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ABSTRACT 

Stainless Steel is one of the few materials in architecture which possess a wide range 

of properties such as corrosion resistance, durability, variety in terms of grades and 

finishes. This paper tries to present a comprehensive analysis of use of stainless steel 

in architecture. We use research on material science of stainless steel, grade selection 

frameworks, case studies, sustainability measures and life-cycle cost evaluations to 

critically examine the suitability of its use. This paper throws light on the aesthetics, 

hygiene, durability and sustainability aspects of stainless steel. At last, we demon-

strate a multi-criteria framework that integrates life-cycle cost, embodied carbon, 

aesthetics, and PREN values to act as a guide in selection of grade for specific appli-

cations. 

Keywords - Stainless steel, Architecture, Healthcare design, Sustainability, Grade 

selection. 

I. Introduction 

In recent times, Stainless steel has become one of the popular choices of materials for 

architects, engineers and interior designers. Once installed, it is reliable, durable and 

does not require any maintenance. It does not require any other treatment over it like 

paint or coating, as it forms a passive self-healing layer of chromium oxide on its 

surface which makes it resistant to corrosion or degradation(Sedriks, 1996). Its lon-

gevity and flexibility to be used in architecture is demonstrated by its use as a clad-

ding in iconic skyscrapers such as the Chrysler Building in New York to relatively 

recent building such as The Shard in London (Brooks, 2019). 
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Figure-1 Old Image of Chrysler Building 1932 

Source: US Library of Congress’s Prints & Photographs Division 

       

Figure-2 New Image of Chrysler Building 2005 

Source: Leena Hietanen, Wikipedia 

Stainless Steel is adopted as a material of architectural expression because of multiple 

factors, such as aesthetic quality, variety of surface finishes, corrosion resistance to 

diverse environment, easy cleaning & disinfection, recyclability & sustainability, lower 

maintenance & life-cycle cost, longer service life.  
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Stainless Steel is excellent in its performance as a material which is exposed to frequent 

cleaning & harsh disinfectants (Team Stainless, 2016). These qualities have made it a 

widely used material across healthcare facilities from dispensaries to super-specialty 

hospitals. Duplex stainless steels outperform other traditional material due to its re-

sistance to chloride induced corrosions (Baddoo, 2008). Along with these qualities 

stainless steel is also used for its lower life cycle costs and lower life cycle carbon 

footprint considering its longer service life (World stainless, 2015). However, stainless 

steel is plagued by its higher initial embodied carbon and higher initial construction 

cost.  The latter being the reason for its economic inaccessibility to many users (Alwafi, 

2024). Hence, it is evident that there is a need for a holistic decision-making framework 

for its judicious use balancing its technical, environmental and financial characteristics. 

This paper tries to examine critically stainless steel as a material used in architecture 

for structural, functional and aesthetic applications. This leads us to our key guiding 

questions:  

 Stainless steel is manufactured in a variety of grades and finishes; how does 

these differentiate its performance in different environments? 

 

 What are its documented successes and failure in different architectural uses?  

 How does its use promote sustainability and cost efficiency over its life cycle?  

 How can it be used while balancing its aesthetic & functional applications with 

higher initial cost and initial embodied carbon? 

 

II. Methodology 

This paper adopts a systematic literature review and case study approach described as 

below- 
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 Literature Survey 

1 Peer-reviewed journal articles from Journal of Construc-

tional Steel Research, Corrosion Science, and Materials & 

Design. 

. 

2 Industry guidelines from Euro Inox, International Molyb-

denum Association (IMOA), Nickel Institute, and World 

stainless. 

. 

3 Technical standards including ASTM A240 and EN 10088. . 

4 Environmental Product Declarations (EPDs) from Aperam 

and Outokumpu. 

. 

 Case Study Collection 

1 Landmark Buildings: Chrysler Building, Petronas Towers, 

Walt Disney Concert Hall, The Shard. 

. 

2 Studies on Healthcare facilities in Europe & Asia. . 

3 Studies on failures due to stress corrosion cracking. . 

 Analytical Framework 

1 Assessment of grade performance across different environ-

ments using PREN values. 

. 

2 Comparison of stainless steel with aluminum & coated car-

bon steel in life-cycle costing (LCC). 

. 

3 Analysis of data from EPDs and LCA reports for compar-

ing sustainability. 

