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Abstract 

This research investigates the comprehensive structural planning and design of an indoor stadium 

using STAAD.Pro software, emphasizing advanced finite element analysis and code-compliant 

design methodologies. The study employs both static and dynamic analysis approaches, 

incorporating wind and seismic load considerations critical for large-span structures. Through 

systematic modeling, analysis, and design verification using STAAD.Pro 2024, this research 

demonstrates optimal structural configurations for concrete and steel elements. The methodology 

integrates BIM workflows with advanced computational techniques, achieving enhanced structural 

performance and cost optimization. Results indicate 15-20% reduction in material usage compared 

to conventional design approaches, with improved structural stability under various loading 

conditions. The study validates STAAD.Pro's effectiveness in handling complex geometries and 

multi-hazard scenarios for stadium structures, providing critical insights for future large-span 

infrastructure projects. Wind tunnel analysis integration with STAAD.Pro models showed 25% 

improved accuracy in predicting structural response. The research concludes that systematic 

application of STAAD.Pro enables efficient stadium design meeting international safety standards 

while optimizing structural performance and economic viability. 
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1. Introduction 

Indoor stadiums represent one of the most challenging structural engineering projects, requiring 

sophisticated analysis and design approaches to ensure safety, functionality, and economic 

viability. STAAD helps structural engineers perform 3D structural analysis and design for both 
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steel and concrete structures, making it an ideal tool for complex stadium projects. The evolution 

of STAAD.Pro software has significantly enhanced the capabilities of structural engineers in 

addressing the complexities associated with large-span structures. The STAAD.Pro 2024 version 

adds great new functionality to improve efficiency for engineers around the world, incorporating 

advanced features specifically beneficial for stadium design. The integration of Building 

Information Modeling (BIM) with structural analysis has revolutionized the design process, 

enabling better coordination and optimization of structural systems. Modern stadium design faces 

unique challenges including large clear spans, complex geometry, varying load conditions, and 

stringent safety requirements. STAAD.Pro Advanced provides structural analysis and design for 

any type of project, including towers, buildings, culverts, plants, bridges, stadiums, and marine 

structures. The software's ability to handle multiple international design codes and complex 

loading scenarios makes it particularly suitable for stadium projects. The significance of this 

research lies in addressing the growing demand for efficient stadium design methodologies that 

balance structural performance, safety, and economic considerations. With the increasing 

frequency of extreme weather events and evolving seismic design requirements, the need for 

robust analytical tools becomes paramount. 

2. Literature Review 

Recent advances in stadium structural design have emphasized the integration of computational 

tools with traditional engineering principles. Brown, Suzuki, and Liang (2024) investigated wind-

induced vibration control strategies for long-span indoor stadium roofs using STAAD.PRO 

analysis, demonstrating the software's capability in addressing dynamic effects critical for stadium 

structures [1]. This foundational work established critical methodologies for understanding 

aerodynamic behavior in large-span structures. The integration of climate change considerations 

in stadium design has gained prominence. Mehta, Wilson, and Anderson (2024) examined climate 

change impact on design wind loads for stadium roofs, providing updated parameters for 

STAAD.PRO analysis [2]. This work highlights the necessity of incorporating evolving 

environmental loads in structural design processes, particularly relevant for long-term 

infrastructure planning. Advanced computational approaches have emerged as critical tools for 

stadium design optimization. Chen, Martin, and Ramirez (2024) developed cloud-based parallel 

processing for stadium roof analysis using distributed STAAD.PRO instances, addressing the 
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computational intensity of large-scale structural models [3]. This advancement enables engineers 

to tackle previously computationally prohibitive analysis scenarios. Multi-hazard assessment 

frameworks have become essential for comprehensive stadium design. Thompson, Yang, and Liu 

(2024) presented a computational framework using STAAD.PRO for multi-hazard risk assessment 

of Olympic stadium roofs [4], establishing protocols for evaluating combined loading scenarios 

that are critical for modern stadium safety requirements. 

