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Abstract—The construction industry is one of the major 

sectors contributing to economic and infrastructure 

development; however, construction projects frequently 

face challenges such as cost overruns, schedule delays, 

safety risks, low productivity, resource inefficiency and 

uncertainty in decision-making. The rapid development 

of Artificial Intelligence (AI) provides new opportunities 

to address these challenges through data-driven 

prediction, automation, optimization and intelligent 

decision support. This paper presents a structured 

review of the applications of Artificial Intelligence in 

construction project management, with particular 

emphasis on cost management, time and scheduling, 

safety management, risk management, resource 

optimization, Building Information Modelling (BIM), 

quality management and decision support. Recent 

literature indicates that AI and Machine Learning (ML) 

applications are particularly concentrated in project 

planning, monitoring and control. AI-based systems can 

support cost estimation, delay prediction, schedule 

optimization, safety monitoring, risk assessment and 

performance forecasting. Integration of AI with BIM, 

Internet of Things (IoT), computer vision and digital 

twins can further improve real-time project monitoring 

and decision-making. However, implementation is 

constrained by fragmented project data, lack of high-

quality datasets, high implementation costs, shortage of 

skilled personnel, resistance to technological change, 

interoperability issues and concerns regarding data 

privacy and accountability. The review indicates that 

future construction management will increasingly 

depend on integrated, data-driven and human-AI 

collaborative systems. Successful adoption will require 

appropriate organizational strategies, workforce 

training, data standards and responsible AI governance. 

 

Index Terms—Artificial Intelligence, Machine Learning, 

Construction Management, Project Management, BIM, 

Risk Management, Cost Management, Schedule 

Management, Construction Safety, Digital Transformation 

I. INTRODUCTION 

 

The construction industry plays an essential role in 

economic growth and infrastructure development 

through the delivery of buildings, highways, bridges, 

industrial facilities and other infrastructure. Despite its 

importance, construction projects continue to 

experience significant problems related to cost 

overruns, delays, safety incidents, productivity 

limitations, resource wastage and uncertainty. Unlike 

highly standardized manufacturing environments, 

construction projects are generally temporary, 

location-specific and influenced by numerous 

technical, environmental, financial and organizational 

factors. 

 

Traditional construction project management relies 

heavily on historical data, professional experience, 

manual monitoring and periodic reporting. Although 

these approaches remain important, the increasing 

complexity and volume of project information require 

more advanced analytical techniques. Artificial 

Intelligence (AI) has emerged as one of the important 

technologies associated with digital transformation in 

the construction industry. 

 

AI refers broadly to computational techniques capable 

of performing tasks that normally require human 

intelligence, including learning, prediction, 

classification, pattern recognition, optimization and 

decision support. Machine Learning (ML), a major 

component of AI, allows computational models to 

identify relationships from historical data and use 

them to make predictions or classifications. 

Recent literature demonstrates that AI is being applied 

throughout different stages of the construction project 
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lifecycle. A comprehensive review published in 

Heliyon found that AI and ML applications are 

particularly prevalent during planning and 

construction stages, while opportunities remain for 

broader implementation across the project lifecycle. 

AI applications in construction project management 

include cost estimation, schedule prediction, delay risk 

assessment, safety monitoring, productivity analysis, 

resource optimization, quality inspection and risk 

management.  

More recent research has specifically identified cost 

estimation and prediction, planning and scheduling, 

delay prediction, safety monitoring, PPE detection and 

hazard identification as important AI application 

areas. 

 

The integration of AI with Building Information 

Modelling (BIM), Internet of Things (IoT), computer 

vision and digital twins has further expanded its 

potential. BIM generates structured project 

information, while AI can analyse this information to 

identify patterns, predict outcomes and support 

decisions. 

 

Therefore, this paper reviews the role of AI in 

construction project management, identifies major 

application areas, discusses benefits and 

implementation challenges, and presents future 

research directions. 

 

1.1 Aim 

The main aim of this paper is to review the 

applications, benefits, challenges and future scope of 

Artificial Intelligence in construction project 

management. 

 

1.2 Objectives 

The objectives of the study are: 

1. To review the development of AI applications in 

construction project management. 

2. To identify major areas where AI can support 

construction projects. 

