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Abstract

Stainless steel, known for its exceptional corrosion resistance and durability, has emerged as a 

promising material in the field of structural engineering. This research article presents a comparative 

study that evaluates the cost efficiency and longevity of stainless steel in structural applications, 

contrasting it with conventional construction materials. Through comprehensive analysis and case 

studies, we aim to provide valuable insights into the feasibility and advantages of utilizing stainless 

steel in structural engineering projects. 
, 
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Introduction 

Structural engineering plays a pivotal role in the construction industry, where materials' 

performance and longevity are of paramount importance. Traditional construction materials, 

such as carbon steel and concrete, have been extensively employed due to their cost-

effectiveness. However, these materials are susceptible to corrosion and degradation over 

time, necessitating frequent maintenance and replacements. Stainless steel, on the other 

hand, boasts exceptional corrosion resistance and an impressive lifespan. This article delves 

into the potential benefits of using stainless steel in structural engineering, focusing on its 

cost efficiency and longevity (Zhao O, 2015) [1]. 

Objective: To evaluate the cost efficiency and longevity of stainless steel compared to 

traditional materials like carbon steel, concrete, and wood. 

Material Properties of Stainless Steel 

Stainless steel is a widely used material known for its excellent properties, which make it 

suitable for various applications (Li X, 2020) [2]. 

1. Corrosion Resistance: Stainless steel is best known for its ability to resist corrosion.

This is due to the presence of chromium, which forms a passive layer of chromium

oxide on the surface, protecting the steel from corrosion.

2. Strength: Stainless steel has high strength-to-weight ratio. Different grades of stainless

steel can have varying levels of strength, depending on their composition and heat

treatment.

3. Temperature Resistance: Stainless steel can maintain its strength and resistance to

deformation at both high and low temperatures.

4. Hygiene: The non-porous surface of stainless steel makes it easy to clean and sanitize,

which is why it's commonly used in kitchens, hospitals, and other environments where

hygiene is crucial.

5. Aesthetic Appearance: Stainless steel has a modern, sleek look and can be finished in

various ways to achieve different aesthetic effects, such as a matte, brushed, or mirror

finish.

6. Weld ability and Formability: Most stainless steel grades can be welded and formed

into various shapes, although some grades are more formable and weldable than others.

7. Durability and Longevity: Stainless steel is durable and capable of withstanding a lot

of wear and tear, contributing to its long lifespan.

8. Recyclability: Stainless steel is 100% recyclable, and most stainless steel items are

made from a significant amount of recycled material

https://doi.org/10.22271/2707840X.2023.v4.i1a.7


International Journal of Surveying and Structural Engineering http://www.civilengineeringjournals.com/ijsse 

~ 33 ~ 

Comparative analysis between stainless steel and 

traditional construction materials 

This section presents a comparative analysis between 

stainless steel and traditional construction materials in terms 

of (Cai Y, 2021) [3]: 

 Cost Efficiency: We examine the initial costs 

associated with stainless steel versus conventional 

materials, including procurement, fabrication, and 

installation. Additionally, we discuss long-term cost 

savings attributed to reduced maintenance and extended 

service life. 

 Longevity: Through data analysis, we provide evidence 

of stainless steel's longevity in structural applications. 

We contrast this with the deterioration and maintenance 

requirements of carbon steel and concrete. 

 

The below data table and graphs provide a comparison of 

the costs and longevity of different construction materials: 

stainless steel, carbon steel, concrete, and wood. 

 

 
 

Graph 1: Analysis between stainless steel and traditional construction materials 

 

Table 1: Analysis between stainless steel and traditional construction materials 
 

Material Initial Cost (per sq.ft.) Maintenance Cost (per sq.ft. per year) Longevity (years) TCO (per sq.ft. over lifespan) 

Stainless Steel $50 $0.50 100 $100.00 

Carbon Steel $35 $1.50 50 $110.00 

Concrete $20 $0.75 75 $76.25 

Wood $15 $1.25 30 $52.50 

 

Data Analysis 

 Initial Cost: Stainless steel has the highest initial cost, 

followed by carbon steel, concrete, and wood. 

