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3D printing (3DP) is regarded as an innovation that contributes to automation in civil engineering and offers benefits in design,
greenness, and efficiency. It is necessary to objectively analyze the current status and challenges associated with 3DP and identify
future research directions to properly understand its construction applications. Previous research has focused more on the technical
dimension of 3DP; however, the nontechnical dimension of the technology may hinder its implementation and thus must be paid
particular attention to. (is study presents a systematic review of the existing literature from both technical and nontechnical
dimensions by combining quantitative and qualitative studies. (e quantitative study was conducted using scientometric methods.
(e qualitative study analyzed information, including the technical research status and nontechnical challenges and trends. Two
aspects of technical research status are presented, including materials and processes. In addition, nontechnical challenges and trends
from the economic, environmental, social, and legislative aspects are proposed. (is study provides a comprehensive agenda to
advance 3DP in construction and proposes research interests, challenges, and future topics. It is intended to help construction
practitioners systematically master existing processes and materials and assess the application degree and necessity of 3DP.

1. Introduction

3D printing (3DP), commonly known as additive
manufacturing (AM) [1], is a layered material joining
process that is based on 3D model data to manufacture
various structures and complex geometric shapes without
using any tooling, dies, or fixtures [2–4]. With its potential
for automation, formwork elimination, construction waste
reduction, and improvement of geometrical precision, 3DP
shows a lot of promise for applications in the construction
industry. (e technical dimension mainly includes the
printing materials and printing processes that are essential
for developing this innovative technology [5], and current
research mainly focuses on material properties [6] and
process applicability [7]. However, as understandings of the

technology have developed, some economic and environ-
mental issues have emerged [8]. For example, the impact on
the environment and uncertain cost of materials have a
significant influence on the sustainable development of 3DP
in construction. (e technical dimension is a core factor of
3DP, but the nontechnical dimension must also be con-
sidered. (is study not only summarizes the latest research
advances in the technical dimension but also presents the
challenges and trends associated with 3DP from the eco-
nomic, environment, social, and legislative perspectives
(collectively referred to as the nontechnical dimension) to
ensure a systematic and comprehensive review.

Over the past few decades, many studies on 3DP in-
novations have been conducted to address the technical
dimension. In 1986, Charles Hull, an American scientist
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known as the father of 3DP, developed the first commercial
3D printing machine [9]. (e experimental application of
3DP in the construction industry began in the late 1990s
when Pegna proposed using cement-based materials in
conjunction with 3DP [10]. (e existing research on 3DP
focuses on advanced materials (e.g., cementitious materials
[1, 11, 12], polymer materials [13–15], and metal materials
[16–18]), processes (e.g., contour crafting [19], D-shape [20],
and concrete printing [6, 7]), and implementation methods
(e.g., off-site/on-site fabrication [21], hybrid techniques [22],
and multiple materials [22]), which allow it to be used in the
construction industry. Construction applications include
novel forms [22], topology optimization [23], customized
parts [22], and in-situ repair [23, 24]. (ere have also been
different applications in different countries, such as the
WinSun offices in Dubai [25] and the Canal House in
Amsterdam, Netherlands [18]. To enable researchers to
systematically understand the research and application of
3DP in construction, several review articles are summarized
in Table 1.

(e review articles listed in Table 1 mainly address the
issues of processes, materials, and cases. However, to en-
courage more widespread use of 3DP in construction,
nontechnical dimensions, such as cost, energy consumption,
and health issues, must also be thoroughly explored because
they will become important indicators affecting the appli-
cation of 3DP in more mature stages of the technology in the
future. Concerning the review method, qualitative and
quantitative studies (e.g., scientometric analysis [31] and text
mining [32]) are adopted separately. (e qualitative study is
a traditional review method that refers to in-depth discus-
sion and analysis based onmany manual literature studies or
initial bibliometric analysis to summarize the state-of-the-
art review of a specific domain [33]. However, to obtain a
quantitative and more accurate study of science and tech-
nology, the scientometric analysis should be applied [34].
Scientometric analysis is data-driven and can objectively
identify the laws of the scientific domain. Once the laws are
established, science mapping is performed to show the laws
via a graph [35]. Most of the previous review articles adopted
a qualitative study and focused on the introduction of a
certain aspect according to the experience. (is resulted in
unclear research subjects, uneconomic research content
repetition, and inadequate scientific quantitative sorting.
Although several of the reviews used some specific functions
of measurement, there is an overall lack of follow-up on the
in-depth qualitative analysis. To solve these problems, this
study adopts a combination of quantitative and qualitative
studies, which not only guarantees the objectivity of the
study but also provides a more comprehensive and in-depth
review of 3DP.