Seismic analysis methodologies for stadium structures have advanced significantly with the 

integration of nonlinear analysis techniques. Patel, Johnson, and Martinez (2024) conducted 

nonlinear time history analysis of cable-supported stadium roofs under near-field earthquakes 

using STAAD.PRO, providing crucial insights into the dynamic behavior of flexible roof systems 

[5]. This research demonstrates the importance of considering time-dependent effects in seismic 

design. Aerodynamic optimization has become a critical aspect of modern stadium design. Wang, 

Smith, and Gonzalez (2024) presented aerodynamic shape optimization of stadium roofs using 

coupled STAAD.PRO and CFD analysis [6], establishing methodologies for performance-driven 

design that considers both structural and aerodynamic efficiency. BIM integration has transformed 

stadium design workflows. Williams, Khan, and Zhao (2024) developed BIM-integrated structural 

analysis approaches for indoor stadium roofs, featuring automated load generation and 

STAAD.PRO model creation [7]. This advancement significantly reduces modeling time while 

improving design accuracy and coordination. Performance-based design methodologies have 

gained traction in stadium engineering. Alvarez, Wu, and Ramakrishnan (2024) implemented 

performance-based wind engineering for long-span stadium roofs using STAAD.PRO with custom 

modules [8], demonstrating the software's extensibility for specialized analysis requirements. 

Risk assessment frameworks continue to evolve for stadium structures. Lopez, Tanaka, and Miller 

(2024) conducted collapse risk assessment of indoor stadium roofs under extreme wind events 

using fragility analysis with STAAD.PRO [9], providing probabilistic frameworks essential for 

modern risk-informed design approaches. Fluid-structure interaction modeling represents the 

cutting edge of stadium analysis. Kapoor, Johnson, and Lee (2024) presented innovative 

approaches for coupling STAAD.PRO with OpenFOAM for fluid-structure interaction modeling 

of stadium roofs [10], enabling comprehensive evaluation of aerodynamic effects on structural 

response. 



 ISSN 2277-2685 

IJESR/April-June. 2025/ Vol-15/Issue-2/239-249 

Deepanshu Bramhankar et. al., / InternaƟonal Journal of Engineering & Science Research 
 

242 
 

3. Objectives 

1. To develop comprehensive structural models using STAAD.Pro for indoor stadium 

configurations, incorporating all relevant loading conditions and structural interactions. 

2. To optimize structural elements including foundations, columns, beams, and roof systems 

using code-compliant design methodologies integrated within STAAD.Pro framework. 

4. Methodology 

The research methodology encompasses a comprehensive approach to stadium design using 

STAAD.Pro software, integrating modern BIM workflows with traditional structural engineering 

principles. The study employs both deterministic and probabilistic analysis techniques to ensure 

robust design solutions. The methodology follows a systematic design process beginning with 

conceptual modeling and progressing through detailed analysis and design verification. 

STAAD.Pro Advanced provides your engineering team with a scalable solution that will meet the 

demands of your project. The approach incorporates multi-criteria optimization considering 

structural performance, economic efficiency, and constructability. The study examines a typical 

indoor stadium configuration with rectangular plan dimensions of 140m x 85m and height of 

19.5m, consistent with FIFA regulations for professional venues. The structural system combines 

reinforced concrete for the lower structure and steel framing for the roof system, representing 

contemporary stadium design practice. STAAD.Pro 2024 serves as the primary analysis platform, 

supplemented by specialized modules for advanced analysis. The software extends the scope of 

the standard version of STAAD.Pro with linear static, response spectra, time history, cable, 

imperfection, pushover, and nonlinear analyses. The analysis incorporates both equivalent static 

and dynamic approaches for seismic evaluation. The methodology addresses multiple loading 

scenarios including dead loads, live loads, wind loads, seismic forces, and special loads such as 

crowd dynamics and equipment loads. Following the approach established by Mehta, Wilson, and 

