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Abstract—Prefabricated construction, as innovative construction technology, has been gradually applied in
the construction industry in recent decades. However, little research has focused on the factors which affect
the project schedule of prefabricated construction. Therefore, this review aims to systematically identify and
classify determinants that influence the schedule of prefabricated constructions. Based on the literature review,
13 factors that influence the schedule performance of prefabricated construction projects are identified and
classified into 7 categories: design, construction techniques, collaboration, coordination, and communication
between participants, supply chain, owner, human resource, external conditions. The findings of this study
provide valuable clues for both researchers and project practitioners to efficiently implement prefabricated

construction projects. Future research directions are also provided.

1 Introduction

Prefabricated construction, as innovative construction
technology, has been gradually applied in the construction
industry in recent decades. Prefabricated construction is
defined as the processes of designing and manufacturing
building modules in prefabrication factories, and then
transporting and installing these modules to a greater
degree of finish on construction sites [1,2], which can
shorten construction time and increase construction
productivity, ameliorate working environment, enhance
construction quality, improve sustainability performance
(Construction Industry Council, 2018). Due to these
advantages, it has been increasingly used in multiple types
of projects such as residential buildings and industrial
plants [4]. Moreover, because of its fast speed in
construction, prefabricated construction has emerged as a
critical construction method for building emergency
hospitals. For example, amid the COVID-19 pandemic,
China used this method to build two emergency hospitals
(i.e., Huoshenshan hospital and Leishenshan hospital)
within ten days, which have saved thousands of lives of
the patients infected by the coronavirus [3]. The important
role of prefabricated construction methods in this example
indicates that it has a wide prospect of application in
speedy construction.

Existing research has investigated various critical
success factors or barriers for prefabricated construction
projects[4]. However, little research has focused on the
factors which affect the project schedule of prefabricated
construction. The schedule performance of prefabricated
construction projects depends on complex factors during
its delivery since the involvement of owners, designers,
suppliers, engineers, and contractors [4]. Therefore, this
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review aims to systematically identify and classify
determinants that influence the schedule of prefabricated
constructions.

2 Factors affecting project progress in
prefabricated projects

Based on the research objectives, keywords such as
“prefabricated  constructions”,  “offsite  building”,
“industrialized building”, “schedule”, and “delay” were
used for searching the literature and around 30 relevant
papers were found. The author then conducted thematic
content analysis and identified 13 factors that influence the
schedule performance of prefabricated construction
projects. Table 1 summarizes these factors from the
included studies, which are further classified into 7
categories according to different areas of impact. aims to
systematically identify and classify determinants that
influence the schedule of prefabricated constructions.
Tablel. key Factors affecting the schedule performance of
prefabricated constructions.

Factors
Early design freeze
and timely approval
from owners
Standardization

Reference

[SL[41;(6]

Category
1.Design

2.Construction
techniques

[9L:[4]; [8]

Sufficient
communication and

3.Collaboration,
coordination,

[8;[12]

and effective
communication | collaboration
between
participants
Early participation [11];[10]
of key stakeholders
and fully-integrated
project delivery
methods
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4.Supply chain Supply chain [13];[14]
integration
Manufacturer’s [15]
experience,

competence, and
equipment in
modules design and
production
Appropriate
procurement
strategy

Effective [8]
management of
contractor

5.0wner [12];[16];[17]

6.Human
resource

Availability of | [8]
experienced
workforce
Competent [4]
contractors and
manufacturers

7.External
conditions

Transportation
conditions

[18:[8]

Regulations [18];[20]

Weather [21]; [13];[18]

2.1 Design-Early design freeze and
approval form owners

timely

Given the fast-speed of project delivery, accurate design,
and early design freeze is indispensable for the
prefabricated construction projects to proceed to the
manufacturing stage [5]. Early design freeze forms proper
time of delivery, provides the chance to mocks-up testing
and pre-site prototyping [5]. Besides, early design freeze
can mitigate unpredictable risks generated from the
changes of design by integrating the design process,
decreasing changes, and requiring each part of the design
to complete promptly [4]. Reducing interdependency
between different modules and enabling changes in
designer orders are suggested as vital approaches to
decrease the possibility of changes [6]. To secure
sufficient time for the operation of the modules fabricator,
designers should strive to get the timely approval from the
owner to enable the early design freeze [7].

