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Abstract: This study systematically reviews 94 journal articles published
between 2000 and 2024 to examine the application of artificial intelligence (Al)
in construction management (CM). The review focuses on Al's role in
managing quality, time, and cost, which are critical factors for project success.
The findings reveal a growing trend in Al adoption, particularly in areas such
as scheduling and quality control. However, the use of Al for on-site CM,
especially in Vietnam, remains limited and underexplored. This research aims
to assess international Al practices and their potential applicability to Vietnam,
analyzing how these technologies could improve efficiency, accuracy, and
safety in construction projects. The implications of these findings suggest that
embracing Al technologies could lead to enhanced project outcomes in
Vietnam's construction industry by optimizing quality management, improving
scheduling efficiency, and better controlling costs.

Keywords: Artificial Intelligence (Al); Construction Management (CM); Quality
Management; Schedule Management; Cost Management.

1. Introduction

Defining project management has been a
subject of ongoing discussion since the 1950s.
Sdderlund [1,2] identified Gaddis [3] as the first to
define project management,
completion of projects within specified timelines,
budgets, and requirements. Atkinson [4] and Ke
and Ma [5] highlighted three key factors—time,
quality, and cost—which became known as the
in project management.
concept was further explored by Zid et al. [6], who
linked project success to the accurate identification
of these "Iron Triangle" values.

"Iron Triangle"

emphasizing the

In construction projects, adherence to
schedule, cost, and quality, often called the "iron
triangle," is widely recognized as the primary
determinant of success [7]. Al-Ageeli and
Alzobaee [8] sought to identify both criteria and
factors that significantly influence project success.
Their findings highlighted "quality," "time," and
"cost" as the three most critical success criteria
among ten identified. Similarly, EI-Maaty et al. [9]
emphasized the "iron ftriangle" as a prevalent
measure of project performance. Aggor et al. [10],
grounding their research in the "iron triangle,"
scientific management, and strategic management
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theories, investigated the implementation of
construction projects with a focus on time, quality,
and cost. They noted that these success factors
are often overlooked by construction project
management  professionals in  developing
countries. More recently, Kumar et al. [11] identified
10 factors that influence construction management
(CM) success: scope, time, cost, resources,
stakeholders, quality, risk, procurement,
communication, and integration. Their work re-
affrmed the continuing importance of the
traditional "iron triangle" (cost, time, quality).

In Vietnam, CM involves overseeing various
entities and processes related to construction
activities, as specified in Decree No. 06/2021/ND-
CP and No. 15/2021/ND-CP. This includes
managing quality control, construction progress,
cost management, safety protocols, and
adherence to design specifications to ensure that
projects are completed safely, on time, and within
budget [12,13]. These areas emphasize the
importance of quality, time, and cost in achieving
successful CM. Decree No. 06/2021 further

Cost

Quality Time

(a) In project management,
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specifies a 12-step CM process [12]. The third step,
concerning the construction contractor's
management responsibilities, highlights  the
contractor's focus on quality, time, and cost to
ensure the successful fulfillment of the construction
contract with the investor [12]. Ultimately, the
success of CM, whether from the perspective of the
investor, contractor, or consulting unit, hinges on
these three factors—quality, time, and cost —
mirroring the "iron triangle" concept in CM.

The Vietnamese government is increasingly
emphasizing the use of information technology in
CM. Investors and contractors are encouraged to
adopt information technology applications and
solutions for CM activities [14]. This includes using
electronic formats for construction logs and pre-
acceptance test records, along with digital
signatures on these documents, in compliance with
electronic transaction laws. These guidelines are
detailed in Circular No. 10/2021/TT-BXD [14],
which  provides  further instructions on

implementing Decree No. 06/2021/ND-CP and
Decree No. 44/2016/ND-CP [15].

Cost

Quality
Occupational safety and

environmental construction

(b) In construction management,

Fig. 1. lllustration of the Iron Triangle: (a) in project management and (b) in construction management

