
© August 2025 | IJIRT | Volume 12 Issue 3 | ISSN: 2349-6002 

IJIRT 183082 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 313 

Implementation of Ai in Construction Risk Assessment & 

Mitigation 
 

 

Mohd Sufian 1, RG Nauman Khan 2 
1Student of M.E (Construction Management) in Lords Institute of Engineering and Technology Hyderabad 

India 
2Assistant professor of civil engineering at Lords Institute of Engineering and Technology Hyderabad 

India 

 

Abstract—This study investigates the integration of 

Artificial Intelligence (AI) in construction risk 

management through theoretical and empirical lenses. 

Drawing upon complex systems theory and 

sociotechnical frameworks, the research analyzes how 

emerging technologies are redefining conventional risk 

assessment methodologies in the Indian construction 

sector. The paper establishes a conceptual model 

demonstrating how AI-driven systems enhance 

traditional risk matrices through dynamic data 

processing capabilities and pattern recognition 

algorithms. 

The research evaluates three technological paradigms 

transforming construction safety: computer vision-based 

hazard identification systems, predictive analytics for 

risk probability forecasting, and IoT-enabled personal 

protective ecosystems. Empirical evidence from Indian 

infrastructure projects indicates measurable 

improvements, including 25-30% reduction in worksite 

accidents through automated monitoring systems and 

35-42% enhancement in worker safety compliance via 

smart wearable technologies. 

The study identifies critical success factors for AI 

implementation through the lens of technology-

organization-environment theory, revealing that optimal 

risk mitigation outcomes require synchronous 

development across three dimensions: technological 

infrastructure, organizational process adaptation, and 

regulatory ecosystem support. Findings highlight the 

particular challenges of implementing AI solutions in 

developing economies, including data quality issues, 

workforce skill gaps, and interoperability constraints. 

This research contributes to the growing body of 

knowledge on digital transformation in construction by 

providing a comprehensive framework for AI adoption 

in risk management. The results suggest that while AI 

technologies show significant promise in enhancing 

construction safety outcomes, their full potential 

requires complementary investments in digital literacy 

programs, standardized data protocols, and adaptive 

regulatory frameworks tailored to the Indian 

construction context. 

 

Index Terms—Artificial Intelligence, Construction Risk 

Management, Digital Transformation, Predictive 

Analytics, Smart Safety Systems, Sociotechnical 

Systems, Indian Infrastructure Development 

 

I. INTRODUCTION 

 

The construction industry is inherently high-risk, with 

complex projects facing numerous safety, scheduling, 

and financial uncertainties. Traditional risk assessment 

methods, often reliant on manual inspections and 

historical data analysis, struggle to address dynamic, 

real-time challenges. Artificial Intelligence (AI) has 

emerged as a transformative solution, offering 

advanced capabilities in risk prediction, hazard 

detection, and mitigation strategy optimization. 

Globally, AI applications in construction—such as 

computer vision for safety monitoring, machine 

learning for risk forecasting, and IoT-enabled 

wearables for worker protection—are demonstrating 

measurable improvements in accident reduction and 

operational efficiency. In India, where rapid 

urbanization and large-scale infrastructure 

development amplify construction risks, AI adoption 

presents a critical opportunity to enhance safety and 

project performance. However, successful 

implementation requires overcoming challenges such 

as data fragmentation, workforce readiness, and 

regulatory alignment. 

This study examines the theoretical foundations and 

practical applications of AI in construction risk 

management, focusing on its potential to revolutionize 

traditional approaches. By analyzing empirical 

evidence from Indian infrastructure projects, we assess 
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AI’s impact on safety outcomes, cost efficiency, and 

decision-making processes. Furthermore, the paper 

explores key implementation barriers and proposes an 

integrated framework for AI adoption, combining 

technological innovation with organizational and 

policy support. 

The findings contribute to both academic research and 

industry practice, offering insights into how AI can be 

strategically leveraged to mitigate risks in India’s 

evolving construction landscape. The study 

underscores the need for a holistic approach—

balancing technological advancements with workforce 

training, data standardization, and regulatory 

adaptation—to fully realize AI’s potential in 

construction risk management.  

 
II.LITERATURE REVIEW 

 

Yadav and Paul (2023) [2] provided an extensive 

analysis of project complexity trends, highlighting 

their implications for construction risk assessment. 

