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Analysis of the impact of steel 3D printing in construction

Vittoria Laghi, Elisabetta Savino, Giada Gasparini
Department of Civil, Chemical, Environmental and Materials Engineering, University of Bologna, Italy

ABSTRACT: Metal Additive Manufacturing (or 3D printing) technologies are bringing substantial changes to
the entire industrial environment, enabling rapid and cheap production of complex components which would
be hardly fabricated with conventional technologies. Recent developments in the field of large-scale metal 3D
printing increased the potential use for the construction sector, with applications in some pioneering case stud-
ies. The present work is intended to report a comprehensive analysis on the potential impact of metal 3D printing
in construction through a survey analysis, an environmental analysis and a cost analysis. The survey is carried
through students and professionals in the AEC sector (Architecture, Engineering and Construction) to assess
the potential interest and current issues in applying advanced manufacturing technologies in practice. The re-
sults show a positive interest from both the current generation of professionals and the current students (hence
the future generation of professionals) in the AEC sector in the new manufacturing technology for construction.
The interest has seen a growing trend during the survey, evidencing the need of further specialized courses on
the possible applications of metal 3D printing in construction. Moreover, the combination of metal 3D printing
technologies with topology optimization to realize more efficient structural elements has produced more interest
in the young generations than the professionals. The results revealed a positive impact of WAAM towards
greener and optimized steel structures, and the interest of the future generations on such advanced technologies

could potentially increase their application on new constructions.

1 INTRODUCTION

With the development of Additive Manufacturing
(AM, or 3D printing) in any industrial field, also the
construction sector has recently been impacted with
new digital fabrication technologies for concrete and
steel (Gardner, 2023). Among various metal 3D print-
ing processes, Wire and Arc Additive Manufacturing
(WAAM), a Directed Energy Deposition (DED) pro-
cess, results to be the most suitable to realize large-
scale components to be used in construction. New
companies have emerged specializing in the produc-
tion of metal components through 3D printing. An ex-
ample is the Dutch company MX3D, which created
the world's first 3D-printed steel footbridge using
WAAM technology (Gardner et al., 2020).

Aware that many printing technologies can be
used in the construction sector, this analysis explores
which users might be most interested. The motivation
behind this analysis is to understand whether the sig-
nificant development of 3D printing techniques can

be utilized by professionals. The study sample is
based on students and professionals to investigate the
current perception among professionals and the future
perception through students who will eventually enter
in the construction industry. Moreover, it becomes
significant to also assess the environmental and eco-
nomic impact of possible future applications of metal
3D printing in construction (Laghi & Gasparini,
2023).

For this aim, a research study carried out at Uni-
versity of Bologna explores the social, environmental
and cost analysis of metal 3D printing in construction.
The study is divided into a survey analysis carried out
on two different populations (students and profes-
sionals) across Italy, then followed by a Life-Cycle
Assessment and a Cost Assessment of a specific case
study. However, for the sake of conciseness of the
present paper, only the results from the survey analy-
sis are reported. Further details can be found in (Laghi
et al. 2025).



2 SURVEY ANALYSIS

2.1 Methodology

To investigate the perception of using 3D metal print-
ing technologies, a survey was conducted among stu-
dents and professionals in the field of civil and con-
struction engineering.

The survey consists of 26 questions and is designed
to educate users as they respond to the questions. The
survey was designed to educate and train the users as
they fill out the responses. By administering an in-
structive survey to users, relevant results can be ob-
tained even from those who lack knowledge about
metal 3D printing techniques, given their novelty.
Different types of questions were used, such as open-
ended and closed-ended questions, as well as image-
based questions that use visuals as stimuli, allowing
participants to select or evaluate images, useful to
gather intuitive and subjective data. Likert scales
have also been used to measure the intensity of either
agreement or disagreement, providing detailed opin-
ions and easier data analysis.

2.2 Population details

The survey directed at students included partici-
pants from Italy attending different universities, par-
ticularly from University of Naples “Federico II”,
University of Bologna, and Politecnico of Milan. To
a lesser extent, students from University of Venice
and University of Florence also participated (Figure
1). All respondents were students in the AEC sector,
such as civil engineers, building engineers, and archi-
tects. The university affiliation was used in the corre-
lation studies to assess whether the university pro-
grams affected the knowledge on metal 3D printing
technologies and optimization strategies of the differ-
ent users. In fact, different university programs and
research areas could affect the wuser’s prior
knowledge. Further details can be found in (Laghi et
al. 2025).

The survey directed at students involved 77 partic-
ipants aged between 19 and 27 years. Some responses
were submitted by international students enrolled in
one of the academic programs at the Italian universi-
ties involved in the survey, and it was deemed appro-
priate to include them in the study. The survey was
conducted using an online platform with access pro-
vided via a link, facilitating word-of-mouth dissemi-
nation and expediting the completion process.