Artificial intelligence (Al), which is a
prominent global trend with diverse applications
across numerous industries, is also increasingly
relevant to the field of CM [16]. The term Al,
originating in the 1950s, is recognized for its
potential to transform the execution of construction

projects [16]. In this study, Al is defined as systems
or algorithms capable of performing tasks that
require human-like intelligence, including learning
from data and making informed decisions. The
distinction between Al applications and general
digital technologies is important; while tools such
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as 3D modeling, 4D simulations, and UAVs are
significant digital technologies that enhance project
efficiency and can be used as inputs for Al
solutions in CM, they do not possess the adaptive
capabilities inherent to Al. Current applications of
Al in CM include contract management through
large language models and generative design via
Building Information Modeling (BIM), which allows

for the exploration of numerous design
alternatives. Additionally, integrating BIM with
Geographic Information Systems (GeoBIM)
facilitates the creation of digital twins for

operational management. However, the application
of Al specifically for on-site CM is still developing
and requires further investigation. The growing use
of Al in the construction industry, specifically in CM,
is evident in studies published in journals such as
Automation in  Construction, Journal of
Management in Engineering, Journal of Soft
Computing in Civil Engineering, Applied Soft
Computing, Journal of Construction Engineering
and Management, Journal of Asian Architecture

Vo et al

and Building Engineering, and Advanced
Engineering Informatics.

This paper offers a systematic literature
review concerning Al applications in CM, with a
particular emphasis on the on-site management of
construction works. This review analyzes existing
research to determine trends, identify areas
requiring further investigation, and suggest
potential avenues for future research in this area.
This review primarily focuses on international
research contributions regarding Al applications in
CM, with an emphasis on assessing their
relevance and potential implementation within the
Vietnamese context. By examining how Al is
employed to manage quality, time, and cost in
construction projects, the insights gained from
international studies provide a framework for
understanding how Al technologies can be applied
to address specific challenges faced by the
Vietnamese construction sector, such as improving
project efficiency and quality management.

2. Materials and Methods
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Fig. 2. Flowchart of the proposed research methodology in this study
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keywords
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Fig. 3. lllustration of the systematic literature review process

Table 1. The journal databases used in the review process in this study
Journal Papers

Advanced Engineering Informatics 5
Applied Soft Computing 1
Architectural Engineering and Design Management 1
Automation in Construction 24
Canadian Journal of Civil Engineering 1
Computer-Aided Civil and Infrastructure Engineering 1
Computers in Industry
Conference 20
Expert Systems with Applications
Frontiers in Built Environment
IEEE Internet of Things Journal
International Journal of Managing Projects in Business
International Journal of Project Management
International Journal of Remote Sensing

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences
Journal of Architectural Engineering

Journal of Asian Architecture and Building Engineering

Journal of Computing in Civil Engineering

Journal of Construction Engineering and Management

Journal of Information Technology in Construction

Journal of Management in Engineering

Journal of Management in Engineering

Journal of Soft Computing in Civil Engineering

Multidimensional Systems and Signal Processing

Organization, Technology and Management in Construction 2020
Smart and Sustainable Built Environment

The Journal of Applied Science and Technology Trends (JASTT)
PhD Thesis

B s N I N B N B N S N P N S

—_
»

Al alAalalalalalalalo

Various methods exist for conducting literature, based on factors such as authorship,
literature reviews. Among these, scientometric keywords, and references [17]. In this study, a
analysis is particularly effective in visualizing key three-stage process was employed, consisting of:
structures and trends within a substantial body of (1) data collection, (2) scientometric analysis, and
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(3) discussion and conclusion. The research
methodology is outlined in Fig. 2.

Data gathered from each study included
author(s), keywords, source (journal title), year of
publication, Al techniques employed, data type,
dataset used and its source, and other relevant
information. Systematic literature review (SLR), as
shown in Fig. 3, serves to identify, evaluate, and
synthesize the findings of all pertinent studies on Al
applications in CM [18],[19]. The proposed
approach provides a comprehensive overview of
the current state of knowledge in this domain. This
SLR process resulted in 94 journal articles
published between 2000 and 2024, as shown in
Table 1.

The extent to which Al is recognized and
applied in CM can be assessed by determining the
number of publications appearing annually in
reputable scientific journals. Fig. 4 illustrates the

Vo et al

progress made in Al implementation in the CM over
time. Although advancements in Al and machine
learning (ML) implementation  within  the
construction sector have been evident over the
years, the application of Al specifically for on-site
CM remains limited [20]. Notably, the highest
number of articles on Al in CM during the study
period occurred in 2009. While the number of
articles increased from 4 in 2010 to 10 in 2021, it
subsequently decreased to 2 in 2022 before rising
again to 5 in 2023. This fluctuation may be
attributed to a lack of focus on research concerning
the management of quality, time, and cost. This
identified research gap could encourage further
investigation into Al applications in CM, particularly
within the scope of on-site CM, where Al has the
potential to assist contractors in managing various
aspects, such as quantity, quality, progress, time,
labor safety, and risks.

