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Abstract

Introduction: the adoption of Lean Construction (LC), Building Information Modeling (BIM), and Artificial Intelligence (Al) is sig-
nificantly transforming construction management. However, research on the integration of these three approaches in the industry
is still limited, which restricts the advancement of modernization in the construction sector.

Objective: this paper aims to systematically review 186 documents on the adoption of LC, BIM, and Al in construction projects.
The research analyzes existing literature, identifies patterns and best practices, and provides recommendations for integrating
these approaches into the industry.

Methodology: the PRISMA methodology was used, a structured guide for conducting systematic reviews and meta-analyses,
which involved four main stages: identification, selection, eligibility assessment, and inclusion. This methodology ensures transpa-
rency and reproducibility of the review process. The review was conducted using the Scopus database, and tools, techniques, and
strategies implemented in construction projects were evaluated, highlighting both project-specific and transversal characteristics.
Results: the review highlighted the synergies between LC, BIM, and Al demonstrating how the combination of these technolo-
gies optimizes operational efficiency and reduces waste in construction projects. Furthermore, continuous improvement, more
informed decision-making, and effective collaboration among project stakeholders throughout the project lifecycle were empha-
sized.

Conclusions: It is concluded that the adoption of LC, BIM, and Al has the potential to transform the construction sector by opti-
mizing processes, improving sustainability, and allowing better integration of the stakeholders involved in projects. The need for
greater adoption of these technologies to accelerate the modernization of the sector is emphasized.

Keywords: Lean Construction (LC); Building Information Modeling (BIM); Artificial Intelligence (Al), Systematic Re-view.

Resumen

Introduccién: la adopcién de Lean Construction (LC), Modelado de Informacién para la Construccion (BIM) e Inteligencia Artificial (IA) esta
transformando significativamente la gestion de la construccion. Sin embargo, la investigacién sobre la integracién de estos tres enfoques en
el sector es aun limitada, lo que restringe el avance de la modernizacién en la industria de la construccién.

Objetivo: este articulo tiene como objetivo realizar una revision sistemética de 186 documentos sobre la adopcién de LC, BIM e IA en pro-

yectos de construccién. La investigacion analiza la literatura existente, identifica patrones y mejores practicas, y ofrece recomendaciones para

integrar estos enfoques en la industria.

Metodologia: se utilizd la metodologia PRISMA, una guia estructurada para realizar revisiones sistematicas y meta-analisis, que permi-

ti6 llevar a cabo cuatro etapas principales: identificacidn, seleccidn, evaluacion de elegibilidad e inclusién. Esta metodologia garantiza la
transparencia y reproducibilidad del proceso de revision. La revisién se realizé usando la base de datos Scopus, y se evaluaron herramientas,
técnicas y estrategias implementadas en proyectos de construccion, destacando tanto las caracteristicas especificas de los proyectos como
las transversales.

Resultados: |a revision destacd las sinergias entre LC, BIM e IA, mostrando cémo la combinacién de estas tecnologias optimiza la eficiencia
operativa y reduce el desperdicio en los proyectos de construccién. Ademas, se subrayé la mejora continua, la toma de decisiones mas infor-
madas y la colaboracién efectiva entre los actores del proyecto a lo largo de su ciclo de vida.

Conclusiones: se concluye que la adopcion de LC, BIM e IA tiene el potencial de transformar el sector de la construccion al optimizar proce-
sos, mejorar la sostenibilidad y permitir una mejor integracion de los actores involucrados en los proyectos. Se enfatiza la necesidad de una
mayor adopcién de estas tecnologias para acelerar la modernizacion del sector.

Palabras clave: Construccion Lean (LC); Modelado de informacién de construccién (BIM); Inteligencia Artificial (IA), Revision Sistematica.
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Contribution to the literature

Why was it conducted?

The construction industry is facing increasing complexity, requiring efficient management of tools, methodologies, and philo-
sophies to meet project requirements. Despite the proven benefits of Lean Construction (LC), Building Information Modeling
(BIM), and Artificial Intelligence (Al) in improving processes and decision-making, their integration remains a challenge. Many
companies, especially SMEs, have limited financial, technological, and managerial resources, making it difficult to adopt these
advanced approaches.

What were the most relevant results?

The study highlights that Lean Construction (LC), Building Information Modeling (BIM) and Artificial Intelligence (Al) offer
significant advantages in construction project management. Furthermore, this research demonstrates that combining these
approaches can provide benefits that exceed individual advantages, optimizing operational efficiency and reducing waste. LC
eliminates activities that do not add value, BIM facilitates the visualization and coordination of projects, and Al analyzes large
volumes of data and automates processes for more efficient execution.

The combination of BIM and Al provides powerful tools for informed decision-making. BIM visualizes all aspects of the pro-
ject, while Al analyzes this data to identify patterns, predict problems, and suggest solutions. This allows project managers to
make decisions based on concrete data and accurate simulations, improving quality and results.

What do these results contribute?

Implementing LC, BIM, and Al fosters a culture of innovation and continuous improvement in construction. LC establishes a
solid basis for constantly improving processes, BIM offers a platform to implement these improvements visually and practi-
cally, and AI adds intelligence that allows automatic learning and continuous adaptation. This integration contributes signi-
ficantly to the sustainability and efficient management of resources in construction projects, reducing costs and minimizing
environmental impact, which is crucial to complying with environmental and social responsibility standards.

The theoretical evidence and case studies reviewed show that integrating LC, BIM, and Al improves the efficiency, quality, and
sustainability of construction projects. The convergence of LC, BIM, and Al represents the future of construction project mana-
gement, offering a holistic and efficient approach that enhances all aspects of the project life cycle. Adopting these technolo-
gies is not only a competitive advantage but a necessity to address current and future challenges in the industry.

COMPREHENSIVE ANALYSIS
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Optimizes processes to maximize customer value and minimize
unnecessary resources.

Eliminates waste and improves efficiency with optimized
schedules, materials and equipment management, and
planning for congestion-free environment.

Its principles include continuous improvement and
standardization.

Increases efficiency and reduces waste using approaches such
as LPS, IPD and BIM.

Facilitates collaboration and improves efficiency at all stages
of the project.

Supports decision making through advanced visualization,
clash detection and accurate material calculation.

Enables 3D and 4D simulations to plan and monitor progress,
improving accuracy, reducing errors and optimizing
coordination between teams.

Results

* Synergies (LC + BIM + Al, LC + BIM, LC + Al, BIM + AI?

* Tools, techniques and strategies implemented with LC, BIM and Al.
* Characteristics of projects that have used LC, BIM and Al in the construction sector.
« Cross-cutting characteristics of the LC, BIM and Al approaches applied in the construction sector.
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transparency.
Uses machine and deep learning to identify patterns and
improve decision-making, freeing people from repetitive or
complex tasks.

Monitors progress, manages resources, predicts delays,
optimizes designs, anticipate maintenance issues and
manages materials, improving efficiency in construction
projects.
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Introduction

Construction projects are becoming increasingly complex, requiring the efficient management of

tools, methodologies, and philosophies integrated synergistically. Effective management is crucial to
achieving objectives and meeting the increasingly demanding requirements of projects, which necessitate
innovative solutions and in-depth knowledge (1). The construction industry faces persistent challenges
related to efficiency, process optimization, and the adoption of advanced technologies. These challenges
are exacerbated by limitations in resources and capacities, affecting the sector’s productivity and

competitiveness.

The individual application of LC, BIM, and Al has proven effective in improving construction processes and
decision-making (2). However, there is a need to address the integration of these approaches, delving into
various project management methodologies and technological tools to eliminate harmful practices resulting

from incorrect decisions during the conception, planning, and execution of projects (3).

The BIM-Lean model is a technique that can significantly increase productivity in construction companies.
This methodology allows for faster project progress in Colombia and optimizes resource utilization (4).

Integrating LC and BIM with an Al approach aims to optimize construction processes. By combining their
strengths, these technologies can enhance the efficiency, quality, safety, and sustainability of construction

projects, benefiting all participants in the value chain (5).

Many companies are characterized by their limited access to financial, technological, innovation, and
management resources (6). These limitations can complicate the adoption of advanced approaches

that demand considerable investments in training and technology. Additionally, they operate in highly
competitive environments with tight profit margins, making investments in these methodologies appear

risky.

