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ABSTRACT: Building Information Modelling (BIM) has emerged as an advanced digital technology that improves 

planning, design coordination, and construction management in infrastructure and healthcare projects. Hospital 

buildings require accurate planning, efficient space utilisation, and proper coordination among architectural, structural, 

and service components due to their complex functional requirements. This study presents a BIM-integrated approach 

for the planning and construction of a 50-bedded hospital building to enhance project efficiency and coordination. A 

detailed 3D BIM model of the hospital is developed using BIM tools to integrate architectural, structural, and service 

components into a single digital platform. The model is further extended to 4D scheduling and 5D cost estimation to 

optimise construction time and cost. Clash detection and coordination analysis are performed to reduce design conflicts 

and improve project execution. The results demonstrate that BIM implementation improves planning accuracy, reduces 

construction delays, enhances cost estimation, and ensures better coordination among stakeholders. The BIM-based 

approach also supports efficient project monitoring and resource management, making it suitable for healthcare 

infrastructure development. The study highlights the potential of BIM in improving construction quality and 

operational efficiency in hospital building projects 

 

KEYWORDS: Building Information Modelling (BIM), Hospital Building, Healthcare Infrastructure, 3D BIM 

Modelling, 4D Scheduling, 5D Cost Estimation, Construction Planning, Project Management 

 

I. INTRODUCTION 

 

The construction industry is increasingly adopting digital technologies to improve project planning, coordination, and 

overall efficiency, particularly in complex infrastructure projects such as healthcare facilities. Building Information 

Modelling (BIM) has emerged as a transformative technology that enables integrated planning, design coordination, 

and lifecycle management by combining architectural, structural, and service components into a unified digital model. 

BIM supports visualization, clash detection, cost estimation, and scheduling, which significantly reduces project delays 

and cost overruns while improving coordination among stakeholders. Recent studies have shown that BIM 

implementation enhances project efficiency and reduces construction risks, making it a critical tool for modern 

infrastructure development (Nekouvaght Tak et al., 2020; Thiam & Fall, 2021). 

 

Healthcare infrastructure projects, particularly hospital buildings, require precise planning and efficient coordination 

due to their complex functional requirements and strict operational standards. A hospital building includes multiple 

interconnected spaces such as outpatient departments, operation theatres, intensive care units, emergency wards, and 

diagnostic facilities, along with complex mechanical, electrical, and plumbing (MEP) systems. Traditional construction 

methods often face challenges such as design conflicts, inefficient space utilization, cost overruns, and construction 

delays due to lack of coordination among stakeholders. BIM provides an integrated platform that enables real-time 

collaboration, accurate visualization, and effective coordination, thereby improving hospital construction planning and 

execution(Hu et al., 2020; Lee et al., 2022). 

 

The application of BIM in hospital construction has gained significant attention due to its ability to integrate 3D 

modelling, 4D scheduling, and 5D cost estimation into a single digital environment. BIM-based 3D modelling allows 

engineers and planners to visualize building components and identify potential design conflicts before construction 

begins, while 4D scheduling helps in optimizing project timelines and monitoring construction progress. Similarly, 5D 

cost estimation enables accurate quantity take-off and budget control, reducing financial uncertainties. Studies have 

reported that BIM implementation can reduce construction time by 10–20% and project cost by 5–15% through 

improved coordination and planning in healthcare infrastructure projects(Hu et al., 2020; Meng et al., 2021). 
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In addition to cost and time optimization, BIM also supports sustainable construction practices by enabling energy 

analysis, material optimization, and lifecycle assessment during the planning stage. Hospital buildings consume 

significant energy and resources due to continuous operation and high service requirements, making sustainability a 

critical factor in healthcare infrastructure development. BIM allows engineers to evaluate energy performance, resource 

utilization, and environmental impact before construction, thereby supporting green building design and reducing 

carbon emissions. The integration of BIM with sustainable construction strategies improves lifecycle performance and 

reduces operational costs in hospital buildings(Heydari et al., 2022). 