2023
2022
2021
2020
2019
2018
2017
2016
2015
2014
2012
2010
2009
2008
2007
20086
2004
2002

Year

Quantity

Fig. 4. Annual distribution of published articles on Al applications in CM

3. Results of scientometric analysis
3.1. Construction management or the
management of construction works

CM, or the management of construction
works, encompasses the complete process of
overseeing a construction project on site, from its

initiation to completion. This involves managing
aspects such as scheduling, quality, cost, safety,
resources, and communication to ensure project
completion within the allocated time, budget, and
according to established standards. An overview
of Al applications in CM in Table 2 and Fig. 5.
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Table 2. Summary of articles related to construction management

No Journal IF* Authors Year Field/Application
1 Audtomation in 96 ranandzhang oo, Al application in CM
construction [16]
o Automation in 9 Daveetal 2016  The algorithmic and entropic scope of Al in CM
Construction ' [21] 9 P P
L . Evidence of Internet of Things (loT) applications
3 Automathn n 9.6 Asadi et al. 2020 and related standards contribute to improving CM
Construction [22] L
activities
4 Automation in 96 Goodrum et al. 2006 UAS applications for controlling progress, quality,
Construction ' [23] safety, and other activities in CM
Advanced Use of Unmanned Aerial Vehicles/Unmanned
: . Rebolj et al. Ground Vehicles (UAV/UGV) to collect data for
5 Engineering 8.0 2008 . o . . oo
. [24] surveying, monitoring, and inspecting activities at
Informatics . .
construction sites.
Aoolied Soft Pham and Luu Using the mutation—crossover slime mold
6 Cgfn utin 7.2 [25] 2023 algorithm (MCSMA) to balance time, cost, quality,
puting and continuity of work in CM.
Journal of . C . .
7 Management in 53 Irizarry et al. 2016 UAS applications forl ggnt@lmg progress, quality,
. . [26] safety, and other activities in CM
Engineering
Journal of Soft Kulkarni et al ANN applications in CM include cost, risk,
8 Computing in Civil 4.5 [27] ) 2017 occupational safety, bidding, labor productivity,
Engineering and construction equipment
Journal of Laser scanners and radio frequency identification
Construction Akinci et al. to model and analyze the impact of technology on
9 . . 4.1 2006 .
Engineering and [28] data collection and transfer processes at
Management construction sites.
Journal Of. Using Fuzzy mathematical models and the critical
Construction Lacouture et C N
10 . . 4.1 2009 path method for multi-objective optimization when
Engineering and al. [29] . . .
constrained by time, cost and material.
Management
\Cj)%irgt?llj(c;)tfion Using Fuzzy technology in CM, including: decision
1 . , 4.1 Chanetal. [30] 2009 making; performance; evaluation/assessment; and
Engineering and ;
modeling
Management
System dynamics (SD) applications in risk
12  Sustainability 3.3 Wu et al. [31] 2020 management, waste management, energy
management, and construction productivity
The tJourngI of Nguyen and Overview of Al applications in ML techniques to
Applied Science . .
13 Nguyen 2021 manage building costs, schedules, risks, safety,
and Technology [32] and energy needs
Trends (JASTT) 9y
Nagatoishi The Space Construction Decision Framework
14 Thesis [33(‘]:] 2023 (SCDF) supports cost, schedule, and resource
optimization.
Technology and
15 Managementin Conf. Eber [34] 2020 The algorithmic and entropic scope of Al in CM
Construction 2020
16 ISARC Conf. Yoonetal [35] 2006 RFID technology application model for progress
Conference measurement and CM

*Impact factor in May 2024
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Fig. 5. Network diagram of authors from the literature review Al application in CM

Most of the articles reviewed appear in
journals with high impact factors, such as
Automation in Construction (IF 9.6) and Advanced
Engineering Informatics (IF 8.0). This suggests that
the topic of Al in CM is attracting increasing
attention in reputable publications. However, some
articles are also published in journals with lower
impact factors, indicating that the research is
disseminated through a variety of outlets and
reached a broad audience. Many of these articles
were published in recent years, particularly after
2016, which reflects the growing interest and
development in Al applications for CM. Earlier
articles published in 2006 and 2008 demonstrate
the foundational work on which current research

builds. Automation in Construction has the largest
number of articles on this topic, consistent with its
focus on technology and automation in the
construction industry. The articles also appear in
various other journals, including those specializing
in management, soft computing, and specific areas
of construction engineering, indicating the
interdisciplinary nature of this research.