2.2 Construction
Standardizations

techniques and

During the project, technical factors including poor-
quality installation technology and inappropriate lifting
equipment could negatively influence the time
performance of prefabricated construction projects [8].
Since the modules are often bespoke for a specific
prefabricated project, which requires the precise
production of each module in terms of volume and may
result in a longer time [9]. Standardization of the modules
can improve the productivity of the manufacturing of the
building elements, which allows project schedules to meet
the requirements of the prefabricated project [4].
Standardization in prefabricated construction projects also
could reduce the cost since economies of scale.
Nevertheless, there is also some criticism on the

prefabricated construction projects because of the separate
manufacturing of different components of prefabricated
construction buildings, which results in inadequate
coordination. Besides, high accuracy installation
technology is important for the prefabricated construction
project, particularly for the progress connection[8], which
affects the fluency of the schedule.

2.3 Collaboration, coordination, and
communication between participants

2.3.1 Early patrticipation of key stakeholders and
fully-integrated project delivery methods

The involved participants of the prefabricated
constructions include owners, designers, and contractors,
all of which are essential to the prefabricated construction
project delivery according to extensive articles [4]. These
important project participants involved in the whole
process of a prefabricated construction project.
Coordination and collaboration among various project
participants in selecting optimal construction technologies
and materials are critical to speed up the process of
prefabricated construction projects [10]. Therefore, the
fully-integrated methods enable early participation and
provide opportunities for all the participants to share
information and knowledge through concerted effort,
which helps to develop a coadjutant and mutually
supportive atmosphere in the course of the prefabricated
construction project.

2.3.2 Sufficient
collaboration

communication and effective

The efficient communication and collaboration of various
stakeholders are required for the efficient and successful
execution of prefabricated construction projects [11]. The
solid working relationship, communication, and resources
exchange is crucial to enhance the efficiency of the
prefabricated construction projects. [12] Rentschler et al.
(2016) conclude that the collaboration of the designers,
suppliers, and owners at the beginning of the projects is
indispensable because their collective communication
could help the supplier lead to some best design ideas.
Without sufficient communication, the suppliers would
likely manufacture inappropriate even problematic
modules based on the technical standards that were
unfamiliar to them, which could thereby cause delays to
the projects.

Effective and efficient collaborations among project
stakeholders are also critical for improving time
performance. For example, the processes of general
building construction are usually calculated by day.
However, in the construction of Huoshenshan hospital in
Wuhan, China, all design and construction activities were
counted by hours or even minutes. All the designers,
construction engineers, workers, and supervisory
personnel are required to be on-site and work concurrently,
which saved considerable time.
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2.4 Supply chain

2.4.1 Supply chain integration

The supply chain of the prefabricated construction project
consists of processes such as engineering, fabricating,
transportation, installation, which are fragmented but
interdependent [13]. These features could create
uncertainties during the implementation and result in extra
time and effort to deal with. Therefore, before and during
the project implementation, it is necessary to take effective
measures to integrate and extend the coordination of all
the links of the supply chain to ensure smooth delivery and
improve time performance of the prefabricated
construction projects[14].

For instance, in the construction of Huoshenshan
hospital, with the support of the entire supply chain of the
leading contractor’s (i.e., China Construction Group), a
large amount of the needed resources such as more than
2500 large-scale equipment and transport vehicles, more
than 4900 containers, and 200000 square meters of
impervious membrane arrived in Wuhan in just a few days,
providing a guarantee for the overall acceleration of the
hospital construction[19].

2.4.2 Manufacturer’s experience, competence, and
equipment in modules design and production

Sometimes, limited by the manufacturing capability, the
manufacturer will spend more time on cross-border
procurement, which may result in longer project duration
and costly transportation expenses [15]. Hence, to avoid
project delay caused in the procurement process, the
owners and contractors need to select the competent and
experienced manufacturers to design and produce the
modules [15].

2.5 Owner

2.5.1 Appropriate procurement strategy

To shorten delivery time, a prefabricated project must take
procurement tactics and contracting strategy into
consideration[12], which was mentioned in many
publications. Improved procurement strategy plays an
important part in speeding up prefabricated construction
projects. For example, [16]Tam elaborate on the
advantage and necessity of design-build delivery methods.
Prepared with bid-build procurement delivery methods,
design-build delivery methods has bilateral benefit in
design and construction and could create a collaborative
atmosphere and make the owner and the team members
work together, which promote the progress of the
prefabricated construction projects[4]. No matter which
strategy the owner uses, it is claimed that procurement in
prefabricated construction projects could be optimized by
improving collaboration between project parties and
effectively integrating producers and suppliers in
decision-making [17].