Although some companies manage their projects relatively effectively, there remains ample room for
improvement in on-site management and planning quality, potentially leading to significant efficiency
gains (7). The construction industry continues to face inefficiencies and challenges in project management
due to financial and technical constraints, hindering the adoption of advanced technologies and efficient

methodologies.

Companies often struggle with the efficient execution of construction projects, encountering slow, inefficient,
and error-prone processes. However, implementing digital technologies can reduce operating costs by 20%
to 25% (8). For instance, recent projects utilizing tools such as the Internet of Things (IoT) and automated
management systems have optimized logistics, reduced machinery downtime, and improved materials
delivery accuracy. This approach has significantly reduced costs while boosting productivity and safety. A
notable example is Caterpillar, which used IoT sensors to connect and monitor equipment in real-time. This
optimization in maintenance and scheduling resulted in a 22% reduction in operating costs for a large-scale
infrastructure project (8). However, a lack of access to accurate, real-time data in some companies hinders
decision-making during execution, affecting project efficiency, quality, and competitiveness. Failure to
address these underlying issues could result in competitive difficulties, resource waste, delays, cost overruns,

and limited capacity for innovation and adaptation, especially for MSMEs.

U o)
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LC is a production management approach that transforms the design and construction of buildings
and infrastructure. It seeks to maximize value and minimize waste by implementing specific techniques
throughout the project process (9), improving efficiency, and reducing costs by eliminating unnecessary

activities and optimizing resource management.

BIM is a process that uses 3D digital modeling tools to generate and manage data for a building or project
before, during, and after its execution, achieving significant savings in time, design, and resources (10).
BIM increases efficiency and improves data management at all stages of a construction project, facilitating

comprehensive coordination and management of information.

Al is a system that simulates human reasoning using mathematics and logic, allowing it to execute tasks
and make decisions based on collected information (10). Al is a technology designed to complement

and augment human capabilities, and it has proven beneficial across multiple sectors. Its application in
construction offers significant benefits in efficiency, safety, and quality, making Al a strategic investment for

the industry.

This underscores the need for a systematic and comprehensive review of the literature on the use of LC, BIM,
and Al in construction projects. Such a review aims to identify patterns and good practices from successful
case studies, describe cross-cutting characteristics and effective practices, and provide recommendations
based on the study’s findings and conclusions. This will address how advanced LC, BIM, and Al practices can

enhance operational efficiency, informed decision-making, and quality in construction projects.
Methodology

A systematic review was conducted to identify and evaluate previous research on the implementation of Lean
Construction (LC), Building Information Modeling (BIM), and Atrtificial Intelligence (Al) in the construction
industry. The PRISMA methodology (11) was selected for its rigor in identifying and synthesizing empirical
evidence, as it contributes to the clarity of data collection, systematization, and interpretation, and ensures
transparency in the publication of scientific articles (12). This review allowed us to characterize the trends,

practices, and outcomes of applying these methodologies in construction projects.

The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) methodology is an
approach that outlines a minimum set of evidence-based items that must be included when reporting a
systematic review and meta-analysis (13) in various disciplines. In the present study, PRISMA served as a key
tool for collecting, analyzing, and synthesizing relevant information on the integration of LC, BIM, and Al in

the construction sector.
Identification of Databases

The Scopus database was selected for the systematic review due to its broad scope and coverage in
engineering and construction. Scopus is a comprehensive bibliographic database that encompasses various
disciplines, including health, social and natural sciences, engineering, technology, and life sciences (14). It
was chosen for its extensive coverage of scientific sources, reliable impact metrics, and advanced analytical
tools that facilitate research search, analysis, and collaboration (15). Scopus offers advanced search options
and valuable metrics for evaluating the impact and relevance of publications, providing a broader global

perspective compared to other databases such as Web of Science and ScienceDirect.
i~
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Search strategy

A search strategy was designed in Scopus using a combination of key terms to ensure that the
selected articles included at least two keywords. This strategy enabled the identification of scientific
articles, systematic reviews, meta-analyses, and relevant event reports. One hundred eighty-six
publications were identified by applying the inclusion and exclusion criteria detailed in Table 1.
During the analysis of the articles, those that did not meet the established requirements were

discarded.
Table 1. Search and Selection Criteria
Criterion Value
Source of information Scopus database.
Period 2019 - 2024.

Scientific articles, systematic reviews, relevant meta-analyses, conferences, or

Types of publication event reports.

Languages Spanish and English.
Article title, abstract, keywords:

— "Lean Construction” AND “Building Information Modeling” AND “Artificial
Intelligence”.

Search string
— "Lean Construction” AND “Building Information Modeling”.
— "Lean Construction” AND “Artificial Intelligence”.

— "Building Information Modeling” AND “Artificial Intelligence”.

— Publications containing at least two of the specified keywords.

Inclusion

— Publications available in open access.

— Publications in English or Spanish.

— Non-peer-reviewed publications.

— Publications not available in full text.
Exclusion — Publications outside the field of construction.

— Publications that, although they include the keywords in their titles,
summaries, or keywords, do not focus specifically on LC, BIM, and Al in
construction.

Selection and Data Extraction Process

The article selection process was conducted in two stages. First, the titles and abstracts were reviewed to

i~
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assess their initial relevance. Then, the full texts of the shortlisted articles were analyzed to determine their
final inclusion in the review. Essential data were extracted from the final articles, including the title, author(s),

year of publication, journal, methodologies used, and main findings.
Data Analysis

The extracted data was qualitatively analyzed using documentary content analysis to identify trends and
patterns related to the integration of LC, BIM, and Al in construction. Tools such as VOSviewer were used to
visualize and analyze key term networks. The bibliometric analysis evaluated scientific activity (16), focusing
on publication dates, types of publications, geographical origins, media, and leading authors. The content
analysis (16) concentrated on research methods, study topics, and content patterns, providing a qualitative

interpretation of the meaning and context of the analyzed texts.
Validation and Reliability

To ensure the validity and reliability of the review process, a peer review was implemented. In this process, a
second reviewer independently evaluated a random sample of the selected articles, checking for consistency
in the selection and extraction of data. Additionally, a review was conducted to eliminate duplicates between

the different database searches.
Limitations

The selected research method has two main limitations. First, although books were included in the discussion,
the systematic review excludes grey literature and non-peer-reviewed sources such as blogs, websites, and
social networks (17), which are popular among professionals and offer valuable information on the current
application of LC, BIM, and Al in construction. Secondly, there is a possibility of omitting relevant articles that
do not explicitly specify their relationship with the application or integration of LC, BIM, and Al in the sector
in their titles, abstracts, or keywords.

Systematic Review

The method used is a systematic literature review of preliminary projects implementing LC, BIM, and Al

in construction. This method allows for the location, evaluation, and synthesis of existing evidence (18).
Researchers who conduct systematic reviews apply explicit and systematic methods designed to minimize
bias, generating reliable results that support decision-making (19). Systematic reviews are essential for
synthesizing and evaluating evidence, significantly contributing to advancing knowledge and informed
decision-making in various fields, particularly in construction.

The review covers literature published between 2019 and 2024, a period chosen due to the
exponential growth in the development and adoption of LC, BIM, and Al in the construction
industry from 2019 onwards. During this time, significant progress has been observed in these
technologies, especially in large-scale projects where data exchange between disciplines poses
complex challenges. This challenge has encouraged the creation of collaborative innovations
to minimize the fragmentation of information, consolidating the integration of these tools in
projects of various scales (20). Thus, this interval allows for a precise analysis of the most recent
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and representative developments in these areas, as it also aims to evaluate the most relevant
and current advancements. In addition, this review focuses on the key phases of research, tool
development, and the implementation of these approaches. The review is structured in five main
steps (17), as detailed in the methodology section Figure 1.

1. Conduct a comprehensive review of the literature related to construction projects that
have used LC, BIM and AL

2. Identify patterns and good practices from relevant case studies that represent successful
Research objectives projects that incorporated LC, BIM and Al
3. Describe the cross-cutting features and best practices that have proven effective in

construction projects that employed LC, BIM and AL
4, Provide conclusions of the study.