The articles examined use various Al
algorithms and techniques, including machine
learning, deep learning, fuzzy logic, and computer
vision (CV). This range of approaches reflects the
diverse ways in which Al can be applied to address
CM challenges. The tools and methodologies
employed in the reviewed articles include laser
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scanning, RFID, UAVs, and simulation models,
which demonstrate the practical applications of Al
in CM. The articles cover various CM applications,
including quality management, progress
monitoring, risk management, cost estimation, and
safety management. This breadth of applications
highlights the potential of Al to improve many
aspects of construction projects.

Overall, a trend toward increased complexity
in Al applications for CM is observed, with a shift

Vo et al

from basic automation to more sophisticated tools
for decision-making and optimization. Further
research is needed on integrating Al with other
construction technologies, such as BIM, and on
developing standardized Al solutions for CM.
Future research could address the challenges of
data acquisition and processing in CM, and the
ethical and societal implications of Al in the
construction industry.

3.2. Construction schedule/time management

Table 3. Summary of articles related to construction schedule/time management

No Journal IF Authors Year Field/Application
1 Automation in Construction 9.6 Zhang and Arditi [36] 2013 Laser scanning technology
Barcodes, 3D laser scanning,
2  Automation in Construction 9.6 El-Omari and Moselhi 2009 RF”:.)’ phf)togrammetry,
[37] multimedia, and pen
computing tools
3 Automation in Construction 9.6 Kim et al. [38] 2013 4D CAD model
4  Automation in Construction 9.6 Son and Kim [39] 2010 3D Auto
Integration of long-range
5 Automation in Construction 9.6 Leung et al. [62] 2008 wireless networking, network
cameras, and web-based
collaboration platform.
6 Automation in Construction 9.6 Ekanayake et al. [57] 2021 cv
Integrating DL algorithms
and finite-state machines into
7  Automation in Construction 9.6 Martinez et al. [63] 2021 existing footage captured by
closed-circuit television
(CCTV) security cameras.
8 Automation in Construction 9.6 Zhang et al. [58] 2009 cv
Ultra Wideband (UWB)
9 Automation in Construction 9.6 Shahi et al. [69] 2013 positioning system based on
onsite 3D marking
10 Computers in Industry 8.2 Omar et al. [52] 2018 Automatic monitoring system
A vision-based material using
the joint probability
distribution of responses
11 Advance_d Engineering 8.0 Dimitrov and Fard [66] 2014 from a filter.bank, principal
Informatics Hue saturation-value color
values, and multiple one-vs.-
all kernel support vector
machine classifier.
12 Advanced Engineering 80  Ibrahim etal. [59] 2009 CV
Informatics
13 Advance_d Engineering 8.0 Lei et al. [40] 2019 CNN-ba_sed 3D patch
Informatics registration
14 Expgrt Systems with 75 Hajdasz [53] 2014 The MoCCAS intelligent
Applications system
15 Smart and Sustainable Built 55 Johansen et al. [70] 2021 Real-time location sensing

Environment

systems (RTLS)
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No Journal IF Authors Year Field/Application
High-frequency autonomous
Journal of Computing in Civil technologies, such as three-
16 Enginesring 4.7 Shahi et al. [41] 2015 dimensional (3D) imaging
and ultra-wideband (UWB)
positioning
17 Jour.nal o.f Computing in Civi 4.7 Fard and Mora [55] 2007 Semi-automatic vision
Engineering
o 4D Simulation Model
18 \IJE%l;ri:z;Ie?ifnzomputmg in Civil 4.7 [C;;I]parvar-Fard etal. 2009 Overlaid on Time-lapse
Photographs
19 Journal of Computingin Civil -, 2y 4oL Brilakis [60] 2013 UAV
Engineering
20 Journal of Information 44 Golparvar-Fard et al. 2009 D4AR-A 4-dimensional
Technology in Construction ' [71] augmented reality model
Creativecommons
21 licenses/Advances in 4.0 Wang and Hu [72] 2023 Deep learning-based Al
Multimedia
Frontiers in Built Real-time indoor resource
22 Environment/construction 2.2 Zhao et al. [56] 2021 positioning based on low-
management energy Bluetooth
23 Journal. of Asian Archi?ecture 15 Kim et al. [64] 2009 RFID systems and on-site
and Building Engineering robots
24 Jour.nal of Architectural 04 Shih and Wang [43] 2004 Lgng-Rgnge Three-
Engineering Dimensional Laser Scanner
Construction Research
g5 Congress 2014: conf.  Maalek et al. [44] 2014 ~ Cameras, LIDAR, and 3D
Construction in a Global range imaging
Network
26 ISARC 2016 conf. Ishida [45] 2016 Kinect 3D image sensors
Regression, neural network,
27 Sustainability 3.3 Ko and Han [67] 2017 and autoregressive moving
average models
ISPRS Annals of the .
Photogrammetry, Remote Unmanned alrcrgﬂ systems
28 . . conf. Bognot et al. [47] 2018 (UAS), 4D planning models,
Sensing and Spatial .
. . and GIS analysis
Information Sciences
29  Sustainability 33 Alietal [68] 2020 VR (Interactive Voice
Response)
30 Infrastructures 2.7 Zhang and Arditi [48] 2020 Terrestrial Laser Scanning
31  Sensors 3.4 EJ;C]Ob'Loyo'a etal. 2021  UAVs
32 ISARC 2018 conf.  Pushkar et al. [49] 201g  |hree-Dimensional Laser
Scanner
CMEZ25: Construction
33 Management and conf. Golparvar-Fard et al. 2007 Time-lapse photographs in
Economics: past, present, [50] 4D
and future
Construction Research
34 Congress 2009: Building a conf, ~ Colparvar-Fard etal. 2009 D#AR—4D Augmented