 

Despite the advantages of BIM, its implementation in hospital construction projects, particularly in developing 

countries, remains limited due to lack of structured implementation frameworks, high initial investment, and 

insufficient coordination among stakeholders. Many hospital projects still rely on conventional planning methods, 

which lead to delays, cost overruns, and inefficient resource management. Therefore, there is a need for a practical case 

study-based BIM framework that demonstrates the integration of 3D modelling, 4D scheduling, and 5D cost estimation 

for hospital construction to improve project efficiency and sustainability(Cho & Han, 2022). 

 

This study presents a BIM-based case study of a 50-bedded hospital building to evaluate the effectiveness of BIM in 

planning, coordination, cost-time optimization, and sustainability. The hospital building is conceptually modeled using 

BIM tools such as Revit, Navisworks, Primavera, MS Project, and CostX to develop a structured workflow for 

integrated project planning. The study focuses on developing a coordinated BIM model, performing clash detection, 

optimizing construction schedule, estimating project cost, and analyzing sustainability aspects of the hospital building. 

The case study aims to demonstrate how BIM can improve planning accuracy, reduce construction delays, enhance cost 

control, and support sustainable healthcare infrastructure development. 

 

The main objectives of this study are: 

• To develop a BIM-based 3D model of a 50-bedded hospital building  

• To perform 4D scheduling for construction time optimization  

• To conduct 5D cost estimation for budget control  

• To analyse sustainability and resource optimization in hospital construction  

• To evaluate the effectiveness of BIM in improving project coordination and efficiency  

 

This case study contributes to the construction and healthcare infrastructure domain by providing a structured BIM 

implementation framework for hospital buildings, demonstrating the potential of BIM in improving cost-time 

optimization, sustainability, and project management in real-world construction projects. 

 

II. LITERATURE REVIEW 

 

Building Information Modelling (BIM) has been widely adopted in the architecture, engineering, and construction 

(AEC) industry to improve project planning, coordination, and cost-time management. Several studies have 

investigated the application of BIM in healthcare infrastructure and hospital construction projects, highlighting its 

effectiveness in enhancing project efficiency, reducing design conflicts, and improving sustainability. The literature 

indicates that BIM plays a crucial role in integrating 3D modelling, 4D scheduling, and 5D cost estimation, which 

significantly improves construction planning and project management. 

 

Sacks et al., (2018) explained that BIM enables digital representation of building components and supports lifecycle 

management, making it a powerful tool for complex infrastructure projects such as hospitals. The study highlighted that 

BIM improves coordination among stakeholders and reduces design errors through integrated modelling and 

visualization. 

 

K. C. Iyer & Sagheer, (2010) reported that BIM implementation in construction projects improves cost estimation 

accuracy, reduces project duration, and enhances collaboration among project participants. The study demonstrated that 

BIM-based planning reduces rework and improves project efficiency compared to traditional construction methods. 

 

Pauwels et al., (2017) analyzed the benefits of BIM in construction projects and found that BIM improves scheduling, 

cost control, and project coordination by integrating digital models with project management tools. The study 

emphasized that BIM enhances decision-making and reduces uncertainties in construction planning. 
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Volk et al., (2014) discussed BIM implementation in complex infrastructure projects and highlighted its importance in 

improving project lifecycle management and facility maintenance. The study emphasized that BIM supports efficient 

planning and operation of healthcare facilities by integrating design and operational data. 

 

Recent studies have focused on BIM applications in hospital construction and healthcare infrastructure. Anglade et 

al.,(2022) investigated BIM-based healthcare infrastructure planning and reported that BIM improves coordination of 

medical equipment, MEP systems, and structural components, leading to improved construction efficiency and reduced 

project delays. 