2.5.2 Effective management of contractors

Time assessment aims to decompose and manage projects
properly. Therefore during the process of prefabricated
construction projects, avoiding ineffective time planning
and scheduling is important to decrease the possibility of
a delay. Besides, stronger supervision in site management
could improve the efficiency of prefabricated construction
projects. [8]

2.6 Human resource

2.6.1 Availability of experienced workforce
Theoretically, prefabricated construction processes
require less labor force than the traditional on-site
construction. However, in practice, there is still high
demand in the workforce for both manufacturing
processes and on-site activities in prefabricated
construction projects, particularly for the workforce with
experience and advanced machine-oriented skills [8]. In
China, because of the expensive training related to
prefabricated construction, many construction workers
lack of systematic knowledge and essential skills such as
assembly techniques. This results in insufficient
proficiency and low productivity in the construction
process, which would harm schedule performance as well
as quality issues [8].

2.6.2 Competent manufacturers and contractors

The progress of prefabricated construction projects
depends on the ability of the manufacturer. When selecting
the manufacturers, factors such as the past performance in
prefabricated construction projects, manufacturing ability,
and experience in different types of projects need to be
taken into consideration[4]. The competence of
contractors plays a critical role in accelerating the
construction. For example, in the case of Huoshenshan
hospital, the contractors were able to assemble the
construction team of more than 1,500 managers and
12,000 workers in few days [19].

2.7 External conditions

2.7.1 Transportation conditions

Transporting is regarded as one of the most important
processes of prefabricated construction projects[18].
Local transportation regulations, the site transport vehicle
capacity, and local transport infrastructure could
significantly affect the time that prefabricated modules
being transported to the site and the occurrence of design
risks in prefabricated construction projects[18]. For
example, in the comparison to traditional on-site
construction, transportation restriction is a notable
disadvantage in prefabricated construction projects, which
lead to the delay and inefficiency [8]. Besides, every
country's customs are different from each other. When
transporting the elements of prefabricated construction
projects internationally, the custom delay may show up at
border crossing.
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2.7.2 Regulations

Regulation aspects are very significant in the design
process of the prefabricated construction projects [18].
Every project should obey the requirements of the
regulation [18]. Regulation aspects should include content
such as building codes, standards, and planning
permission. Ineffective regulation and erratic policies are
regarded as the reasons for the delay in prefabricated
construction projects. For instance, in the UK, the
Construction Design Management Regulations 2015
request project stakeholders to estimate the risk of health
and safety better so that they can eliminate the reworks
because of the health and safety issues, which could speed
up the process of prefabricated construction projects[20].

2.7.3 Weather

During the whole process of the prefabricated construction
project, the weather is an important factor that can
influence the schedule. Severe weather has been regarded
as one of the most common factors for affecting on-site
construction activities in prefabricated construction
projects by several previous studies[13,21]. Thus, the
schedules of modular assembling projects are easily
subject to inclement weather conditions[13,21] To protect
the progress of the prefabricated construction project, it is
usual to use historical data to predict the direction of the
future weather, such as the wind speed and a year’s rainfall
capacity [18].

3 Conclusion

This review aims to systematically identify and classify
determinants that influence the schedule of prefabricated
constructions. Based on thematic content analysis of the
relevant literature, 13 factors that influence the schedule
performance of prefabricated construction projects are
identified, which are further classified into 7 categories
according to different areas of impact. These 7 categories
consist of design, construction techniques, collaboration,
coordination, and communication between participants,
supply chain, owner, human resource, external conditions.
The findings of this study provide valuable clues for both
researchers and project practitioners to efficiently
implement prefabricated construction projects, especially
in urgent situations such as public health issues.

Future research directions for improving time
performance in prefabricated construction projects are
also proposed as below. First, during the outbreak of
COVID 19, the rapid construction of emergency hospitals
such as Huoshenshan hospital demonstrates that the
significance of industrialized building technologies in
dealing with public health issues. Therefore, in future
research, it is recommended to study and promote the
standardization of prefabricated hospitals to speed up the
construction processes. Second, future studies are strongly
suggested to consider and explore the application of robots
and other advanced technologies in the processes of
manufacturing and installation of the modular integrated
construction projects. These new technologies are

expected to significantly improve the productivity of the
construction. Third, future research can investigate
appropriate procurement strategy to motivate project
participants to improve their efficiency and facilitate the
integration among different stakeholders as well as the
value chain.
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