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Fast-advancing Artificial Intelligence (Al) has transformed many industries,
including construction. Al offers innovative solutions to increase efficiency
and effectiveness in various aspects of construction, one of which is selecting
building materials. By reading relevant literature, this study aims to
determine how much Al can help choose building materials so that projects
go more easily and quickly. Using SCOPUS as its principal database, this study
conducted a literature review. The method of this study begins with the
process of filtering articles using the key string: ("artificial intelligence" OR Al)
AND ("building materials" OR "construction materials") AND ("efficiency" OR
"time" OR "cost") to find relevant articles. The research results show that Al
can help improve time and cost efficiency in selecting building materials
through various means, such as data analysis, material recommendations,
cost optimisation, and performance estimation. In conclusion, this study
shows that Al has much potential to make choosing building materials more

efficient and effective, thus reducing building time, costs, and environmental
damage. Still, it also dramatically impacts building monitoring and
maintenance and task automation.
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1. INTRODUCTION
Modern developments in building materials technology have greatly influenced the improvement of
construction. The discovery of innovative materials, such as ultra-lightweight concrete [1], corrosion-resistant
steel for concrete reinforcement, and reinforced polymers [2], offers many benefits. The relationship
between humans and humanoid robots will inevitably strengthen in the coming years, potentially leading to
widespread adoption and serving as a form of social engagement [3], robotic technology and 3D printing in
the construction field accelerate the construction process and enhance its accuracy [4], Thus allowing the
development of complex and revolutionary structures. Therefore, it is essential for architects, engineers, and
contractors to consistently stay updated on advancements in technology and make thoughtful choices
regarding selecting appropriate materials for every construction project.
The successful completion of construction projects depends on the careful and efficient choice of
building materials. The selection process is essential for determining the quality, duration, and result of the
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work to be done. The right resources could also reduce construction's environmental effects while improving
a structure's strength, longevity, and service life. This intricate procedure for material selection must consider
numerous factors, such as the structure's purpose, environmental conditions, material availability, and
sustainability. Energy-efficient and long-lasting materials have the potential to result in considerable cost
savings over time in energy usage and building maintenance [5]. Alternative materials such as lightweight
brick, eco-friendly concrete, composite wood, and laminated bamboo may be viable options. Therefore, safe,
long-lasting, and ecologically conscious buildings can be constructed with careful consideration of various
issues and the careful selection of appropriate materials.

Determining the most suitable construction materials generates a complicated challenge. Despite
the wide variety of materials, since each material has specific features and limitations, the process of selecting
the most ideal one requires finding a balance between cost-effectiveness, sustainability (e.g. low carbon
footprint), safety factors (e.g., due to seismic activity, or strong wind), and functionality (e.g., healthcare
hygiene). Navigating through these complex factors can be a daunting task.

With the advancements in technology, particularly in the field of Artificial Intelligence (Al), the
process of selecting building materials could also be revolutionised. Traditional methods of selecting building
materials often rely on manual processes, which are time-consuming and might lead to errors. Al, on the
other hand, can process large datasets quickly and efficiently, considering numerous factors such as cost,
availability, sustainability, and performance characteristics of materials. Using Al algorithms, construction
professionals can access real-time data on various building materials. [6], compare their properties and
identify the most suitable options for specific project requirements. This approach ensures that decisions are
based on evidence-backed analysis rather than subjective judgment, leading to more accurate selections of
building materials that align with project goals and specifications. The advancement of Al in construction
creates new prospects for improving efficiency, safety, and sustainability [7]. This paper will address and
investigate these changes, focusing on the scope in which artificial intelligence is used and implemented in
the building and construction sector, especially to explore how far the Al's ability to assist in the analysis and
decision-making process while selecting suitable building materials.

This study adapts some part of a systematic literature review method to examine existing research
and present a complete overview. Several literature review studies on artificial intelligence have been
published, but they mainly focus on using Al in building materials selection. However, this paper will also
discuss other areas like damage detection/monitoring systems, energy efficiency, predicting mechanical
properties, i.e. compressive strength, and structural performance assessment. To the best of the authors'
knowledge, there needs to be a more dedicated discussion on the relationship of artificial intelligence to the
effectiveness of building materials selection. Therefore, to improve the ability of artificial intelligence to assist
in the effective selection of building materials, a literature review is first necessary to ensure understanding.
The findings of this study are likely to give valuable insights to stakeholders in the construction sector, paving
the path for more widespread use of Al to build a safer, more sustainable, and efficient future.