. 
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This paper utilizes the PRISMA framework with literature studies from Scopus, Web 

of Science, and ScienceDirect. Keywords included “stainless steel architecture,” “low-

carbon stainless steel,” “life cycle assessment,” “material selection,” and “healthcare 

design.” Inclusion criteria required English-language, peer-reviewed works published 

between 2000 and 2024, emphasizing recent independent academic research (post-

2020) alongside established industry sources (Euro Inox, Worldstainless). Analyses in-

clude detailed mechanical, environmental, and economic metrics combined into the-

matic categories for qualitative and quantitative insight. 

III. Literature Review 

Literature related to stainless steel in architecture derives from the streams of material 

science, structural engineering, healthcare architecture and sustainability. There are in-

dustry associations such as Euro Inox and IMOA (International Molybdenum Associa-

tion) have demonstrated the various options available in market related to finish op-

tions, grade selection, detailing and fixing of the material (Euro Inox, 2015; IMOA, 

2015). 

Structural applications of stainless steel are limited by the higher input cost of its duplex 

grades possessing higher strength-to-weight ratio than traditional carbon steel. Struc-

tural applications although limited are documented by American Institute of Steel Con-

struction and Steel Construction Institute via manuals which detail out its strength, duc-

tility and fabrication details (AISC, 2013; SCI/Euro Inox,2017). 

Specification of stainless steel describe its resistance to corrosion against chloride ex-

posure and durability against stress corrosion cracking. There are multiple types of 

stainless steels, such as Austenitic (304, 316L), Ferritic (430), Duplex (2205, 2507) etc 

each having a certain level of tolerance to chloride exposure, saline exposure, cold en-

vironment, abrasives and disinfectants. Failures generally occur dure to improper se-

lection of specification for a certain application (Nickel Institute, 2019). For example, 

304, 316L perform well under urban or moderately coastal environments while severe 

marine exposure or pool environments require duplex grades such as 2205, 2507 (Gunn, 

1997). 
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Hygienic properties of stainless steel are emphasized by healthcare literature, where a 

multi-year study showed that alcohol and chlorine-based disinfectants remain effective, 

indifferent to the age or finish of the material (Team Stainless, 2016). Plastics as an 

alternative perform poorly as they degrade under harsh cleaning regimes, similarly cop-

per based alloys offer antimicrobial properties but they are not as durable as stainless 

steel (Kuhn et al., 2014). 

 

 

Stainless steel can be produced using 60-90% recycled content without any loss to its 

properties (Outokumpu, 2020). Life cycle assessments (LCA) inform us that stainless 

steel has higher initial embodied carbon but due to its long service life and minimal 

maintenance, its performance as a sustainable material is better than aluminum or 

coated steel (World stainless, 2015). In recent times, there have been studies which 

emphasize the importance of low-carbon stainless steel options which support LCA 

approach to sustainability (Alwafi, 2024; Outokumpu, 2020). This paper tries to com-

bine these characteristics in a rational manner to provide an integrated holistic decision-

making framework for selection of stainless steel. 

IV. Material Science behind Stainless Steel 

4.1 Stainless Steel Families 

Stainless steels are grouped into four major families (or grades): 

Family Grades Properties 

Austenitic 304, 316, 316L Formable, Weldable, Re-

sistance to Corrosion 

Ferritic 430 Low cost, Low ductility 

Duplex 2205, 2507 High chloride resistance,

Low Nickle, High

Strength 

Martensitic 410, 420 High Hardness, Suscepti-

ble to corrosion 
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4.2 Passive Film and Corrosion Resistance 

The passive chromium oxide layer provides self-healing corrosion resistance. Local-

ized corrosion mechanisms relevant to architecture include: 

• Pitting corrosion – Due to exposure to chloride-rich environment.  

• Crevice corrosion - Occurs in shielded zones lacking oxygen.  

• Stress corrosion cracking (SCC), particularly relevant in swimming pool atmos-

pheres (Sedriks, 1996). 

 

The Pitting Resistance Equivalent Number (PREN) is widely used to assess chloride 

resistance: 

PREN = %Cr + (3.3×%Mo) + (16×%N)  

Grades with PREN < 20 (e.g. 304) are suitable for inland environments, while PREN 

> 30 (e.g. duplex 2205) is recommended for marine and pool atmospheres (Gunn, 

1997). 

Architectural stainless steel is predominantly austenitic (304, 316L) and duplex (2205, 

2507) grades. Duplex variants feature high PREN (Pitting Resistance Equivalent Num-

ber) ≥32, enabling superior chloride resistance vital for coastal and swimming pool 

structures (Gunn, 1997; Kainuma et al., 2011). 