1, Lean thinking applied in the construction sector {Lean Construction - LC), with the
inclusion of some important L.C techniques (Last Planner System, Visual Management,

Kaizen, JIT, Kanban, etc.).
Conceptual limits 2. Building Information Modeling {(BIM), as the process of creating a virtual prototype of an
asset and its application in the construction life cycle.

3. New capabilities applied in the construction sector (Artificial Intelligence - Al), taking into
account some important tools that can be implemented.

Inclusion criteria

1. Academic journal (Scopus) with

interest in conceptual boundaries,
1 h i o o
e e e . perio of vyt — e
! 5 2019-2024 ey words 2. “Building information modeling’

systematic reviews and 3. “Artificial Intelligence”
meta-analysis. L J
3. Language: Spanish and English.

1. Articles not available in full text

2. Articles written in languages other than Spanish and English
3. Articles not related to the construction sector. n e 1. "Lean Construction” AND "Building Information Modeling"
: N : Exclusion eriteria Sl ¢ o
4. Articles that do not consider LC, BIM and Al as main topics. AND "Artificial Intelligence
5. Articles that are not directly related to the application or adoption 2. "Lean Construction" AND "Building Information Modeling"
in the construction sector of terms related to conceptual limits. 3. "Lean Construction" AND "Artificial Intelligence"

4, "Building Information Modeling" AND "Artificial
Intelligence"

1. A peer review was conducted, where a second reviewer

independently assessed a random sample of the selected articles

to verify consistency in data selection and extraction. . Data validation 1. search for keywords in the abstracts, titles and/or keywords of the publications indexed in
2. Review and elimination of duplicate articles among the different the Scopus database.

research journals, 2, Selection only of peer-reviewed articles published in top-level academic journals and

conferences.

3, Ensure the reliability of the analysis,
. 3, Exclusion of duplicates and articles that do not deal with LC, BIM and Al in the
Summary of the review -+
construction industry.

4. Selection of articles to be included in the preview based on whether they have been
published in a prominent media outlet, peer-reviewed and written in Spanish and English.

5. Categorization and analysis of publications based on their characteristics and bibliographic
contents.

Figure 1. Details of the Systematic Literature Review on LC, BIM, and Al in the Construction Sector

Results and discussion

A set of publications classified according to different criteria is presented below to show the
analysis results. To better understand the document, the numbers corresponding to quantity will be
included in brackets and preceded by the abbreviation “q.,” which indicates "quantity.” For example,
(g. 10) means that the corresponding quantity of the respective classification is 10.

When reviewing and classifying the publications according to their date and type, an increase

was observed in the number of publications and in the interest in applying LC, BIM, and Al in the
construction industry (Figure 2). The total number of publications on the integration of BIM and Al
(9. 124) exceeds those focused on LC and BIM (qg. 55) and LC and Al (g. 5) (Table 2). It is concluded
that the growing interest in implementing these concepts in construction, especially since 2021, has
been mainly driven by the integration of BIM and Al, coinciding with the increased interest in BIM
in the sector. Most of the publications in this field are articles (q. 147).
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Figure 2. Quantity and Type of Publication by Year
According to Figure 3, academic institutions in the United Kingdom have led the way with the
highest number of publications since 2019 (q. 27). Italy follows with (g. 22), China (g. 16), Australia
(9. 9), Germany (qg. 9), the United States (qg. 7), and South Korea (g. 7). Interest in integrating some
of these conceptual approaches is notable in certain countries. For example, academic institutions
in South Korea, Hungary, and Austria have published work focusing on BIM and Al, which is not
observed in publications considering LC and Al approaches.
Table 2. Publications by Year, Type, and Focus
L. Publication focus
Year Type of publication LC+BIM+Al  LC+BIM  LC+AI  BIM+AI °@
5019 Article 0 5 0 4 9
Conferences 0 7 0 1 8
Article 1 7 0 5 13
2020 Conferences 0 2 0 2 4
Article 0 3 0 9 12
2021
Conferences 0 5 1 3 9
Article 0 4 1 26 31
2022 Conferences 0 5 2 3 10
2023 Article 1 10 0 28 39
Conferences 0 2 0 3 5
Article 0 5 1 37 43
2024 Conferences 0 0 0 3 3
Total 3 2 55 5 124
Total number of articles 147
Total number of conferences 39
i~
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Figure 3. Publications by Country and Focus
According to Figure 4, The most common keywords among the 186 publications analyzed are
"building information modeling,” “artificial intelligence,” “lean construction,” “construction industry,”
“BIM,” and “project management.” The countries with the most publications are the United
Kingdom, Italy, China, Australia, Germany, the United States, South Korea, Portugal, India, Spain,
Canada, and Poland, coinciding with Figure 3. The authors with the most published documents
include Di Giuda, Giuseppe Martino; Locatelli, Mirko; Koskela, Lauri; Tezel, Algan; Kassem, Mohamad;
Matt, Dominik T; Schimanski, Christoph Paul; Brilakis, Ioannis; Sacks, Rafael; Drogemuller, Robin;
Omrani, Sara; and Rashidian, Sara.
In terms of publication media, the journals “Data Centric Engineering” and “Developments in the
Built Environment” are the only ones to have published articles focusing on LC, BIM, and Al (qg. 2).
The journal “Buildings” has been the medium with the most publications on LC and BIM (qg. 9). For
LC and A, the 30th Annual Conference of the International Group for Lean Construction IGLC 2022
has been the primary medium (g. 2). The journal “Buildings” has also led in publications on BIM
and Al (g. 24). The Table 3. presents a detailed classification of the primary means of publication, it
should be noted that the majority of publications are in the “other” category, due to the diversity of
journals in which they are published.
i~
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Figure 4. Co-occurrence of Keywords, Countries, and Authors with the Most Published Documents.
Table 3. Publications by Medium and Focus
| . Publication focus
Journal or conference
LC+BIM+AlI LC+BIM LC+AI BIM+AI
Data Centric Engineering 1
Developments In the Built Environment 1
Buildings 9 24
27th Annual Conference of The International Group 5
for Lean Construction IGLC 2019
30th Annual Conference of The International Group 5 5
for Lean Construction IGLC 2022
IGLC 2021 29th Annual Conference of The
International Group for Lean Construction Lean 5
Construction in Crisis Times Responding to The Post
Pandemic AEC Industry Challenges
Automation In Construction 13
Applied Sciences Switzerland 7
Journal Of Information Technology in Construction
IEEE Access 5
Others 31 3 70
Total 2 55 5 124
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Table 4. Prolific Authors by Number and Focus of Publication

Publication focus
Author

LC+BIM+AI LC+BIM LC+AI BIM+AIl

Matt, D.T. 4

Schimanski, C.P.
Rashidian, S.
Omrani, S.

Koskela, L.
Drogemuller, R.
Noueihed, K. 2

Hamzeh, F. 2
Locatelli, M.

Di Giuda, G.M.

Brilakis, L. 3
Others 9 169 21 181
Total 9 188 25 190

Wi [www

3
3

Table 5. Authors Most Cited by Publication Focus

Publication focus

Authors Publication

LC+BIM+AI LC+BIM LC+AlI BIM+Al
Sacks, R, Brilakis, I, Pikas, E., Xie, H.S., Girolami, M.  (21) 346
Pal, A, Lin, J.J,, Hsieh, S.-H., Golparvar-Fard, M. (22) 19
Gbadamosi, A.-Q., Mahamadu, A.-M., Oyedele, L.O,,
.. Mahdjoubi, L, Aigbavboa, C. (23 L
Ratajczak, J., Riedl, M., Matt, D.T. (24) 87
Sepasgozar, S.M.E., Hui, F.K.P.,, Shirowzhan, S., ...Yang,
L., Aye, L. — 84
Meng, X. (26) 70
Arroyo, P., Schéttle, A., Christensen, R. (27)
Cisterna, D., Lauble, S., Haghsheno, S., Wolber, J. (28)
Boje, C., Guerriero, A., Kubicki, S., Rezgui, Y. (29) 719
Baduge, S.K, Thilakarathna, S., Perera, J.S., ...Shringi,
A., Mendis, P. el 386
Wang, M., Wang, C.C,, Sepasgozar, S., Zlatanova, S.  (31) 212
foArcaeI, E., Ferrari, I, Opazo-Vega, A., Pulido-Arcas, 32) 201
Shahzad, M., Shafig, M.T., Douglas, D., Kassem, M. (33) 171
Cetin, S., De Wolf, C,, Bocken, N. (34) 168
Sacks, R., Girolami, M., Brilakis, I. (35) 161
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Publication focus

LC+BIM+AI LC+BIM LC+AI BIM+Al
You, Z, Feng, L. (36) 143

Authors Publication

Among the most prolific authors, Matt D.T. has the most articles on LC and BIM (qg. 4). For LC and
Al, the prominent authors are Noueihed, K., and Hamzeh, F. (g. 2 each). Locatelli, M., Di Giuda, G.M,,
and Brilakis, I. have written the most articles on BIM and Al (g. 3 each). Regarding LC, BIM, and Al,
there is no dominant author. Table 4 offers a detailed classification of the most productive authors.
Regarding the number of citations in Scopus, Boje C., Guerriero A., Kubicki S., and Rezgui Y. are the
most cited authors (719 times) for their articles on BIM and AL They are followed by Baduge S.K.,
Thilakarathna S., Perera J.S., Shringi A., and Mendis P. with 386 citations for their articles on the
same subject. Table 5 provides a detailed ranking of the most cited authors, and Table 6 presents a
list of the eight most cited publications.