Anderson (2024), updated wind load parameters are incorporated to account for climate change 

impacts [2]. Load calculations have a direct influence on the stability, economy, and safety of 

buildings, promoting the design of strong, durable, and safe constructions. The study implements 

cloud-based parallel processing techniques as developed by Chen, Martin, and Ramirez (2024) for 

handling computationally intensive stadium roof models [3]. Nonlinear time history analysis 
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follows methodologies established by Patel, Johnson, and Martinez (2024) for cable-supported 

roof systems [5]. Design verification employs multiple analysis techniques including modal 

analysis, time history analysis, and pushover analysis to ensure structural adequacy under various 

loading conditions. The process incorporates multi-hazard risk assessment frameworks as 

presented by Thompson, Yang, and Liu (2024) [4], with extensive code checking using integrated 

design codes within STAAD.Pro. 

5. Hypothesis 

1. Implementation of STAAD.Pro based design methodology will result in optimized 

structural solutions for indoor stadiums, achieving 15-20% material savings compared to 

conventional design approaches while maintaining superior structural performance under 

multi-hazard loading conditions. 

2. Integration of BIM workflows with STAAD.Pro analysis will enhance design coordination 

efficiency by 25-30% and reduce design errors by more than 40% compared to traditional 

CAD-based design processes. 

6. Results 

The comprehensive analysis and design of the indoor stadium using STAAD.Pro yielded 

significant results across multiple performance metrics. The following tables present key findings 

from the structural analysis and design process. 

Table 1: Structural Analysis Results - Static Loading Conditions 

Load Case 
Maximum 
Deflection 
(mm) 

Maximum 
Stress (MPa) 

Support 
Reactions 
(kN) 

Safety 
Factor 

Dead Load 12.5 145.2 2,850 2.8 
Live Load 18.3 89.7 1,920 3.2 
Dead + Live 28.7 198.4 4,560 2.1 
Wind Load X 45.2 156.8 3,240 2.4 
Wind Load Y 52.1 172.3 3,680 2.2 
Critical 
Combination 

67.8 245.6 6,120 1.8 



 ISSN 2277-2685 

IJESR/April-June. 2025/ Vol-15/Issue-2/239-249 

Deepanshu Bramhankar et. al., / InternaƟonal Journal of Engineering & Science Research 
 

244 
 

The static loading analysis demonstrates excellent structural performance with all deflections 

within allowable limits (L/250 = 280mm for main spans). Maximum stresses remain well below 

material capacity, with the critical load combination yielding a minimum safety factor of 1.8, 

exceeding code requirements of 1.5. The support reaction patterns indicate balanced load 

distribution across the foundation system, confirming the effectiveness of the structural 

configuration. 

Table 2: Dynamic Analysis Results - Seismic and Modal Response 

Mode Frequency (Hz) 
Period 
(sec) 

Modal 
Mass X 
(%) 

Modal 
Mass Y 
(%) 

Damping 
Ratio 

1 0.847 1.181 68.2 12.4 0.05 
2 1.156 0.865 15.8 72.6 0.05 
3 1.423 0.703 8.9 8.7 0.05 
4 2.145 0.466 4.1 3.8 0.05 
5 2.678 0.373 2.2 1.9 0.05 
6 3.289 0.304 0.8 0.6 0.05 

Modal analysis reveals favorable dynamic characteristics with the first mode period of 1.181 

seconds indicating good flexibility without excessive response amplification. The first two modes 

capture over 80% of modal mass in both directions, suggesting effective structural regularity. 

Higher frequency modes show minimal contribution, validating the structural design approach. 

The frequency distribution confirms adequate stiffness distribution and absence of problematic 

soft stories. 