3. To examine the benefits of AI for cost, time, safety, 

quality and risk management. 

4. To identify major barriers to AI adoption in the 

construction industry. 

5. To discuss future opportunities for AI-enabled 

construction management. 

 

II. LITERATURE REVIEW 

 

2.1 Artificial Intelligence in Construction 

AI adoption in construction has increased with the 

development of Industry 4.0 technologies. Early 

applications mainly focused on expert systems and 

rule-based decision support, whereas recent research 

increasingly uses machine learning, deep learning, 

computer vision, natural language processing and 

optimization techniques. 

A structured literature review of 135 peer-reviewed 

publications identified planning and 

monitoring/control as important areas for AI 

application in construction project management. 

Decision-making, prediction, optimization and 

performance improvement were among the most 

common purposes of AI implementation. 

A more recent systematic review examined 191 peer-

reviewed studies published between 2020 and 2025 

and highlighted the increasing use of different AI 

models and methods in construction management. 

These studies indicate that AI is gradually moving 

from experimental research toward practical 

construction management applications. 

 

2.2 AI for Cost Management 

Cost management is a critical component of 

construction project management. Incorrect estimates 

during the early stages can lead to budget overruns and 

financial uncertainty. 

AI and ML models can analyse historical project data, 

including project size, material quantities, labour 

requirements, location, project duration and previous 

cost information, to estimate probable construction 

costs. 

 

Major applications include: 

• Preliminary cost estimation 

• Final cost prediction 

• Cost overrun prediction 

• Cost control 

• Cost index forecasting 

• Cost optimization 

• Budget risk assessment 

Recent systematic research identifies cost estimation, 

cost prediction, cost-index forecasting, cost control 

and cost optimization among the major AI application 

areas in construction cost management. 
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AI-based cost prediction can provide project managers 

with early warnings when actual expenditure begins to 

deviate from planned expenditure. 

 

2.3 AI for Time and Schedule Management 

Construction delays are influenced by numerous 

factors, including labour shortages, material delays, 

equipment breakdown, weather conditions, design 

changes, financial constraints and poor coordination. 

Traditional scheduling techniques such as CPM and 

PERT are useful but generally depend on predefined 

activity durations and periodic updates. AI can 

supplement these methods by analysing historical and 

real-time project information. 

 

Potential applications include: 

• Delay prediction 

• Schedule optimization 

• Activity duration prediction 

• Productivity forecasting 

• Resource allocation 

• Construction sequence optimization 

• Progress monitoring 

Recent literature identifies planning and scheduling, 

delay-risk prediction, time optimization and cycle-

time prediction as major applications of AI in 

construction time management. 

AI can therefore function as an early-warning system, 

allowing project managers to identify potential delays 

before they significantly affect project completion. 

 

2.4 AI for Construction Safety 

Construction sites involve numerous hazards 

associated with work at height, heavy equipment, 

excavation, lifting operations, electrical systems and 

interaction between workers and machinery. 

Computer vision and deep learning can analyse images 

and video captured by cameras to identify unsafe 

conditions. 

 

Potential applications include: 

• Personal Protective Equipment (PPE) detection 

• Worker safety monitoring 

• Fall-risk detection 

• Unsafe behaviour identification 

• Hazard recognition 

• Equipment monitoring 

• Safety incident prediction 

Recent research identifies worker monitoring, PPE 

detection, fall-risk monitoring, safety accident 

prediction and hazard identification as important AI 

applications in construction safety management. 

AI-based safety systems can provide continuous 

monitoring and potentially reduce dependence on 

periodic manual inspections. 

 

2.5 AI for Risk Management 

Construction projects are exposed to technical, 

financial, contractual, environmental, safety and 

operational risks. 

 

AI can support risk management through: 

1. Risk identification 

2. Risk classification 

3. Probability prediction 

4. Impact assessment 

5. Early-warning systems 

6. Risk prioritization 

7. Mitigation decision support 

Machine Learning can identify relationships between 

historical project conditions and undesirable 

outcomes. For example, historical project information 

can be used to predict the probability of delay, cost 

overrun or safety incidents. 

AI therefore has potential to transform risk 

management from a primarily reactive process into a 

more predictive process. 