Most of the research in this field is empirical, encompassing case studies, interviews, pilot
implementations, and surveys (qg. 58). In the field of LC, BIM, and Al the predominant research
method is the presentation of prototypes or models (qg. 2). For publications focusing on LC and
BIM, the most popular approach is literature review (q. 17), followed by the presentation of
prototypes or models (g. 13) and case studies (g. 11). For articles on LC and Al literature review

is the preferred method (g. 4). For BIM and Al, the most common method is also literature review
(g. 48), followed by the presentation of prototypes or models (g. 38). Figure 5 shows a detailed
classification of publications according to research methods and preferred approaches in this field.
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Table 6. Most Cited Publications

Focus Publication Authors Year Contributions Quotations

The adoption of Lean Construction
(LC) improves efficiency and
reduces waste in construction
projects.  Building  Information
Modeling (BIM) optimizes planning

Construction with Digital Twin Sgcks, R, Brilakis, L, anql .c.oordinatiqn, reducing errors.
Information Systems Pllkas, E.,. Xie, HS., 2020 ArtIfIC.Ia| Intelligence  (Al) uses 346
LC Girolami, M. (21) algorithms and data analysis
to  enhance  decision-making
+ and automate processes. These
methodologies combined transform
BIM the construction industry, making it
more efficient and precise.
+

LC seeks smooth production flows
Al and minimizes resource waste. BIM
uses technology and workflows for

Automated Construction Pal, A, Lin, JJ., L : .
L X the digital modeling of construction
Progress Monitoring Based on Hsieh, S.-H.,
2 . - 2023  products and processes. Al employs 19
Vision in a Built Environment Golparvar-Fard, M. . .
through a Digital Twin 22) adva‘nced‘ monltormg technologies
and intelligent functions to analyze
and optimize ongoing design,
planning, and production.
The integration of Design for
Manufacture and Assembly
Gbadamosi, A.-Q., (DFMA) with LC and BIM allows
Off-Site Construction: Mahamadu, A.- the evaluation and optimization of
Development of a BIM-Based M., Oyedele, LO., 2019 design through production metrics. 111
Optimizer for Assembly ... Mahdjoubi, L., This system considers factors such
LC Aigbavboa, C. (23) as ease and speed of assembly,
handling, and waste generated
+ during construction.
BIM The AR4C application offers a unique

tool that detects schedule deviations
by visualizing construction progress
2019 in augmented reality (AR), providing 87
daily progress and performance
data, as well as specific information
on scheduled tasks.

BIM and AR-Based Application

Combined with Location-Based  Ratajczak, J., Ried|,
Management System to Improve M., Matt, D.T. (24)
Construction Performance
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Focus Publication Authors Year Contributions Quotations
The adoption of LC has improved
efficiency, reduced time and costs,
and increased quality and customer
satisfaction. Al in construction is
The Ethical and Social Dilemma  Arroyo, P., used to automate tasks, perform
of Al Uses in the Construction Schottle, A., 2021  predictive analysis, optimize 9
Industry Christensen, R. (27) designs, and manage risks. Studies
highlight Al's potential to enhance

LC decision-making and efficiency,

though ethical and social concerns

+ are also noted.

Al Combining LC and Al offers superior
Synergies between Lean added value, integrating structured
Construction and Artificial Ci LC data to train Al models and

. i isterna, D., . L.
Intelligence: AI-Driven L leveraging Al to optimize LC
. auble, S, . : -
Continuous Improvement Haghsheno, S 2022  techniques with predictions and 3
Process Wolber. J . automations. People are key to
olber, J. (28) . . .
sustaining continuous improvement,
but challenges like trust in models
and data quality must be overcome.
BIM offers procedures, technologies,
and data schemes for a standardized
representation  of  construction
Towards a Semantic Digital Twin Boje, C., Guerriero, corrépofnent; and slyst'ems. A:]. 15
of Construction: Directions for A., Kubicki, S., 2020 Iuesaernin;ranc?t:ysfer:ssyispltirrr:;:;:ti:)nne 719
Future Research Rezgui, Y. (29) By combining BIM and Al more
BIM comprehensive and accurate digital
models reflecting physical assets in
+ real-time are created.
Al . . ;
Artificial Intelligence and BIM integrates and manages data
Smart Vision for Construction Baduge, SK., throughout a project's lifecycle,
4.0: Machine Learning and Thilakarathna, from planning to operation. Al
Deep Learning Methods and S., Perera, J.S, 2022  including Machine Learning (ML) 386
Applications ..Shringi, A, and Deep Learning (DL), enables
Mendis, P. (30) machines to learn from data and
perform complex tasks.
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Figure 5. Classification of Publications by Research Methods and Focus.

Table 7. Publications by Focus and Content

Focus or cc.mte.nt of the No. of Examples from the Literature
publication Pub.

LC+BIM+AI 2

Project Management 1 (P;(I)zg)ilil J.J., Hsieh, S.-H., Golparvar-Fard, M.

Workflow 1 Sacks, R, Brilakis, I, Pikas, E., Xie, H.S., Girolami,
M. (2020) (21)

LC+BIM 55

Production  planning  and , Haronian, E., Sacks, R. (2020) (37)

control

Digital construction 3 Ratajczak, J., Riedl, M., Matt, D.T. (2019) (24)

workflow 5 Schimanski, C.P.,, Monizza, G.P., Matt, D.T.
(2021) (38)

Off-site construction 2 g?g;ﬁf??gbgg’&mel’ EL, Fang, Y. Oloke,

Digital divices 2 Chen, C,, Tang, L.C.M,, Jin, Y. (2019) (40)

Project management 8 Peltokorpi, A., Seppanen, O. (2022) (41)

Lean Construction 19 ,&r;)yla, Y., Tokdemir, O.B., Kassem, M. (2023)

BIM 15 Ybafiez, R.S., De La Cruz, AR. (2023) (43)

LC+AI 5
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Focus or content of the No. of Examples from the Literature
publication Pub.

Lean Production 3 JC.|?;<Ez)r2n2:;;,(%)Lauble, S., Haghsheno, S., Wolber,
Decision making 5 £A£§>yo, P., Schottle, A., Christensen, R. (2021)
BIM +Al 124
Architectural design 36 Abouelaziz, I, Jouane, Y. (2024) (44)
Information theory 19 Jang, S., Lee, G. (2024) (45)
Artificial intelligence 25 Wu, B., Maalek, R. (2023) (46)
Digital twin 13 Rafsanjani, H.N., Nabizadeh, A.H. (2023) (47)
Automation 9 Soman, RK. Whyte, J.K. (2020) (48)
Mahcine learning 11 Erisen, S. (2023) (49)
Virtual reality 11 Sampaio, A.Z. (2019) (50)
Total 186

Analysis of the articles revealed several content clusters in the publications focused on the
construction industry (Table 7). In the LC, BIM, and Al focus, there is a total of one publication
focused on project management and workflow, addressing the optimization of processes in
construction. Regarding LC and BIM, the group with the most publications (g. 19) deals with the
application of LC, followed by articles on BIM processes and factors (g. 15). Project management
that implements LC and BIM is also prominent (q. 8). For LC and Al Lean production and decision-
making have respectively (g. 3) and (g. 2) publications, describing the application of LC techniques
in construction with Al for decision-making. In the articles on BIM and Al the group with the most
publications (qg. 36) is that of architectural design, showing how BIM facilitates the application

of Al in construction. This is followed by publications that highlight the importance of Al in the
construction sector (q. 25).