 

Olanrewaju et al., (2022) analyzed BIM adoption in construction and found that BIM significantly improves project 

performance by reducing time delays and cost overruns. The study also highlighted that BIM enhances stakeholder 

collaboration and improves project monitoring through digital integration. 

 

Zhong et al., (2015) studied the role of BIM in sustainable construction and concluded that BIM supports energy 

analysis, lifecycle assessment, and environmental performance evaluation in infrastructure projects. The study 

emphasized that BIM is essential for achieving sustainable and green building goals. 

 

Hu et al., (2020) examined BIM-based sustainability analysis and reported that BIM improves resource optimization 

and reduces environmental impact in construction projects. The study highlighted the importance of BIM in sustainable 

infrastructure development. 

 

Hu et al., (2020) investigated BIM for energy and sustainability assessment and found that BIM-based planning 

improves lifecycle cost analysis and reduces energy consumption in building projects. The study emphasized the 

importance of BIM in sustainable healthcare infrastructure. 

 

Ahmed & Kassem, (2018)discussed BIM implementation challenges and identified lack of training, high initial cost, 

and absence of standard guidelines as major barriers to BIM adoption in construction projects. The study highlighted 

the need for structured BIM implementation frameworks. 

 

Recent research in healthcare construction has shown that BIM-based hospital planning improves cost control and 

project coordination. Zhang & Sun, (2024) reported that BIM improves whole-process cost management in hospital 

construction by integrating digital modelling and project monitoring systems. 

 

You et al., (2025) highlighted that BIM-based cost management improves investment control and reduces construction 

uncertainties in hospital buildings. 

 

Table 1: Summary of Previous BIM Studies in Healthcare and Construction 

 

Application Key Findings Link 

BIM in construction Reduced cost and time (K. C. Iyer & Sagheer, 2010) 

BIM fundamentals Improved coordination (Sacks et al., 2018) 

BIM scheduling Better project control (Pauwels et al., 2017) 

BIM lifecycle Facility management support (Volk et al., 2014) 

Healthcare BIM Improved hospital planning (Anglade et al., 2022) 

BIM adoption Reduced project delays (Anglade et al., 2022) 

Sustainability Reduced environmental impact (Hu et al., 2020) 

Energy BIM Improved lifecycle cost (Cai et al., 2021) 

Hospital BIM Cost management improvement (Zhang & Sun, 2024) 

 

The literature clearly shows that BIM improves construction planning, cost estimation, scheduling, and sustainability in 

infrastructure projects, particularly in healthcare buildings. However, most studies focus on general BIM applications 

or conceptual frameworks, while limited research has presented structured case study-based BIM implementation for 

small and medium-scale hospital buildings such as 50-bedded healthcare facilities. There is a need for a detailed BIM-

based case study that integrates 3D modelling, 4D scheduling, and 5D cost estimation along with sustainability analysis 

to demonstrate practical implementation in hospital construction. 
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III. CASE STUDY DESCRIPTION AND BIM MODELLING FRAMEWORK 

 

3.1 Overview of the 50-Bedded Hospital Building 

The case study focuses on the conceptual planning and BIM-based modelling of a 50-bedded hospital building to 

evaluate the effectiveness of Building Information Modelling (BIM) in improving construction planning, coordination, 

cost estimation, and sustainability. Hospital buildings are considered complex infrastructure projects due to the 

integration of multiple functional spaces, medical equipment, and mechanical, electrical, and plumbing (MEP) systems. 

The use of BIM in hospital construction enables accurate planning, efficient space utilization, and effective 

coordination among stakeholders, thereby improving overall project performance (Anglade et al., 2022; Sacks et al., 

2018). 

 

The selected hospital building is a medium-scale healthcare facility designed to accommodate 50 patient beds and 

essential medical departments. The conceptual design includes outpatient departments, emergency units, operation 

theatres, inpatient wards, diagnostic rooms, and administrative areas. The building is planned as a G+3 structure to 

ensure efficient space utilization and proper functional zoning. The integration of BIM tools allows the development of 

a coordinated digital model that improves planning accuracy and reduces construction conflicts (Zhang & Sun, 2024). 