To perform a holistic and systematic review, the struc-
ture of this paper is as follows. First, the research meth-
odology is introduced, including quantitative and qualitative
studies. Second, the tool CiteSpace is used to conduct a
science mapping approach and identify the influential
journals and keywords in the domain of 3DP in construction
by the quantitative study. (en, the qualitative study is
addressed from both the technical dimension (processes and

materials) and nontechnical dimension (environmental,
economic, social, and legislative aspects). Finally, conclu-
sions, implications, and limitations are stated. (is study
serves as a summary of scientific insights and directives to
assist researchers and practitioners with understanding
further applications of 3DP in the construction industry,
which not only informs researchers of the latest progress but
also proposes some constraints to the use of 3DP in practical
application.

2. Research Methodology

(e review process begins with a two-step literature review
quantitative study (data collection and visualization). (en,
a qualitative study is conducted from two dimensions
(technical research status and nontechnical challenges and
trends). As shown in Figure 1, these two studies form the
complete review process.

2.1. Quantitative Study

2.1.1. Data Collection. Based on the Web of Science (WOS),
a core collection database comprising the most influential
journals in the world, this study included an advanced search
of journal articles written in English by excluding book
reviews, editorials, and conference papers. (is study was
conducted under the assumption that the most compre-
hensive and high-quality information and reviews in the
field of construction are provided in journal articles [36].
(us, this review only analyzed journal articles. After a
preliminary analysis, the following retrieval codes in the
WOS core set were used:

TS � (”3D print∗” OR “three-dimensional print∗“OR
“additive manufacture∗” OR “rapid prototyping” OR
“digital fabricat∗” OR “digital construct∗” OR “additive
construct∗“) AND SU � (Construction and Building
Technology).

A total of 347 records were retrieved using these codes.
In accordance with the process shown in Figure 1, the
resulting 347 records were further refined. Articles not re-
lated to construction were excluded based on titles, abstracts,
and keywords. After these refinements, 285 records
remained that were published over the last nine years from
2012 to 2020. (is literature sample is illustrated in Figure 2
and ordered by the publication year.

2.1.2. Scientometric Analysis and Visualization. (is study
conducted scientometric analysis and visualization using the
literature sample in an appointed scientific knowledge do-
main according to the science mapping approach [37] via
CiteSpace software. (e science mapping approach is a
process that describes the scientific domains in structured
terms for conceptual, intellectual, and social dimensions and
constructs visual maps. (is study focused on journal
sources and author analyses to identify the most influential
journals utilizing 3DP in construction. A keyword analysis
was also conducted to reveal emerging research interests.
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2.2. Qualitative Study. Based on the prior quantitative
analysis of the literature [38], a follow-up qualitative
analysis was conducted to deeply evaluate the research on
3DP applications in construction. Based on keyword
analysis, the research interests of the qualitative study were
obtained. (e primary purpose of a qualitative study is to
identify current materials and processes.(is part proposes
the technical factors related to the application of 3DP and
theoretically analyzes the research directions of 3DP. (e
challenges and trends that 3DP will encounter in practice in
the construction industry in the future are also discussed
from the economic, environmental, social, and legislative
aspects.
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Figure 1: Review process.
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Figure 2: Literature sample in terms of the year of publication from
2012 to 2020.

Table 1: Previous review literature of 3DPT in construction.

