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Abstract 

In today's industrial realm, safeguarding against fire hazards is of utmost importance, especially 

in facilities like polyurethane foam and allied products factories, where combustible materials 

pose significant risks. This paper does an in-depth study of the cutting-edge architectural 

strategies crafted to curb fire risks in such factory settings. It is basically guided by weaving 

together some innovative design principles, sturdy structural systems, and tailored building 

services, which are advancements that do not only bolster safety but also streamline production 

processes and shield valuable assets. The paper emphasizes key architectural principles like 

zoning, structural resilience, thoughtful space utilization, and the integration of specialized 

building services geared towards fire prevention. these architectural innovations place human 

safety and well-being at the forefront while fortifying defenses against potential fire incidents. 
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1.0 INTRODUCTION 

Industrial architecture, as outlined by Ching (1975), revolves around crafting spaces tailored for 

manufacturing, processing, and assembly tasks. It involves careful consideration of the specific 

needs and functions intrinsic to industrial operations, aiming to create environments that enhance 

workflow efficiency and accommodate specialized equipment while adhering to industry standards 

and regulations (Hohendal, 2022). Originating during the Industrial Revolution, particularly in 

Britain, industrial architecture emerged as a pioneer in modern architectural structures, serving 

diverse purposes such as processing, manufacturing, distribution, and storage of goods and 

resources (Historic England, 2011). 

The persistent threat of fire incidents in industrial settings, exemplified by events like the one at 

Nasser Foam Manufacturing & General Enterprises in Gambia on February 21, 2023 (Alkamba 

Times, 2023), underscores the pressing need for robust fire prevention and mitigation measures 

within foam manufacturing facilities. These incidents, alongside others at Foamex International 
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and Mouka Limited, underscore the significant risks and devastating consequences associated with 

fire hazards in foam production factories (Alkamba Times, 2023; Nigeria Daily, 2010). 

Polyurethanes have emerged as versatile polymers in industrial applications, tracing their roots 

back to their synthesis in 1937 (Seymour and Kauffman, 1992). Comprising about 8% of global 

plastics production, polyurethanes serve a wide range of purposes in fibers, flexible foams, 

coatings, adhesives, sealants, and elastomers (PlasticsEurope Association of Plastics 

Manufacturers, 2019). The introduction of polyisocyanates in 1952 revolutionized polymer 

technology by enabling the production of flexible polyurethane foam, particularly renowned for 

its use in mattresses and upholstered furniture cushioning (Polyurethane Foam Association, 2016). 

Notwithstanding its widespread use, polyurethane foam presents fire hazards due to its 

susceptibility to heat, rapid ignition, and fire spread tendencies (Apostolopoulou et al., 2018). The 

combustion of polyurethane foam involves complex processes, including smoldering or flaming 

combustion, influenced by factors like heat intensity, ignition source, and oxygen levels 

(Witkowski et al., 2016). As polyurethane foam undergoes thermal decomposition, it releases 

molten products and gaseous volatiles, initiating combustion (Drysdale, 2011). 

The process of producing polyurethane foam involves a reaction between polyol and isocyanate, 

yielding a versatile material widely used across industries (Witkowski et al., 2016). However, the 

petroleum-derived base components make polyurethane foam highly flammable and prone to 

ignition (Witkowski et al., 2016). Its open-cell structure further exacerbates the fire risk by 

increasing surface area, allowing easier access to oxygen during fires and resulting in the release 

of significant heat energy (Polyurethane Foam Association, 2016a). 

Polyurethane foam combustion can take two forms: smoldering or flaming, depending on factors 

like heat exposure, ignition sources, and oxygen levels (Witkowski et al., 2016). Smoldering 

combustion occurs without visible flames, generating toxic fumes and charring materials in porous 

solids (Drysdale, 2011). Conversely, flaming combustion involves visible flames that release heat, 

facilitating fire spread by heating nearby surfaces (Witkowski., 2016). 

Given the serious risks associated with fire hazards in polyurethane foam production factories, 

there's an urgent call for innovative architectural approaches to mitigate these dangers. The authors 

think that fire risk prevention could be achieved through significantly decreasing the likelihood 

and severity of fire incident when integrated fire-resistant materials, thoughtful factory building 

layouts, and effective ventilation systems are innovatively weaved together in the design of 

polyurethane and allied products factories (NFPA, 1997). 