2. RESEARCH METHOD

This article employs systematic review techniques even though it only partially satisfies the
guidelines and references outlined in the implementation protocol for Systematic Literature Review reporting
developed by M. J. Page et al. [8]. Consequently, the author must assert that the article's title is a systematic
literature review. The process of composing this review article commences with a research question that aims
to determine the extent of Al's advancements in the field of construction and building materials, particularly
in its application and utilisation to enhance the efficiency of the selection of building materials and the
efficiency of construction stages, including time and cost. The subsequent phase involves the search for
articles from reputable and trusted databases, such as SCOPUS. Keywords guarantee consistency and prevent
bias when conducting an article search. Following acquiring these articles, a selection process is implemented
to identify pertinent articles that can address research inquiries. The results of selecting these articles are
subsequently reviewed, traced, and presented in this article's results and discussion portions. To enhance the
legibility and comprehension of this article, processed graphic forms, including images and graphs, will be
included.

The process of gathering articles starts by creating research questions or determining the goal of the
literature review. The primary objectives of this study are to assess the influence of Al on the construction
industry and the development of building materials technology. Specifically, we aim to investigate how Al
influences the selection of effective and efficient building materials. A compilation of essential

Unveiling the Potential of Al Assistants: A Review of Al in Building Materials Selection
(Andi Prasetiyo Wibowo)



Journal of Artificial Intelligence in Architecture 107

keywords/strings was generated and structured to get the answer to this question in the following way:
("artificial intelligence" OR Al) AND ("building materials" OR "construction materials") AND ("efficiency" OR
"time" OR "cost"). Subsequently, the key string is employed to retrieve articles from the SCOPUS database.
The use of the Scopus database relies on the author's prior experience, which demonstrates that the Scopus
database is a dependable repository of research articles. Figure 1 displays the outcomes of the article
compilation. After searching and gathering articles, the metadata obtained from the search is incorporated
into a reference manager program or software like Mendeley or Zotero. This software helps organise the
articles and prevents any duplication. Adding article data to this reference manager programme significantly
simplifies the screening/selection process. The screening or selection process is conducted through multiple
steps, as depicted in Figure 3. This article will address articles that do not match the requirements, including
those that will be discussed in detail. The purpose is to provide a comprehensive overview of the writing
process and to demonstrate each stage leading up to the final display of an article that aligns with the
objectives and research questions.

The author utilised Al-based software, specifically Gemini and claude.ai, to compile and match the
selection results for this paper. Applications such as Grammarly and Quillbot were employed to enhance and
verify grammar, facilitating readers' comprehension. The selected articles were examined more thoroughly
using the typset.io and elicit.com applications. Additionally, the author utilised map-this.com software to
generate a mind map of the article's contents, aiming for better understanding. The utilisation of Al-driven
software is restricted solely to aiding in the compilation of articles. At the same time, the generation of ideas
and the determination of the writing direction remain within the author's control. The author takes complete
responsibility for the content of the writing.

3. RESULTS AND DISCUSSION

This section will give the findings of the search and data analysis conducted on previously gathered
publications, which will then be synthesised into a review article. A search was conducted in the SCOPUS
database using predetermined keywords/keywords, which yielded 168 publications (Figure 1). The SCOPUS
Ai feature is included here as part of the first mapping of 168 articles that fulfil the search parameters (Figure
2). Based on the mapping, it is evident that among the 168 articles, there are three prominent topics: Al in
building materials selection, Building materials, and Material Management. Hence, the primary objective of
this review is to assess the level of advancement and use of artificial intelligence (Al) in automating the
process of selecting building materials. A thorough selection and screening procedure must be conducted.
Subsequently, the results/selection process effectively determined four articles that aligned with the
intended goal of authoring this post. Figure 3 displays each of the stages of the complete selection outcomes.