This systematic review has made a significant contribution to the field of construction
project management through the implementation of LC, BIM, and AL The research provides
a comprehensive overview and detailed analysis of how combining these technologies and
methodologies can improve operational efficiency, decision-making, collaboration, and
sustainability in construction projects.

LC+BIM+AI

The systematic review demonstrates that integrating LC, BIM, and Al represents a significant advance in
construction project management. This integration allows progress to be monitored and reported in real
time, thanks to data collection and analysis (22). This method has evolved due to technological advances
and the need for greater efficiency and precision in project monitoring. The synergy between LC, BIM, and
Al optimizes design and construction processes, improving efficiency and reducing waste throughout the

project life cycle.
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The combination of LC, BIM, and Al facilitates the early identification of problems and the implementation

of efficient solutions. Digital tools automate construction progress monitoring, offering precise methods for
supervising projects and addressing concerns (22). Al algorithms in BIM models detect conflicts and optimize
work routes, enabling corrective measures (22) and optimizing resource use. The ability of Al to analyze

large volumes of data and generate valuable insights complements LC practices and BIM's visual capabilities,
resulting in more informed and accurate decisions backed by real-time data and predictive simulations,

ultimately enhancing project planning and execution (21).

The implementation of LC fosters a culture of continuous improvement, which, when combined with

BIM and Al is further strengthened by data analysis and constant feedback. Lessons learned are quickly
integrated into future projects, optimizing processes and results. This collaboration requires the participation
of designers, consultants, contractors, suppliers, and public bodies. The completed projects allow existing
information to be utilized and facilitate learning to improve the planning, estimation, and management of
future projects (21).

LC+BIM

The combination of LC and BIM improves efficiency and reduces costs in construction projects. Numerous
studies confirm that their integration increases productivity and reduces losses (51). BIM facilitates
collaboration between teams and disciplines, while LC focuses on eliminating waste and improving processes.
The importance of collaborative environments and open communication in BIM improves coordination and

reduces errors, resulting in more coherent and better-executed projects (52).

Lean methodology enhances planning and scheduling accuracy by eliminating non-value-adding activities,
seeking to maximize production (53). BIM allows for the visual assessment of the impact of design changes,
which is complex with traditional 2D plans. Modeling and animating construction sequences in BIM 4D offer
a unique visualization of processes and progress, identify resource conflicts, resolve constructability issues,
optimize the process, and improve efficiency and safety (20). BIM's ability to visualize and simulate different

scenarios complements detailed LC planning, allowing for quick and accurate adjustments to project changes.

The integration of LC and BIM enables more rigorous quality control by identifying potential problems early
and applying preventive solutions. The fundamental principle of Lean is to reduce or eliminate waste, and
BIM addresses these aspects in both the design and construction phases. With design development, teams
can make decisions to avoid waste accumulation on-site. Traditional reviews of the construction process
without BIM are time-consuming and costly (54). This integration significantly reduces waste and ensures

more efficient use of resources.

The integration of LC with BIM technology is a key strategy for optimizing processes in construction projects.
This synergy makes it possible to certify order in production, achieve adequate coordination of resources in
each phase of the project, and significantly reduce waste, both in time and resources. Adopting this approach
ensures that the final product meets the client’s expectations and needs while maximizing the return for
investors by minimizing waste and increasing operational efficiency (55). This combination transforms project

management, aligning productivity with sustainability and customer satisfaction.
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Integrating BIM and LC methodologies in construction projects is essential to avoid schedule delays. BIM
facilitates more efficient project management, improving design and engineering analysis, while Lean focuses
on reducing waste and fostering collaboration among team members. By applying these methodologies,

the factors that negatively impact construction are minimized, processes are optimized, and efficiency and
profitability in residential projects are increased (56). Adopting these innovative methodologies represents a
paradigm shift in the construction industry, positioning the companies implementing them at the forefront of
competitiveness and sustainability.

LC+AI

Integrating LC with Al offers an innovative approach to optimizing the management of construction projects.
Various Al algorithms are used to optimize design and projects (27). Al complements LC practices focused on
efficiency and waste reduction by analyzing large volumes of data and generating recommendations based
on patterns and trends. In construction, Al offers benefits such as supporting better decisions, optimizing

schedules, and reducing environmental impact (27).

Al automates routine processes and optimizes workflows, aligning with the principles of Lean to eliminate
activities that do not add value. Synergies include fail-safe quality, the 5S methodology, increased visualization
and huddle meetings (28), improving product quality, promoting a culture of cleanliness and organization,
facilitating decision-making, and enhancing communication and the effectiveness of meetings. Additionally,
real-time data analysis with Al can identify bottlenecks and propose solutions to improve operational
efficiency.

In the Last Planner® System (LPS), Al can quickly simulate multiple scenarios to assist in project planning,
learn from historical data on common problems, and issue early alerts. It also uses information from previous

projects to pass on knowledge and best practices, preventing the loss of information (28).

Al-driven predictive analytics make it possible to anticipate problems before they occur, which is crucial
for improving LC, including predictive maintenance of equipment and machinery, reducing downtime, and
enhancing resource availability. Continuous improvement is essential for performance in construction projects,

and LC strengthens its position in the sector by focusing on resource optimization (57).

Al optimizes resource allocation by analyzing historical data and current conditions, improving the planning
and use of materials and labor. In Takt planning and control, Al can estimate workload values and cadences
based on historical data and environmental parameters, harmonizing the work cycles of machines and
humans (28). Thus, Al and LC allow the definition of processes and work packages, automatically optimized
zone sequences, and the actual duration of the project, resulting in optimal planning, cost reduction, and

increased efficiency.

The transition to digitalization offers multiple benefits, including increased productivity, safety, and quality.
These technologies empower professionals and strengthen organizations, driving them toward success
when adequately implemented. However, irresponsible use or disruptive implementation can have adverse
effects, leaving permanent consequences that could further damage the industry (58). Therefore, adopting
a conscious and strategic approach to implementing digital technologies is essential, ensuring that they are

integrated harmoniously with existing processes and that their adoption is supported by adequate training.
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Only in this way will it be possible to maximize their potential, mitigating risks and promoting sustainable
development that benefits both organizations and the industry.

BIM+AI

The combination of BIM and Al offers a powerful approach to digitizing and optimizing
construction projects. BIM enables collaborative decision-making and provides a unified platform
for architects, engineers, and construction professionals to integrate and share project data,
improving productivity, quality, and safety. Al, which has emerged in the last decade as a powerful
tool, automates techniques and procedures in conventional construction processes (59), offering
significant benefits in terms of accuracy, efficiency, and responsiveness. Predictive modeling and
simulation can anticipate trends and evaluate possible outcomes in construction projects (60). BIM's
ability to create accurate digital representations is enhanced by Al, which analyzes these models

to detect problems and optimize designs, enabling advanced simulations that improve decision-
making.

Al offers advanced data analysis capabilities that extract valuable information from BIM models.
The growing use of Al techniques demonstrates high accuracy and the ability of Al models to learn,
predict, and detect risk levels in real-time. Virtual and augmented reality provide fidelity, immersion,
interaction, and visualization in facility management (61). This includes predicting construction
times, costs, and potential problems, helping project teams make more informed decisions and
mitigate risks.

The integration of BIM with Al in construction project management represents significant progress
(62). The combination of Al with BIM allows real-time monitoring of construction projects through
sensors and IoT devices that continuously collect data. Predictive analytics uses data, statistical
algorithms, and machine learning techniques to predict future outcomes based on historical data.
In the construction sector, capturing real-time data and converting it into useful information for
forecasting has become revolutionary (63). This data is analyzed with Al algorithms to offer up-
to-date information and instant recommendations, improving responsiveness and operational
efficiency.