Their study underscores the challenges posed by 

increasing project complexity and suggests strategies 

for managing these complexities to minimize risks. 

Additionally, Khursheed 

et al. (2023) [3] explored seismic evaluation 

techniques, offering systematic approaches to assess 

and mitigate risks in load-bearing structures. 

Table 1, shows a summary of key studies on 

risk management in construction, detailing the 

objectives, methodologies, key findings, and 

limitations of each study. The research covers various 

risk management tools such as Construction Risk 

Management Systems (CRMS), Failure Mode and 

Effects Analysis (FMEA), Building Information 

Modelling (BIM), and Artificial Intelligence (AI).  

 

Table 1: Summary of key studies on risk management in construction. 

Author (s) Year Title Objective Methodology Key Findings Limitations 

Al-Bahar & 

Crandall [4] 

 

1990 

CRMS in risk 

mitigation 

Evaluate 

systematic risk 

identification. 

Theoretical review Enhanced risk 

control strategies 

Data-intensive 

approach 

 

Liu & Tsai 

 

2012 

Impact of FMEA on 

project delays 

Assess the role of 

FMEA in risk 

prioritization 

Analytical review Reduced 

delays by 

focusing on 

key risks 

Research- intensive 

process 
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Yalcinkaya & 

Arditi 

 

2013 

BIM for risk 

management 

Investigating 

BIM’s role in risk 

management 

Analytical review Improved 

stakeholder 

collaboration 

Need for skilled 

personnel 

Issa et al 2018 Risk assessment in 

construction 

Evaluating 

construction 

risks 

Literature review Identified 

critical risk 

factors 

Limited on 

dynamic risks 

 

Chen et al. 

 

2019 

Financial risk 

management using 

BIM 

Analyze risk 

management via 

BIM 

Systematic review Improved risk 

visibility 

and prediction 

High 

implementation 

costs 

Patil 2023 Application of AI in 

risk 

management 

Review AI 

applications in 

risk mitigation 

Literature review Enhanced 

automation 

and accuracy 

High 

implementation 

costs 

 

Yue 

 

2023 

Financial safety in 

BIM 

implementations 

Evaluate BIM’s 

impact on 

financial 

safety 

Systematic review Enhanced cost 

and risk 

management 

Data accuracy issues 

Rane 2023 Integration of BIM in 

risk 

management 

Assess challenges 

in 

BIM adoption 

Systematic review Reduced cost 

overruns with 

BIM 

Interoperability issues 

Mostafa & 

Raqqad 

 

2023 

AI-BIM tools for 

risk management 

Integration of AI 

with BIM tools 

Analytical review Improved 

efficiency and 

risk 

forecasting 

Limited adoption 

in small projects 

 

Perez et al. 

 

2024 

BIM for risk 

assessment in small 

projects 

Challenges and 

benefits of BIM 

integration 

Systematic 

literature review 

Enhanced risk 

prediction 

and control 

High 

implementation 

costs 

III.METHODOLOGY 

 

This study employs a mixed-methods research 

approach, combining quantitative analysis of AI 

implementation outcomes with qualitative insights 

from industry experts, to assess the effectiveness of AI 

in construction risk assessment and mitigation. The 

methodology is structured into four key phases: 

1. Research Design 

Case Study Approach: Examines AI adoption in 5 

major Indian construction projects (metro rail, 

highways, smart cities, high-rises, and industrial 

complexes). 

Comparative Analysis: Evaluates pre-AI and post-AI 

safety and efficiency metrics. 

Stakeholder Perspectives: Incorporates interviews 

with project managers, safety officers, AI developers, 

and policymakers. 

2. Data Collection 

Primary Data 

Field Surveys: Structured questionnaires distributed 

to 150+ construction professionals (engineers, site 

supervisors, workers). 

Expert Interviews: Semi-structured interviews 

with 20+ industry leaders on AI implementation 

challenges. 

Real-time Monitoring Data: Data logs from AI-

powered CCTV, wearables, and predictive 

maintenance systems. 

Secondary Data 

Government Reports: Analysis of Construction 

Accident Databases (MoHUA, NCRB). 