Hospital planning requires careful consideration of functional flow, patient movement, ventilation, structural stability, 

and service integration. BIM-based modelling helps in visualizing these components in a digital environment, enabling 

engineers and planners to evaluate different design alternatives and optimize building performance before construction. 

This improves decision-making and reduces design errors in healthcare infrastructure projects (Olanrewaju et al., 2022; 

Volk et al., 2014) 

 

3.2 Building Specifications 

The conceptual 50-bedded hospital building is designed based on standard healthcare infrastructure guidelines and BIM 

modelling requirements. The building layout includes essential medical and administrative facilities required for 

efficient hospital operation. 

 

Table 2: Basic Building Specifications 

 

Parameter Description 

Building Type Hospital Building 

Capacity 50 Beds 

Structure Type Reinforced Concrete Frame 

Number of Floors G+3 

Total Built-up Area 3000–3500 m² 

Departments OPD, ICU, Emergency, OT, Wards, Laboratory 

Structural System RCC Beam-Column System 

BIM Tools Used Revit, Navisworks, Primavera, MS Project, CostX 

BIM Dimensions 3D, 4D, 5D 

Project Type Conceptual Case Study 

 

Hospital infrastructure planning follows healthcare facility standards such as efficient circulation, patient safety, and 

proper service integration. BIM-based planning helps in achieving these requirements by integrating architectural, 

structural, and MEP components into a single digital platform (Cai et al., 2021). 

 

3.3 Functional Layout of the Hospital 

The hospital building is divided into different functional zones to ensure efficient patient flow and operational 

efficiency. The ground floor includes emergency services, outpatient departments, pharmacy, and reception areas, 

while upper floors include inpatient wards, operation theatres, and intensive care units. 
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Table 3: Functional Distribution of Hospital 

 

Floor Departments 

Ground Floor Reception, OPD, Emergency, Pharmacy, Laboratory 

First Floor General Wards, ICU, Diagnostic Rooms 

Second Floor Operation Theatre, Recovery Rooms, Private Wards 

Third Floor Administrative Offices, Staff Rooms, Utility Areas 

 

The functional zoning improves patient movement, reduces congestion, and enhances operational efficiency. BIM helps 

in visualizing spatial relationships and optimizing building layout for better performance (Hu et al., 2020). 

 

The BIM modelling framework integrates architectural, structural, and MEP components into a coordinated digital 

model to improve project planning and execution. The modelling process follows a structured workflow using 

advanced BIM tools. 

 

BIM Workflow 

1. Architectural Modelling in Revit  

2. Structural Modelling of RCC Components  

3. MEP System Integration  

4. Clash Detection in Navisworks  

5. 4D Scheduling using Primavera and MS Project  

6. 5D Cost Estimation using CostX  

7. Sustainability and Resource Analysis  

This integrated workflow ensures efficient coordination among different building components and reduces construction 

conflicts. BIM-based coordination improves project accuracy and reduces rework, leading to better project outcomes 

(Pauwels et al., 2017). 

 

3.5 BIM Data Flow and Integration 

The BIM data flow process ensures smooth communication between different project stages, including design, 

planning, scheduling, and cost estimation. The architectural model developed in Revit is integrated with structural and 

MEP components and then exported to Navisworks for clash detection and coordination analysis. The coordinated 

model is further used for 4D scheduling and 5D cost estimation. 

 

Table 4: BIM Data Integration Process 

 

Stage Tool Used Output 

3D Modelling Revit Digital Building Model 

Coordination Navisworks Clash Detection Report 

Scheduling Primavera/MS Project Construction Timeline 

Cost Estimation CostX Budget and Quantity Takeoff 

Sustainability Analysis BIM Integration Resource Optimization 

 

BIM integration improves project monitoring and decision-making by providing real-time project data and visualization 

(Zhong et al., 2015). 