Sustainable Future

[51]

Reality — Models
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Fig. 6. Network diagram of authors from the literature review on Al application in construction
schedule/time management

Automatic
monitoring
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Computer DL

vision

3D, 4 D technology

algorithms

u 3D, 4 D technology
= Automatic monitoring system
= Computer vision

Camera UAV/UAS
= Camera
® RFID
m DL algorithms
Machine ® Machine Learning
Learning = UWB
= CNN

Fig. 7. Overview of Al applications in construction schedule/time management

Several research articles have explored Al
applications in  construction  schedule/time
management. Specifically, 3D and 4D technology
applications have been identified in 16 studies [36—
51]. Automatic monitoring systems have been
addressed in 5 studies [52-56]. CV [57-59],
UAVs/UASs [47,60,61], and camera applications

have also been examined [44,62,63]. RFID [37,
64], deep learning algorithms [63,65], ML [66, 67],
and UWB [42,49] were implemented in 2 studies.
In addition, CNN [40] and iVR [68] were addressed
in one study. These applications are summarized
in Figs. 6 and 7.

Table 3 presents an overview of research on
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Al applications for managing construction
schedules and time. The table categorizes this
research by journal, impact factor, authors, year of
publication, and specific area of application. The
articles included in the table were published in
various journals with different impact factors. The
presence of articles in high-impact journals, such
as Automation in Construction, suggests that this is
an area of growing research interest. Publication
dates range from 2004 to 2023, indicating ongoing
activity in this field.

Many articles on this topic are published in
Automation in Construction, which is consistent
with the journal's focus on technology and
automation in the construction industry. Articles
also appear in journals focused on computing,
specific construction engineering fields, and other
relevant fields, reflecting the interdisciplinary
nature of this research.

The research summarized in the table uses a
variety of Al algorithms and techniques, including
3D/4D modeling, CV, ML, and deep learning. The
tools and methodologies employed include laser
scanning, RFID, UAVs, cameras, and simulation
models, demonstrating the practical applications of
Al in CM. The applications addressed in this
research include progress monitoring, automated
data capture, and site activity tracking, highlighting
the potential of Al to improve construction

Vo et al

Future trends in applying Al to construction
schedule/time management suggest increasing
integration with Building Information Modeling
(BIM). This integration allows dynamic, real-time
updates of 4D models. Al-powered predictive
analytics can also be used to anticipate potential
delays and proactively optimize schedules. Wider
use of CV and deep learning algorithms is
expected for automating progress monitoring and
identifying  safety hazards. Drones and
autonomous robots may become more common for
tasks such as site documentation, inspection, and
data collection, leading to improvements in
efficiency and safety.

Further research is required to develop Al
algorithms that can handle the complexities of
construction environments and manage
unstructured data. It is also important to investigate
the ethical and societal implications of Al in
construction, including potential  workforce
displacement and data privacy concerns.
Standardized Al solutions and best practices
should be developed to encourage wider adoption
and ensure consistent results in construction
schedule/time management. The role of Al in
optimizing resource allocation, managing supply
chains, and improving communication and
collaboration among project stakeholders also
requires further exploration.

scheduling. 3.3. Construction quality management
Table 4. Summary of articles related to construction quality management