Literature Review contents Review method
Perkins and
Skitmorev [21]

(ree processes (contour crafting, D-Shape, and concrete printing); advantages and
limitations of 3DP Qualitative study

Wu et al. [26] Definition and characteristics of 3DP; history, challenges, and future of 3DP Qualitative study

Labonnote et al. [27] Material science; engineering, building design, and construction market Systematic mapping
study

Bos et al. [25] 3D concrete printing (3DCP) and comparison with other variants; geometry and structure
characteristics of 3DCP; the primary obstacles towards practical Qualitative study

Tay et al. [28] State-of-the-art technologies for 3DP in construction; concrete printing research for future
directions and research gap

Systematic mapping
study

Camacho et al. [22] Processes and materials; potential advancements of 3DP applications in construction;
methods of implementing 3DP Qualitative study

Ghaffar et al., 2018
[29]

Innovation, socioeconomic and environmental impacts, andmaterials feed stocks for 3DP in
construction Qualitative study

Siddika et al. [30] (e technical, socioeconomical, and environmental aspects related to 3DCP; the technology,
guidelines, applications, challenges, and prospects of future research of 3DCP Qualitative study
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3. Scientometric Results and Discussion

(e results of the quantitative study are provided, including
source journals, authors, and keyword analyses. Two
structural metrics were derived, including frequency and
betweenness centrality. (e frequency represents the
number of journals, authors, and keywords that appeared.
(e betweenness centrality is the ratio of the total number of
the shortest paths between two nodes that pass given nodes
to the total number of all shortest paths [38] (hereafter called
centrality), which can be obtained through the processing in
the CiteSpace software. (rough several adjustments made
in advance, the threshold was set as the “Top 50” (the top 50
articles in each time increment were extracted during data
processing to generate the final network) in this study.

3.1. Source Journals. A source journal is defined as the journal
in which an identified article was published [38]. (is study
identified the published articles on 3DP in construction in
source journals that are in line with the statistics of the WOS
core collection database, as shown in Figure 3.

Clearly, four journals, namely Construction and
Building Materials (84 records), Automation in Construc-
tion (54 records), Cement and Concrete Research (33 rec-
ords), and Cement and Concrete Composites (20 records),
published significantly more 3DP related articles than
others. Automation in Construction covers the management
of the entire life cycle of construction, while Construction
and Building Materials is more focused on construction
materials and technologies. Cement and Concrete Research
and Cement and Concrete Composites mainly introduce
research achievements related to cement and concrete. At
present, the research on 3DP mainly focuses on increased
understanding of materials and processes. Construction and
Building Materials has published the most articles in the
literature sample. Because 3DP is a technology based on
digitalization and automation [39], articles from Automa-
tion in Construction also account for a large portion of the
published literature. As the material used in 3DP is mainly
concrete, there have also been some articles published in
Cement and Concrete Research and Cement and Concrete
Composites.

Additionally, Tan is the researcher who has the greatest
number of publications in the field of 3DP in construction in
WOS. And Tan, Weng, and Li et al. jointly published many
articles related to 3DP and achieved a lot of significant
research progress. For example, they studied the effects of
the thixotropic behavior of materials and printing param-
eters on interlayer bond strength [40] and proposed a
synchronized method to significantly improve interlayer
bond strength [41]. (ey studied the effect of nozzle rotation
on material distribution in printed filaments [42] and
simulated material deformation in printed filaments [43].
And a buildability model was proposed for the first time and
verified experimentally [44].

3.2. Keyword Analysis. As a core part of the content of
published studies, keywords can be analyzed to describe the

research interest within a given domain [31, 38]. In this
review, a keyword analysis was conducted to understand the
structural changes in the body of research and identify
current applications of 3DP in construction. (e keyword
term sources in this review were evaluated from the title,
abstract, keywords, and keywords plus. Synonymous key-
words were combined. (e keywords and their relationships
are shown in Figure 4. Note that the node size refers to the
frequency of the keywords in the dataset, and the link be-
tween the nodes represents the cooccurrence of the
keywords.

(e keywords shown in Table 2 were divided into the
technical and nontechnical dimensions according to their
characteristics.