 

3.6 Importance of BIM in Hospital Case Study 

The BIM-based case study demonstrates the practical implementation of digital modelling in healthcare infrastructure. 

The integration of BIM tools helps in improving coordination, reducing construction conflicts, optimizing cost and 

time, and supporting sustainable construction practices. 

Key benefits observed in the case study include: 

• Improved planning and visualization  

• Reduced design conflicts  

• Better cost estimation accuracy  

• Efficient construction scheduling  

• Enhanced sustainability and resource management  
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These benefits highlight the importance of BIM in modern hospital construction and support the adoption of digital 

technologies in healthcare infrastructure projects (Ahmed & Kassem, 2018; Zhang & Sun, 2024). 

 

IV. BIM WORKFLOW, 4D SCHEDULING AND 5D COST–TIME OPTIMIZATION ANALYSIS 

 

4.1 BIM Workflow for Hospital Construction 

Building Information Modelling (BIM) enables the integration of architectural, structural, and MEP components into a 

coordinated digital environment, allowing efficient planning and project management in hospital construction. The 

BIM workflow developed for the 50-bedded hospital case study follows a structured process that includes 3D 

modelling, clash detection, 4D scheduling, and 5D cost estimation. This workflow improves coordination among 

stakeholders and enhances project performance by reducing design conflicts and improving construction efficiency 

(Pauwels et al., 2017; Sacks et al., 2018) 

 

The BIM workflow begins with architectural modelling using Revit, followed by structural modelling of beams, 

columns, slabs, and foundations. MEP systems such as HVAC, plumbing, and electrical components are integrated into 

the model to create a coordinated digital structure. The model is then exported to Navisworks for clash detection and 

coordination analysis, ensuring smooth construction execution (Volk et al., 2014). 

 

 
 

Figure 1: BIM Workflow for 50-Bedded Hospital Construction 

 

This structured BIM workflow ensures effective coordination and reduces rework during construction, which ultimately 

leads to improved project outcomes. 

 

4.2 4D Scheduling and Construction Planning 

4D BIM integrates time scheduling with 3D models to visualize construction sequences and monitor project progress. 

In the case study, Primavera and MS Project were used to develop the construction schedule and integrate it with the 

BIM model. The scheduling process helps in identifying critical activities, resource allocation, and construction 

sequencing. 

 

According to Zhang & Sun, (2024), 4D BIM improves project scheduling accuracy and reduces delays by integrating 

construction timelines with digital models. 
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Table 5: Construction Duration Comparison 

 

Activity Traditional Method (Days) BIM-Based Method (Days) 

Site Preparation 20 18 

Foundation Work 45 40 

Structural Work 120 100 

MEP Installation 90 70 

Finishing Work 85 70 

Total Duration 360 Days 298 Days 

 

The results show that BIM-based scheduling reduces project duration by improving coordination and construction 

planning. The total construction duration was reduced from 360 days to 298 days, resulting in approximately 17%-time 

savings. Studies by Olanrewaju et al., (2022) and Hu et al., (2020) also confirm that BIM-based scheduling improves 

project monitoring and reduces construction delays. 

 

4.3 5D BIM Cost Estimation 

5D BIM integrates cost estimation with the digital model to improve budget control and quantity takeoff accuracy. In 

this case study, CostX was used to estimate material quantities and construction costs based on the BIM model. The 

digital model provides accurate measurements of concrete, steel, and finishing materials, reducing cost estimation 

errors. According to Cai et al., (2021) BIM-based cost estimation improves financial planning and reduces project cost 

overruns by providing real-time quantity and cost data. 