4.3 Mechanical and Thermal Properties 

Architecturally, stainless steel provides: 

• High ductility, formability, stability enables design and construction of complex 

facades. 

 

• Strength retention at elevated temperatures, maintaining ~50% yield strength at 

700 °C, outperforming carbon steel in fire (AISC, 2013). 

 

• Lower thermal conductivity, requiring careful expansion joint detailing.  
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Recent ultra-low carbon stainless steels, produced via electric arc furnace (EAF) and 

hydrogen reduction processes, reduce CO₂ emissions by up to 50% as compared to 

conventional methods (Energy Transitions Institute, 2024; Outokumpu, 2020). Hydro-

gen-based steelmaking combined with carbon capture and utilization (CCU) technolo-

gies is paving a path toward near-zero carbon emissions in stainless steel production 

(Ultra Low Carbon Steel Overview, 2024). These eco-innovations preserve mechanical 

integrity and corrosion resistance while significantly lowering carbon footprints, align-

ing with ambitious global climate targets. 

V. Architectural Applications 

There are multiple applications of stainless steel in architecture spanning from the 

smallest such as non-rusting screws to complete facades of skyscrapers.  

5.1 Facades and Cladding 

Facades and Cladding are major architectural applications of stainless steel. The surface 

can be customized to suit the environmental conditions where the material is being in-

stalled. The finishes range from high-gloss mirror finish panel to brushed and bead-

blasted rough faces. For example, the Petronas Towers in Kuala Lumpur use stainless 

steel cladding in smooth finish to tackle the tough environmental conditions of the con-

text like humidity, dust & pollution, sun & UV exposure, precipitation along with giv-

ing the building its iconic identity (Cowan, 2013).  

Some considerations for using stainless steel in facades and exterior surfaces include- 

 Orientation should be near vertical to stop water from accumulating on the 

surface. 

 

 Directional finishes should be avoided so that there is no tea staining on the 

surface. 

 

 The installation system including fasteners should be compatible to eliminate 

galvanic corrosion in the façade system. 
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Figure-3 Petronas Towers 

Source: Pelli Clarke Pelli Architects 

         

Figure-4 The Shard, London 

Source: fondazionerenzopiano.org 
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5.2 Roofs and Canopies 

The Shard in London designed by architect Renzo Piano, uses stainless steel in entrance 

canopy. It is employed in roofing or canopy systems for its long-term, maintenance-

free operative life. It can withstand acid rain and industrial emissions without requiring 

any additional coating over its surface. However, due to its higher coefficient of expan-

sion than normal steel, their design must incorporate expansion joints and sliding fix-

ings to accommodate thermal movements (AISC, 2013). 

5.3 Interiors and High-Touch Surfaces 

Stainless Steel is used in a variety of interior spaces Stainless steel is ubiquitous in 

interior applications, such as elevators & escalators, handrails & grills, furniture, hard-

ware, ceilings, wainscotting, hand plates,  

Patterned or textured finishes (e.g. embossed, vibration-polished finishes) are com-

monly used to mitigate visible abrasion, scratching and fingerprinting (World stainless, 

2021). 

In airports and public transport stations, stainless steel is used because of the ease in 

vandal resistance, maintenance and durability. In restaurants and shopping malls, it is 

placed at counters and kitchens' equipment due to its hygiene. 



Stainless Steel in Architecture: Applications for Sustainable …             255

5.4 Structural Applications 

Historically cost has been a barrier to the extensive use of stainless steels in structural 

applications, the higher price associated with duplex grades is being off-set by their 

benefits in: 

 Pedestrian bridges in cities  

 Marine canopies and roof trusses  

 Reinforcement in concrete when exposed to chlorides  

For instance, in Hong Kong the Stonecutters Bridge uses duplex stainless reinforce-

ment due to their excellent strength characteristics and corrosion resistance when ex-

posed to a marine environment. Structural stainless steel provides benefits including 

high strength-weight ratios, fire resistance and long term performance without the need 

for maintenance (Baddoo 2008). 

 

Figure-5 Stonecutters Bridge, Hong Kong 

Source: ARUP.com 

VI. Stainless Steel in Healthcare Environments 

6.1 Hygiene and Infection Control 

Medical architecture presents severe requirements of the materials, including the 

dura-bility during the extensive use of the cleaning process and microbial resistance. 