Across industrial settings, fire hazards present a substantial economic challenge, posing security 

risks to both material resources and human lives. It's crucial to thoroughly assess these hazards, 

considering the economic hardships and potential dangers to both materials and human well-being. 

Even if major fires don't occur during a plant's operational lifespan, the ongoing potential for such 

incidents remains a significant concern (Odeleye, 1967). 
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2.0 AIM 

This study aims to assess the effectiveness of architectural innovations in mitigating fire risks 

within polyurethane foam and allied products factories. By examining past fire incidents, industrial 

architecture principles, and material characteristics, the research seeks to propose innovative 

design strategies that enhance fire resistance and ensure the safety of personnel and assets in 

industrial settings. 

3.0 RESEARCH METHODOLOGY 

This research adopts a qualitative approach, leveraging case studies of foreign companies that have 

successfully implemented fire safety measures in their polyurethane foam and allied products 

factories. Primary data were gathered through online sources, including company websites, 

industry reports, and news articles, to provide insights into architectural design and fire safety 

practices. These case studies offer firsthand observations of effective fire safety precautions and 

management strategies implemented in the industry. Secondary data from scholarly articles, books, 

and online sources supplemented the primary data, enriching the understanding of fire safety 

measures in polyurethane foam production facilities. 

4.0 FINDINGS 

Maintaining fire safety in production factories is paramount. It involves not only protecting 

property to avoid significant financial losses but also fulfilling a moral duty to safeguard workers 

and the community from the destructive effects of fires. Here are the main discoveries regarding 

architectural design tactics employed to mitigate fire hazards. 

4.1 CASE STUDIES 

1. SHREE MALANI FOAMS PVT. LTD 
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Plate 4.9: Shree Malani foams pvt. Ltd. 

Source: Shree Malani Foam Pvt. Ltd. Gallery. Retrieved from 

(https://shreemalanifoams.com/gallery/) 

Shree Malani Foams Pvt. Ltd. operates a state-of-the-art manufacturing facility located in Khorda, 

Odisha. Established in September 2021, this facility covers an extensive area of 150,000 square 

feet and is equipped with cutting-edge machinery. Meticulous planning ensures maximum output 

and personnel safety within the facility. 

The manufacturing plant maintains high standards of accuracy and precision in its processing 

operations. It specializes in transforming 30-meter-long foam blocks into various end products. 

Additionally, the facility features a well-organized curing area to ensure the thermal and 

dimensional stability of the foam products. 

Notably, Shree Malani Foams Pvt. Ltd. emphasizes sustainability practices with a recycling facility 

in place. Waste foam pieces are utilized to create rebonded foam, minimizing waste generation 

and contributing to environmental conservation efforts. Equipped to produce 10,000 tons of 

Polyurethane Foam annually, Shree Malani Foams Pvt. Ltd. is committed to delivering quality 

products while prioritizing efficiency and sustainability in its operations. 

Plate 4.11: structural system of Shree malani production plant  

Source: Shree Malani Foam Pvt. Ltd. Gallery. Retrieved from 

(https://shreemalanifoams.com/gallery/) 

FIRE RISKS MANAGEMENT INSTALLATIONS 

• From observations, the structural system of Shree Malani Foam Factory appears to 

incorporate steel trusses and columns, complemented by concrete column bases and 

masonry blocks up to a certain height. This construction method aligns with Type II 
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classification, which utilizes noncombustible materials like steel and concrete. While 

specific fire-resistance ratings are not known, the use of these materials inherently 

enhances the building's fire resistance. Steel, being noncombustible, offers structural 

stability even under fire conditions, while concrete provides additional support and 

durability. 

• From observations, it's evident that Shree Malani Foam Factory implements 

compartmentation as a crucial fire prevention strategy. This smart approach involves 

separating high-risk areas like the foam production and curing buildings into distinct 

compartments. By doing so, they effectively contain any potential fire outbreaks, 

preventing them from spreading to other parts of the facility. This not only enhances safety 

but also allows for more effective firefighting and evacuation procedures in case of 

emergencies. 