No Journal IF Authors Year Field/Application

1 Automation in Construction 9.6 Cao and Le [103] 2019 Deep fully convolutional neural
network

2  Automation in Construction 9.6 Kim et al. [96] 2014  Terrestrial laser scanning

3  Automation in Construction 9.6 Teizer et al. [73] 2010 3D laser scanning

4  Automation in Construction 9.6 Wang [106] 2008 RFID

5 Automation in Construction 9.6 Zhou et al. [97] 2021 (TTeerSe)strlaI laser scanning

6 Automation in Construction 9.6 Wang et al. [98] 2016 ;I'TeerSe)stnaI laser scanning

7 Automation in Construction 9.6 Lin and Fang [87] 2013 Ccv

8  Automation in Construction 96  Kimetal. [91] 2021 | emestriallaser scanning (TLS)
based ML

9  Automation in Construction 9.6 Akanmu gnd 2018  Swarm nodes

Okoukoni [92]
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No Journal IF Authors Year Field/Application
10  Automation in Construction 96  Akincietal. [99] 2006  Oensorsystems and integrated
project models
Computer-Aided Civil and Nishikawa et al. Multiple Sequential Image
11 . . 8.5 2011 o
Infrastructure Engineering [81] Filtering
IEEE Int t of Thi in- i
12 nternet of Things 82 Wu et al. [101] 2023 Blolclfchaln Based Onsite
Journal Activity Management
13 Advanced Engineering 80 Golparvar-Fard et 2013 Multiclass Support Vector
Informatics ' al. [93] Machine (SVM)
| of M ti i
14 Jou.rna 9 anagement in 53 Wu et al. [102] 2021 H‘yperledger. Fabric (HLF), loT
Engineering va blockchain
15 Jow:nal O.f Computing in Civil 47 Azar [88] 2015 CV
Engineering
16 Jour.nal of Computing in Civil 47 Gong and Caldas 2012 CV
Engineering [89]
17 Jour.nal of Computing in Civil 47 Liu [74] 2014 2D image proces;mg and 3D
Engineering scene reconstruction
18 Jour.nal o,f Computing in Civi 4.7 Tang et al. [75] 2010  Laser Scans and Algorithms
Engineering
19 Jour.nal of Computing in Civil 47 Giri et al. [76] 2014 Laser Displacement Sensor
Engineering (LDS)
o Hajian and
20 Jour.nal o.f Computing in Civi 4.7 Broandow 2012 3D laser scanning
Engineering
[77]
S N Image/video recognition via
21 Jour.nal of Computing in Civil 47 Zhu and Brilakis 2010 edge detection and Hough
Engineering [82]
transform
22 Jountnal of Computing in Civil 47 Gong and Caldas 2009 CV
Engineering [90]
Journal of Computing in Civil Zhu and Brilakis Image recognition and the
23 . . 4.7 2012
Engineering [83] Hough transform.
24 Jountnal of Computing in Civil 47 Golparvar-Fard et 2009  DAAR
Engineering al. [78]
L of ain Civil
25 Jountna 0. Computing in Civi 4.7 Yang et al. [84] 2014 Surveillance cameras
Engineering
L of ain Civil
g6 Journalof Computing in Civil 2y o) 1108 2020 3D laser scanning and kNN
Engineering
Journal of Construction
27 Engineering and 4.1 Yang et al. [94] 2019  Wearable Smartphone System
Management
Journal of Construction
Zh Brilaki
28  Engineering and a1 O‘:)]a”d riaxis 2009  Machine Vision
Management
Journal of Construction
29 Engineering and 4.1 Atherinis et al. [79] 2018 RFID and virtual -3D
Management
International Journal of TLS and the lterative Closest
A T I [1 2007
30 Remote Sensing 3 eza etal. [109] 997 point (ICP) Algorithm
31 Multidimensional Systems 17 Cao et al. [85] 2015 Audio signal processing and ML

and Signal Processing

algorithms.
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No Journal IF Authors Year Field/Application

Architectural Engineering

32 . Ahsan et al. [95] 2011 Mobile Technologies
and Design Management
33 Applied Sciences 2.5 Lee et al. [104] 2022  Deep Learning-Based PC
34 Buildings 3.1 Ea(‘)?]’eeva etal. 2023  CNN, U-Net and LinkNet.
35 |ISARC 2016 conf. Kimetal. [110] 2016 CV
International Symposium on
36 Automation and Robotics in conf. Akinci et al. [107] 2002 RFID
Construction 19th (ISARC)
37 CIB World Building Congress conf.  Al-Adhami [86] 2019 Extended Reality (XR)
2019 technology
38  Electronics 26  Girietal. [76] 2017  L-aser Displacement Sensor
(LDS)
IOP Conference Series: Petrov and
39 Materials Science and conf. . 2019 4D Visual Modeling
) . Hakimov [80]
Engineering
AT
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Fig. 8. Network diagram of authors from the literature review of Al applications in construction quality
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Fig. 9. Overview of Al applications in construction quality management

Al is becoming increasingly important for
construction quality management. Laser scanners
were used in 9 of the reviewed studies [73-80].
Camera systems have been used in 6 projects [81—
86]. CV was employed in 5 research projects [87—
90]. ML [85,91-93] and mobile technologies [94,95]
were each used in 4 topics. Other technologies
used include terrestrial laser scanning [91,96-98],
sensor systems [99,100], blockchain [101,102],
deep learning algorithms [103-105], and RFID
[79,106,107]. These applications are illustrated in
Table 4 and Figs. 8 and 9.