3.2.1. Technical Dimension. 3D printed materials and their
properties are significant research interests. Cementitious
materials are one of the most common building materials at
present [45]. (e keywords related to materials include
concrete, mechanical property, performance, rheological
property, strength, fresh, behavior, extrusion, cementitious
material, geopolymer, thixotropy, hardened property,
compression test, buildability, slag, bone, and interlayer
boning. 3D printed construction materials should have good
mechanical properties to obtain better printability, including
pump ability, extrudability, and buildability [31]. For ex-
ample, the fresh rheological properties of cementitious
materials are crucial to their applicability in 3DP in con-
struction, as these properties can exert a considerable in-
fluence on the pump ability and buildability of the printing
mixture [46]. Liu et al. [47] proposed a hybrid design
method to optimize the rheological properties of printable
materials.

(e research on 3DP processes is another issue that
needs to be addressed. 3DP is also known as AM [1], which is
widely used in the manufacturing industry with different
processes. When applied to the construction industry, the
typically used process is concrete printing. Currently,
structural integrity and anisotropy properties, post-
processing, reinforcement in structures, and printed canti-
lever structures are the key problems in the process aspect
that need to be addressed.

3.2.2. Nontechnical Dimension. (e construction group
comprises the keywords construction, design, digital fab-
rication, automated construction, and fabrication. Digital
fabrication is an innovative technology that can help to
expand the boundaries of construction [48]. 3DP is an at-
tempt to implement digital fabrication in practice. It can
serve as a support technology to provide a better under-
standing of design and construction during the design phase
when combined with building information modelling (BIM)
[49], which is defined as a shared knowledge resource of
facility information that provides a solid basis for decision-
making over the life cycle. Weng et al. [50] explored the
method of 3DP automatic path design, which realized the
integration of 3DP and BIM. (e printing path is auto-
matically designed after obtaining information from BIM.
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(e construction industry has a considerable environmental
impact in the world. As an innovative process, 3DP is
considered to have huge potential to overcome some of the
problems associated with traditional construction [51].
However, there are still some challenges associated with the
incorporation of 3DP from the sustainability and legislative
perspectives. To apply 3DP in construction, sustainability
and legislative applicability must be achieved.

4. Technical Research Status

After a preliminary understanding of the influential journals
was reached, the three main interests from the aspects of
materials, processes, and construction were extracted from
the keywords. An in-depth qualitative analysis was under-
taken to summarize the previous research that mainly fo-
cused on 3DP materials and processes.

4.1.Materials. Currently, most of the materials used for 3DP
are cementitious materials, polymer materials, and metal

materials [20, 23]. (e advantages, limitations, and appli-
cations of these three materials are provided in Table 3.

In the construction industry, various materials are often
combined, such as steel and concrete. Because the perfor-
mance of many materials has individual characteristics, the
structure of the building should have several characteristics
to be able to support the designed load. New cementitious
and metal materials developed for 3DP applications may
utilize traditional materials or may develop entirely new
materials. At present, many new materials have been de-
veloped, such as sustainable cement-based composites [52],
sustainable magnesium potassium phosphate cement paste
[53], and geopolymer composites [54]. In the future, inte-
grating different material properties [55] and adopting
multiple methods for material improvement will be one of
the research emphases. In one approach, the properties of
materials and processes complement each other. To improve
the process properties, the material properties should be
improved as much as possible. In the other approaches,
researchers introduce and evaluate new materials in new

Figure 4: Visualization of keywords based on cooccurrence network.
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applications. For example, Weng et al. [56] studied a 3D
printable fiber-reinforced cementing composite for large-
scale printing and verified its printability and fire resistance
at high temperatures. (e ability to finely tune materials
according to the requirements of each application will de-
termine the success of 3DP in construction and will require
the utilization of multiple materials within a single printing
process to create material property gradients [20].

4.2. Processes. Contour crafting (CC) [2, 21, 57], D-shape
[2, 21, 57], concrete printing [2, 21, 58], and shotcrete 3D
printing [59–61] are the primary processes for large-scale
structural 3DP.(e current state of the art of these processes
is shown in Table 4.