• From observations, it's clear that Shree Malani Foam Factory strategically utilizes 

ventilation as a fire protection strategy. The abundance of windows and the open-framed 

structure for curing and storing foam blocks indicate a deliberate design to ensure adequate 

airflow throughout the facility. By promoting ventilation, the factory effectively reduces 

the buildup of flammable gases and heat, mitigating the risk of fire ignition and spread.  

WANSERN FOAM INDUSTRY SDN. BHD. 

Plate 4.12: Area view of Wansern Foam Industry Sdn Bhd 

Source: Wansern Foam Industry Sdn. Bhd. Retrieved from (https://wansern.com/about-us/) 

Wansern Foam Industry Sdn Bhd, a leading manufacturer of polyurethane foam in Malaysia, has 

established itself as a prominent player in the industry since its inception on February 12, 1994. 

Over its illustrious 24-year history, the company has undergone significant growth and 

transformation, evolving from humble beginnings in a small rented factory to its current expansive 

facilities spanning 121,406 square meters (30 acres). Strategically situated in Batu Pahat, Johor, in 

the southern region of Malaysia, Wansern Foam Industry is strategically positioned to serve the 

domestic and international markets effectively. 
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The facility, located at Lot 9305, Jalan Yong Peng, Mukim Sri Medan, 83400 Batu Pahat, Johor, 

Malaysia, commenced operations in January 2013. Wansern Foam Industry prides itself on its 

diverse product range, which includes foam, technical foam, mattresses, bedding accessories, and 

more. Notably, the company has also ventured into the production of bio-based polyols, 

demonstrating its commitment to environmental sustainability. By creating environmentally 

friendly bio-based foams for the furniture and mattress industries, Wansern Foam Industry Sdn 

Bhd is contributing to the global effort towards sustainable manufacturing practices. 

Plate 4.13 structural system of Wansern Foam Industry Sdn Bhd 

Source: Wansern Foam Industry Sdn. Bhd. Retrieved from (https://wansern.com/about-us/) 

FIRE PREVENTION INSTALLATIONS  

• From observations, the structural system of Wansern Foam Industry Sdn. Bhd. features 

steel trusses and columns, which is reinforced by concrete column bases. This construction 

approach aligns with Type II classification, employing noncombustible materials such as 

steel and concrete. Although precise fire-resistance ratings are unavailable, the utilization 

of these materials inherently bolsters the building's fire resistance. Steel provides structural 

integrity even in fire scenarios, while concrete enhances durability and support. 

• From what can be observed, Wansern Foam Factory employs ventilation as a strategic fire 

protection measure. The numerous windows and the open-framed structure for curing and 

storing foam blocks suggest a deliberate design aimed at ensuring sufficient airflow within 

the facility. This emphasis on ventilation helps minimize the accumulation of flammable 

gases and heat, thereby lowering the risk of fire initiation and propagation. 

4.2 STRUCTURAL COMPONENTS AND BUILDING MATERIALS 

In building fires, three essential elements are identifiable: the structural components of the 

building, the contents within the building, and the nonstructural elements of the building 
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(Brannigan, 1971). Key structural elements in industrial building construction include beams, 

columns, trusses, and connectors (Brannigan, 1999). Beams, which transmit force perpendicular 

to their points of support, vary in type and load-bearing capacity, with factors like depth and span 

length influencing their strength (Brannigan, 1999). Columns, responsible for transmitting 

compressive forces along a straight path, can be vertical or any member subjected to compressive 

loading (Brannigan, 1999). Walls, categorized as load-bearing or non-load-bearing, serve various 

functions such as fire containment and structural support (NFPA, 1997). 

Building materials play a crucial role in determining a building's response to fire scenarios 

(Brannigan, 1999). Steel, common in commercial construction, offers noncombustible properties 

but exhibits challenges such as heat conduction and reduced strength at high temperatures (Cote 

and Bugbee, 2001). Wood, inherently combustible, undergoes structural degradation during fires, 

influenced by factors like moisture content and member dimensions (NFPA, 1997). Masonry and 

brick materials offer significant fire resistance but may experience spalling under high fire 

temperatures (NFPA, 1997). Reinforced concrete, combining steel rods with concrete, provides 

exceptional tensile strength and is typically highly fire resistant (NFPA, 1997). Gypsum products, 

including plasterboard and plaster, offer excellent fire-resistive properties due to their high 

chemically combined water content (Cote and Bugbee, 2001). 