Stainless steel satisfies these requirements because of its non porous surface, non-cor-

rosive and disinfectant compatibility. 
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A report by WHO (2020) indicated that patient morbidity is a major issue due to 

healthcare-associated infections (HAIs). It has been shown that stainless steel surfaces 

have a disinfectant characterstic during decades of use of chlorine and alcohol-based 

agents being equally effective when working on fresh and used samples (Team Stain-

less, 2016). It has been proven that disinfectant efficacy change is minimal in 316L 

grades, which is stronger than plastics and antimicrobial copper alloys, which degrade 

or get discoloured (Team Stainless, 2016; Kuhn et al., 2014). 

6.2 Healthcare Facilities Uses. 

 Theatres: Counters, instrument tables, grade 316L wall panel.  

 ICUs and wards: Bed frames, handrails and door hardware.  

 Sterile processing departments: Cabinetry and benches are made of stainless 

steel and reduce harborage of microbes. 

 

 Laboratories: Sinks and benchtops, chemical resistance is very important here.  

Such applications are better than alternatives such as plastics (degrade during repeated 

cleaning) and wood laminates (swell or delaminate). Copper alloys that are occasion-

ally promoted as antimicrobials are limited: 

 These are dulled with passage of time in need of routine polishing.  

 They do not have mechanical strength in furniture and load-bearers.  

 They do not go well with the aggressive disinfectants (Kuhn et al., 2014).  

Also, plastics are cheap to use but easily scratched thus offering some niches where 

microbial growth can occur. Stainless steel, on the other hand, has the ability to keep a 

hygienic environment and structure intact over decades and as such it is the material of 

preference in any medical facility. 



Table 1: Multi-Criteria Matrix for Grade
Selection
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VII. Selection of Grade and Exposure to the environment 

A proper combination of grade to environment is among the most important things 

when it comes to the architectural success of stainless steel. The failures do not always 

appear because of the internal flaws of the material, but due to insufficient grade selec-

tion (IMOA, 2015). 

7.1 Urban Inland Environments 

At the majority of the inland locations, in the city facades, interiors and roofing, grade 

304 stainless steel is adequate. Simple water washing can be done with a maintenance 

of once every 12-18 months (Euro Inox, 2015). 

Saline winds increase the speed of corrosion in seaport cities. Grade 316L or duplex 

2205 is suggested here. Surface finishing must be of low gloss and non-directional to 

reduce streaking and tea staining. 

Case study: In Marina bay sands in Singapore, exterior structures that were exposed to 

sea were stipulated to use duplex stainless steel which was known to be durable and 

reduced the maintenance cost. 

7.2 Swimming Pool Environments 

One of the most vicious locations is swimming pools owing to chloramines. Instructing 

structural collapses in trussed roofs have been traced to defined stress corrosion crack-

ing (SCC) (Nickel Institute, 2019). Conservative practice defines duplex grades or su-

per-austenitic steels which are combined with ventilation to regulate chloramines in the 

air. 
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Figure-6 Helix Bridge 

Source: Cox Architecture 

7.3 Decision-Making Framework 

An architectural grade-environment matrix may inform architects: 

304 (PREN ~ 0.18)    : Low chloride, inland, urban. 

316L (PREN ~ 24)     : moderate urban, coastal chloride. 

Duplex 2205 (PREN > 30) : Marine / coastal pools. 

This design incorporates PREN values, exposure level, and type of finish, enabling 

performance-based specification (Gunn, 1997). This is a predictive tool which can be 

helpful in the integration of BIM. 
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Figure-7 PREN Values & Environment Suitability 

Source: Authors’ Analyses 

The PREN-based framework is enhanced here as a multi-criteria matrix, scoring grades 

on weighted factors for original insight. 

Table 1: Multi-Criteria Matrix for Grade Selection 

Environment Grade  PREN
Embodied 

CO₂ (kg/kg)
 

LCC 

Index

(80y) 
 

Mainte-

nance 

(months)

 
Score 

(Total)
 

Examples
 

Urban Inland 304 ≈18 4.5 1.2 12–18 8.1/10 
Facades 

(Chrysler)

Coastal Urban 316L  ≈24 
5.5  

(low-C: 3.5) 
1.0 6–12 8.3/10 

High-rises

(Marina 

Bay) 

Marine/Pools 
Duplex

2205 
>30 

 6.0  

(low-C: 4.0) 
0.9 3–6 8.4/10 

Bridges 

(Stonecut-

ters), Labs

Weights: Corrosion 30%, LCC 25%, CO₂ 20%, Maintenance/Aesthetics 25%. 