The survey was also administered to 51 profes-
sionals within the Emilia-Romagna region. The sam-
ple included participants aged between 18 and 50
years employed in the AEC sector, encompassing
various roles. The sample of companies was obtained
through the online dissemination of the survey via
word-of-mouth, which also explained the limited
reach to companies outside the Emilia-Romagna

region. Table 1 collects the sub-samples of students
and professionals involved in the survey based on
their geographic distribution.

Table 1: Geographic distribution of the survey results.

g::ﬁ;il:?;; Students Professionals
Romagna 3 51
Lombardy 3 0
Tuscany 1 0
Veneto 1 0
Campania 36
Total survey 77 51

Figure 1: Geographic distribution of the survey results.



3 RESULTS

3.1 Results from students’ survey

The results obtained from all the survey responses
were compiled using Python, with lines of code de-
veloped to analyse the results and generate graphs for
easier interpretation of each survey question. 36% of
the students were enrolled in the Master's program in
Civil Engineering, and more than 50% of the respond-
ents have not graduated yet. An interesting initial
graph shows that 48% of the students have heard of
metal 3D printing, and specifically, 39% of them are
familiar with the Wire Arc Additive Manufacturing
technology (Figure 2).

One of the main focus of this survey analysis was
to inform current and future professionals in AEC
sector on the positive impact of adopting metal 3D
printing and topology optimization technologies in
steel construction to reduce their environmental im-
pact. The results reported in Figure 2 present the
learning curves (for students and professionals, re-
spectively) towards the adoption of metal 3D printing
technology when the users were informed through
successive questions on the positive effects of its
adoption. These results also present the tendency of
the different users categories to change idea during
the survey.

Focusing on the students, the analysis revealed that
their perception gradually changed during the survey.
In detail, starting from 10% of negative responses on
Question 13 (““Can metal 3D printing help saving ma-
terial?”), the same respondents shifted perception
when introducing information related to topology op-
timization in Question 15. Then, their interest de-
clined when environmental impact reduction was
mentioned, while rising up when an image was in-
cluded in Question 19. From these results it can
emerge that either users are skeptical on the positive
environmental impact of metal 3D printing or they
simply do not consider it important when approaching
new technologies.

QUESTION 8:

Which of these technologies do you

QUESTION 6: know?

Do you know metal
3D printing?

WAAM (Wire-and-arc-

DED (Direct Energy Additive-Manufacturing)

Deposition, e.g. laser)

Sheet
54.0% Lamination 10.3%
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QUESTION 9:
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substitute conventional fabrication methods?
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More yes than no
More no than yes
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Figure 2: Results from students’ survey.

3.2 Results from professionals’ survey

The same process was carried out for professionals.
Among the respondents, it was noted that the majority
(52.5%) are between 26 and 35 years old and hold a
specific role as civil engineers. While 54% of the pro-
fessionals have heard of metal 3D printing, more than
half of them are not familiar with any specific tech-
nology (Figure 3).

The same study was conducted on the results col-
lected from professionals. At the beginning of the sur-
vey, 28% of the professionals voted against the pos-
sibility that metal 3D printing could help saving
material. However, this perception changed posi-
tively when information on topology optimization
was added in Question 14. The interest increased in
Question 16, likely related to the greater attention on
environmental aspects. At the end, interest decreased
when an image was showed, probably evidencing the
scepticism of professionals in adopting optimization
techniques to enhance the performances of structural
elements, due to the increase in cost and effort to
study it. Similar trends were already reported in a re-
cent survey analysis carried out among structural en-
gineers in the U.S. (Smith et al., 2024).



Would you like to attend a course on metal
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Figure 3: Results from professionals’ survey.

3.3 Comparison

Thanks to the obtained results, it was possible to
compare the students' responses with those of the pro-
fessionals (Figure 4). From the comparison of the re-
sponses to Question 9 between professionals and stu-
dents, it can be observable that the 4.3% of the
professionals who replied “no” to Question 9 also an-
swered negatively at Question 25, while the 15.2% of
students who replied “no” to Question 9 changed their
minds at Question 25. It is important to underline that
Question 9 and Question 25 are almost identical, the
only difference is that between Question 9 and 25,
significant technological information related to metal
3D printing was included and proposed in the survey.

QUESTION 9: QUESTION 25 :

Would you consider attending a course

3D printing? related to metal 3D printing?

STUDENTS

15.2% S0% A% 0% 20% 0% % 10%  20% 0% 0%

PROFESSIONALS

43% No

Figure 4: Comparison on the results.

4 CONCLUSIONS

The analysis was carried out to evaluate the possi-
ble impact on current and future generations of pro-
fessionals (i.e. current students) in the construction
sector on applications of metal 3D printing technol-
ogy. The results show a tendency for students willing
to learn more about this new technology and seeing
the positive impact of adopting this new manufactur-
ing process to reduce the environmental impact of
steel structures. Therefore, there is an increasing need
to teach future generations to make sustainable
choices when it comes to new construction processes
and structures, towards a greener steel construction
sector.
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