The synergy between technologies such as Al and BIM is revolutionizing architectural design
and fostering interdisciplinary collaboration. Architects, engineers, and environmental scientists
converge on common digital platforms to optimize each project stage, from conception to
execution. This technological alliance reduces the environmental impact of buildings and drives
innovation and efficiency, positioning different professionals as leaders in constructing a more
sustainable and resilient urban environment (64). Thanks to this technological synergy, end users
benefit from healthier, more energy-efficient spaces tailored to their needs.

Over the last decade, the construction industry has significantly transformed by adopting new
technologies and methodologies. Specifically, Lean Construction (LC), BIM, and Al have become
crucial tools for improving efficiency, reducing costs, and increasing quality in construction projects.
Figure 6 summarizes the systematic review of LC, BIM, and Al adoption in construction. Figure
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7, Figure 8, Figure 9, Figure 10 y Figure 11, compile essential tools, techniques, and strategies,
analyze the characteristics of projects that have implemented these methodologies, and establish
the most relevant cross-cutting characteristics. Adopting LC, BIM, and Al has been crucial for
modernizing and improving construction processes. This document provides a solid basis for

understanding the effective implementation of these methodologies in various projects, enhancing

the competitiveness of companies in the sector and contributing to sustainable development and
innovation in construction.

( Adoption of LC, BIM and Al in the Construction Sector )

I
¥

I Building Information Modeling (BIM) l

1

BIM is a methodology that manages digital representations Al in construction optimizes processes through predictive
of the physical and functional characteristics of a models and automation, improving predictability,

T.ean Construction (L.C) al Intelligence (AT)

1C, derived from lean manufacturing, is tailored to
construction to reduce waste and foster continuous

improvement. It optimizes processes to maximize customer construction project. It facilitates collaboration and sustainability and transparency. It uses machine and deep
value and minimize unnecessary resources. LC eliminates waste | | improves efficiency at all stages of the project. It helps in learning to identify patterns and improve decision
and improves efficiency with optimized schedules, materials decision making through advanced visualization, clash making, freeing people from repetitive or complex tasks.
and equipment management, and planning for congestion-free | | detection and accurate calculation of materials. It enables 3D | | Al monitors progress, manages resources, predicts delays,
environments. Its principles include continuous improvement and 4D simulations to plan and monitor progress, improving | | optimizes designs, anticipates maintenance issues, and
and standardization. LC increases efficiency and reduces waste | | accuracy, reducing errors and optimizing coordination manages materials, improving efficiency in construction
using approaches such as LPS, IPD and BIM. between teams. projects.
[ ] ]
¥
L] 2 L]
LC + BIM + AL LC + BIM BIM + AL
4

The integration of LC, BIM and AT improves collaboration The adoption of LC and BIM has revolutionized
and communication in projects. BIM provides a common construction, achieving greater efficiency and
platform, LC ensures common goals, and Al facilitates reducing waste. LC optimizes processes and

The synergies between LC and Al The combination of BIM and Al improves
provide greater value when applied | | decision making with real-time data,
together. Change management and visualizations, and analysis, increasing

continuous improvement of LC, the precision and
collaboration of BIM, and the automation and predictive
analytics of Al reaching higher levels of productivity,
quality and sustainability.

focuses on waste reduction and continuous construction projects, with the
improvement, and BIM facilitates the visualization human factor being crucial to
and simulation of projects, promoting an effective maintaining continuous
information integration. improvement cycles.

enriched with real-time data and Al
analytics, can predict and prevent
failures, optimize maintenance and
reduce operating costs.

decisions based on accurate data, This synergy results in eliminates waste, while BIM improves coordination the role of people are essential to construction safety and efficiency. This
more efficient, higher quality projects, with lower costs and and information management with digital models. the success of this combination. integration enables more efficient
shorter delivery times, allowing for more holistic and This integration has significantly improved project These synergies promote management of the project lifecycle,
optimized management. This combination advances outcomes. [n recent decades, its growing adoption is | | continuous improvement and from design and construction to

towards smart and efficient construction, integrating the due to its benefits in efficiency and management: LC | | process optimization in operation and maintenance. BIM models,

Figure 6. Adoption of LC, BIM and Al in the Construction Sector.

Lean Construction (LC)

+ 3D Modeling and Visualization

Strategies

« Active Collaboration

1

« 3D and 4D models

» Collaborative Platforms

» Construction Management Software

» Digital Kanban Boards

» Interdependency Structure Matrix (1SM)
= 18P Platform

» Last Planner System (LPS)

» Lean Design

- Lean IT Tools

- Lean Project Delivery System (LPDS)

» Location-Based Management System (LBMS)
* QR codes

* Robotic Total Stations

« Set-Based Design (SBD}

* Tag Identification Systems (RFID, BLE)
+ Target Value Design (TVD)

» Total Quality Management (TQM)

* Value Stream Mapping (VSM)

+ Virtual Design and Construction (VDC)
» Virtual Reality (VR)

* VisiLean

+ Visual Management (VM)

« Visual Schedule

« vPlanner

« Work structuring

« Yokoten

» Continuous Percent Plan Complete (CPPC)
» Critical Path Method (CPM)

* Daily Huddle Meetings

» Design for Construction and Demolition (DfD)
* Error Prevention (Poka-Yoke)

« Fail Safe for Quality

» First Execution Studies

* First Run Studies (Ciclos PDCA Plan-Do-Check-Act)
« Five Why's

« Integrated Project Delivery (IPD)

« Integrated Project Management (IPM)

* Just-in-Time (JIT)

« Lean Project Delivery System.

« Lean Six Sigma (LSS)

« Life Cycle Information Management

« Look Ahead Meetings

« Mobile Applications

« Percent Plan Complete (PPC)

« Planning Effectiveness Index (PEI)

« Precondition Review Cycle

+ Prefabrication and Modularization

+ Process Mapping

« Process Simulation

« Production Planning and Control

+ Pull Planning

* Restrictions Management

« Sesiones de Ingenierfa Concurrente Integrada (ICE)
« Simulation and Analysis

» Supply Chain Management

* Takt Time Control (TC)

- Takt Time Planning (TTP)

» Virtual Simulation

* Work Standardization

" 58 » Choosing by Advantages « Collaboration and Communication
- Big Room - Collaboration and Continuous Communication - Competency Development
» BIM 360 « Constraint Planning « Continuous Updating,

+ Customer Focus

» Data Integration

+ Data Visualization

« Digital and Analog Monitoring

» Early and Continuous Collaboration among All Stakeholders
+ Early Definition of Project Objectives and Goal of the Project

« Evaluation and Change Management

» Focus on Collaboration

« Focus on Reducing Variability and Improving Project
Predictability

» Gradual Implementation

+ Human-Centric Approach

+ Implementation of Collaborative Contractual Models

LB ation of Integrated Methodologi

+ Intensified Planning

« Interdisciplinary Collaboration

+ Kaizen (Continuous Improvement)

+ Kanban

+ Policy and Regulatory Support

* Proactive Constraint Management

+ Proactive Management

+ Proactive Work Optimization

* Process and Technology Integration

+ Regulations and Standards

+ Smooth Production Flow

+ Standardization

« Total Quality Management

- Training and Continuing Education

« Training and Continuous Worker Development

« Training and Education

- Training and Skills Development

« Training and Upskilling

+ Variability Reduction

Figure 7. Tools, Techniques and Strategies Implemented with LC.
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@uild.ing Information Modeling (BIMD
]

[]

