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Abstract. Prefabricated construction becomes an increasingly important construction mode especially for 
buildings that require a short construction time. The construction of Huoshenshan Hospital shows how 
efficient prefabricated construction could be. In order to provide a clearer blueprint for how to improve time 
performance in prefabricated construction, this paper identifies 13 important critical success factors associated 
with time performance and groups them into five categories—project planning and design, supply chain, 
techniques, teamwork, and external influences. The findings of this paper provide a better understanding of 
time management in prefabricated construction, which can help to develop appropriate strategies to improve 
productivity.  

1 Introduction  
Unlike conventional construction which is entirely built 
upon construction site, prefabricated construction is a new 
type of construction in which factory-made components 
are transported to construction site and then assembled 
together [1]. In fact, nowadays many countries including 
Britain, America, Singapore, France, and China pay more 
attention to and put more resources on the development as 
well as the utilization of prefabricated construction [2]. 
One of the most recognized benefits of prefabricated 
construction is that it’s sustainable [3], and less 
greenhouse gas is produced during a process of 
prefabricated construction. Given the fact that our earth is 
experiencing a harsh climate change right now, 
prefabricated construction can be an effective alternative 
to conventional construction technique. There are many 
other benefits we can obtain from the adoption of this new 
way of construction as well. For example, fewer workers 
are needed for a construction project that takes advantage 
of prefabrication [4]. Additionally, prefabricated 
construction provides us with a cleaner and more 
organized construction site [5] and the amount of 
construction waste is reduced as well under the 
implementation of prefabrication [6]. 

Among all these advantages, reduction in time is one 
of the most important ones since it implies better 
productivity and greater efficiency. In a situation that 
requires fast construction of a building, this feature (i.e., 
time reduction) is valued more than ever. Xiaotangshan 
Hospital built in Beijing, China in 2003 and Huoshenshan 
Hospital built in Wuhan, China in 2020 are two great 
examples of prefabricated construction. In response to the 
rapid spread of SARS and COVID-19, Xiaotangshan 
hospital was built in 8 days [7] and Huoshenshan Hospital 

was built in 10 days with the capacity of 1,000 beds [8], 
which is like a miracle to a lot of people. Indeed, 
prefabricated construction as well as many other factors 
are the important players behind these projects.  

In the past, many researchers identified the critical 
success factors in prefabricated construction in general; 
but only a few of them had a major focus on the time 
performance. As a result, one research question is asked—
What are the factors that influence time performance in 
prefabricated construction? In order to answer this 
question, this paper aims to identify the critical success 
factors associated with time performance in prefabricated 
construction project. 

2 Literature review of the critical 
success factors associated with time 
performance  
The idea of critical success factors became official in the 
1980s [9]. Critical success factors are defined as the key 
areas of a project that can contribute to its success and help 
to reach even exceed project manager’s expectation [9]. 
Since they are influential players in a project, it becomes 
important for researchers to identify, understand, and 
analyze those factors. Having a better knowledge of those 
factors can potentially help industries make further 
adjustments and improvements to prefabricated 
construction.  

By searching the keywords— “prefabricated 
construction”, “off-site construction”, “modular 
integrated construction”, “prefabricated construction 
management”, “prefabricated construction time”, 
“construction time”, “critical success factors”, and 
“barriers to prefabricated construction”—the critical 
success factors associated with time performance are 
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identified and grouped into five categories, which are 
project planning and design, supply chain, techniques, 
teamwork, and external factors. Five categories as well as 
the factors under each one of them are discussed and 

explained in this paper as shown in Table1. The point is to 
provide a clearer blueprint for time performance in 
prefabricated construction. 

Table1. critical success factors associated with time performance 

Categories Factors References 

Project Planning and 
Design 

Detailed drawing  [11] [15] 
Well-organized schedule [10] [11] 
Lead-in times during early stages [14] 

Supply Chain 
Transportation availability [10] [11] [21] 
Manufacturing capability [10] [12] [14] 
Standardization of factory-made components [10] [12] 

Techniques 
Availability of workers with professional training [10] [11] [12] [13] 
The usage of technology in prefabricated manufacturing  [14] [15] 
The usage of communication technologies [16] [17] [18] 

Teamwork Coordination among participants from each stage  [11] [12] [19] 
Participation of key members at all stages [11] [20] 

External Influences Governmental support  [10] [12] 
Natural environment [10] [15] 

 

2.1 Project planning and design  

The first category—project planning and design—stands 
for “the schematic design phase of a project” [22]. Most if 
not all prefabricated construction projects start with this 
stage. As a result, project planning and design are 
important since they serve as a foundation for everything 
else.  

Three critical success factors are identified and 
grouped into this category. The first one is detailed 
drawing. Construction activity is primarily based on 
engineering and architectural drawings. For example, 
factories need drawings to produce components with 
proper size, and construction workers need drawings to 
understand how they should assemble those components. 
Drawings with good details and clarifications can be 
understood by contractors easily; as a result, they can start 
their tasks as soon as possible without wasting anytime 
[15]. If the drawings have no specifications, contractors 
might make serious mistakes or spend more time 
understanding the process—either outcome will influence 
the time performance in a negative way.  