Table 4 summarizes research on Al
applications in construction quality management.
This research was categorized by journal, impact
factor, authors, year of publication, and species,
which are sources of many publications on this
topic. Articles also appear in journals focused on
computing, specific construction engineering
fields, and other relevant fields, reflecting the
interdisciplinary nature of this research. The
research summarized in the table uses various Al
algorithms and techniques. @ The tools and
methodologies employed include cameras, sensor
systems, blockchain, and RFID. Applications
addressed in the research include quality

assessment, crack detection, and surface defect
inspection, highlighting the potential of Al to
improve quality control in construction.

Future construction quality management
trends are oriented toward increased automation.
This may include the greater use of deep learning
and CV for quality assessment and defect
detection. The integration of Al with BIM could
allow for real-time quality assessment and
feedback  during construction.  Al-powered
wearable technologies and mobile devices could
assist workers with quality checks and issue
identification on site. Blockchain technology can
enhance transparency and traceability in quality
management. Further research is required to
develop Al algorithms that can adapt to the
changing conditions of construction environments
and variations in materials and quality. The use of
Al to predict and mitigate potential quality issues
before they occur warrants further investigation.
Standardized, Al-based quality assessment
metrics and reporting systems should be
developed. Further research should explore how Al
can optimize quality inspection schedules while
ensuring compliance with relevant standards.

3.4. Construction cost management

84



JSTT 2024, 4 (4), 71-94

Vo et al

Table 5. Summary of articles collected on construction cost management

No Journal IF Authors Year Field/application
1 Automation in 9.6 Bansal and 2007  Use of AreView, ArcView, 3-D visualization, 3-
Construction Pal [111] D view of building for building cost estimation
and visualization
2 International Journal of 7.4 Chou [112] 2011 Use of Monte Carlo simulations to evaluate
Project Management stochastic processes and choose input
probability distributions to test hypotheses and
determine correlations between simulated
variables.
3 International Journal of 3.9 Afzaletal. 2019  Use of Al method for cost-risk assessment
Managing Projects in [113]
Business
4  Canadian Journal of 1.1 Jietal [114] 2011 Use of the concept of Euclidean distance and
Civil Engineering genetic algorithm to develop a CBR cost
estimation model for construction projects
5 ICCIKE 2023 conf.  Patil and 2023 Use of loT-enabled systems to reduce
Bhaumik construction costs through safety
[115] management, vehicle and material fleet
management, and progress monitoring on site
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Fig. 10. Network diagram of authors from the literature review of Al applications in construction cost

management
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Construction cost management helps ensure
that construction investment goals are met
effectively. Construction costs should be
calculated accurately and comprehensively for
each project and construction package in
accordance with design requirements, construction
conditions, and market prices. The application of
Al in this field remains limited. Some studies have
explored the use of ArcView, 3D visualization, and
3D building views for building cost estimation and
visualization. The use of Euclidean distance and
genetic algorithms to develop CBR cost estimation
models for construction projects has also been
investigated. The use of loT-enabled systems to
reduce construction costs through safety
management, vehicle and material fleet
management, and on-site progress monitoring has
also been studied. These studies are summarized
in Table 5. Fig. 10 presents a network diagram of
authors from a literature review on Al applications
in construction cost management. In the future, Al-
based cost management applications may help
construction contractors achieve their goals more
efficiently.

Future construction cost management
projects may involve the creation of more
sophisticated Al algorithms. These algorithms can
be used to predict and control costs while
considering factors such as material prices, labor
costs, and market fluctuations. Integrating Al with
BIM could allow for real-time cost tracking and
analysis, which would help with proactive cost
control measures. Al-powered platforms may also
be developed to assist with tendering,
procurement, and contract management,
improving efficiency and transparency in cost-
related processes. Further research should focus
on developing Al algorithms that can adapt to
changing economic conditions and project-specific
requirements. The ethical implications of Al in cost
management, such as potential biases in cost
estimation and allocation, should also be
investigated. Standardized Al-based cost

Vo et al

management frameworks and best practices can
be developed to ensure consistent and reliable
cost control across construction projects.