Data: Gunn (1997); Worldstainless (2025).  

VIII. Aesthetics & Glare Management 

8.1 Surface Finishes and Textures 

Stainless steel comes with a great variety of finishes on the surfaces, which gives 

architects the ability to determine the reflectivity, texture, and aesthetic quality. Com-

mon finishes include: 
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 Mirror polish High reflectivity- usually applied to spires or decorative 

panels (e.g., Chrysler Building). 

 

 Brushed/satin- Matte feel which lessens the glare and commonly uti-

lized in facades. 

 

 Bead-blasted or etched Finishes- Non directional finishes with minimal 

streaking. 

 

 Patterned/embossed- Adds touch, lessens the visibility of scratches.  

Finishes do not just have an aesthetic effect but also contribute to durability. Textures 

are easy to be stained in directional finishes, and the contamination of the surface is 

concealed in non-directional finishes (Euro Inox, 2015). 

8.2 The Walt Disney Concert Hall Case Study 

The building was initially cladded with hard-to-watch-so-reflective stainless-steel, 

which overheated the surrounding areas and was felt uncomfortable by the adjacent 

people. The panels were later re-polished to a matte finish after complaints and hence 

showed the value of the choice of finishes in urban environments (Los Angeles Times, 

2004). This case is an example of the dual nature of finishes providing esthetic effects 

with balancing environmental performance. 

8.3 Integrating with other materials 

There are numerous ways of integrating stainless steel with other materials that can 

result in good visual and functional combination. Stainless steel blends well with glass, 

stone and timber, which has contrast and modernity. For example, Apple retail stores 

usually utilize a combination of stain-less steel exterior and glass curtain walls, as a 

result producing a smooth, minimalist interior. Stainless is becoming more and more 

important in architectural strategies as a highlight material. It is the most important on 

entrances, atria, and hard-to-clean surfaces, where both longevity and the aesthetics of 

the appearance are of paramount importance (Cowan, 2013). 

IX. Sustainability and Life-Cycle Analysis 

9.1 Recyclable and environment friendly 

Stainless steel is 100% recyclable without property degradation, hence its focus 

on the circular economy strategy. Embodied carbon is therefore less than virgin alloys 

on the average, with 60-90 percent of stainless-steel production recycles embodied car-

bon (Outokumpu, 2020). The 316L stainless steel alloy has a reported 5.6 kg CO2/kg, 

which is in contrast to 1.8-2.5 kg CO2/kg of carbon steel and 8-10 kg CO2/kg of alumi-

num (Aperam, 2020). 

Although the first embodied carbon is greater, replacement cycle removal results in 

lower whole-life carbon footprints (Worldstainless, 2015; Klockner et al., 2024). The 

concept of circular economy is favored by the recyclability of stainless steel, and more 

than 90% of the content is recyclable without reducing the quality (Ou-tokumpu, 1999). 

The production system absorbs the valorization of waste, the by-products like slag min-

erals are used in the construction industry instead of landfill and the use of virgin mate-

material (SteelConstruct, 2024) is minimized.) 
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9.2 Embodied Carbon Considerations 

Stainless steel embodied CO2 is dependent upon the route of production and the recycle 

material. A European EPD on 316L stainless had a range of 56kg CO2/kg stainless; 

carbon steel 1.825 kg CO 2/kg; and primary aluminum 810 kg CO2/kg (Aperam, 2020). 

Although stainless steel seems costly in terms of carbon emissions in the short term, it 

lasts long and therefore does not require replacement costs as is commonplace in coated 

carbon steel, which only last 25-30 years with repainting or replacement (Baddoo, 

2008). 

Table 2 Embodied Carbon Considerations 

Material 
Embodied CO₂ 

(kg/kg) 

Service Life 

(Years) 

Recycled Con-

tent (%) 

316L SS 5–6 (low-C: 3–4) >80 60–90 

Painted Carbon

Steel 
1.8–2.5 

 
25–30 20–40 

Primary Al 8–10 40–50 <20 

Timber 0.5–1.0 50–100 N/A 

Sources: Hemmati et al., 2023; Worldstainless, 2025; Moncaster et al., 2023. 

Timber sequesters in low-chloride, but not hygienically; SS in recycled/high-exposure.) 

Low-C SS reduces the gaps by 40% in high-recycling situations. 

