to need construction 4.0, the
educational institution should promptly adopt modern technology to harness
their power to train the learners.
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(iii) Collaboration with Industry: Over the years, higher learning institutions
collaboratewith industries/companies to ensure quality education and training
programs. This collaboration was established to develop human capital that
can adapt to the ever-changing businessworld and emerging technologies. The
partnership of the educational institutions with industry is also important to
equip the students with employability skills required to be relevant after grad-
uation. The development of construction 4.0 requires skilled professionals
that can practically operate and manage the new technologies. Consequently,
the skills gap created by construction 4.0 can be managed with the active
collaboration of the educational institution with industries for practical expe-
rience of the operations of the modern technologies. Furthermore, the higher
institutions can contribute to reskilling and upskilling the current workforce
through their collaboration with employers. Hence, current required skills can
be integrated into the training programs.

9.5.3 Role of Government

The role of government is fundamental to the all-round development of any industry
in any given country. Generally, the government is saddled with ensuring that insti-
tutions that contribute to economic growth are proactive by formulating and imple-
menting policies. Industry 4.0 presented opportunities and threats resulting in a more
open, flexible, dynamic, knowledge and skills-based economy. Embracing this trend
would promote a country’s global competitiveness, but failure to embrace it may
lead to the inability of a country to independently keep public services going and
may also lead to reputational damage. Government promptness in adopting new
technologies is critical as failure to take advantage of the opportunities it offers
might have a long-run effect on the economy. For instance, a nation might experi-
ence structural unemployment and gross population crisis in the near future when
the government is not proactive in integrating Industry 4.0 technologies. Govern-
ment policy on industry 4.0 is paying off today in China as companies such as
Broad Group benefit from favourable regulations in the country. The introduction of
industry 4.0 in the construction industry is being slow down due to a lack of dynamic
developmental activities, which require huge capital and heavily skilled manpower
requirement. Government has a responsibility to play to bridge the gaps in skills
needed to enhance Construction 4.0.

The role of government in the sustainability of both industry 4.0 and construction
4.0 is pivotal to the construction industry and economy at large. The government
owes it to both construction firms and industry professionals to provide a favourable
socio-economic environment in a workable knowledge-based economy. The role of
government intervention in construction 4.0 may be implemented by creating poli-
cies that regulate minimum best practices in the industry, policies guiding require-
ment of knowledge production of institutions of learning and active involvement in
communication and extension services when needed. Consequently, the role of the
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Government in reskilling and upskilling the agenda for construction 4.0 include the
following:

(i) Policies RegulatingEducation System to Integrate Emerging Skills of 4IR
into the Curriculum: Institutions of learning occupies a bedrock position in
any development agenda, and maintaining standard education heavily rests
on the government of a nation. The government can promote upskilling and
reskilling towards the acquisition of skills for construction 4.0 through policy
formulation to ensure that skills required to implement new technologies are
taught in the educational system at any. This can be achieved through curricula
review and developing frameworks and standards for skill acquisition. These
policies will help address the huge misfit between the labour force and labour
force requirement, which in the long run often leads to additional training
costs that the construction firms would burn.

(ii) Provision of Adequate Infrastructure to promote Reskilling and
Upskilling: Every government has the mandate to ensure a digital economy
that supports socio-economic growth and development. One of the ways
by which government can achieve this mandate is through the provision
of adequate infrastructure to ensure an enabling environment towards the
adoption of technology and development of human capital. To promote
construction 4.0 government can give infrastructural support to leverage the
emerging technologies for economic growth. Furthermore, quality education
and learning can be enhanced by providing infrastructure and funding for
educational institutions. Consequently, government intervention is vital to
promote reskilling and upskilling of the human capital through acquisition
of technology, promoting research, funding of training institute, providing
incentives and sponsorship of human capital locally and internationally

(iii) Formulate Policies Regulating Minimum Skill Set for Construction
Firms: Policy is one of the strongest mechanisms of the government to
regulate systems, implement new standards and combat challenging situa-
tions. Government formulating policies on the standard construction practices
for Construction 4.0 would help to promote reskilling and upskilling in the
construction firms. Diving fully into construction 4.0 without proper regula-
tions might open doors for the high rise of substandard construction activities.
The best way to regulate the activities of the industries and maintain standards
to facilitate the implementation of the new technologies is to make policies
requiring the construction companies to have the necessary expertise working
onsite or offsite. Hence, the government has the responsibility through its
agencies to ensure that substandard practitioners and unverified professionals
are kept off the construction industry to protect consumers and avoid building
catastrophe. These policies will pressure the industry and the professionals
to commit to reskilling and upskilling to stay relevant on their job and in the
industry.

(iv) Government Partnership with Industries and involvement in Extension
and Communication Services: Government in any nation are positioned to
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leaddevelopmentwithin their jurisdiction.Generally, the government has been
known for initiating seminars, workshops, and other sensitization programs
to ensure sustainability and improved quality of life. The development of
human capital through reskilling and upskilling of the workforce will require
government partnership with private organizations such as construction firms
to conduct training, seminars, conferences, research and other programs to
develop the workforce. On the other hand, the role of extension and commu-
nication is to provide critical services support for construction firms in the
face of the new technological challenges facing the construction sector due
to the activities of industry/construction 4.0. This can be achieved through a
government partnership with construction firms and educational institutions
in initiating, designing and delivering skill training and development. Also,
at this initial state, government intervention would be required to support
construction firms with huge capital investment to optimize construction 4.0.
Also, the government, through extension and communication, can encourage
firms and individuals to take action and work out solutions to the skill chal-
lenge rather than waiting for a readymade solution. Since the governments
have a wide collection of workforce training programs, the focus should be
shifted to the core skills development of individuals and corporations.