1] ¥

LJ Y
+ 4D BIM (Time Modeling) + KanBIMS-BIM (Structural BIM) » 4D Building Simulations » Adoption of Gemini Principles
+ 4D Modeling Systems + LCM Digital + Automated Cost Estimation + Automatic Replanning
* 5D BIM {Cost Modeling) - Mask R-CNN + Automated Generation of Drawings and Documents | |+ BIM Training ans Skills Development for the Personal
+ 6D BIM {Operations and * Microsoft Visual Studio « BIM Data Transformation to XML + Continuing Education in BIM Software and Techniques
Maintenance) « MIKE FLOOD Application + BIM-GIS Integration + Continuous Training
« 7D Facility Management - Modelado 3D + Change Management + Corporate iIM Implementation
« Allplan + MS Project + Cloud Collaboration » Customized Data Retrieval and Manipulation
« ArchiCAD - Naviswarks + CNN Multiviewer (MVCNN) « Data Processing and Storage
+ AutoCAD Civil 3D + Online Communication Platforms + Collaborative Modeling + Development of Ontologies and Data Structures
« Autodesk Revit = Open BIM Workflow » Collaberative Planning and Manitoring » Digital Dacumentation and Traceability
* Bentley MicraStation « OpensStudio/EnergyPlus « Common Data Environment (CDE) * Genetic Algorithms (GA) Based Optimization
+ Bentley Systems + Opossum Plugin » Computerized Maintenance Management Systems » Implementation of BIM Standards
« BIM 360 - PDMS (CMMS) + Implementation of Phases
+ BIM Models + Power BI + Construction Simulation + Information Management in Real Time
« BIM Platforms = Primavera = CRISP-DM Model = Inspection Data Integration
* BIMZXML « Procore « Data Analysis with Python » Integration of BIM with Other Construction
« BIMcollab = QR codes = Digital Product Modeling Management Systems
* BIM-kiosks « RFID « Digital Prototyping + Integration of Multidisciplinary Teams
+ BIM-stations - Rhinoceros 3 / Grasshopper / * Disaster Management + Integration with Lean Systems
« Closed BIM Workflow Rhino.Inside Revit. « DNN y CNN + Integration with Other Industry 1.0 Technologies
« CloudCompare = Roadel * Effective Data Management » Interdisciplinary Collaboration
« COLMAP « SiteScape + Evaluacién del Building Circularity Index (BCI) + Life Cycle Analysis (LCA)
« CostX « sketchUp « Information and Data Management » Life Cycle Costing (LCC)
« CubiCost - Solibri Model Checker « Interference Analysis: Clash Detection + Linking Data to BIM Models
* Data Analysis and Simulation (C5M) + Soluciones de Software (e.g., dRofus(R), | | + KanBIM Systems » Modeling Automation
« Digital Twin Solibri®) * Machine Learning Algorithms; ANN, SVR, y RFR + Online/Flectronic Object-Rased Communication
+ Dynamo + Synchro Pro + Model Breakdown Structure (MBS) + Partnerships with Educational Institutions for the
« Enscape = System » Natural Language Processing (NLP) Continuous Updating of Technical Knowledge
+ ESRI ArcGIS Pro « Tableau + Performance Analysis + Product Approval Processes
* Generative Al-enabled Interactive + Tekla » Predesign Analysis » Product Database Integration

+ GIS-BIM integration
+ Google Cloud Vision

Architectural design (GAIA)

+ Trimble Connect
+ Virtual Sensors

- Tracking Technologies (RFID, QR, NFC)

Predictive Analytics
+ Project Lifecycle Management
+ Quantity Take-Off

+ Progressive Adoption
* Project Planning and Control

+ Promotion Collaboration between Diferrent

« Honeybee y Ladybug - Visilean + Real Time Data Visualization stakeholders
+ IFC Alignment « Viskar + Reality Capture (RC) + Real-Time Automation and Analysis
+ IfcOpenshell « Visual Programming Tools (VPL) + simulations and Analysis + Remote Collaboration
+ Integrated Concurrent Sessions (ICE) = VOSviewer » Space-Object Relationship * RFI Management
* Lol + XML2ZBIM « Supply Chain Management + Training Programs for Workers in the Use of BIM and
+ Virtual and Augmented Reality 1A Tools
« Virtual Big Room Meetings » Transparency in Information
= virtual Walkthrough = Use of Quality Standards and Protocols
Figure 8. Tools, Techniques and Strategies Implemented with BIM.
Artificial Intelligence (AT)
¥ ¥
L] ¥ L L] L]
+ 3D CAD Modeling « Geographic Information Systems. « Navisworks AP] » 3D Scanning and. » Integrated Workplace « Component
* 3D Laser Scanners (GIs) = Neural Networks Photogrammetry Management Systems Measurement
+ 3D LEICA BLK2FLY + Geometry Gym Plugin + Oculus Rift « suditory User Interfaces (TWMS) Automation
+ Al Drones + Global Navigation Satellite System + OpenCy » Blockchain + Intelligent Data + Process Automation
* ALICE (GNsS) » Optical See-Through (HMDs) » Building Automation Systems Interpretation « Training through
+ AR/VR Devices for the Visualization + Google TenscrFlow + PlanGrid (BAS) » Machine Learning Serious Games and
and Simulation * GPT-2 * PointNet + Camera Calibration + Machine Learning Simulations
» Archicad 24 « GFT-3 - Projectors + Cleaning and Segmentation of = Manual MappingTangible « Interdisciplinary
» Artificial Neural Networks (ANN) « Graph Convolutional Networks « Python Paint Cloud User Interfaces Collaboration
+ Autodesk BIM 360 (GeN) + Clustering and Classification + Modeling and Prediction + Collaboration and

+ Autonomous Robots

* AWS

+ Backpropagation Neural Network
(BPNN)

*C45

+ CAVE (Cave Automatic Virtual
Fnviranment)

+ Cloud Computing Platforms

+ Comsol 5.6

» Convolutional Neural Networks
{CNN)

+ Cyber-Physical Systems (CPS)

+ Decision Suppert Systems (DSS)

« Deep Learning

* DesignBuilder

* DGCNN

« Digital Twin

* D-Track

+ EnergyPlus

« Gamma AR

» Generative Adversarial Networks
(GANS)

s Generative Design Algorithms

- Genetic Algorithm Based on K-means
(GAK-means)

« Graphical User Interface (GUT)

* HRNet y ResNext

+ IBM Watson

« IFC Model Viewers

« Inertial Measurement Units (IMUs)

* Lol and REID Sensors

« Keras

+ k-nearest-neighbor (kNN)

+ Leica Cyclone REGISTER 360

* Leica ScanStation C10

« LiDAR and Cameras

+ Machine Learning Algorithms

* MATLAR

« Meteorclogical Databases (NSRD,
PYGIS, CAMS)

* Microsoft Azure Al

+ Microsoft SharePoint

+ ML-Based Pipeline

* MR Sketch

+ Multilayer Perceptron Neural
Networks (MIPNN)

« Multiview Convolutional Neural
Networks (MVCNN)

* Naive Bayes (NB)

« Natural Language Processing (NLF)

+ Natural Language Toolkit (NLTK)

s PyTorch

*R

+ Radiant Time Series (RTS)

+ Random Forest (RF)

- Rapid Seismic Damage Assessment
Software (RASDA)

Raspberry Piand Cameras

* Recurrent Neural Networks (RNN)
« Rhino with GeometryGym IFC (COBie)

+ Computer Vision
+ Computer Vision

Addon - Damage Assessment Based an

Neural Network
« Data Clustering
» Data Collection

* Robotics and Automation

* Smart Sensors and Sensor
Netwarks (10T)

Stereo Camera Systems
Structure-From-Motion (S{M)

(K-means, Random Forest)
« Computer Aided Facilities
Management Systems (CAFM)

+ Construction Operations
Building Information Exchange

with Deep Learning (CNN)

+ Natural Language
Processing (NLP)

= Neural Networks

» Object Detection Based on
Deep Learning

= Optimization Algorithms

» Parameter Optimization

» Photogrammetry and
Acquisition of Point Cloud

» Predictive Analytics

+ Rapid Visual Screening

» Data Normalization and (RVS)
Meteorological Data Set

+ Semantic Segmentation

Fhotogrammetry Preparation ulation and Modeling
+ Support Vector Machine (SVM) » Data Preparation + simulations and Predictive
* Synchra » Deployment Analysis
+ Tableau » Depth Estimation » Technigues Based on
» TensorFlow » Depth Mapping Sensors
+ Terrestrial Laser Scanner (TLS) « Framework/Model Selection + Use of Drones and Robats

« UAVs {Drones)
» Vibration and Temperature

Video See-Through (Mobile) (IFC)
= virtual Reality (VR) Tools

+ Hybrid Techniques
+ Image Segmentation
Sensors » Industry Foundation Classes

» Instance Segmentalion

for Inspection and
Monitoring of Construction

= Use of Street View Images

» Virtual User Interfaces

- Vision Based Techniques

+ Wireless Sensor Networks

» Visual User Interfaces

Figure 9. Tools, Techniques and Strategies Implemented with AL
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( Characteristics of Proj

ects that Have Used LC, BIM and AT in the Construction Sector )

|

¥

BIM + Al

+ Adopt BIM for accurate plamning and error
rednction through detailed simulations and
better coordination.