The second factor is well-organized schedule. 
Scheduling is directly related to time performance, and it 
plays an important role throughout the entire construction 
project. Time scheduling serves as an outline of a project. 
If the schedule is organized in which it optimizes the time 
and arranges the tasks orderly, the construction will be 
carried out more efficiently and time could be saved in this 
way [23]. On the contrary, if the schedule is disorganized 
and hard to implement, productivity will be negatively 
influenced.  

The third critical success factor associated with time 
performance is lead-in times during early stages. Longer 
lead-in times can influence designers and contractors in a 
negative way since it makes the planning process 
unnecessarily longer [24]. On the contrary, if the designers 
can shorten the lead-in times by finalizing their designs 

and plans early [14], the overall construction time can be 
reduced as well. 

2.2 Supply chain  

The second category—supply chain—represents “a series 
of processes involved in the production and supply of 
goods” [25]. The supply chain of prefabricated 
construction is especially complicated since it contains 
numerous stages [26]. As a result, it is identified as one of 
the key categories that have a profound influence on time 
performance in prefabricated construction projects.  

In this paper, three critical success factors are grouped 
into this category. The first one is manufacturing 
capability. Prefabricated construction project is closely 
related to manufacturing capability since it always 
requires a large number of factory-made components [14]. 
In order to complete a prefabricated construction project 
within a short period of time, factories with large 
capability are needed since they can produce and store 
more construction components at a time. However, due to 
the fact that there might not be enough factories that match 
the requirements for prefabricated manufacturing [27], the 
sources become more limited. With the help of competent 
manufacturers, construction time can be effectively 
reduced. 

The second critical success factor that influences time 
performance is the standardization of factory-made 
components. Prefabricated construction can be very 
complex since it involves the assembly of individual 
components [20]. Moreover, the assembly of components 
is important for prefabricated construction project because 
the building might have some safety issues if one part is 
not well-connected. Without the standardization of 
factory-made components, companies might produce 
components that have different interfaces. As a result, the 
assembly of components becomes even more difficult and 
time-costing. On the contrary, if there are industrial 
standardizations of prefabricated components, the 
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processes of manufacturing and assembling are simplified. 
As a result, the construction workers can put the 
components together easily no matter which company 
those components came from [20]. Time could be saved if 
all components are standardized. 

The third one is transportation availability. 
Prefabricated construction requires the transportation of 
factory-made components to the actual construction site. 
Transportation can be difficult and time-consuming since 
manufacturing companies are far away and most 
prefabricated components are heavy and have a big 
volume [3]. This implies that in order to save 
transportation time, it’s recommended to choose 
manufactures that are located at a place where 
transportation is convenient. For example, Huoshenshan 
Hospital is at Caidian district in Hubei, where lots of 
related factories are located. This is the main reason why 
all construction components could be shipped to the 
construction site on time. 

2.3 Techniques 

The third category—technique—represents the effective 
utilization of certain advanced technologies during the 
process of prefabricated construction. By taking 
advantage of those techniques, productivity can be 
improved, and the overall construction can be completed 
within a shorter period of time [20].  

In this research, three critical success factors are 
classified into this category. The first one is the availability 
of workers with professional training [10, 11, 12, 13]. 
Even though the large components of the building are 
manufactured in the factory, skillful workers are still 
required on construction site since they need to assemble 
those large components according to the drawings. 
However, different from conventional construction, the 
joints of each component are complicated so it requires 
specific skills to connect them. Workers with professional 
training know how to do this right; as a result, they are 
able to do it quickly and correctly. On the contrary, 
workers don’t have any experience or training about how 
to put together those components would take longer to 
finish the task.  

The second critical success factor for time 
performance is the usage of technology in prefabricated 
manufacturing [14, 15]. For a project that requires mass 
production in a factory, technology is more efficient than 
human labor most of the time, and that’s the reason why 
assembly line has gradually changed into machinery line. 
The utilization of technology affects productivity in a 
positive way [15]. Manufacturing works can be completed 
by machines/technologies within a shorter period of time. 
Since prefabricated construction relies on off-site 
manufacturing more than conventional construction does, 
the reduction in manufacturing time has a huge impact on 
the overall performance of the construction.  

The third critical success factor for time performance 
is the usage of communication technologies. Prefabricated 
construction project includes various stages, from design 
to manufacture to transportation to construction [3]. As a 
result, a great deal of information is generated and needed 

to be transferred during a prefabricated construction 
project. The utilization of effective communication 
technologies such as BIM, robots, database software 
makes it easier to save, share, and synchronize the 
information. Everyone in the project can get the first-hand 
information right away by taking advantage of those 
communication technologies. As a result, time is saved 
and the construction project can be completed more 
quickly. For example, the construction of Huoshenshan 
Hospital used information and communication 
technologies such as BIM and 5G internet [28], which 
facilitates the communications among project participants. 

