
Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025      

Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh 

2649 

Paper ID: 1233 

Sustainable Seismic Solutions: Evaluating Steel Structures for 

Resilience and Environmental Efficiency 
 

P. Dam1*, M.M. Turny2 , M. R. Islam3 

1 Undergraduate Student, Department of Civil Engineering, RUET, Bangladesh (priyantidam6@gmail.com) 

2 Undergraduate Student, Department of Civil Engineering, RUET, Bangladesh (maishaturny@gmail.com) 

3Assistant Professor, Department of Civil Engineering, RUET, Bangladesh (rafiulislam.1500080@gmail.com) 

 

Abstract 

Material selection plays a critical role in achieving safer, more resilient, and environmentally responsible 

construction, particularly in seismic regions. This study presents a comparative analysis of reinforced concrete 

(RCC) and steel structures for a G+10 residential building subjected to seismic loading. Steel offers significant 

advantages, including a high strength-to-weight ratio, reduced dead loads, and ease of prefabrication, all of 

which enhance structural performance and simplify foundation requirements. These characteristics make steel a 

strong alternative for improving seismic safety while advancing environmental sustainability. The increasing 

demand for eco-friendly construction highlights the importance of materials that support circular economy 

principles. Steel structures, with their recyclability and suitability for modular construction, align well with these 

goals. This research evaluates how steel can reduce environmental impacts through optimized design while 

ensuring resilience and cost efficiency. The study also examines material behavior under dynamic loads, 

foundation design implications, and the broader benefits of steel adoption over RCC in seismic zones. Findings 

aim to guide architects, engineers, and policymakers toward structural solutions that balance safety, durability, 

and sustainability in modern urban development.  
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1 Introduction: 

As environmental concerns grow in intensity across the globe, the contribution of engineering to a sustainable 

future has never been more essential. The depletion of natural resources, increased carbon emissions, and 

widespread ecological degradation call for a fundamental transformation in engineering practices. Among the 

most effective strategies to mitigate these adverse environmental impacts is the selection and development of 

sustainable engineering materials. Recent research highlights the environmental impacts of traditional 

construction materials and explores sustainable alternatives. Concrete and steel, while widely used, contribute 

significantly to environmental problems (Anejo, 2014). However, recycling and reusing these materials can 

reduce their negative impact, with steel being preferable to concrete for structural purposes due to its 

recyclability (Anejo, 2014). Sustainable materials, such as recycled steel, bamboo, and low-carbon concrete, 

have been demonstrated to reduce greenhouse gas emissions, energy consumption, and resource depletion (Yahia 

et al., 2024). Advanced materials such as high-performance concrete, green composites, and recycled polymers 

offer superior strength and durability while minimizing resource consumption and carbon footprint 

(Nwokediegwu et al., 2024). Life Cycle Assessment (LCA) is crucial for evaluating the environmental benefits 

of these materials (Yahia et al., 2024; Abera, 2024). Despite higher initial costs, sustainable materials often 

provide long-term economic advantages and improve occupant well-being (Yahia et al., 2024).  

The demand for safer and more sustainable buildings is increasing due to various factors. Sustainable buildings 

offer economic advantages, lower operating costs, and higher worker productivity (Nelson and Rakau, 2010). 

The construction industry is aligning with energy efficiency, resource preservation, climate change, and human 

health targets (Lützkendorf, 2011). Resilience has emerged as a key strategy to protect buildings from climate 

change impacts and extreme weather events, complementing sustainability efforts (Hartke, 2020). Tall buildings 

present unique challenges in safety and sustainability, requiring careful planning and design (Mendis, 2013). The 

market acceptance of sustainable buildings is improving due to social and environmental responsibility, legal 

developments, and public sector examples (Lützkendorf, 2011). Investors are also seeking more socially 

conscious investments, including sustainable real estate funds and green REITs (Lützkendorf, 2011). These 
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trends indicate a shift towards integrating sustainability and resilience in the built environment. Traditional 

reinforced concrete (RCC) structures have long dominated construction, particularly in India, due to their 

popularity and effectiveness (Chaudhary, 2019). However, recent developments in technology and equipment 

have led to increased attention on steel and composite structures. Steel structures are gaining popularity due to 

their lower carbon emissions compared to concrete buildings (Fu, 2023). Composite structures, combining steel 

and concrete, offer excellent performance and design versatility, with advantages over traditional RCC 

structures. Despite these trends, improvements in concrete technology are allowing it to regain acceptance in 

some areas (Fu, 2023). The construction industry is evolving, with both steel and concrete playing important 

roles in modern building practices (Fu, 2023).  

The transition toward sustainable materials is not just a technical task; it represents a transformation at cultural, 

economic, and societal levels. Achieving sustainability in engineering requires cooperation across disciplines, 

political support, and a commitment to innovation throughout the entire system. The shift toward more 

sustainable engineering materials aligns with the global movement toward the Sustainable Development Goals 

(SDGs), and the engineering community is poised to lead the way in the development of materials that can 

perform at high levels while benefiting the health of our planet. 

This paper examines the critical relationship between material science, environmental impact, and innovation, 

focusing on how sustainable engineering materials can meaningfully mitigate environmental damage. Through 

an in-depth analysis of current trends and the exploration of emerging sustainable materials, the research aims to 

identify key applications and their potential to contribute to a sustainable and resilient future. By considering 

both the environmental and economic dimensions of material selection, this paper provides a comprehensive 

overview of the role that sustainable engineering materials play in shaping a more eco-conscious built 

environment. 