* Implement lean principles and automation with
Al to improve operational efficiency, reducing
cycle times and costs.

« Use AT and digital twins for real-time
monitoring of project progress, facilitating
data-driven decisions and carly detection of
preblems.

= Lmploy BIM platforms and extended reality
technologies for effective collaberation between
stakeholders, improving ion and

« They have high efficicncy in the use of
resources, shorter delivery times and
reduced waste

« Focus on continuous improvement and
collaboration between teams.

« Present precision in planning and
coordination, reducing errors during
construction and maintenance.

« Integrate data through BIM, improving
communication between stakeholders.

+ 8how high collaboration and
communication between project

resource management.

« Use digital models that are automalically
updated based on the physical stalus of the
project and evaluate design alternatives and
production plans with accurate information

+ Use federated BIM models that reflect design,
planning, construction and operation

5.

« Significantly reduce delivery times and
costs, impraving construction quality.

« Carry out precise planning and effective
risk mitigation.

o]

« Implement LC to minimize waste and improve operational officiency.
« Use ML to predict and optimize lead times and costs, inprove product

quality and reduce risks.

« Employ 10T and AL for continuous monitoring and control of activities.
« Tacilitate collaboration through BIM platforms and wvisualization tools

« Quickly adapt Lo change with advanced Lools such as LPS and JIT.

= Adopl CPS, BIM and AL Lo improve operational efficiency and promote a

safer working environment, reducing risks and accidents

« Focus on reducing waste and efficient use of resources, aligning with

principles of environmental sustainability

+ Promate continuous process improvement, automation and prediction ta

optimize project planning and execution.

Wonitor construction sites to identify risks and quality, generating alerts
Manage change by invalving people and administration.

Reduce time and costs by optimizing processes,

Use Al ta predict and mitigate errors, improving final quality.
Implement visual and collaberative tocls to improve transparency and

ing intensive

practices and digital technologies
advanced for project management.

o

« Adopt innovative practices and emerging technologies to maintain

competitive.

+ Integrate occupational health and safety data with BInM models
to predict and mitigate risks before construction.

+ Use NLP to generate accident reports and suggestions that
improve planning and safety.

+ Emplay digital toals to automate processes and improve
communication between teams through collaborative platforms.

+ Use ML to predict events based on data histerical and integrate
photogrammetric data with BIM and AL for energy modeling and
predictions.

+ Autemate pracesses resulting in significant savings and usc Al to
reduce incidents and aptimize energy and materials
management,

« Improve cemmunication and collaboration between project
parties, use materials efficiently and reduce waste.

+ Design more precisely, reducing errors and rework, and
aulomale repelitive Lasks, allowing professionals Lo focus on
creative aspects

+ They analyze data to make informed decisions and carry out
automated processes that improve energy efficiency and
precision.

Figure 10. Characteristics of Projects that Have Used LC, BIM and Al in the Construction Sector.

( Transversal Characteristics of L, BIM and Al Approaches Applied in the Construction Sector )

I

¥

« Systems are adaptable and scalable accarding to
project and business needs

« Toals and platforms are interoperable to
facilitate the integration of data and
collaboration.

« Implement Al to automate repetitive tasks and

improve operational efficiency.

Provide training programs on BIM, lean tocls

and Al technelogies to ensure effective adoption.

« Use open data standards to integrate multiple
data sources and technologies.

« Implement automatic monitorin,
Lo reduce manual work and improve accuracy,

+ They apply PDCA control cycles for continuous
improvement and proactive project
management

+ Use digital platforms for centralized
management of information, facilitating
coordination and collaboration between project

1

* Foster collaboration and effective
communication te ensure coordination and
information exchange among all project
participants.

+ Integrate digital tools such as BIM and AL
syslems Lo improve accuracy and efficiency in
project management, Apply Lean principles to
optimize processes and reduce waste.

+ Ensure Lhat Lhe Leam is up-Lo-dale with the
latest technologies and methodalogies,

+ Implement and adherc to standards that
facilitate interoperability and operational
efficiency.

+ Properly manage project information,
ensuring accuracy and real-time data
availability.

+ Imprave coardination and information flow
through shared platforms such as BIM.

+ Adopt continuous improvement cycles based

safety and quality of the project
= Use LPS and JIT to quickly adapt to changes project conditions.

* Prioritize the well-being, training and development of workers.,
use of resources
results,

system.

activities.

project.

« Implement 58, V8M and other LC tocls to improve efficiency. Use ML and Al
algorithms to optimize project planning, monitoring and control.

= Implement real-lime monitoring and risk management systems Lo ensure the

= Foster a culture of continuous improvement anc constant adaptation.

- Integrate sustainable practices to reduce environmental impact and optimize the

* Generate structured data with LC to train Al models, improving predictions and

» Consider people as a fundamental pillar of the success of the integrated LC and AT

- Improve project transparency and control by evaluating Al models.
+ Use Al to automate repetitive tasks, freeing up time for higher value-added

+ Promote interdisciplinary collaboration and transparency in all phases of the

+ Encourage continuous training to adapt to new technologies and methodologies

+ They offer interoperable and scalable
solutions for projects of different sizes and
complexities.

* The tocls are easy to use and accessible,
encouraging adoption by SMEs, with
interfaces that do not require advanced
technical knowledge.

« They provide ongoing training in BIM and 14
Lo ensure effective adoption, and have strong
technical support and maintenance plans,

+ Implement autemated processes that
minimize manual intervention and use
advance to improve energy predictions.

» They prioritize safety in the design and
operation of projects, efficiently manage
energy and materials for enviranmental
sustainability, minimize waste, and oplimize
resources.

+ Combine multiple data sources to improve

stakehalders

onthe LC principles and supported by BIM « Use AT to improve decision making through data analysis and prediction of
technology. trends and risks.

decision making,

Figure 11. Transversal Characteristics of LC, BIM and Al Approaches Applied in the Construction
Sector.

Conclusions

Integrating Lean Construction (LC), Building Information Modeling (BIM), and Artificial Intelligence (Al) in
construction project management marks a significant evolution in the industry. Through a systematic review
of 186 documents, this research demonstrates that combining these approaches can provide benefits that
exceed individual advantages, optimizing operational efficiency and reducing waste. LC eliminates activities
that do not add value, BIM facilitates the visualization and coordination of projects, and Al analyzes large

volumes of data and automates processes for more efficient execution.

The combination of BIM and Al provides powerful tools for informed decision-making. BIM visualizes
all aspects of the project, while Al analyzes this data to identify patterns, predict problems, and suggest
solutions. This allows project managers to make decisions based on concrete data and accurate simulations,

improving quality and results.

LC and BIM improve coordination and collaboration between teams and disciplines involved in a project.

BIM acts as a common language, uniting the project’s stakeholders, while the principles of LC promote agile
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and efficient work. The incorporation of Al reinforces this collaboration by automating communication and

providing real-time information for collaborative decision-making.

Implementing LC, BIM, and Al fosters a culture of innovation and continuous improvement in construction.
LC establishes a solid basis for constantly improving processes. BIM offers a platform to implement these
improvements visually and practically, and Al adds intelligence that allows automatic learning and continuous
adaptation. This integration contributes significantly to the sustainability and efficient management of
resources in construction projects, reducing costs and minimizing environmental impact, which is crucial to

complying with environmental and social responsibility standards.

The theoretical evidence and case studies reviewed show that integrating LC, BIM, and Al improves the
efficiency, quality, and sustainability of construction projects. The convergence of LC, BIM, and Al represents
the future of construction project management, offering a holistic and efficient approach that enhances

all aspects of the project life cycle. Adopting these technologies is not only a competitive advantage but a

necessity to address current and future challenges in the industry.

Future research that delves deeper into the integration and application of LC, BIM, and Al is highly
recommended. This research will not only allow the findings obtained in this theoretical research to be
empirically validated but will also provide a solid basis for evaluating its impact on improving construction
processes. Additionally, it will help identify specific opportunities to optimize efficiency, reduce waste, and
promote data-based decision-making in professional practice.
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