 

2.6 AI and Building Information Modelling 

Building Information Modelling (BIM) provides a 

structured digital representation of project 

information. AI can analyse BIM-generated data to 

support decision-making throughout the project 

lifecycle. 

The integration of ML with BIM has been identified 

as an emerging research area, although challenges 

remain concerning data structure, scalability, 

information architecture and human interaction with 

BIM-based systems. 

 

AI-BIM integration can support: 

• Clash and design analysis 

• Quantity estimation 

• Cost prediction 

• Schedule generation 

• Progress monitoring 

• Risk analysis 
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• Facility management 

• Design optimization 

The combination of BIM and AI can therefore create 

an intelligent project information environment. 

 

2.7 AI and Internet of Things 

IoT devices can collect real-time information from 

construction sites through sensors, GPS devices, 

equipment monitoring systems and wearable 

technologies. 

When AI is applied to IoT-generated data, the system 

can analyse current project conditions and identify 

abnormal patterns. 

 

For example: 

Sensors → Data Collection → Cloud/Data Platform → 

AI/ML Analysis → Prediction → Project Manager 

Decision 

 

Potential applications include: 

• Equipment monitoring 

• Worker location monitoring 

• Material tracking 

• Environmental monitoring 

• Productivity measurement 

• Structural monitoring 

• Predictive maintenance 

The integration of AI and IoT can therefore support 

real-time construction management. 

 

2.8 AI for Quality Management 

Quality control traditionally depends on inspections, 

testing and documentation. AI can support quality 

management through image recognition, pattern 

detection and predictive analysis. 

Computer vision can identify visible defects such as 

cracks, surface irregularities and construction 

deviations. AI can also compare actual construction 

progress with digital models or planned specifications. 

 

Applications include: 

• Defect detection 

• Image-based inspection 

• Quality prediction 

• Material classification 

• Progress verification 

• Automated inspection 

AI-based quality management can improve 

consistency and speed of inspection while supporting 

human inspectors. 

 

III. METHODOLOGY 

 

This study adopts a structured literature review 

methodology to investigate the role of Artificial 

Intelligence in construction project management. 

 

3.1 Research Approach 

The research was conducted through the following 

stages: 

Identification → Literature Collection → Screening → 

Classification → Analysis → Synthesis → 

Identification of Research Gaps → Conclusions 

 

The literature was examined with emphasis on AI 

applications in: 

• Construction project management 

• Cost management 

• Schedule management 

• Safety management 

• Risk management 

• BIM 

• Quality management 

• Resource management 

Recent systematic reviews were also considered to 

understand the evolution and current direction of the 

research field. 

 

3.2 Literature Search 

Relevant research literature was identified using 

academic databases and scholarly sources. Search 

terms included combinations of: 

• “Artificial Intelligence in Construction” 

• “AI in Construction Management” 

• “Machine Learning in Construction” 

• “AI in Construction Project Management” 

• “Artificial Intelligence and BIM” 

• “AI construction cost prediction” 

• “AI construction delay prediction” 

• “AI construction safety” 

Recent review studies have used databases such as 

Scopus, Web of Science and ProQuest for systematic 

literature identification. For example, Adebayo et al. 

reviewed 135 peer-reviewed publications covering the 
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development of AI in construction project 

management. 

 

3.3 Classification of Literature 

The identified literature was classified according to: 
 

Application 

Area 

Major AI Application 

Cost Cost estimation and prediction 

Time Delay prediction and schedule 

optimization 

Safety PPE and hazard detection 

Risk Risk prediction and classification 

Quality Defect detection 

BIM Intelligent BIM analysis 

Resources Labour and equipment 

optimization 

Monitoring Automated progress monitoring 

Decision 

Support 

Predictive decision-making 

Sustainability Energy and resource optimization 

 

3.4 Analysis Method 

The literature was analyzed qualitatively to identify: 

• Current applications 

• Benefits 

• Implementation challenges 

• Technology combinations 

• Research gaps 

• Future opportunities 

This approach is consistent with recent systematic and 

structured reviews of AI in construction. A 2026 

systematic review using the PRISMA approach 

analysed 392 Scopus records concerning AI 

applications in construction project cost, time and 

safety management. 