2 Methodology 

The methodology section outlines the detailed approach used to compare the structural performance of RCC and 

steel buildings under seismic loads for a G+10 residential building. The models for both materials were 

developed using ETABS, a widely used structural analysis and design software, according to BNBC 2020. 

The reinforced concrete (RCC) building was modelled with specific material properties, including concrete 

grades of 3000 psi and 3500 psi, as well as reinforcement using steel grades A615 Gr75 and HPB300. Pre-

stressed tendons with a characteristic strength of tensile strength (fpk)1570 were also included. The modelling 

approach for the G+10 residential building involved defining various floor levels with specified heights, and 

beams, columns, and slabs were also modelled using the specified material properties. Load patterns were 

applied according to ASCE 7-05 standards, including dead loads, live loads, seismic loads, and wind loads. The 

seismic loads were incorporated using ETABS’s Auto Seismic Loading feature to account for the building’s 

response to dynamic forces. 

Similarly, the steel structure was modelled using the same principles, with modifications to account for the 

material-specific characteristics of steel. The primary material used was steel grade A992 Fy50, and standard W-

shapes and I-beams were employed for the frame sections. The modelling approach followed the same structure 

as the RCC model for the G+10 building. The steel sections were defined with specific material properties and 

geometric dimensions.  Load patterns applied to the steel structure were the same as the RCC model for the 

G+10 residential building. Table 3.1 shows the moment variations for each floor, both for the steel model and the 

RCC model, for a G+10 residential building. 

3 Result and Discussion: 

After modeling the G+10 residential building in ETABS for both RCC and steel configurations, various load 

combinations, including seismic loads, wind loads, were applied according to BNBC 2020 to assess their 

structural responses. Among the key parameters examined, bending moments provide critical insight into how 

effectively each structure can resist seismic forces. By comparing the distribution of moments across all floors, it 

becomes possible to identify which material system offers greater stability and resilience under earthquake 

loading. The following table summarizes the moment variations observed for the steel and RCC models. 

Table 3.1 Moment variations for each floor for a G+10 residential building 
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Floors Steel structure moments in 

lb-ft 

 Reinforced Concrete 

structure (RCC) moments in 

lb-ft 

Roof -156412.23 -289985.64 

F10 -109336.64 -129430.00 

F9 -157553.6 -118768.67 

F8 -32006.90 -155147.45 

F7 -54286.86 -235160.20 

F6 -38445.22 -516767.40 

F5 -58771.51 -343299.50 

F4 -39733.90 -220484.88 

F3 -61805.54 -365928.38 

F2 -42313.13 -296013.42 

F1 -65304.69 -184773.90 

Base -56615.32 -24240.53 

 

 

                                Figure 3.1: Moments for steel structure 

 

Figure 3.2: Moments for Reinforced Concrete Structure (RCC) 

From the above table 3.1 and Figures 3.1 and 3.2 show that the steel structure performs better during an 

earthquake because it experiences less bending and stays more stable across all floors. This means it can 

handle seismic forces more evenly, reducing the risk of damage. On the other hand, the concrete 

structure shows more bending, especially at the base and lower floors, indicating that it experiences 

stronger forces and higher stress, which could lead to potential damage or failure at those points. 

Therefore, the steel structure is safer and more stable during seismic events. 
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Figure 3.3: Shear for steel structure 

 

Figure 3.4: Shear for Reinforced Concrete Structure (RCC) 

 From the above figures 3.3, 3.4, shown that reinforced concrete structure experiences higher shear stress, 

especially at higher floors like the roof and levels F9 and F10, with values ranging from -5000 to -6000. These 

large negative values show that the reinforced concrete is resisting seismic forces but also facing greater stress. 

In contrast, the steel structure has lower shear values, between -4000 and -5000, meaning it experiences less 

stress and can better absorb seismic forces. This makes the steel structure perform better under seismic loading, 

with less deformation and better overall stability, especially at critical points like the base and roof, enhancing its 

safety during an earthquake. 

 

Figure 3.5: Lateral loads in X and Y direction for steel due to seismic effect 
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Figure 3.6: Lateral loads in X and Y direction for Reinforced Concrete Structure (RCC) due to seismic effect 

Figures 3.5 and 3.6 show that in both the X and Y directions, the reinforced concrete structure (RCC) 

experiences higher forces compared to the steel structure due to seismic effects. In the X-direction, the reinforced 

concrete roof load is 67,585.86 lb, while steel has a roof load of 44,908.4 lb for a G+10 residential building, and 

in the Y-direction, the concrete roof load is 55,355.48 lb, compared to steel's 46,480.56 lb. While the reinforced 

concrete structure shows a more balanced load distribution in the Y-direction, steel structures have a slightly 

uneven distribution in the X-direction. However, the lower forces in steel indicate it performs better under lateral 

loads due to earthquake effects, as it experiences less stress and deformation, making the steel structure a more 

efficient and safer choice compared to reinforced concrete (RCC). 

4 Conclusion 

This study demonstrates that steel structures are superior to reinforced concrete (RCC) structures in terms of 

seismic performance, load distribution, and sustainability for a G+10 residential building. Steel exhibits quicker 

response times and better lateral load distribution, especially at higher stories, while also experiencing 

significantly lower lateral displacements under seismic effect due to its high strength-to-weight ratio. In contrast, 

reinforced concrete structures show larger displacements and higher shear stress, indicating more potential for 

failure. Additionally, steel is more environmentally friendly, with its recyclability, lower carbon footprint, and 

suitability for modular construction, making it a more sustainable choice compared to reinforced concrete. 

Overall, steel structures outperform reinforced concrete in both performance and environmental impact, making 

them the preferred option for seismic-resistant buildings. 
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