While this paper primarily focuses on four selected articles, it also incorporates other documents as
a starting point and introduction to the primary issue. The rationale for analysing the records that were not
chosen is twofold: firstly, to present a comprehensive overview of the process involved in preparing a
literature review, and secondly, to give readers further insights into the role of Al in construction and building
materials. The content of this chapter is organised according to the stages of selection. It begins with papers
that discuss Al but are unrelated to construction and building materials. Then, it includes articles that mention
Al as suggestions for future research. Next, it focuses on the application of Al in construction and building
materials. Finally, the discussion delves into a detailed analysis of the four selected articles.
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While conducting the literature review on using artificial intelligence (Al) in building material
selection, several articles mentioned Al but were unrelated to building materials selection. One of those
articles talks about the concept of applying Al to this domain as early as the late 1980s and early 1990s [9].
Another study proposed a routing algorithm leveraging Al to reduce travel and order-picking time in
warehouse management [10]. The article demonstrated the potential of Al to improve efficiency in logistics
and supply chain operations, but it also fell outside the scope of the current literature review. While we focus
on Al's role in building materials, our review uncovered other interesting advancements in materials
science. One study demonstrates the creation of highly robust and conductive carbonized bamboo aerogels
(CBA) through a simple three-step process [11]. This innovative material has potential applications beyond
construction, such as wearable strain sensors for human motion recognition when combined with silicone
composites. Similarly, another study explores the use of advanced characterization techniques like X-ray
diffraction (XRD) and electron microscopy (SEM) to analyze the structural changes occurring during the
synthesis of geo-polymers [12]. The last two mentioned studies, though not directly related to Al, showcase
the ongoing development of novel materials with unique properties that could benefit the construction
industry in the future.

The filtering procedure of this literature review article also yields numerous articles that match the
critical string criteria but do not necessarily meet the purpose of the literature study. Those studies, as the
abstract mentioned, only provide insightful information and point up exciting directions for future research,
especially in machine learning (ML) and artificial intelligence (Al). One study underscores the potential of Al
for various applications within the construction industry, inviting further exploration in this area [13].
Another highlights the limitations of a current method for asbestos detection and suggests investigating
machine learning as a more practical approach in the next phase [14]. Similarly, a separate study emphasizes
the need for extensive knowledge of existing buildings, which could be facilitated by utilizing Al and machine
learning alongside established technologies like BIM and GIS [15]. Meanwhile, research into concrete mixture
properties suggests incorporating new learning techniques to improve them in future studies [16]. These
references collectively point towards a future where Al and machine learning significantly advance
construction processes and materials science.

3.1. The Rise of Al in Monitoring: From Bridges to Buildings

The future of monitoring across various infrastructure and construction projects is increasingly
intertwined with Artificial Intelligence (Al). This section explores the diverse applications of Al in monitoring,
showecasing its potential to revolutionize how we assess and manage the health of our built environment.

Firstly, Al is employed in bridges and buildings' structural health monitoring (SHM) systems. An
integrated system for the Zhejiang Bridge utilizes Al for data management and decision-making, enabling
proactive maintenance strategies [17]. Firstly, Al is employed in bridges and buildings' structural health
monitoring (SHM) systems. An integrated system for the Zhejiang Bridge utilizes Al for data management and
decision-making, enabling proactive maintenance strategies [18]. This technology extends beyond bridges,
with research exploring the use of Al for monitoring street and road networks and the condition of power
transformers [19] [20].

Beyond traditional monitoring techniques, Al offers innovative approaches to analyzing data. For
instance, researchers have utilized convolutional neural networks (CNNs) to analyze images and classify road
conditions based on surface quality [21]. Similarly, Al is being explored for analysing acoustic emission signals,
potentially leading to improved methods for structural health monitoring [22].

The impact of Al extends beyond existing structures to the design and development of new
materials. Studies are investigating Al algorithms to optimize the design of Cemented Hydraulic Backfill (CHB)
used in underground construction, aiming to achieve desired strength levels more efficiently. [23].
Furthermore, Al has the potential to play a crucial role in corrosion control and protection strategies for
existing infrastructure [24].

Looking beyond traditional infrastructure, Al is finding applications in building inspections. Research
explores using Al alongside non-destructive inspection techniques like microwave technology to detect issues
like tile separation [25]. Even in cultural heritage preservation, Al-based tools are being developed to assess
the vulnerability of monuments, aiding in proactive conservation efforts [26].

In conclusion, these references paint a clear picture: Al is rapidly transforming the monitoring
landscape across various aspects of construction and infrastructure. From bridges and roads to buildings and
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cultural heritage sites, Al offers a powerful toolkit for proactive monitoring, improved decision-making, and,
ultimately, a more resilient built environment.