 

IV. DISCUSSION 

 

4.1 Major Applications of AI 

The literature indicates that AI can contribute to 

almost every major function of construction project 

management. 

The major applications can be summarized as follows: 

 

A. Planning 

AI can analyze historical project data and support: 

• Duration estimation 

• Cost estimation 

• Risk prediction 

• Resource planning 

• Construction sequencing 

 

B. Monitoring and Control 

AI can compare planned and actual project conditions 

to identify deviations. 

Applications include: 

• Progress monitoring 

• Cost monitoring 

• Schedule monitoring 

• Productivity analysis 

• Safety monitoring 

 

C. Prediction 

Prediction is one of the strongest applications of AI. 

AI can predict: 

• Project delays 

• Cost overruns 

• Safety incidents 

• Equipment failures 

• Productivity 

• Project performance 

 

D. Optimization 

AI can identify better solutions from multiple 

alternatives. 

 

Optimization can be applied to: 

• Construction schedules 

• Resource allocation 

• Equipment utilization 

• Labor allocation 

• Material management 

• Project cost 

Recent literature consistently identifies prediction and 

optimization as important purposes of AI 

implementation in construction. 

 

4.2 Benefits of AI in Construction Project 

Management 

The major potential benefits are: 

 

1. Improved Decision-Making 

AI provides data-driven predictions and analytical 

information that can support project managers in 

making timely decisions. 
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2. Early Risk Identification 

AI can identify patterns associated with delays, cost 

overruns and safety risks before they become major 

problems. 

 

3. Cost Reduction 

Better estimation, resource allocation and monitoring 

can contribute to improved cost control. 

 

4. Time Savings 

Automating repetitive tasks and improving schedule 

prediction can reduce time spent on manual analysis. 

 

5. Improved Safety 

Computer vision and predictive models can support 

continuous hazard monitoring. 

 

6. Improved Productivity 

AI can analyze labor, equipment and activity data to 

identify productivity trends. 

 

7. Better Resource Utilization 

AI can optimize the allocation and utilization of labor, 

machinery and materials. 

 

8. Improved Quality 

Automated inspection and defect detection can support 

quality control. 

 

V. CHALLENGES IN AI ADOPTION 

 

Although AI offers substantial opportunities, its 

implementation in construction is not straightforward. 

 

5.1 Data Availability and Quality 

AI models require large quantities of reliable and 

representative data. Construction organizations often 

maintain project information in different formats, 

making data integration difficult. 

The fragmented nature of construction has been 

identified as a major challenge because it affects data 

acquisition, retention and integration. 

 

5.2 High Implementation Cost 

AI implementation may require: 

• Software 

• Hardware 

• Sensors 

• Cloud infrastructure 

• Data management systems 

• Skilled professionals 

• Training 

For small and medium-sized construction 

organizations, these requirements can create financial 

barriers. 

 

5.3 Lack of Skilled Personnel 

Successful AI implementation requires professionals 

who understand both construction management and 

data science. 

 

The industry therefore needs multidisciplinary skills 

combining: 

Civil Engineering + Construction Management + Data 

Analytics + AI 

 

5.4 Resistance to Change 

Construction organizations may be reluctant to adopt 

unfamiliar technologies due to concerns about cost, 

complexity, job changes and uncertainty. 

 

5.5 Data Privacy and Security 

Construction projects generate sensitive commercial, 

financial and operational information. AI systems 

must therefore provide appropriate data security and 

access controls. 

 

5.6 Lack of Standardization 

Different organizations use different software 

platforms, formats and data structures. This creates 

interoperability challenges. 

 

5.7 Reliability and Accountability 

AI predictions are not always correct. Project 

managers must understand that AI should support 

professional judgement rather than completely replace 

it. 

Recent literature identifies data integration, 

implementation cost, resistance to change and 

ethical/data-privacy concerns among important 

barriers to AI adoption. 

 

VI. AI-BIM-IOT INTEGRATED FRAMEWORK 

 

An important future direction is the integration of AI 

with BIM and IoT. 
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A conceptual framework can be represented as: 

Construction Site 

↓ 

IoT Sensors / Cameras / Drones / GPS 

↓ 

Project Data 

↓ 

BIM / Common Data Environment 

↓ 

Artificial Intelligence & Machine Learning 

↓ 

Prediction + Risk Analysis + Optimization 

↓ 

Decision Support 

↓ 

Project Manager 

↓ 

Corrective Action 

↓ 

Improved Cost + Time + Safety + Quality 

Performance 

Such integration can move construction management 

from periodic manual reporting toward continuous 

data-driven project monitoring. 