9.6 Framework for Reskilling for Construction 4.0

In light of the discussion in previous subsections, there is the need to articulate a
high-level framework for reskilling for Construction 4.0. This framework has four
key components, as shown in figure, which are discussed below:

Outline Focus: The construction industry is quite vast, and there is the need to
narrow down key areas where there is a skill gap in light of emerging construc-
tion 4.0 technologies. This entails a comprehensive analysis of the skill gap in each
of a company’s departments and sections. This could be done using a skill gap
analysis and skill requirement analysis, which a firm’s human resource department
often uses during recruitment. This analysis will ensure the recognition of missing
skills and mismatch skills to reskill in line with the technologies of construction
4.0. This will invariably lead to the assessment of construction industry workers
and determine those with transferable skills that can fit into construction 4.0. This
identification is highly needed to determine the level of skill possessed by the
current set of employees and to know the point of entry of construction 4.0 skills.
Hence, in achieving this goal, construction firms must focus not just on evalu-
ating their current employees but also on a retrospective evaluation of the intended
objectives of previous trainings, development courses, and periodic workers tasks.
This will make possible the identification of workers that can be quickly reskilled
in line with the needed construction 4.0 technologies. However, the efficiency of
the reskilling process depends on the reskilling methodologies and strategies. The
methodologies for the reskilling program should be done internally and externally.
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The external approach should be made first, and these include: training across indus-
tries, development courses and inter-organization cooperation/ collaboration. The
internal methodology should focus on assigning related construction 4.0 technolo-
gies tasks to the trained employees,micro-credentialing andwork-integrated learning
(WIL), whereby trained employees have the environment to practice. Furthermore,
the organization must implement reskilling strategies that will align construction
4.0 skills with the organization’s vision, mission, operational strategies, marketing/
transactional capability, cultural values, and management capability.

Executive Aspects: This portion pertains to the execution of the hitherto defined
program for upskilling. Of crucial importance is the use of timelines to ensure
the program is timeously and properly implemented. However, organizations must
ensure that the reskilling programs are executed in line with these five (5) guidance.
Firstly, there must be a periodic reskilling plan for the concerned employees. Also,
the execution must be in line with current market reality and industry trends as tech-
nological innovations occasioned by construction 4.0 are consistently changing due
to research and development (R & D). This will ensure that the reskilling programs
do not reinforce or become obsolete with time. Thirdly, the reskilling program must
be done with caution to avoid corporate espionage.

Furthermore, the execution must be channel towards enhancing the organisation’s
profitability by creating new ventures and new market targets. This will bring seri-
ousness and a sense of purpose to the program, ensuring that both senior managers
and employees see the program as strategic to the corporate existence of the orga-
nization. Lastly, the execution must take cognizance of the attendant risks involved.
This can be done by conducting a comprehensive PESTLE analysis, which is the
acronym for Political risks, Economic risks, Social risks, Technological risks, Legal
risks and Environmental risks.

Evaluation: This portion speaks to the monitoring of the program within prede-
fined timelines to see if the program is fulfilling its intended purpose. Hence, the
organization must set specific targets and milestones and practical opportunities to
demonstrate what has been learnt. This will also entail a set of supervisors and peri-
odic tests of knowledge acquired by evaluating their level of absorptive capacity of
the employees and the organization to measure the progress of construction 4.0.

Communication: This portion speaks to engaging with internal and external
stakeholders about the upskilling program and sharing best practices for program
improvement and replication. A communicated success story helps standardized
reskilling practices into best practices, brings about feedbacks for improvement and
through inter-organizational cooperation, replication is possible for the benefits of
all.
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9.7 Summary

Industry 4.0 has kick-started a digital race and has altered and still alters how we
live, learn, work, eat and communicate, leaving a huge knowledge gap and expec-
tation. Therefore, to get the most out of construction 4.0, the skills available must
match trending technologies. This demands that all key players must be proactive in
ensuring that they’re not just surviving through the trends but actively gaining through
the trends. The expectations to measure up with current tech trends from businesses,
employees, and society have taken a new turn. Technology cannot be fought; we can
only adapt to its changes. These changes have led to a continuous redefinition of
job requirements, creating the necessity to become familiar with the demands of the
revolution for quick adaptability. This demand emphasizes the need for human and
capital development. To scale through these demands, the involvement and collab-
orations of industries, government, and educational institutions becomes significant
towards developing skills required for this transition. Reskilling and upskilling are
considered human capital development strategies that are crucial for any organization
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to remain competitive and be assured of talents required for the future. Consequently,
any organisation that wants to survive the change brought by the fourth industrial
revolution must be given to upskilling and reskilling of their workers. On the one
hand, workers must possess the needed skills (both soft and hard) to be relevant,
for career advancement and sustainability in the industry. Reskilling at any point in
time must require both long- and short-term strategies. These strategies must plan to
assess: the current situation, challenges of the industry, evaluate the jobs and skills
that are required, evaluate and develop a reskilling and upskilling plan, execute the
reskilling and upskilling plan, assess the success of the plan, and set feedback strate-
gies at every levy of planning. Currently, the construction industry is experiencing
skills mismatch/ gaps and threats of unemployment on the workers with the introduc-
tion of 4IR technologies. There is a need to explore the roles of major stakeholders
(construction industry, educational institution and the government) to maximise the
impact of improving existing skills (upskilling) and training in new skills (reskilling).
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