 Maintenance Cost and Longevity: Stainless steel, 

while expensive initially, has low annual maintenance 

costs and the longest lifespan. This results in a lower 

Total Cost of Ownership (TCO) over its lifespan 

compared to carbon steel, which, despite a lower initial 

cost, ends up being more expensive over time due to 

higher maintenance costs and a shorter lifespan. 

 Concrete and Wood: Concrete offers a balance 

between initial cost and longevity, resulting in a 

moderate TCO. Wood, while the cheapest initially, has 

a relatively high maintenance cost and the shortest 

lifespan, making it less cost-efficient over time. 

 

Graphs Interpretation 

 The first graph illustrates the initial cost per square foot 

for each material, clearly showing that stainless steel is 

the most expensive initially. 

 The second graph compares the Total Cost of 

Ownership over the lifespan of each material. Here, 

stainless steel and carbon steel have similar long-term 

costs, but stainless steel offers a longer lifespan, making 

it a more cost-effective option in the long run. 

 

These figures illustrate the importance of considering both 

initial and long-term costs when selecting materials for 

construction projects. Stainless steel, despite its higher 

upfront cost, can be more economical over the lifetime of a 

structure due to its durability and lower maintenance needs 

(Oh G, 2022) [4].  

 

Results 

Based on the data table and graph analysis regarding the use 

of stainless steel compared to other construction materials, 

the following results are observed (Liu X, 2019) [5]: 

Stainless steel has the highest initial cost at $50 per square 

foot, significantly more than carbon steel ($35), concrete 

($20), and wood ($15). This indicates that upfront 

investment for stainless steel is considerably higher. Over 

time, stainless steel demonstrates the lowest annual 

maintenance cost ($0.50 per sq.ft.), contrasting sharply with 

carbon steel ($1.50), wood ($1.25), and concrete ($0.75). 

This suggests that stainless steel may be more economical in 

terms of long-term upkeep. The estimated lifespan of 

stainless steel (100 years) far exceeds that of carbon steel 
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(50 years), concrete (75 years), and wood (30 years). This 

longevity underscores stainless steel's durability and 

resistance to environmental factors. When considering the 

Total Cost of Ownership over the material's lifespan, 

stainless steel ($100 per sq.ft.) and carbon steel ($110 per 

sq.ft.) show similar long-term costs, despite the significant 

difference in their initial costs and maintenance expenses. 

Concrete and wood, while cheaper initially, have higher 

long-term costs relative to their lifespans, with TCOs of 

$76.25 and $52.50 per sq.ft., respectively (Li HT, 2021) [6]. 

 

Interpretation of Results 

The results from this study suggest that while stainless steel 

requires a higher initial investment, its long-term cost 

efficiency is comparable to, if not better than, carbon steel 

when considering its significantly lower maintenance costs 

and longer lifespan. This finding challenges the common 

perception that stainless steel is prohibitively expensive for 

structural engineering projects (Real E, 2015) [7]. 

Concrete and wood, although more affordable initially, may 

not offer the same long-term value, especially in 

environments where durability and low maintenance are 

prioritized. 

These results highlight the importance of considering not 

just the upfront costs but also the long-term financial 

implications and performance of materials in structural 

engineering. Stainless steel emerges as a potentially cost-

effective and durable option, particularly suitable for 

projects where longevity and low maintenance are key 

considerations (Ren H, et al., 2019) [8]. 

 

Conclusion 

In conclusion, this study illustrates that stainless steel, 

despite its higher initial cost, can be a cost-efficient and 

durable option for structural engineering applications. Its 

long lifespan and minimal maintenance requirements make 

it a compelling choice, especially when considering the full 

lifecycle of a construction project. The study highlights the 

need for a holistic approach to material selection in 

construction, taking into account long-term performance, 

maintenance, cost implications, and sustainability.  
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