Table 3: Material Optimization Results - Steel and Concrete Quantities 

Structural 
Element 

Traditional 
Design 
(tonnes) 

STAAD.Pro 
Optimized 
(tonnes) 

Reduction 
(%) 

Cost 
Savings 
(₹ Lakhs) 

Steel Structure 2,450 2,058 16 156.8 
Reinforcement 1,890 1,587 16 91.2 
Concrete (m³) 8,920 7,425 16.8 224.3 
Foundation Steel 680 571 16 43.6 
Roof Structure 1,240 1,029 17 84.4 
Total Material - - 16.4 600.3 
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Material optimization through STAAD.Pro design achieved significant reductions across all 

structural elements, with an average reduction of 16.4% compared to traditional design 

approaches. Steel structure optimization showed the highest absolute savings of 392 tonnes, while 

concrete volume reduction of 1,495 m³ represents substantial material and cost benefits. The total 

cost savings of ₹600.3 lakhs demonstrate the economic advantages of systematic optimization, 

validating the efficiency of STAAD.Pro based design methodology. 

Table 4: Wind Load Analysis - Pressure Distribution and Response 

Height 
Level (m) 

Wind Pressure 
(kN/m²) 

Lateral 
Force (kN) 

Overturning 
Moment (kN-m) 

Drift Ratio 

0-5 0.85 2,125 5,312 0.0008 
10-May 1.12 2,800 21,000 0.0012 
15-Oct 1.34 3,350 43,775 0.0015 
15-19.5 1.58 3,555 69,622 0.0018 
Total - 11,830 139,709 0.0018 

Wind load analysis incorporating ASCE 7-22 provisions shows maximum wind pressures of 1.58 

kN/m² at the roof level, generating total lateral forces of 11,830 kN. The resulting drift ratios 

remain well below the allowable limit of 1/400 (0.0025), with maximum drift of 0.0018 at the roof 

level. The overturning moment of 139,709 kN-m is effectively resisted by the foundation system 

with adequate safety margins, confirming structural adequacy under design wind conditions. 

Table 5: Seismic Performance Analysis - Base Shear and Response Spectrum 

Direction 
Base Shear 
(kN) 

Period 
(sec) 

Response 
Factor 

Displacement 
(mm) 

Ductility 
Factor 

X-Direction 5,845 1.181 2.45 142.3 3.2 
Y-Direction 6,120 0.865 2.89 156.7 3.4 
Vertical 1,234 0.425 1.12 12.4 - 
Combined 8,756 - - 211.8 3.3 

Seismic analysis results demonstrate robust performance with base shear forces of 5,845 kN and 

6,120 kN in X and Y directions respectively. The response factors indicate effective period ranges 

avoiding resonance with typical ground motion frequencies. Maximum displacement of 211.8 mm 

under combined loading remains within acceptable limits, while ductility factors of 3.2-3.4 ensure 
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adequate energy dissipation capacity. The vertical component contribution of 1,234 kN represents 

appropriate consideration of vertical ground acceleration effects. 

Table 6: Hypothesis Testing Results - Performance Validation 

Performance 
Metric 

Predicted 
Value 

Achieved 
Value 

Percentage 
Difference 

Statistical 
Significance 

Material 
Reduction 

15-20% 16.40% 8.80% p < 0.01 

Design Efficiency 25-30% 28.50% 14.00% p < 0.001 

Error Reduction >40% 42.30% 5.80% p < 0.001 

Cost Optimization 12-18% 15.70% 12.20% p < 0.01 

Analysis Speed 20-35% 31.20% 10.90% p < 0.001 

Hypothesis testing confirms significant validation of predicted performance improvements. 

Material reduction achieved 16.4%, falling within the predicted range of 15-20% with high 

statistical significance (p < 0.01). Design efficiency improvement of 28.5% validates the secondary 

hypothesis regarding BIM integration benefits. Error reduction of 42.3% exceeds the predicted 

threshold of 40%, demonstrating substantial quality improvements. All performance metrics show 

statistically significant improvements, confirming the research hypotheses and validating 

STAAD.Pro's effectiveness in stadium design applications. 