Corporate Case Studies: Review of AI adoption 

in L&T, Shapoorji Pallonji, and Tata Projects. 

Academic Literature: Synthesis of global AI-in-

construction research. 

Table-2. AI Technologies Evaluated 
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Technology Application Data Source 

Computer 

Vision 

Real-time 

hazard detection 

(PPE, falls) 

CCTV, 

Drones, Site 

cameras 

Predictive 

Analytics 

Delay & cost 

overrun 

forecasting 

ERP systems, 

Weather data 

IoT& 

Wearables 

Worker health 

monitoring 

(fatigue, heat) 

Smart 

helmets, 

Biometric 

sensors 

BIM + AI 
Structural risk 

simulation 

3D modeling, 

Sensor data 

4. Analytical Framework 

Quantitative Analysis: 

Safety Metrics: Accident rates, near-miss reports, 

compliance scores. 

Efficiency Metrics: Project delays, cost savings, 

rework reduction. 

Statistical Tools: Regression analysis, ANOVA for AI 

impact assessment. 

Qualitative Analysis: 

Thematic Coding of interview responses on 

implementation barriers. 

SWOT Analysis of AI adoption in Indian construction. 

5. Validation & Limitations 

Triangulation: Cross-verification of AI system logs, 

survey data, and expert opinions. 

Bias Mitigation: Random sampling of projects across 

private and public sectors. 

Limitations: 

Regional focus (India-specific challenges). 

Reliance on corporate disclosures for some 

performance data. 

 

 
IV-RESULTS AND DISCUSSIONS 

 

1. Safety Performance 

Computer vision systems reduced accidents by 25-

30% through real-time hazard detection 

IoT wearables improved safety compliance by 35-

42% via immediate behavioral feedback 

2. Technology Efficacy 

Predictive analytics achieved >85% accuracy in risk 

forecasting when integrated with BIM 

AI-enhanced risk matrices outperformed traditional 

methods by 40% faster response to emerging threats 

Critical Implementation Factors 

(Technology-Organization-Environment Framework) 

Table-3 

Dimension 
Success 

Factors 

Challenges in 

Indian Context 

Technology 

• Unified data 

platforms 

• Edge 

computing 

capabilities 

• Data 

fragmentation 

• Legacy 

system 

interoperability 

Organization 

• Digital skill 

development 

• Process re-

engineering 

• Workforce 

resistance 

• Managerial 

buy-in 

Environment 

• Adaptive 

regulations 

• PPP 

collaborations 

• Regulatory 

lag 

• Insurance 

policy 

misalignment 
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1. AI's Transformative Potential 

Dynamic risk matrices enabled preventive 

interventions (vs. reactive traditional approaches) 

Integrated AI systems reduced project delays by 15-

20% through early risk identification 

2. Developing Economy Paradox 

High ROI potential (4:1 benefit-cost ratio) conflicts 

with 

Implementation barriers: 

Data Scarcity: 70% of projects lack structured 

historical databases 

Skill Gap: <35% of safety officers possess AI literacy 

Regulatory Void: Absence of AI certification standards 

for construction 

3. Framework Validation 

Pilot projects showed 50% faster adoption when all 

framework components were implemented 

concurrently 

Theoretical Contributions 

Validated complex systems theory in construction: AI 

systems successfully managed nonlinear risk 

interactions 

Demonstrated sociotechnical alignment as critical 

determinant: 

Technical performance gains were nullified when 

organizational workflows weren't adapted (Site 

Manager Interview) 

While AI demonstrably enhances construction risk 

management, its efficacy in India depends on: 

1. Tripartite Synchronization: Coordinated 

advancement of technology infrastructure, 

organizational capabilities, and regulatory ecosystems 

2. Contextual Adaptation: Localized solutions 

for data quality improvement and workforce 

upskilling 

3. Evolutionary Implementation: Phased 

adoption starting with computer vision (highest ROI 

observed) before scaling to predictive systems 

Tabe-4 AI Technology Performance 

Technology Metric Result Project Sample 

Computer Vision Monitoring 

Accident reduction rate 28% (avg.) 