9.3 Durability as Sustainability 

Sustainability revolves around durability. The idea of 100-year design makes stainless 

steel one of the materials that would minimize long-term resources consumption. It is 

possible to minimize the entire lifecycle environmental footprint by removing the mul-

tiples of replacement cycles, which comes in line with net-zero principles in architec-

ture (world stainless, 2015). 

9.4 Comparative Case Studies 

The rate of replacement was also lower in hospitals with stainless steel fixtures than 

plastic laminates, thereby reducing the environmental and financial cost (Team Stain-

less, 2016). The advantages of duplex stainless steels vis-à-vis other alloys used in 

bridges near the sea environments are documented by more than 20 years’ experience 

with minimal degradation of bridges made using duplex stainless steel (Gunn, 1997). 

These results support the use of stainless as a life-cycle efficient material despite its 

embodied high carbon at the outset. Dynamic models contribute to traditional LCA 

methods by including the temporal variability of CO2 emissions and operational energy 

flows (Klockner et al., 2024; Scott and Diaz, 2023). The compliance of EN 15978 and 

ISO 21930 guarantees the same environmental product declaration (EPDs). 
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LCA tools that are BIM-based allow design by simulation of embodied carbon and 

lifetime operational effects, encouraging lifecycle-optimal materials selections (Scott 

and Diaz, 2023). 

Analytical Framework 

Table 3: Comparative analysis of stainless steel grades and alternative materials 

for architectural use 

Material 

Grade 

PREN Embod-

ied Car-

bon (kg 

CO/kg) 

LCC 

Index 

(316L 

=1.0) 

Dura-

bility 

(Years) 

Mainte-

nance Fre-

quency 

Aes-

thetic 

Options 

304  

Austenitic 

18-30 6.1 1.1 50-70 Medium 

(cleaning) 

High 

gloss, 

matte 

316L  

Austenitic 

24-37 5.6 1 70-80 Low Polished, 

brushed 

2205  

Duplex 

32-45 5.9 1.2 80-100 Very low Satin 

Aluminum - 8.2 1.8 30-40 High (re-

coating) 

Powder-

coated 

Coated 

Steel 

- 3.5 2.5 20-30 Very high Multiple 

finishes 

Timber - 1.4 1.5 20-40 Medium Natural 

finishes 

Sources: Aperam (2020), Worldstainless (2015), Li and Chen (2024), Klockner et al. 

(2024) 

X. Detailing and Best Practices 

10.1 Principles of Detailing 

Correct detailing is essential for stainless steel’s architectural performance. Best 

practice guidelines recommend: 

 Drainage design: Sloped surfaces to prevent water pooling.  

 Avoidance of crevices: Minimizing shielded areas where chlorides concen-

trate. 

 

 Ventilation: Particularly in pool environments, to disperse chloramine-laden 

air. 

 



 Fastener compatibility: Using fasteners of equal or higher corrosion re-

sistance to avoid galvanic corrosion (Euro Inox, 2015). 
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10.2 Fabrication and Installation 

Fabrication practices must preserve the passive film: 

 Welding should employ low-carbon grades (e.g., 316L) to avoid carbide pre-

cipitation. 

 

 Heat tint must be removed after welding through pickling or mechanical 

cleaning. 

 

 Surface protection during transport prevents contamination from carbon 

steel particles that can induce localized rusting (Sedriks, 1996). 

 

10.3 Maintenance Practices 

Maintenance involves simple washing with clean water at intervals depending on 

exposure: 

 Urban inland: 12–18 months.  

 Coastal: 6–12 months.  

 Marine splash zones: 3–6 months.  

Routine maintenance ensures optimal performance and preserves aesthetics. Im-

portantly, no protective painting or coating cycles are required, which reduces environ-

mental and financial burden over time (World stainless, 2015). 

XI. Life-Cycle Costing 

11.1 Initial vs. Life-Cycle Costs 

Although stainless steel involves a 30–50% higher initial cost compared to carbon 

steel or aluminum, life-cycle cost analyses consistently demonstrate its cost-effective-

ness (Baddoo, 2008). 

Life-cycle cost (LCC) includes: 

 Initial construction costs  

 Maintenance and cleaning costs  

 Repair and replacement costs  

 End-of-life recycling or replacement value  

11.2 Comparative LCC Analysis 

A World stainless (2015) study comparing facade materials showed: 
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 316L stainless steel: Higher upfront cost but service life is greater than 80 

years. 

 

 Painted carbon steel: Lowest upfront cost but replacement is required 

within 25–30 years along with periodic repainting. 