2.4 Teamwork 

The fourth category—teamwork—represents how project 
participants work together in unity. Prefabricated 
construction is complicated since it contains various 
stages—from project design to production to 
transportation to assembly [3]. Each stage is implemented 
by different entities such as designers and contractors. As 
a result, it becomes crucial for them to develop a good and 
profound relationship with each other.  

Two critical success factors are grouped into this 
category. The first one is the coordination among 
participants from each stage. As mentioned above, 
prefabricated construction encompasses multiple stages 
[3]. Each team performs its unique work, but all of their 
works are closely associated with each other’s. For 
example, only when the design team finishes the drawings 
and scaling, can the factory start the mass production of 
components. If one team fails to do its work correctly, 
every other team and the entire project will be influenced 
by that. As a result, good communications and 
coordination are required in order to complete the 
construction correctly and on time [29]. The construction 
of Huoshenshan Hospital involved the contributions from 
numerous teams and companies including the Third 
Bureau of China Construction Company, China Railway 
Construction, China Mobile, etc. [28]. All of them 
cooperated with each other in order to complete the task. 
Time was used efficiently, and the construction was 
completed within 10 days.  

The second critical success factor in this category is 
the participation of key members at all stages. Multiple 
teams are required in a prefabricated construction project 
[3]. They might not know each other, but the works they 
need to perform are closely related. As a result, it becomes 
important to build a linkage among teams, and through the 
participation of key members at all stages, connection 
could be built effectively [20]. For example, fabricators 
can give suggestions on the scaling of components during 
the design stage [20], so that the design team can provide 
drawings that are practical. Problems on constructability 
for fabricators and contractors could be prevented, and 
construction delay can be avoided as well.   

2.5 External Influences 

The last category—external influences—stands for the 
critical success factors that are related to external 
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environment of the construction project. External 
influences can either positively or negatively affect the 
time performance of prefabricated construction project. 

This study identifies two external influences that play 
an important part in time management. The first one is 
governmental support. Government support is crucial to 
the implementation of a construction project, especially 
when that project is based on prefabrication [10]. Because 
prefabricated construction is relatively new compared 
with conventional construction, it needs more help and 
support from governments. For example, government 
could advertise for prefabricated construction so that more 
customers would accept the products. Additionally, if a 
government carries out more laws and policies that 
support and promote the utilization of prefabricated 
construction, the whole construction process will be 
smoother and more efficient since lots of obstacles can be 
eliminated under governmental help. In fact, the lack of 
governmental policies is one of the key factors that stop 
prefabricated construction from prospering [14]. The 
construction project of Huoshenshan Hospital was under 
the leadership of Wuhan Urban and Rural Construction 
Bureau [30]; it held important meetings and gathered 
necessary workforce in a timely way. Due to the block out 
of COVID-19, many highways were closed. But the 
government opened “green channel” for the transportation 
of construction-related materials [28], so that everything 
needed for the building of Huoshenshan Hospital could be 
sent to the construction site in time. As a result, with the 
help of the government, construction duration was 
significantly reduced. 

The second external influence is natural environment. 
Compared with conventional construction, prefabricated 
construction relies less on natural environment [3]. That’s 
because components for prefabricated construction project 
are manufactured in factories under controlled conditions. 
However, after the components get transferred to the 
construction site, workers still need to put them together. 
As a result, natural environment—such as climate, 
weather, temperature, and topography—becomes a 
nonnegligible factor that has the power to influence the 
overall time performance. For example, if it snows heavily, 
then the construction workers might need to take days off, 
which is likely to result in construction delay. 

3 Conclusion 
This paper is dedicated to identify and categorize the 
critical success factors associated with time performance 
in prefabricated construction. Five categories—project 
planning and design, supply chain, techniques, teamwork, 
and external influences—as well as the factors under each 
one of them are discussed and explained in this paper. We 
use the example of Huoshenshan Hospital, a well-known 
emergency hospital built in 10 days in response to 
COVID-19, to illustrate the practices of these important 
factors in reality. The findings reported here shed light on 
the factors that influence time performance in 
prefabricated construction; they also help us to understand 
why Huoshenshan Hospital could be built in 10 days. 
Additionally, the study suggests that stakeholders should 

take advantage of those critical success factors, such as 
coordination among participants from each stage and the 
standardization of factory-made components, in order to 
achieve high efficiency and productivity in a prefabricated 
construction project in the future.  

This paper is simply a good start; further researches 
need to be carried out in order to explain how we should 
implement those factors and turn theory into actual 
practice. Researchers can explore the application of 
advanced technologies during the design phase. For 
example, question like how to use AI technologies to 
automatically create the standardized design drawing can 
be explored in the future. In manufacturing and 
installation phases, it’s recommended to develop robots 
and machines to improve the productivity. Moreover, how 
to effectively train construction workers is still a problem 
that requires more studies. There are many things we can 
do in the future. 
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