3.2. The Role of Al in Boosting Operational Efficiency and Reducing Costs

Artificial intelligence (Al) is revolutionizing various industries by enhancing efficiency and cost-
effectiveness through innovative applications. For instance, adopting intelligent automatic detection,
classification, and optimization in sawing production lines has led to a remarkable improvement in the wood
processing sector. The comprehensive utilization value of optimized sawing timber using Al is 14.13% higher
than that of manually marked sawing timber, highlighting significant resource use and operational efficiency
gains [52].

In the construction industry, Al has developed advanced methods for materials design and supply
chain management. An Al-based method for cement-slag concrete design balances economic and mechanical
properties, ensuring cost-effective and high-performance materials [53]. Furthermore, Al tools facilitate the
efficient analysis and management of building materials and technical resources and the automated
recording of used and damaged resources on construction sites [54]. This capability optimizes resource
allocation, minimizes wastage, and reduces overall project costs.

Al's role in selecting outsourcing suppliers is another area where its impact is profoundly felt. A new
model incorporating the Analytic Hierarchy Process (AHP) with a Particle Swarm Optimization (PSO) algorithm
offers a superior method for choosing suppliers based on quality, price, and delivery. This hybrid approach
outperforms traditional methods like genetic algorithms and ant colony optimization, leading to more
effective and cost-efficient supplier selection [55].

Moreover, Al aids in environmental sustainability within the construction sector. A method
combining construction cost and carbon emission considerations mimics the traditional A+B (price-time bi-
parameter) procurement method, effectively reducing greenhouse gas emissions [56]. Additionally, a web-
based Decision Support System (DSS) accurately estimates construction and demolition waste (CDW)
quantities for various building types. It proposes optimal end-of-life management alternatives considering
economic and environmental criteria [57]. This system underscores the economic benefits of recycling
concrete from building demolitions through a closed-loop material cycle, supported by a bi-objective mixed-
integer linear optimization model that optimizes the location and number of sorting screens and defines
material flows within a regional recycling network [58].

Lastly, Al accelerates the development of greener alternatives to traditional building materials. For
instance, alkali-activated binders, which reduce CO2 emissions compared to conventional cement, benefit
from Al's ability to swiftly determine optimal material formulations. Contribution Al expedites development
and enhances environmental sustainability through user-friendly interfaces and efficient experimentation.
[59]. By integrating Al into these processes, industries can achieve significant cost savings and operational
efficiencies while contributing to environmental conservation.

3.3. Al-Driven Estimation for Enhanced Efficiency and Cost-Effectiveness in Construction

Artificial intelligence (Al) is becoming a cornerstone in enhancing efficiency and cost-effectiveness
across various construction and building maintenance aspects. One notable application is in predicting the
properties of construction materials. For instance, Al models such as multilayer perceptron neural networks
and supervised machine learning methods like Bagging, AdaBoost, and Random Forest have been utilized to
predict the ultrasonic pulse velocity of waste marble dust concrete, which is closely related to its density and
compressive strength [60]. Additionally, the thermal conductivity coefficient of rubberized concrete can be
accurately estimated using Al, contributing to better energy efficiency in buildings [61].

Al also plays a crucial role in predicting the durability of building materials. Methods like the Adaptive
Neuro-Fuzzy Inference System (ANFIS), Genetic Programming (GP), and Multi-expression Programming (MEP)
have been implemented to predict the biological corrosion of structures [62] , such as cement concrete (CC)
and sulfur concrete (SC) in sewer systems, ensuring long-term durability and reducing maintenance costs
[63]. Furthermore, the relationship between cost and building energy consumption has been thoroughly
investigated using Al models like Extreme Learning Machine (ELM) and Teaching Learning Based Optimization
(TLBO), revealing a strong positive correlation that helps optimise both economic and energy aspects of
building management [64].

Energy efficiency is another critical area in which Al makes significant contributions. A hybrid
simulation strategy that integrates Al techniques with the EnergyPlus™ building energy simulation tool has
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been proposed to predict the annual cooling energy consumption of residential buildings, particularly in
regions like Hong Kong, enhancing the overall energy management of buildings [65]. Moreover, the
performance analysis of wall insulation for energy efficiency has been improved using thermal conductivity
predictors based on the Harmony Search (HS) algorithm [66].