 

 Anodized aluminum: Moderate upfront cost, service life 40–50 years but 

difficult and frequent cleaning cycles. 

 

Life-cycle cost analyses consistently show stainless steel as the most cost-efficient 

over 80 years, considering maintenance and replacement savings. For example, 316L 

exhibits an LCC index of 1.0 compared to 2.5 for painted carbon steel and 1.8 for alu-

minum (Worldstainless, 2015). 

An integrated decision matrix is proposed based on PREN, embodied carbon, LCC, 

maintenance cycles, and aesthetics, highlighting suitability aspects for urban inland, 

coastal, and pool environments (Li & Chen, 2024). 

Table 4: Embodied Carbon, Durability, and Maintenance Cost Comparison. 

Material 
Embodied Carbon 

(kg CO₂/kg) 

Durability 

(Years) 

Maintenance Cost

(% Initial Cost / 

Year) 

Stainless 

316L 
5.6 80 0.5% 

Aluminium 8.2 35 2.0% 

Coated Steel 3.5 25 3.0% 

Timber 1.4 35 1.0% 

Sources: Bistrovic et al. (2023), Worldstainless (2015). 
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Stainless Steel in Architecture: Applications for Sustainable Design in Healthcare

 
FigureError! No text of specified style in document.-8 LCC Index comparison of Stainless 

Steel, Painted Carbon Steel and  

 Anodized Aluminium 

Source: Authors Analyses 

11.3 Case Examples 

 Hospital corridors with stainless handrails required virtually no replacement 

after 30 years, compared to wooden rails that degraded within 10 years. 

 

 Coastal high-rise facades with 316L stainless steel cladding reported negli-

gible maintenance compared to aluminum facades which required periodic re-

coating and surface cleaning. 

 

The above case examples support the argument that stainless steels’ cost efficiency is 

best when measured at life-cycle scale, where its long service life, low maintenance 

and high recyclability offset its initial higher cost. 

XII. Results and Case Studies 

12.1 Hospitals in Urban areas of Germany & UK 

In a comparative use case, some hospitals deployed handrails, counters, wall paneling 

etc. made of 316L stainless steel and plastics in different wards. Long term usage of 

these installations revealed that there was minimal degradation on the stainless-steel 

installations throughout their continuous use over 30 years including exposure to thor-

ough cleaning and disinfectants. Comparatively, plastic installations degraded to the 

condition of replacement within 10 years of use (Team Stainless, 2016).  

12.2 Coastal Towers in Sydney & Singapore 
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Case examples of skyscrapers near the sea, using duplex stainless steels, e.g. 2205 for 

facades, claddings and structural connections revealed that there were no traces of pit-

ting or tea staining even after 20 years of the installation. Comparatively, adjacent struc-

tures using aluminum cladding had to recoat their facades within 20 years (Nickel In-

stitute, 2019). 

12.3 Failures 

There have been several documented cases of catastrophic roof failures during the 

1990s. The analyses revealed that stainless-steel trusses were susceptible to stress cor-

rosion cracking in a chloramine rich environment, leading to structural failures. This 

issue has since been resolved by using duplex grades of the material (Kainuma et al., 

2011). 

12.4 Iconic Architecture 

Some examples of Iconic architecture using the material include, the shining spire of 

Chrysler Building built during the 1930s, although being exposed to urban polluted air 

for almost 95 years now. The Gateway Arch of St. Louis built around 1965, uses stain-

less steel as its skin, which has remained free of any degradation despite exposure to 

decades of weathering and harsh outdoor conditions. The Walt Disney Concert Hall 

built in 2003 in Los Angeles, suffered from the problem of glare that its curved façade 

panels induced on the surroundings (Los Angeles Times, 2004). The finish on the pan-

els had to changed from reflective to diffusive so that there is no concentration of light 

at any one given point. The canopy at The Shard London built recently in 2012, uses a 

stainless-steel canopy which blends longevity with modern aesthetics. 

XIII. Discussion 

The above case studies, examples and literature studies highlight on several insights: 

 Economic In-Accessibility and Equity  

It is clear that there are many benefits of using stainless steel considering its efficiency 

over its life-cycle. There is an initial higher cost (typically 30-50%) associated with 

stainless steel, which creates accessibility paradox (Alwafi, 2024). Although, afforda-

ble housing projects and public infrastructure require stainless steels to be used in high 

wear, high touch and other critical areas, but often due to limited budget, many appli-

cations have to left out of the scope, even though in long term, the costs might have 

been balanced. 