Research on BIM and ML indicates significant 

potential but also highlights challenges involving data 

architecture, scalability and interaction between 

humans and intelligent systems. 

 

VII. FUTURE SCOPE 

 

The future application of AI in construction project 

management is expected to expand significantly. 

 

7.1 Generative AI 

Generative AI can assist project teams in: 

• Preparing reports 

• Analysing project documents 

• Generating summaries 

• Drafting risk registers 

• Supporting technical communication 

• Querying project information 

However, generated information must be verified by 

qualified professionals. 

 

7.2 Digital Twins 

AI-enabled digital twins can combine real-time site 

data with digital representations of infrastructure to 

support monitoring, prediction and maintenance. 

7.3 Autonomous Construction 

Future construction sites may increasingly use AI-

enabled robotics and autonomous equipment for 

repetitive or hazardous operations. 

 

7.4 Predictive Risk Management 

AI can develop early-warning systems that 

continuously evaluate project risks based on real-time 

project information. 

 

7.5 Sustainable Construction 

AI can contribute to: 

• Energy optimization 

• Material optimization 

• Waste reduction 

• Carbon assessment 

• Sustainable construction planning 

Recent reviews have identified sustainability, energy 

efficiency, digital twins, advanced robotics and 

optimization as important future directions for AI in 

construction. 

 

7.6 Human-AI Collaboration 

The most realistic future is not necessarily complete 

replacement of project managers by AI. Instead, AI is 

likely to act as an intelligent decision-support system 

while engineers and managers retain responsibility for 

professional judgment. 

 

VIII. RESEARCH GAPS 

 

The review identifies several research gaps: 

1. Limited availability of high-quality construction 

datasets for AI model development. 

2. Limited practical implementation compared with 

the volume of academic research. 

3. Lack of standardized project data structures across 

organizations. 

4. Limited integration of cost, time, safety and risk 

models into a single project management platform. 

5. Limited research on small and medium-sized 

construction companies. 

6. Need for explainable AI so project managers can 

understand why a model produces a particular 

prediction. 

7. Need for Indian construction-specific datasets and 

models. 

8. Limited long-term evaluation of the financial 

benefits of AI implementation. 
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9. Need for responsible AI frameworks addressing 

privacy, accountability and data governance. 

A 2026 review of machine-learning-enabled 

construction project management specifically notes a 

gap between research advances and practical 

implementation, emphasizing the need for frameworks 

that bridge research and industry practice. 

 

IX. CONCLUSION 

 

Artificial Intelligence has significant potential to 

transform construction project management from a 

predominantly experience-based and reactive process 

into a more predictive, data-driven and intelligent 

management system. The literature demonstrates that 

AI and Machine Learning are increasingly being 

applied to construction planning, cost estimation, 

schedule management, delay prediction, safety 

monitoring, risk assessment, quality control, resource 

optimization and decision support. 

 

Among these applications, cost prediction, schedule 

and delay prediction, safety monitoring and risk 

assessment are particularly important because cost 

overruns, delays and safety incidents directly 

influence construction project performance. 

Integration of AI with BIM, IoT, computer vision and 

digital twins can further improve the availability and 

use of real-time project information. 

However, successful AI adoption cannot be achieved 

merely by purchasing AI software. Construction 

organizations must address data quality, 

interoperability, implementation costs, employee 

training, organizational resistance, privacy and 

accountability. The development of skilled 

professionals capable of combining construction 

knowledge with AI and data analytics will therefore be 

essential. 

 

Overall, AI should be considered a decision-support 

technology rather than a complete replacement for 

construction professionals. Future construction project 

management is likely to involve closer collaboration 

between engineers, project managers and intelligent 

digital systems. With appropriate data governance, 

training, standardized information systems and 

responsible implementation, AI can contribute 

significantly to improved project cost, time, safety, 

quality and sustainability performance. 
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