Al's role extends to non-destructive testing and maintenance of buildings. A non-destructive system
based on electrical tomography and machine learning analyses the moisture content in building materials like
bricks and cement, utilizing special electrodes to ensure good contact with surfaces [67]. Similarly, thermal
imaging integrated with Al, such as a convolutional neural network (CNN), allows for automated inspection
and problem identification in high-temperature floor blocks, preserving the building structure while providing
detailed analysis [68].

Regarding conservation and preservation, Al-driven expert systems have been created to identify
the most effective repair methods for specific building materials and propose appropriate conservation
techniques. This approach ensures systematic problem-solving, saving time and providing efficient
conservation methods for heritage buildings [69].

Through these various applications, Al not only enhances the efficiency and cost-effectiveness of
building construction and maintenance but also ensures the sustainability and longevity of the structures,
making it an indispensable tool in modern construction practices.

3.4. Predicting the Strength Properties of Concrete Using Al

In recent years, artificial intelligence (Al) and machine learning (ML) techniques have gained
significant traction in predicting the strength properties of concrete mixtures. Several studies have explored
applying these advanced computational methods to estimate concrete's compressive strength, flexural
strength, and other mechanical properties incorporating various materials and additives.

One area of focus is predicting compressive strength for concrete mixtures incorporating silica fumes
and steel fibres [39], as well as the assessment of steel-fibre-reinforced concrete (SFRC) in terms of flexural
strength (FS) prediction [40]. Additionally, researchers have applied multiple Al methods to find the most
accurate input-output relationships within concrete mixtures [41], We are aiming to develop reliable
predictive models. Furthermore, data-driven techniques like artificial neural networks (ANNs), genetic
programming, and fuzzy logic have been employed to efficiently predict the 28-day strength of concrete [42].
While fuzzy logic algorithms have shown promising results, efforts have been made to streamline the rule-
defining process by leveraging model tree approaches.

Extending the application of Al to novel materials, a study developed an Al model using machine
learning algorithms to predict the compressive strength of Nano silica-concrete mixtures [43]. This model was
trained on experimental data and incorporated information on Nano silica particle properties, demonstrating
the potential of Al in optimizing the use of emerging nanomaterials in concrete. Moreover, researchers have
conducted comprehensive reviews of successful ML and deep learning (DL) model applications for predicting
concrete mechanical properties [44]. These reviews provide valuable insights and pave the way for further
advancements in this field.

3.5. Concrete Additives and Waste Materials

In addition to traditional concrete mixtures, Al and ML techniques have been explored for predicting
the properties of concrete incorporating waste materials and industrial by-products. One study [45] aimed to
predict the compressive strength of concrete containing waste foundry sand (CCWFS) using a hybrid approach
combining biogeography-based optimization (BBO) and artificial neural networks (ANNs), minimizing reliance
on experimental activities. Similarly, supervised ML techniques, such as decision trees (DT) with XGBoost and
Gradient Boosting, and support vector machines (SVM) with Bagging and AdaBoost, have been employed to
predict the compressive strength of recycled coarse aggregate concrete (RCAC) [46]. Techniques like Shapley
additive explanations (SHAP) analysis have also been used to understand the influence of input parameters
and their interactions on RCAC's compressive strength. Furthermore, researchers have used Al to estimate
the splitting-tensile strength of concrete containing recycled coarse aggregate (RCA) [47]. The performance
of ANNs has also been evaluated for predicting the strength parameters of concrete containing waste foundry
sand (CCWFS) [48], exploring sustainable alternatives to traditional concrete mixtures.

3.6. A.l for Other Applications in Building Materials and Construction
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Beyond predicting strength properties, Al and ML techniques have also been employed in other
areas related to concrete and building materials. For instance, a study [49] utilized Al and ML to predict steel's
time-temperature-transformation (TTT) curve, a crucial parameter in material design and processing, using
limited experimental data. When exposed to abrupt thermal loads, soft computational approaches have been
applied to analyze the thermoelastic reaction of advanced building materials, such as concrete sandwich
beams with transversely graded composite face sheets [50]. These investigations demonstrate the versatility
of Al and ML techniques in addressing various challenges in structural engineering and building materials.