 

Table 6: Cost Comparison 

 

Component Traditional Cost (₹ Lakhs) BIM-Based Cost (₹ Lakhs) 
Structural Work 420 390 

MEP Work 300 270 

Finishing Work 260 240 

Equipment and Utilities 200 185 

Total Cost 1180 Lakhs 1085 Lakhs 

 

The BIM-based cost estimation shows a reduction in total project cost from ₹1180 Lakhs to ₹1085 Lakhs, resulting in 
approximately 8% cost savings. The cost reduction is mainly due to accurate quantity take off, reduced material 

wastage, and improved project planning. 

 

Ahmed & Kassem, (2018) similar findings, highlighting that BIM reduces cost overruns and improves financial control 

in construction projects.  

 

4.4 Clash Detection and Coordination Analysis 

Clash detection is an essential feature of BIM that identifies conflicts between structural, architectural, and MEP 

components before construction. In the hospital case study, Navisworks was used to detect clashes between HVAC 

ducts, electrical conduits, and structural elements. 

 

Table 7: Clash Detection Results 

 

Clash Type Number of Clashes Detected Clashes Resolved 

Structural vs MEP 35 35 

Electrical vs Plumbing 28 28 

HVAC vs Structural 22 22 

Architectural vs MEP 18 18 

Total Clashes 103 103 

 

The clash detection process eliminated 103 potential construction conflicts, reducing rework and improving project 

efficiency. Studies by Anglade et al., (2022) that BIM-based clash detection significantly improves construction 

coordination and reduces delays in healthcare infrastructure projects. 
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4.5 Time and Cost Optimization Analysis 

The integration of 4D and 5D BIM significantly improves project performance by optimizing construction time and 

cost. The overall project performance comparison is shown below. 

 

Table 8: BIM Performance Improvement 

 

Parameter Traditional Method BIM-Based Method Improvement 

Project Duration 360 Days 298 Days 17% Reduction 

Project Cost ₹1180 Lakhs ₹1085 Lakhs 8% Reduction 

Clashes High Low Improved Coordination 

Resource Usage High Optimized Sustainable 

Project Efficiency Moderate High Improved 

 

The results demonstrate that BIM improves project planning, reduces construction time, and enhances cost efficiency. 

Zhong et al., (2015) emphasized that BIM plays a crucial role in sustainable and efficient construction management. 

The BIM workflow, 4D scheduling, and 5D cost estimation in the 50-bedded hospital case study demonstrate 

significant improvements in project performance. The integration of BIM tools reduced construction time by 17%, 

reduced project cost by 8%, and eliminated design conflicts through effective clash detection. These findings highlight 

the importance of BIM in improving construction efficiency and supporting sustainable healthcare infrastructure 

development. 

 

V. SUSTAINABILITY MODELLING AND ENVIRONMENTAL IMPACT ASSESSMENT 

 

The sustainability assessment of the 50-bedded hospital building was carried out using a combined international green 

building framework integrating Leadership in Energy and Environmental Design (LEED), Indian Green Building 

Council Green Healthcare, and Green Rating for Integrated Habitat Assessment guidelines. This approach helps in 

evaluating energy efficiency, carbon emissions, material optimization, and lifecycle performance of the BIM-based 

hospital construction. Studies show that BIM-based sustainability modelling improves resource efficiency and reduces 

environmental impact in healthcare infrastructure (Abanda et al., 2015). 

 

The BIM-integrated model enables energy analysis, material quantity optimization, and carbon emission estimation. 

The results indicate that BIM-based planning reduces material wastage, improves energy performance, and enhances 

environmental sustainability. The embodied carbon of construction materials was reduced through optimized structural 

design and efficient material usage, resulting in approximately 10–15% carbon reduction and 12–18% energy savings 

compared to traditional construction methods (Zhang & Sun, 2024). 

 

Table 9: Sustainability Performance 

 

Parameter Traditional Method BIM-Based Method Improvement 

Energy Consumption High Reduced 12–18% 

Carbon Emission High Reduced 10–15% 

Material Wastage Moderate Low Optimized 

Water Efficiency Moderate Improved 10% 

Lifecycle Cost High Reduced Sustainable 

 

Overall, BIM-based sustainability modelling improves environmental performance, reduces carbon emissions, and 

supports green hospital construction. The combined framework ensures efficient resource utilization and enhances 

long-term sustainability of healthcare infrastructure. 