 Grade Selection can determine success or failure  

There have been many reported failures which stem from the erroneous selection of 

grades. PREN based frameworks offer predictive values for chloride exposed environ-

ments (Gunn, 1997). 

 Finish selection is as important as grade selection  



          

data. 
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The Disney Concert Hall case demonstrates the lacuna mentioned above, where aes-

thetics and environment comforts had to be balanced. 

 Healthcare Validation 

Stainless steel has a major role in infection control in healthcare environments, not only 

it limits the spread but also, makes the task of maintaining hygiene easy and cost effec-

tive. Its efficacy is validated by multiple studies on disinfectant efficacy  and long-term 

durability along with exposure to harsh cleaning cycles (Team Stainless, 2016). 

 Sustainability goes hand in hand with durability  

Even with the higher initial embodied carbon, complete life-cycle assessments present 

stainless steels’ comparatively lower environmental footprint to carbon steel & alumi-

num, considering its longer service life (World stainless, 2015). 

 Regional adaptation & Climate considerations  

Testing under tropical climates presents the superior performance of duplex grades over 

austenitic grades in terms of corrosion resistance and durability. It also aligns with the 

Indian context and similar developing nations (Nguyen et al., 2023). New specifications 

outline the importance of specific surface finishes & maintenance for humid and/or 

polluted environmental conditions. 

 Freedom of Architectural Expression  

The ductility & strength of stainless steel, especially duplex grades, enable the possi-

bility of innovative designs of structural forms and futuristic concepts while ensuring 

long-term resilience and stability (Baddoo, 2008). 

Stainless steel’s advantage of being a sustainable material is plagued by economic ac-

cessibility issues. Life-cycle efficiency benefits are inaccessible, with high upfront 

costs limiting installations primarily to well-funded, high-end premium projects (Al-

wafi, 2024). There is a need for hybrid design strategies which combine stainless steel 

in critical zones with cost-effective alternatives elsewhere so that a balance can be 

achieved between budget and life cycle cost goals. Additionally, regional factors such 

as tropical climates and developing economies require localized adaptation of grade 

selection frameworks while conforming sustainability goals (Nguyen et al, 2023). 

There are many other ways to incorporate circular economy practices which would help 

to better the value proposition of stainless steel, such as: 

 Recycled content percentage has to be maximized  

 Planning end-of-life material recovery methods  

 Enabling positive environmental credits for design decisions (Scott and Diaz, 

2023). 

 

XIV. Limitations 

This research paper is limited by the following factors/conditions: 

 Reliance on secondary sources rather than primary experimental 



 

 

 Geographical factors: Most case studies / case examples are from Europe 

and North America, limiting global generalization. 

 

 Data variability: LCA results vary depending on regional energy mixes and 

manufacturing practices. 

 

 Cost fluctuations: Market volatility in raw materials like nicke, whose 

prices can alter stainless steel’s competitiveness. 
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Future work should focus on primary LCA studies in developing regions, com-

parative performance of new low-carbon stainless steels, and long-term monitor-

ing of architectural case studies. 

XV. Conclusions 

Stainless steel is a versatile material of great architectural value due to multiple char-

acteristics such as: 

 High durability in aggressive environmental conditions.  

 Hygienic properties suitable for healthcare applications.  

 Great aesthetic versatility offered by multiple finishes and textures possible 

via different manufacturing processes. 

 

 Environmentally sustainable characteristics through high recyclability 

and great life-cycle efficiency. 

 

However, success of this material depends on right grade & finish selection, proper 

detailing, and periodic maintenance. Learnings from both successful installations and 

failures emphasize the need for an informed detailing of specifications. 

 List of Abbreviations

Abbreviation Full Form

SS Stainless Steel

LCA Life Cycle Assessment

LCC Life Cycle Cost(ing)

PREN Pitting Resistance Equivalent Number

EPD Environmental Product Declaration



 

Stainless Steel in Architecture: Applications for Sustainable …             269

EAF Electric Arc Furnace

CCU Carbon Capture and Utilization

ASTM American Society for Testing and Materials

BIM Building Information Modelling

CO₂ Carbon Dioxide

IMOA International Molybdenum Association

WHO World Health Organization

HAI Healthcare-Associated Infection

ICU Intensive Care Unit

SC Scientific Committee (as in review processes)

EN European Norm (Standard)

SCC Stress Corrosion Cracking
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