Overall, the presented references highlight the growing adoption of Al and ML techniques in
predicting the strength properties of concrete mixtures, optimizing the use of sustainable materials and waste
products, and addressing various challenges in the construction and materials science domains [51]. As these
techniques evolve, their applications in building materials are expected to expand, leading to more efficient
and sustainable practices.

The role of Al in construction material selection will be the primary emphasis of this review;
nevertheless, the impact of Al goes much beyond this sector. Design, planning, execution, and maintenance
are just a few areas of the construction workflows that Al is transforming.

One exciting application lies in automated construction processes. Research explores using Al
robotics for tasks like wooden residential construction, paving the way for greater efficiency and potentially
lower costs [27]. This technology can automate repetitive tasks currently performed by human workers, such
as framing, panelling, and installation. By reducing reliance on manual labour, Al robots could significantly
shorten construction times, leading to faster project completion and lower costs for homeowners and
developers. Furthermore, Al also influences the design and construction of intelligent interiors. Studies delve
into the development of Al-based materials that enhance the indoor environment and living experiences
through advanced technology integration [28]

Beyond the physical structure, Al plays a role in project management and optimization. For instance,
research explores using Al models to support contractors in price negotiations [29] and manage sustainable
supply chains within the construction materials industry [30]. Al can even predict greenhouse gas emissions
during construction, allowing for more environmentally friendly practices [31].

For the construction phase, Al-powered 3D printing offers exciting possibilities. Researchers are
actively exploring how machine learning can improve this technology for efficient and precise construction
[32]. Additionally, Al is being harnessed for robot-assisted object detection during building inspections [33]
and even autonomous building maintenance with the help of nanotechnology [34].

Al further enhances data management and optimization. Semantic web technologies are being
investigated to support building performance assessment, allowing continuous improvement [35]. Similarly,
Al platforms can improve the quality, efficiency, and standardization of visual inspections [36]. Al can even
optimize construction scheduling, with research demonstrating solutions for minimizing crane working time
through algorithms like ant colony optimization [37].

Finally, Al is being used to support sustainable design decisions. By integrating life cycle assessment
(LCA) with Al, researchers are developing models to help project owners and architects select building
structures and materials that minimize environmental impact and total costs throughout the building's
lifespan [38].

In conclusion, these diverse applications highlight the immense potential of Al to transform the
construction industry, making it more efficient, sustainable, and intelligent from conception to completion.

3.7. MAIN FINDINGS: Integrating Artificial Intelligence in Construction Material Evaluation and Decision
Support.

Integrating artificial intelligence (Al) and advanced optimization techniques is transforming the
construction industry by enhancing the efficiency and accuracy of material selection processes. The main
findings of this research revolve around four key references. First of all, a framework that integrates system
dynamics (SD) and ant colony optimization (ACO) modules to promote sustainable and environmentally
friendly practices in the selection of building materials based on LEED credits and costs is proposed in
References [70] and [71], which the author determined to be the same study. This approach demonstrates
the potential of integrating Al techniques with sustainability goals in the construction industry.

Then, Reference [72] presents a hybrid approach that combines artificial intelligence methods, such
as case-based reasoning and neural networks, with traditional techniques like regression analysis. This
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combination aims to develop accurate estimates of resource requirements, including construction material
quantities, in project planning and execution.

Next, Reference [73] introduces a theoretical evaluation model based on decision support methods
for selecting residential construction materials and elements. This model provides a structured approach to
material selection, considering various factors relevant to residential construction projects.

Lastly, reference [74] highlights the potential of Al-based approaches to improve material selection
in the construction industry. By leveraging Al techniques, this study suggests that the time, costs, and errors
associated with manual material selection methods can be reduced, leading to more efficient and accurate
decision-making processes.

Despite not being selected as the primary references, other references can be considered because
of their relevance to the research objectives. Reference [75] explores the application of Al and image
processing techniques to reuse steel in the construction industry, contributing to sustainable practices and
material conservation. Reference [76] evaluates the performance of different machine learning techniques,
such as Multilayer Perceptron (MLP), Radial Basis Function (RBF), and Support Vector Machine (SVM), for the
detection and classification of common building materials like concrete, red brick, and Oriented Strand Board
(OSB) boards.

