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1. Introduction
1.1. Research questions

The main purpose of the study is to specifically determine the level of development
of the structural project on BIM and what has been achieved nowadays via a state-of-art
approach. There is also the need to determine the actual trends and obstacles to get full
integration of the structural project and study the advantages obtained from it at the
moment and the points in need of further research. The main questions to answer in this
paper are:

- What is the level of development of the structural project on BIM environments?

- Which are the current thematic areas and research trends on the topic?

- How BIM environments have contributed to the structural project and how can
this be further improved?

To answer these questions the bibliography and the trends and strengths of the
researches developed nowadays for this purpose are reviewed and studied. Thanks to this
analysis a framework can be created where the whole structural-BIM picture is exposed
with a comprehensive approach. By performing this research, the research gaps on the
field are going to be established and in consequence future research lines will be
determined.

Using this framework, the state-of-art of structure project in BIM can be established
and a “Strengths, Weaknesses, Opportunities and Threats” analysis will be carried out,
determining its trends and risks. Also, different deficiencies in the current research lines,
the research gaps or main topics are found. This will show new areas to research and
expand the BIM capabilities.

2. Methodology

BIM has been widely adopted in the AECO Industry and it has proven more than
capable to administrate the projects and granting some advantages to them during the
whole project’s life-cycle. In this paper, a full field view on the adoption of BIM for the
structural project is presented, understanding it as continuous during the structure’s life
cycle. It is intended to study the actual development of the structural project in the BIM
methodology and further understanding future trends, research gaps, and expectations. A
systematic, objective review is done to seek the progress achieved and the weak points

that need more focus. To accomplish this a five-stage structure has been adopted [32].



The first stage is the formulation of the problem and has been performed in the previous
section. The second stage deals with the determination of the data collection strategy, the
third stage revolves around evaluating the retrieved data, the fourth stage points to the
analysis and interpretation of the literature and finally, the fifth stage presents the
resulting questions.

2.1. Data collection strategy

The data collection is based wupon a search performed using the
internationally-recognized bibliographic database SCOPUS. This database was chosen
due to its depth in coverage and its ability to filter the results by year and search forward
and backward from a citation. The SCOPUS database was the main one used, but later on,
complementary databases such us Web of Science, ScienceDirect or Google Academics
were also reviewed to be sure to get the whole picture. To have a general view of the
research effort regarding BIM and the structural project two search algorithms have been
used. The first search algorithm was conducted on the SCOPUS database using the
keyword BIM to have a general idea of the research effort in the field. It gave a result of
10.519 articles. This first search was limited from 2004 onwards as at this year the term
BIM gained more attention after the conference “The Great Debate BIM” [62] and can be
considered a starting point.

The second search algorithm was conducted to collect any article within the
database for this the keywords “BIM” and “structure project” and the Boolean tool
“AND” of the search engine were used to get the references that were related to both
terms. The time period was limited to the years from 2010 to 2021 to select the latest
research possible. This second search resulted in the Raw Set containing a total of 1.905
documents. Fig. 1 shows the query strings used in the databases’ search engines; the
thematic areas were filtered according to the scope of the research.

2.2. Filtering and expansion processes

After having collected the data, a filter was applied to select the most fitting
researches among all the results. The first step to this filter was to exclude those articles
with keywords unrelated to the topic (with terms related to air ventilation or medicine for
example). A final filter was applied to erase those articles that despite being associated
with the research were deemed to not be part of the core of it, this was done by reading
through the different articles’ main body. From there, an initial corpus of 60 articles was

selected to complete the analysis and determine the state of art.



To finish this initial corpus and improve the dataset we have included 21 more
articles, creating the Expanded Set with a total of 81 papers. These documents were
added after performing a review of the references among the initial corpus and with
previous knowledge from the research groups. The new papers have been added as they
have been considered basic for the complete understanding of the field as they have been
used as references on several kinds of research. Some of these papers are outside the time
gap considered in the beginning but are still being used due to their importance. To have
a more widespread thematic selection, it has been avoided to select more than one articles
per author so different research groups can be taken into account. The selected articles
are shown in the bibliography and the selection process is summarized in Fig. 2.

2.3. Evaluation of the data

The database is going to be used to perform two sets of analyses. First, an
informetric approach that will take into account all of BIM published research, using the
Raw Set. Second, a qualitative approach, using the Expanded Set and based on its content,
trends, and intentions. Fig. 3 contains a flowchart with the different steps followed during
the research.