Originally, 3DP was designed to produce low-volume,
small, complex products and was known as rapid proto-
typing [26]. Rapid prototyping has, thus far, only been used
within the architectural fields to produce complex scale
models of buildings [10, 62]. Over the years, several large-

scale 3DP construction and applications have been devel-
oped based on the principle of rapid manufacturing, which
provides construction automation, maximum design free-
dom, and the potential to build additional functions into the
structure [63]. For example, Zhang et al. [64] proposed a
3DP system, which used multiple mobile robots to carry out
large-scale and parallel 3DP on concrete structures. Lim
et al. [65] used a new adaptive membrane template for 3DP,
which demonstrates great potential for the 3DP of non-
developable curved panels. Although there are many ex-
amples of 3DP at present, there are still many practical
challenges to be solved. (e identification and evaluation of
these challenges will form themain research directions in the
future. In large-scale in-situ construction projects, owing to
the processing of a large filament cross section and high
printing speed, many issues related to the printing process
must be addressed. Such issues include configuration of the
printing head, determination of the printer kinematics, and
the printing strategy itself [39]. Tay et al. [28] suggested that
the ultimate hardened printing product and mechanical

Table 3: Current state of the art of materials.

Materials Benefits Limitations Applications

Cementitious
materials

Mass customization Layer-by-layer appearance

Infrastructure and construction

No formwork required Anisotropic mechanical properties

Less labor required

Poor interlayer adhesion
Limited building size

Limited number of printing methods
Limited customized concrete mixture design

Polymer materials

Fast prototyping Poor and anisotropic mechanical properties

Infrastructure and constructionMass customization
Limited selection of polymersHigh economic efficiency

Complex structures

Metal materials

Multifunctional optimization Dimensional inaccuracy and poor surface finish

Medium-scale components
Mass customization Additional postprocessing

Improved material utilization
Limited selection of alloysFewer assembly components

In-situ repair

Table 2: Keywords ranked according to frequency and centrality.

Keywords Frequency Keywords Centrality
Construction 94 Automated construction 0.35
3D printing 91 BIM 0.32
Concrete 77 Design 0.31
Mechanical property 55 Cementitious material 0.29
Performance 52 Hardened property 0.24
Additive manufacturing 52 Fabrication 0.22
Design 49 Mechanical property 0.21
Digital fabrication 47 Behavior 0.21
Rheological property 44 Compression test 0.21
Strength 43 Buildability 0.20
Fresh 41 Slag 0.20
Behavior 37 Construction 0.19
Extrusion 36 Digital fabrication 0.19
3D concrete printing 33 Performance 0.18
Cementitious material 30 Additive manufacturing 0.18
Geopolymer 30 Bone 0.16
(ixotropy 27 Interlayer boning 0.16
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behavior of the process are the key future research
directions.

5. Nontechnical Challenges and Trends

Further research on the application of 3DP in construction is
still required; however, many research challenges exist, and
further experiments need to be conducted. (ere are also
many potential applications in the future. Nontechnical
challenges and trends are mainly expounded from the
economic, environmental, social, and legislative
perspectives.

5.1. Economic Challenges and Trends

5.1.1. Mass Customization. Ngo et al. [3] suggested that
mass customization is the main advantage of 3DP in con-
struction. However, the demand for mass customization is
still insufficient in construction [26]. Owing to the char-
acteristics of fixity and the diversity of available construction
products, the construction industry has always been
regarded with a low degree of customization [26]. A decrease
in the cost of printing will help the technology have a place in
practical applications. Compared with the mass custom-
ization of building components, personalized customization
of full-size buildings will have more development prospects.

3DP has huge design potential and could be used to con-
struct buildings that require complex shapes [66] or are in
special environments, such as the components of lunar
outposts [67]. In the future, with the popularization of this
technology, private consumers could also customize their
own houses. 3DP also has great development potential in the
field of personalized interior decoration.