By encompassing these references, the main findings chapter offers a comprehensive overview of
the research outcomes, including Al-based frameworks for sustainable material selection, hybrid approaches
combining Al and traditional techniques for resource estimation, theoretical models for residential
construction material selection, and the potential of Al-based approaches to improve material selection
efficiency. Additionally, the chapter acknowledges the relevance of Al and image processing techniques in
steel reuse and building material detection, highlighting the broader applications of these technologies in the
construction industry. For comparison, Table 1 shows the selected paper's method, research objectives, and
practical implications.

Table 1. Method, Research Objectives, and Practical Implications of Selected Paper

PAPER CODE
Title/references

PAPER-1

Selecting Sustainable
Building Materials Using
System Dynamics And
Ant Colony Optimization
(Marzouk et al. —2012)
[71]

PAPER-2

Preliminary Resource-
based Estimates
Combining Artificial
Intelligence Approaches
and Traditional
Techniques

(DeSoto and Adey —
2016) [72]

PAPER-3

Model For Residential
House Element And
Material Selection By
Neutrosophic
MULTIMOORA Method
(Zavadskas et al. —2017)
(73]

PAPER-4

Revolutionizing Material
Selection in Construction
4.0: A Comparative
Analysis of Artificial
Intelligence Technologies
(Kaulage et al. —2023)
[74]

Methods Used

- System Dynamics
module for material
selection based on
Leadership in Energy and
Environmental Design
(LEED) credits.

- Ant Colony
Optimization module for
green building material
selection.

- Regression analysis,
neural networks, and
case-based reasoning
were utilized.

- Backward elimination
technique was employed
to evaluate the variables.
- Historical data was used
to estimate Construction
Material Quantities
(CMQs) of target
structures.

- Step-Wise Weights
Assessment Ratio
Analysis (SWARA)
method for criteria
weighting evaluation.

- Single-valued
neutrosophic set for
decision-making model.

- Supervised and
Unsupervised Learning.
- Decision trees, Neural
networks, K-means
clustering, Principal
component analysis.

Research
Objectives (RO)

- Develop framework for
sustainable material
selection in residential
buildings.

- Optimize material
selection based on LEED
credits and costs.

- Combine Al with
traditional techniques for
accurate resource-based
cost estimates.

- Improve decision
support for project
managers and decision
makers.

- Develop a theoretical
model for residential
house construction
materials selection.

- Implement the Multi-
Objective Optimization
on the basis of a Ratio
Analysis plus the full
Multiplicative form
(MULTIMOORA) method
for single-family
residential building
projects.

- Assess building
elements and materials

- Analyse Al technologies
for material selection in
Construction 4.0.

- Compare supervised
and unsupervised
learning, neural
networks, and clustering
algorithms.
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for sustainability in
single-family houses.

- Framework aids in
selecting green building
materials with LEED
credits.

- Integrates
environmental and
economic constraints for
sustainable material
selection.

Practical
Implications

- Combining Al and
traditional techniques for
accurate resource-based
cost estimates.

- Improved decision
support for project
managers and better
tracking mechanisms.

- Potential for use in
various infrastructure
projects and other
structures.

- Integration of learning,
adjusting, and estimating
concepts for better
estimates.

- Offers decision support
for single-family house
materials and elements
selection.

- Enhances sustainability
in building design
through material
selection criteria.

- Provides a theoretical
model for creating a
decision support system.

- Al enhances material
selection in Construction
4.0 for high-performance
buildings.

- Reduces time, costs,
and errors in manual
selection methods.

It is apparent from the four selected papers that three of them (PAPER 1, 3, and 4) concentrate on

the weight of the criteria for selecting building materials. In contrast, PAPER-2 concentrates on cost efficiency
in selecting building materials. For additional information, refer to figures 4, 5, 6, and 7, which illustrate the
mapping of papers 1, 2, 3, and 4, respectively.
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Figure 4. Mind Map of Paper-1 [71]
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The construction and industrial sectors are increasingly recognizing the significance of sustainable
practices and minimizing environmental impact, driven by growing concerns about the ecological
consequences of their activities and the need for responsible development. Several articles emphasize the
importance of selecting environmentally friendly materials and incorporating green rating systems like LEED
to promote sustainability in building design and construction.

Concurrently, advancements in artificial intelligence (Al) and machine learning (ML) techniques are
transforming various processes within these domains. Multiple articles highlight the application of these
technologies for material selection, cost estimation, predictive analytics, and handling large datasets. By
identifying patterns and making informed decisions, Al and ML are improving the efficiency and accuracy of
estimations, ultimately enhancing decision-making processes in these sectors.