The first analysis is used to study the evolution of BIM interest through the number
of articles and to create a time-based overview of the whole framework and its
characteristics. The second analysis has a span of time that has been limited from 2008 to
2021 and is used to study the actual trends and development of BIM. The articles in this
second span are used to perform the qualitative analysis as they will give information
about the research trends nowadays.

The analysis of the Expanded set is divided into two different studies. By using
cluster analysis on the data in the title and abstracts we are able to find the different
thematic areas that are being studied and research trends. Later on, by classifying each
one of the articles based on the scope and content through the life cycle of the structure.
With this pair of analyses, we are able to view the data from the Expanded set from two
different points of view and determine precisely the knowledge gap.

After the two datasets have been studied a discussion based on a SWOT-type
analysis will be performed, where the state of the art of BIM in the Structural project will
be put together highlighting its strong and weak points. The analysis SWOT is used as a
strategic approach to evaluate the strengths, weaknesses, opportunities, and threats
related to project planning. It has its limitations but it is a solid methodology to set



starting points and gather and summarize information in an understandable way.
Condensing it into objectives or trends and thus creating a framework where all the
aspects are taken into account. This methodology has been used since the 60s in several

studies with great results.

3. Results and discussion

3.1. Quantitative analysis

The publication of studies about BIM increased after the year 2007 with an
exponential trend [Fig. 4], after this year 98,80% of the publications were made. The year
with the highest number of publications so far has been 2020 (1.500 publications for
BIM and 297 for BIM and Structure Project), meaning that the interest is still growing
and presumably the number of publications will keep increasing as the number of articles
published until 2021 December is following the trend of past years with an increasing
number of articles published. A total of 10.519 articles have been published during these
years regarding BIM and 1.905 regarding BIM and Structural Project, a 18,11% of the
total.

The total number of articles related to both BIM and Structural Project is also
increasing each year, but the growth rate, even being also exponential, is not as high as
the numbers speaking only about BIM. From 2017 onwards there has been a slowdown
in the growth rate.

The informetric analysis conducted on journals articles covers the papers published
in the top 10 most publishing journals of the topic according to ScienceDirect database
and covers a total of 55% of the articles published between 2004 and 2019. As Table 1
summarizes the first published article was published in 2004 in ‘Automation in
Construction’ and there were no more publications until 2007 in these journals. As we
have seen in Table 1, there were papers published in those years, but not in the studied
journals. With the exception of 2017.

‘Automation in Construction’ has been the scientific journal that has published more
papers with an of 27% of the total production on the topic, followed by ‘Procedia
Engineering” with 7% of the production and who published a total of 61 papers in 2017
and none since then. The higher number of articles published in a single year has been
2020 with a total of 378 articles, 103 of which were presented in ‘Automation in

Construction.



From 2013 onwards a growth can be observed in the number of journals, such an
advance indicates that, although BIM received interest in the early years in some specific
journals on the field, other journals have gained interest in the topic as it presented more
synergies and a broader view. This is also seen because despite having analysed only, the
top 10 journals in the number of publications and 55% of the papers, the journals
‘Building and Environment’, ‘Environment Journal of Building’, ‘Sustainable Cities and
Society’ and ‘Energy Procedia’ have each a 1% of the production published and all of
them started publishing about BIM in 2013 or later. There are new journals publishing
papers about BIM. ‘Journal of Building Engineering’ presents the biggest growth in
interest in the topic, as from 2019 it has published at least 17 papers per year being the
third publishing journal in the last years.

Table 2 shows the spread of publications among different journals by comparing the
number of articles included in the top 10 most published journals with the total of articles
published. This percentage indicates the fraction of research condensed in these main
journals. A higher percentage means that they have published the highest number of
papers and concentrated the research efforts. We can divide the studied period of time
into three sections. The first period starts in 2004 until 2008 and shows less concentration
in the publications, but an increase in it, as it grows from 10% of the articles contained in
the journals until 29% of them having been published. In this period the articles were
published mainly in two of the top 10 journals ‘Automation in Construction’ and
‘Advanced Engineering Informatics’. This fact is also true during the second period from
2009 until 2013, where these two journals not only are the main publishers of BIM and
structures but also capitalize on them most of the research of the topic with 60% of the
scientific production. From 2014 the concentration of work in these journals has been
reduced to roughly 55% and as we have shown in Table 2 the other top 10 journals have
increased their production. This shows an increase in the attention and importance given

to the topic.