3.5. Discussion

In the network diagram figures, nodes
represent authors, and the connections between
them indicate co-authorship relationships. The
inclusion of years alongside authors' names
provides a timeline of their contributions, helping to
identify trends in research activity over time. The
size of each node reflects its degree centrality,
which indicates the prominence or influence of an
author based on the number of connections within
the network. Large nodes without visible
connections may represent influential authors
whose works are widely cited but not directly linked
to co-authorship within this dataset. This
explanation clarifies the structure and significance
of the network diagrams presented in the study.

Based on the provided references, Table 6
summarizes the tasks, types of input data, and
outputs related to Al applications in CM. This table
integrates examples from the reviewed studies to
clarify how Al technologies are applied across
different CM tasks. Al applications in CM utilize
various types of input data specific to each task,
resulting in outputs that improve operational
efficiency and decision-making processes. In
quality management, laser scanning is frequently
employed to detect surface defects and ensure
dimensional accuracy. Camera systems provide
high-resolution images for crack detection and
quality inspections. Additionally, sensor systems
gather real-time structural or environmental data,
and blockchain technology is used to enhance
transparency and traceability in quality control. For
schedule and time management, UAVs capture
aerial imagery for visual progress tracking. RFID
tags facilitate real-time tracking of materials and
equipment, while 3D/4D models incorporate spatial
and temporal data for dynamic schedule updates.
In cost management, loT-enabled systems
generate real-time data on material usage and
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equipment operation to optimize resource
allocation, while historical cost databases support
predictive models for cost estimation. These
outputs—ranging from defect maps to optimized

Vo et al

schedules and precise cost predictions—lead to
practical improvements such as enhanced quality
control, reduced delays, and improved resource
utilization in construction projects.

Table 6. Summary of CM tasks along with inputs and outputs related to Al techniques

CM Task Input Data Al Techniques/Tools Outputs References
Laser scanning data Computer Vision (CV), ﬁI:Cki: etzztr:‘c:l’ede::\(lzii [r2=79],
9 Deep Learning PpIng, quality [102—-104]
assessment
. Convolutional Neural Automated quality [80-85],
. Camera images Networks (CNN), Image . .
Quality Management . inspection reports [86—89]
Processing
Machine Learning (ML), Real-time monitoring of
Sensor systems Blockchain structural integrity
[98—-101]
Mobile technologies
pAV—captured cV. ML Progre§§ tracking, activity
images recognition
[56-60]
RFID data RFID-enabled systems :el?il-ln;itnt];t;z:il and
Schedule/ Time auip g
Management .
3D/4D models Simulation Models Dynamic schedule
updates, delay prediction
[35-50]

Time-lapse
photographs

Predictive Analytics,
Case-Based Reasoning optimization of resource

loT-generated data
(CBR)

Cost estimation,

allocation

Cost Management Historical cost

databases

[110-114]

Market price indices

4. Conclusion

Al has the potential to automate and
accelerate learning, reasoning, and perception
from large datasets in CM. This capability can be
applied to various engineering projects, each with
unique characteristics. In recent years, Al has
demonstrated promise in improving efficiency,
accuracy, and safety within the construction

industry. Al's ability to analyze extensive datasets
enables a deeper understanding through three
fundamental steps: data acquisition and
preprocessing; data mining using appropriate
models; and knowledge discovery and analysis.
Different Al-related approaches can benefit CM in
terms of automation, risk mitigation, efficiency
improvements, and enhanced decision-making.
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This systematic literature review has
examined relevant research published over the
past 24 years concerning various applications of Al
in CM, particularly focusing on the management of
construction works on-site. The findings indicate
that while advanced Al technologies possess
significant potential, their adoption within the
construction industry has been relatively slow. In
Vietnam, the application of Al in the construction
sector is still emerging, with its use in on-site CM
remaining limited.

The implications of these findings for the
Viethamese context are noteworthy. As Vietham
continues to develop its construction industry,
embracing Al technologies could lead to improved
project outcomes by optimizing quality
management, enhancing scheduling efficiency,
and better controlling costs. The study highlights
the need for further exploration of Al applications
tailored to local challenges and conditions. Future
research directions may include exploring Al's role
in risk management, safety management, resource
allocation, contract management, and supply chain
optimization. By addressing these areas,
stakeholders in Vietnam's construction industry
can leverage Al to enhance project execution and
competitiveness in a rapidly evolving market.
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