4.3 FIRE-RESISTANCE RATINGS AND BUILDING CONSTRUCTION TYPES 

Fire-resistance ratings of building materials are established through standardized tests and 

expressed in hours (NFPA, 2002b). Various tests, including UL 263 and ASTM E119, evaluate 

materials' ability to endure fire without failure (NFPA, 1997). The NFPA categorizes building 

construction types into five basic types from Type I to V, each with approved fire-resistance ratings 

(NFPA, 2003b). Type I buildings, constructed with noncombustible materials, offer the highest 

level of fire resistance (NFPA, 1997). For a polyurethane foam and allied products factory, Type 

II construction should be employed. This construction type utilizes structural elements made 

entirely of noncombustible or limited-combustible materials, earning it the designation 

noncombustible. While the building materials themselves are noncombustible, they lack sufficient 

fire-resistance ratings to be classified as fire resistant. Consequently, Type II structures will not 

burn or contribute fuel to a fire involving contents but may collapse due to structural steel failure. 

Type II construction further subdivides into three classifications: Type 222, Type 111, and Type 

000, each offering different levels of fire resistance (NFPA, 1997). 

4.4 FIRE PROTECTION FEATURES AND FIRE SPREAD 

Fire protection features in buildings aim to prevent the spread of fire and ensure structural integrity 

during fires (NFPA, 1997). Compartmentation limits the size of a fire and aims to confine it to the 

room or suite of rooms where it originated (NFPA, 1997). Effective compartmentation can be 

compromised by leaving doors open, reducing its effectiveness (NFPA, 1997). Fire spread within 

a building is influenced by various factors such as open doors, unenclosed stairways, and 

unprotected penetrations of fire barriers (Patterson, 1993). Interior spaces are organized into 
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compartments to prevent unrestricted fire spread, with fire-resistive qualities achieved through 

specified building materials and elimination of openings in barriers (Patterson, 1993). 

4.5 IMPACT OF VENTILATION AND INTERIOR FINISH 

Ventilation plays a crucial role in fire dynamics and smoke movement within buildings (Cote and 

Bugbee, 2001). Most building fires burn at their ventilation-controlled rate, emphasizing the 

importance of effective smoke management (NFPA, 1997). Smoke management through 

ventilation aims to maintain usable means of egress, contain smoke within the environment, sustain 

conditions outside the fire area for fire suppression, and safeguard lives and reduce property 

damage (Cote and Bugbee, 2001). Interior finish materials significantly impact flame spread, 

smoke production, and toxic gas generation within buildings (NFPA, 2003a). Interior finish 

materials are classified based on their flame spread ratings, with Class A offering the best flame 

spread resistance (Cote and Bugbee, 2001). 

4.6 BUILDING CONTENTS 

Toxic gases produced by burning contents contribute significantly to fire-related deaths, 

necessitating the assessment of new materials, systems, and buildings during the design stages 

(USFA, 1973). The composition of building contents impacts fire loads and smoke toxicity, with 

materials like adhesives potentially enhancing flame spread (NFPA, 1997). Despite existing 

regulations addressing flame hazards, smoke and toxic gases continue to pose risks, highlighting 

the importance of ongoing evaluation and mitigation efforts (USFA, 1973). 

5.0 CONCLUSION 

In conclusion, the integration of architectural innovations for fire risk prevention in polyurethane 

foam and allied products factories presents a crucial step towards enhancing workplace safety and 

mitigating potential hazards. Given the inherent risks associated with foam production processes, 

such as flammability and chemical reactions, innovative design approaches are imperative to 

safeguarding both property and personnel. Drawing insights from global research on fire safety 

and building design, coupled with the specific challenges faced by foam production facilities, 

underscores the necessity for tailored architectural solutions. 

Moving forward, the adoption of fire-resistant building materials, strategic placement of fire 

prevention installations, and implementation of robust structural systems emerge as key pillars in 

fortifying factory environments against fire risks. By embracing these architectural innovations, 

polyurethane foam and allied products factories can not only minimize the likelihood of fire 

incidents but also create a more sustainable work environment for all stakeholders involved. 

6.0 RECOMMENDATIONS 

When designing and constructing a polyurethane foam and allied products factory, the following 

recommendations are advised: 
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1. Opt for Type II construction to capitalize on inherent fire resistance, providing a robust 

defense against potential fire hazards. 