Another notable area of emphasis is integrating advanced computational methods, such as neural
networks, regression analysis, and case-based reasoning. These techniques enhance the accuracy and
efficiency of estimations and decision-making processes in construction and industrial settings. By leveraging
sophisticated computational methods, stakeholders can make more informed decisions and optimize their
operations.

Multi-criteria decision-making approaches are also commonly utilized to evaluate and select optimal
alternatives based on various criteria, such as cost, environmental impact, and material properties.
Techniques like the SWARA method and neutrosophic MULTIMOORA are employed to rank and select the
best options, considering multiple factors simultaneously. This approach ensures that decisions are made
holistically, considering all relevant aspects rather than focusing on a single criterion.

Despite advancements in technology and computational methods, the articles highlight data
availability's challenges and limitations. The accuracy and reliability of estimations and predictions are often
hindered by a lack of comprehensive data or the unavailability of similar cases or detailed project
documentation. Addressing these data limitations is crucial for enhancing the effectiveness of the employed
techniques and methods.

While the primary application areas discussed in the articles are the construction and industrial
sectors, the principles and methodologies can be extended to other domains. Al, advanced computational
methods, and multi-criteria decision-making approaches can be adapted to improve processes, optimize
resources, and make informed decisions across various industries.

The articles emphasize the importance of expert input and feedback throughout these decision-
making processes. Experts play a vital role in determining criteria weights, validating models, and providing
practical insights to enhance the reliability of the outcomes. Their domain knowledge and experience ensure
that the techniques and methods align with real-world practices and considerations.

4. CONCLUSION

In conclusion, a growing body of research underscores the transformative potential of Artificial
Intelligence (Al) in construction material selection. This review has examined various studies demonstrating
how Al empowers construction professionals to make informed decisions throughout the building process.
By leveraging Al's analytical capabilities, the selection of materials can transcend traditional considerations
like cost and strength, leading to a more holistic approach to those factors in long-term performance,
sustainability, and project-specific needs.

The keyword mapping in this research can be used to lead and as a foundation for searching related
papers for future research. For example, the study found that Ant Colony Optimization or Step-Wise Weights
Assessment Ratio Analysis (SWARA) could be explored using A.l. to help decide the optimum and efficient
selection of building materials. From this point, future works could utilize the same method to be improved
or to find different approaches. Meanwhile, other findings that can be observed from the study on how A.l.
can revolutionize material selection:

e Data analysis: Al can process large amounts of material data to help identify optimal materials.

e Cost optimization: Al can help with accurate cost estimation and identify cost-effective material
alternatives.

e Performance forecasting: Al can predict long-term material performance, helping to select durable,
low-maintenance materials.

e Task automation: Al can automate repetitive tasks, such as data collection and analysis, freeing
professionals' time to focus on more strategic aspects.
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e Material recommendations: Al can provide material recommendations that match project needs
and budget.

By harnessing the power of Al, construction professionals can leverage data-driven insights,
streamline decision-making processes, and unlock new avenues for innovation. The ability to process vast
amounts of material data empowers Al systems to identify optimal materials that meet project specifications
while considering cost, durability, and environmental impact. Furthermore, Al-driven material
recommendations can seamlessly align with project needs and budgetary constraints, ensuring optimal
resource allocation and cost optimization.

Moreover, Al's forecasting capabilities extend beyond material selection, enabling professionals to
predict long-term material performance and make informed choices prioritising durability and low-
maintenance requirements. This proactive approach enhances the longevity of structures and contributes to
cost savings over the building's lifespan.

Equally significant is Al's potential to automate repetitive tasks, such as data collection and analysis,
thereby freeing up valuable time and resources for construction professionals to focus on more strategic and
value-adding aspects of their work. Combining human expertise and Al-driven automation creates a
harmonious ecosystem where efficiency and productivity thrive.

The next step derived from this research is developing and perfecting the algorithm regarding the
effectiveness of building materials selection. Other studies may be conducted, but not limited to exploration
development and creating software that can be used to calculate and extract information about the best
options/choices regarding building materials selection. Studies in specific regions are also attractive to discuss
since different structure types, building architecture, and other factors like the availability of materials,
regulation, and standardization could become a concern and influence factor.
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