12 highway projects 

Near-miss detection accuracy 82% 

Predictive Risk Analytics 

Risk forecast accuracy (BIM-integrated) 87% 

8 smart city projects 

False positives 13% 

IoT-Enabled Wearables Safety compliance improvement 39% (avg.) 6 metro rail projects 

 Real-time alert effectiveness 91%  

 

2. Implementation Challenges (Indian Context) 

Data Quality: 

68% of projects lacked structured historical risk databases 

Sensor data integrity gaps: 22% (avg. due to environmental interference) 

Workforce Readiness: 

Only 32% of safety officers passed AI literacy assessments 

45% resistance to tech adoption among veteran workers 

Interoperability: 

Legacy system integration delays: 14–18 weeks (vs. 3 weeks in advanced economies) 

4. ROI Analysis 
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Factor Benefit Cost/Challenge 

Accident reduction 
$4.2M saved/project (injury 

costs) 
Initial AI setup: $1.1M 

Project delays 18%fewer schedule overruns Training: $380K/project 

Compliance fines 67% reduction Data cleanup: $220K/project 

Benefit-Cost Ratio 4.2:1 Payback period: 11 months 

 

1. Efficacy of AI Paradigms 

Computer Vision: 

28% accident reduction (p<0.001) validates real-time 

hazard detection. 

Limitation: High false alarms in dust-heavy sites (37% 

accuracy drop). 

Predictive Analytics: 

87% accuracy in risk forecasting enabled proactive 

mitigation (e.g., piling collapse probability reduced by 

41%). 

IoT Wearables: 

39% compliance surge linked to gamified 

feedback (e.g., vibration alerts for incorrect PPE 

usage). 

2. TOE Framework Validation 

Synergy Requirement: Projects with balanced TOE 

maturity saw 53% higher ROI (*r=0.78, p=0.004*). 

Critical Gap: Organizations skipping process re-

engineering faced 31% system underutilization. 

3. Developing Economy Paradox 

High Potential vs. Structural Barriers: 

Despite 4.2:1 benefit-cost ratio, 70% of 

firms hesitated due to: 

Skill gaps (45% budget allocated to expatriate 

technicians) 

Regulatory uncertainty (65% awaited AI certification 

standards) 

Data Scarcity Impact: 

Models trained only on Indian data showed 19% lower 

accuracy vs. globally augmented datasets. 

4. Theoretical Implications 

Complex Systems Theory: AI managed nonlinear risk 

cascades (e.g., weather-delay-safety links). 

 

 

 

V-CONCLUSION 

 

This study validates that construction risk operates as 

a dynamic complex system, where traditional static 

models fail to capture nonlinear interdependencies 

(e.g., cascading delays-safety compromises). AI-

driven systems transcend these limitations by 

leveraging pattern recognition and real-time data 

processing, transforming risk matrices from reactive 

snapshots into adaptive forecasting tools. 

Theoretically, this demonstrates how AI 

embeds systemic resilience into risk management – 

anticipating emergent threats through computational 

modeling of chaotic variables (weather, supply chains, 

human behavior) previously deemed unquantifiable. 

The research affirms that AI’s efficacy hinges 

on sociotechnical symbiosis. While algorithms 

enhance hazard prediction accuracy, their impact 

remains constrained without synchronized 

organizational adaptation. Findings reveal that purely 

technological deployments falter when divorced from 

reengineered workflows, stakeholder buy-in, and skill 

development. This corroborates the coevolution 

principle: risk mitigation peaks only when technical 

capabilities (e.g., computer vision) evolve 

interdependently with human factors (e.g., AI-

augmented decision protocols). Consequently, the 

TOE framework emerges as non-negotiable – 

demanding concurrent maturation of technological 

infrastructure, organizational processes, and 

regulatory ecosystems. 

For developing economies like India, the study 

exposes a critical theoretical gap: innovation-adoption 

asymmetry. While AI’s theoretical potential aligns 

with global benchmarks, its implementation defies 

linear technology-transfer models. Institutional voids 
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(data scarcity, regulatory fragmentation) disrupt 

diffusion, necessitating contextual hybridity – 

blending global technical advances with localized 

adaptations (e.g., compensating data gaps via transfer 

learning). This repositions AI adoption as a socio-

institutional negotiation rather than a purely technical 

upgrade, urging future research toward modular 

theoretical frameworks that prioritize institutional 

embeddedness over algorithmic sophistication alone. 
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