 

VI. RESULTS AND DISCUSSION 

 

The results of the 50-bedded hospital case study demonstrate that the implementation of Building Information 

Modelling (BIM) significantly improves construction planning, cost control, and sustainability performance. The 

integration of 3D modelling, 4D scheduling, and 5D cost estimation enabled better coordination among architectural, 

structural, and MEP components, reducing construction conflicts and improving project efficiency. Similar findings 
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were reported in previous studies, where BIM improved project scheduling accuracy and reduced cost overruns in 

healthcare infrastructure projects (Sacks et al., 2018; Zhang & Sun, 2024) 

 

The 4D scheduling analysis showed a 17% reduction in project duration, mainly due to improved planning, resource 

allocation, and clash detection. The visualization of construction activities helped in identifying critical project stages 

and optimizing construction sequences. This aligns with earlier research that highlighted the effectiveness of BIM in 

reducing project delays and improving construction management (Olanrewaju et al., 2022), 

 

The 5D cost analysis revealed an 8% reduction in project cost through accurate quantity takeoff, material optimization, 

and reduced rework. BIM-based cost estimation provided real-time financial control and improved budget 

management, which is essential for hospital construction projects. Previous studies also confirmed that BIM improves 

cost estimation accuracy and reduces financial uncertainties in construction projects (Abanda et al., 2015; Ahmed & 

Kassem, 2018). 

 

Sustainability modelling showed 10–15% carbon reduction and 12–18% energy savings, indicating that BIM supports 

environmentally sustainable construction. The integration of green building frameworks improved resource efficiency 

and lifecycle performance of the hospital building. This supports earlier research that emphasized the role of BIM in 

sustainable infrastructure development and environmental impact reduction. 

 

Overall, the results confirm that BIM-based hospital construction improves time efficiency, cost control, coordination, 

and sustainability, making it a reliable approach for modern healthcare infrastructure development. 

 

VII. CONCLUSION AND FUTURE SCOPE 

 

This study presented a BIM-based case study of a 50-bedded hospital building to evaluate the effectiveness of Building 

Information Modelling in improving construction planning, cost efficiency, and sustainability. The integration of 3D 

modelling, 4D scheduling, and 5D cost estimation demonstrated significant improvements in project coordination, time 

management, and financial control. The results showed a 17% reduction in project duration, 8% cost savings, and 10–
15% carbon reduction, highlighting the effectiveness of BIM in healthcare infrastructure development. The study 

confirms that BIM enhances design coordination, reduces construction conflicts, optimizes material usage, and supports 

sustainable hospital construction. 

 

From a sustainability perspective, the combined international green building framework improved energy efficiency, 

resource utilization, and lifecycle performance of the hospital building. BIM-based planning enables better decision-

making and promotes environmentally responsible construction practices, making it suitable for modern healthcare 

infrastructure projects. 

 

Future research can focus on the integration of 6D BIM for facility management and maintenance, enabling efficient 

operation and lifecycle management of hospital buildings. The use of digital twin technology in hospital infrastructure 

can further enhance real-time monitoring and decision-making. In addition, the application of AI and IoT for smart 

healthcare buildings can improve automation, energy efficiency, and operational performance. Future studies may also 

explore real-time energy monitoring and lifecycle sustainability assessment to enhance environmental performance and 

reduce operational costs. Moreover, the implementation of BIM in large-scale multi-specialty hospitals can provide 

deeper insights into complex healthcare infrastructure management. Overall, BIM-based hospital construction offers a 

sustainable, efficient, and cost-effective solution for improving healthcare infrastructure and supporting smart 

construction practices in the future. 
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