5.1.2. Financial Performance over the Life Cycle. Cost is one
of the challenges of 3DP in construction. However, it is
unclear whether 3DP will lead to a cost increase or re-
duction. (e cost increase associated with using 3DP as
compared to traditional technology mainly involves two
conditions. (e first condition is the time cost. To obtain
better surface finish quality, more time is required, thus
increasing the time cost. (e second condition is the op-
timization cost. Any optimization process will increase the
cost via additional design work, and the structure may
become unnecessarily complex [16]. However, from the
perspective of cost structure, the three most recognized costs
in construction are materials, manpower, and facilities. 3DP
will reduce construction costs owing to its automation
process, which reduces the labor demand and labor cost
[26, 32]. Moreover, 3DP can reduce the costs associated with
site optimization and remedial work, and the price of 3D
printers has also dropped. (erefore, to measure whether

Table 4: Current state of the art of 3DP processes.

Processes Originators Characteristics Advantages Limitations

Contour
crafting

Dr. Khoshnevis of the
University of Southern

California

Extrusion-based Good surface quality of printed
components Limited vertical extrusion;

Crane-mounted Improved manufacturing
efficiency (e complexity of the initial

formwork and trowel system. (e
limitation of the object size and

shape

On-site
A wide selection of materialsPrint resolution with

13mm

D-shape Enrico Dini

Powder-based Any materials that resemble sand
can be used;

Signal material type

Gantry-based Little waste is produced;
Off-site (on-site under
appropriate amount of

modification)

Slight processing is required in
production;

Print resolution with
4–6mm

(e final products can be
resembled natural stones

Concrete
printing

(e research team of the
Loughborough
University

Extrusion-based Optimization of material
utilization and site work

Additional deposition equipment
causing extra operation

Gantry-based Production of neoteric internal
and external finishes

A secondary support structure
needs to be removed during

postprocessing

Off-site (on-site under
appropriate amount of

modification)

Reduction in the details of the
working interface where expensive

remediation is needed
Print resolution with

4–6mm
Provision of greater design

freedom

Shotcrete
3D printing

Technische Universität Spray-based An easier approach in vertical and
overhead construction;

Low dimensional accuracy of
sprayed profiles

Braunschweig

Gantry-based Good adherence of the sprayed
material with a certain thickness
on vertical and overhead substrates

Irregular cross sections of the
sprayed structure

Off-site
Print resolution with

5mm

Advances in Civil Engineering 7



3DP can reduce costs, it is necessary to evaluate the financial
performance of construction products in the whole life cycle
[28]. To assess the life cycle cost of 3DP in raw materials and
printing systems [16, 26], further empirical research is re-
quired to determine how to select theoretically efficient and
economical technologies [26, 32]. Weng et al. [68] per-
formed a comparative study of economic cost via extrusion-
based 3DP and a precast approach, which revealed that it
could significantly reduce the overall cost.

5.2. Environmental Challenges and Trends. Although a few
studies have clearly pointed out that 3DP can improve the
environment [30], studies on the impact of 3DP on the en-
vironment are insufficient. It is necessary to evaluate the
selection of environmental indicators in the application of any
new technology. For example, indicators such as energy
consumption, carbon emissions, and the use and production
of toxic substances [69] are selected for evaluation. One of the
future research trends is using life cycle assessment (LCA) to
evaluate the environmental impact of 3DP. LCA is an ap-
proach that helps decision makers choose a particular scheme
among several options based on various environmental
performance indicators and provides a reference for decision
makers to design and optimize schemes [70]. LCA is one of
the most widely used tools for building environment as-
sessment [71]. For example, Alhumayani et al. [72] used LCA
to explore the environmental impact of different building
materials and processes in large-scale 3DP construction. Han
et al. [73] attempted to use LCA to assess the environmental
impact and economic benefits of recycled 3DP buildings.