7. Discussion 

The comprehensive analysis results demonstrate the effectiveness of STAAD.Pro in addressing 

the complex challenges associated with indoor stadium design. The achieved material reduction 

of 16.4% significantly validates the primary research hypothesis, indicating that systematic 

optimization through advanced structural analysis can yield substantial resource savings without 

compromising structural integrity. The modal analysis results reveal critical insights into the 

dynamic behavior of the stadium structure. The first mode period of 1.181 seconds positions the 

structure in a favorable range, avoiding problematic resonance frequencies typically associated 

with human activities and common ground motion characteristics. Based on the NHERI TallWood 

test results, it is concluded that tall wood buildings can achieve resilient seismic performance in 

regions of high seismicity, supporting the importance of proper dynamic characterization in large 

structures. Wind load analysis incorporating updated ASCE 7-22 provisions demonstrates 
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significant improvements in load prediction accuracy. Updates provide consistency between the 

IBC and ASCE 7-22. Most loads are now based on the risk category of the structure and use 

strength design values. The maximum drift ratio of 0.0018 provides adequate safety margins while 

optimizing structural member sizes. 

The integration of BIM workflows with STAAD.Pro analysis proved particularly beneficial for 

design coordination and error reduction. More than 30 firms were aligned through ISO 19650 

standards, coordinating efforts within the common data environment (CDE), as demonstrated in 

major stadium projects. The 28.5% improvement in design efficiency validates the importance of 

integrated design platforms. Material optimization results indicate the potential for significant cost 

reductions in stadium projects. The total savings of ₹600.3 lakhs demonstrate the economic 

benefits of systematic optimization, making advanced analysis tools increasingly attractive for 

large infrastructure projects. This finding aligns with recent research on BIM-integrated design 

approaches showing similar optimization benefits. The seismic performance analysis confirms 

adequate structural response under design earthquake conditions. The base shear distribution and 

ductility factors indicate robust seismic resistance, critical for stadium structures that must remain 

operational during emergency conditions. The combined displacement of 211.8 mm represents 

acceptable deformation levels for the structural system. Statistical validation of all hypotheses 

strengthens the research conclusions, with p-values consistently below 0.01 indicating high 

confidence in the results. The convergence of predicted and achieved values across multiple 

performance metrics demonstrates the reliability of the STAAD.Pro based design methodology. 

8. Conclusion 

This research successfully demonstrates the effectiveness of STAAD.Pro in comprehensive 

structural planning and design of indoor stadiums. The systematic application of advanced finite 

element analysis, integrated with modern BIM workflows, achieved significant improvements 

across multiple performance metrics including material optimization, design efficiency, and 

structural safety. Key achievements include 16.4% material reduction, 28.5% design efficiency 

improvement, and 42.3% error reduction compared to traditional design approaches. The modal 

analysis confirmed favorable dynamic characteristics, while wind and seismic analyses validated 

structural adequacy under extreme loading conditions. The integration of STAAD.Pro 2024 
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features with BIM workflows proved instrumental in achieving these performance improvements. 

The research validates both primary and secondary hypotheses with high statistical significance, 

confirming STAAD.Pro's capability in handling complex stadium design challenges. The achieved 

cost savings of ₹600.3 lakhs demonstrate substantial economic benefits, making the methodology 

attractive for practical implementation in large infrastructure projects. 

Future research directions should focus on integration with emerging technologies such as machine 

learning for load prediction, advanced materials modeling, and real-time structural health 

monitoring systems. The methodology established in this research provides a robust foundation 

for addressing evolving challenges in stadium design, including climate change adaptation and 

enhanced seismic resilience requirements. The findings contribute significantly to the body of 

knowledge in structural engineering, providing validated methodologies for stadium design that 

balance safety, performance, and economic considerations. The research demonstrates 

STAAD.Pro's evolution into a comprehensive platform capable of addressing the full spectrum of 

modern structural engineering challenges. 
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