As an evaluation method, LCA involves the collection,
processing, and analysis of massive amounts of data, which is
time-consuming and laborious. (erefore, information
software tools, such as BIM, are required to support LCA.
BIM is a construction management method based on the life
cycle with a wide range of stages, including planning and
scheduling [30]. BIM is typically used for 3D visualization
[74, 75], such as the maintenance and conservation man-
agement of the built heritage [76]. Currently, relevant re-
search has been performed on the building environmental
impact assessment method called BIM-LCA, and the eval-
uation of the impact of 3DP on the environment has shown
that it can improve efficiency and accuracy.

5.3. Social Challenges and Trends

5.3.1. Health and Safety. One of the challenges of applying
3DP in construction is effective management of emissions
because there is potential hazard associated with construction
personnel’s health and safety. In theory, there are many sim-
ilarities between construction andmanufacturing industry. 3DP
uses fewer resources and materials to produce less waste, but it
also creates new potential hazards. (ese hazards mainly in-
clude the discharge of harmful substances, which can cause
harm to human health and the environment, and their impacts
on the final products are unknown. Additionally, 3DP uses
different materials than traditional construction, and new
materials are constantly in development. It is impossible to

determine whether these unconventional materials are toxic or
cause various occupational health problems [69]. In practice,
future practitioners who want to promote 3DP should continue
to study the health and safety implications. Two aspects should
be studied. (e first is the identification of potential impacts to
the raw materials used in the printing process and the final
product.(e second is the development of consistent health and
safety standards, such as emission and toxicological contact
control methods [77].

5.3.2. Sustainable Employment. (econstruction industry has
a great influence on the national economy and provides many
employment opportunities [5]. New technologies tend to create
new jobs [78]; however, the implementation of 3DP in con-
struction will potentially affect basic manual tasks [5]. Labor
force participation rates are expected to fall as these jobs are
replaced by automation. Studies have shown that 3DPmay lead
to a reduction in employment opportunities unless workers can
find a way to remain relevant with the new technology [28]. In
addition, as technology makes jobs more specialized, the
number of low-skilled workers is likely to decline while the
number of professional workers increases. (erefore, how to
achieve sustainable employment is a key issue. On the one hand,
existing employees working with traditional methods could be
retrained to reduce unemployment. On the other hand, new
employment opportunities can be provided for relevant tech-
nical personnel, such as programming.

5.4. Legislative Challenges and Trends

5.4.1. Intellectual Property. Despite its potential advantages,
3DP has not yet reached its full capacity in the construction
industry. 3DP is not a technology that can fully replace tra-
ditional buildingmethods, at least for now. Legislation is always
behind innovation. While many researchers and companies are
reaping the benefits of 3DP, there is another group of people
who are struggling with intellectual property protection. (is
hinders the application of 3DP in the construction industry
[79]. As mentioned earlier, the task of developing a uniform
3DP standard is challenging because of the diversity of printers,
materials, and processes. From an intellectual property per-
spective, there are laws and regulations that protect new in-
ventions and inventors. However, the advent of 3DP, which has
spawned a 3DP market and downloadable open-source proj-
ects, is a challenge to intellectual property. Fundamental
changes may arise in the way of patent application and pro-
tection because of the emergency of 3DP. One of the future
research directions will be the establishment of intellectual
property protection principles for 3D design models. For ex-
ample, researchers could embed information in the spectrum
and internal structures to encrypt it [80].

5.4.2. Construction Standards. Although 3DP is widely used
in several industries, its application in architectural fields is
still in the preliminary conceptual stage. (ere are no
standardized building principles or examples, which is one
of the challenges facing 3DP [16]. Currently, there are
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numerous materials, equipment, and processes, but no clear
requirements for materials, processes, calibration, tests, and
document format standards. In the long run, this is not
conducive to the quality assurance of 3DP products. For
example, parts printed using certain grades of materials may
lack the ability to resist environmental impacts and fail
under high stress [29]. Furthermore, inadequate online
detection in the printing process [81] requires further re-
search.(erefore, it is necessary to create a full-scale series of
design criteria, construction guidelines, and standard
practices for 3DP in construction [80], which would reflect
industry knowledge, help stimulate research, and promote
implementation. In the future, the establishment of material
standards, manufacturing processes, and structural designs
will be essential before printed components can be used in
buildings and the construction industry [14].

Additionally, the situation of the 3DP construction
project is complicated and the shape is unique, so the
preparation of tendering documents for the project needs
more consideration. Traditional tendering mode may no
longer be applicable to 3DP construction projects, and BIM-
based tendering mode will become the development di-
rection in the future. BIM has the characteristic of visibility,
coordination, simulation, and optimization, which can re-
duce errors, save time, improve efficiency, and conduct
dynamic supervision. Tenderers can make use of the BIM
model provided by the tenderee to prepare the construction
plan and construction organization design of the tender offer
in a short time, which can reduce the communication barrier
between the tenderee and the tenderer to a certain extent and
reduce the difficulty of manual operation and cost

expenditure. However, the BIM-based tendering mode also
has some problems, such as the incomplete existing software
system and the lack of data platform construction. In the
future, with the continuous development of 3DP, the
compatibility and accuracy of BIM software should be
further improved, and a tendering database platform should
be established.

(e proposed framework of the near-future directions of
3DP in construction is shown in Figure 5.

6. Conclusions

(is study employed a holistic review process, including a
quantitative and qualitative study. Source journals, author
analysis, and keyword analysis were included in the quan-
titative study. (e journal with the most articles published
among the included journals was Construction and Building
Materials, while Automation in Construction was the most
cited journal. And the researcher Tan was found to have
published the largest number of papers. (e keywords were
divided into technical dimensions (materials and processes)
and nontechnical dimensions (such as design). (e quali-
tative study was conducted on technical and nontechnical
dimensions. Two aspects of technical research status were
presented, including materials (cementitious materials,
polymer materials, and metal materials) and processes
(contour crafting, D-shape, concrete printing, and shotcrete
3D printing). In addition, nontechnical challenges and
trends were proposed from economic (mass customization,
financial performance over the life cycle), environmental
(LCA and BIM), social (health and safety, sustainable

Current research 
areas

Research 
themes Research trends

Cementitious materials;
Polymer materials;

Metal materials
Materials

Developing environmentally friendly materials;
Integrating different material properties;

Creating material property gradients

Contour cra�ing;
D-shape;

Concrete printing
Processes

Configuring the printhead and printing strategy;
Ultimate hardened printing product, mechanical 

behavior, and structural issues in the process

Mass customization;
Financial performance 

over the life cycle

Personalized customization of full-size buildings;
Overall financial performance evaluation method

Life cycle assessment 
(LCA) and BIM

Environmental 
perspective

Using BIM-LCA method to evaluate impact on 
environment

Social 
perspective

Detection of potential impact on the raw materials 
used in the printing process and the final product;

Retraining the existing employees and introducing 
technical personnel

Health and safety;
Sustainable 
employment

Intellectual property;
Construction standards

Legislative 
perspective

Establishing the intellectual property protection 
principles of 3D design models;

Creating full-scale series of design criterion, 
construction guidelines, and standardization of 

practicing 3DP in construction

Economic 
perspective

Figure 5: Framework for the future development of 3DP in construction.

Advances in Civil Engineering 9



employment), and legislative (intellectual property, con-
struction standards) aspects.

For theoretical implications, this study establishes a
theoretical framework for future development based on
current research areas, research themes, and research trends,
which provides valuable information to researchers on how
to assess the application degree, application necessity, and
development direction. (is study offers scientific insights
and directives to researchers, deepens the understandings of
the current technical research status, and fills in the gap of
nontechnical challenges. In consideration of the practical
implications, this study provides references for practitioners
on existing processes, materials, and further application
trends of 3DP in construction and improves the preparation
of practitioners prior to application.

As the data in the WOS database were the sole source for
the research information, the results may be affected by the
inherent nature of the publications included in the data set.
Additionally, some types of academic publications, such as
books or conference papers, were not included due to
software limitations. For the development of 3DP in con-
struction, a more comprehensive and in-depth discussion is
required, such as research from the perspective of
sustainability.
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