2. Enhance safety measures by implementing compartmentation strategies, effectively 

containing fire incidents and limiting their spread throughout the facility. 

3. Prioritize the installation of state-of-the-art fire suppression systems, such as sprinklers, to 

swiftly extinguish fires, minimizing damage and ensuring the safety of occupants. 

4. Develop detailed emergency egress plans, meticulously outlining evacuation routes and 

procedures, to facilitate swift and orderly evacuation in the event of a fire emergency. 

5. Ensure optimal ventilation and HVAC systems to mitigate fire risks, effectively managing 

airflow and minimizing the accumulation of flammable gases within the facility, thereby 

enhancing overall safety standards. 

REFERENCES 

Apostolopoulou, N., Romeos, A., Hinopoulos, G., Perrakis, K., & Panidis, T. (2018). 

Considerations on reaction to fire tests of polyethylene foam with a cone calorimeter 

apparatus. Journal of Fire Science, 36, 240–255. 

Brannigan, Francis L. (1971). Building Construction for the Fire Service. Quincy,MA: NFPA. 

Brannigan, Francis L. (1999). Building Construction for the Fire Service. Quincy, MA: NFPA. 

Ching, F. D. (1975). Architecture: Form, Space, and Order. Publisher. 

Cote, Arthur, and Percy Bugbee. (2001). Principles of Fire Protection. Quincy, MA: NFPA. 

Drysdale, D. (2011). An Introduction to Fire Dynamics. West Sussex, UK: John Wiley and Sons. 

Historic England. (2011, April). Historical Summary. In Industrial Buildings: Listing Selection 

Guide (pp. 2–6). Retrieved from https://historicengland.org.uk/images-

books/publications/dlsg-industrial/heag1-34-industrial-buildings-lsg/. 

Hohendal, K. (2022). Learn all about Industrial Architecture. The Spruce. Retrieved from 

https://www.thespruce.com/what-is-industrial-architecture-4796580. 

National Fire Protection Association (NFPA). (1997). Fire Protection Handbook 18th ed. Quincy, 

MA: NFPA. 

NFPA. (2002b). NFPA 220: Standard on Types of Building Construction. Quincy, MA: NFPA. 

NFPA. (2003b). NFPA 5000: Building Construction and Safety Code. Quincy, MA: NFPA. 

Nigeria Daily. (2010, December 16). Fire incident at Mouka Lagos foam factory. Retrieved 

January 15, 2024 from https://nigeriadaily.wordpress.com/2010/12/17/fire-incident-at-

mouka-lagos-foam-factory/ 

http://www.iiardjournals.org/


 
International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848 

P-ISSN 2695-2149 Vol 10. No. 4 2024 www.iiardjournals.org 
 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 42 

Odeleye, O. A. (1967). Design Considerations in Industrial Architecture. 

Patterson, James. (1993). Simplified Design for Building Fire Safety. New York: John Wiley and 

Sons. 

PlasticsEurope Association of Plastics Manufacturers Plastics—The Facts 2019 An analysis of 

European Plastics Production, Demand and Waste Data. Retrieved from 

https://www.plasticseurope.org/en/resources/market-data (accessed on 22, January 2024). 

Polyurethane Foam Association. (2016). Flexible Polyurethane Foam: A Primer (Vol. 1, No. 1). 

Retrieved from http://www.pfa.org (accessed on 23 Jenuary 2024). 

Seymour, R. B., & Kauffman, G. B. (1992). The Handbook of Polyurethanes. CRC Press. 

The Alkamba Times. (2023, February 21). Massive fire consumes Nasser Foam factory. Retrieved 

January 15, 2024, from https://alkambatimes.com/massive-fire-consumes-nasser-foam-

factory/ 

U.S. Fire Administration (USFA). (1973). America Burning: The Report of the National 

Commission on Fire Prevention and Control. Washington, DC: National Commission on 

Fire Prevention and Control. 

Witkowski, A., Stec, A., & Hull, R. (2016). Thermal Decomposition of Polymeric Materials. In 

SFPE, & M. J. Hurley (Ed.), SFPE Handbook of Fire Protection Engineering (5 ed., pp. 167-254). 

Greenbelt, MD: Springer. 

http://www.iiardjournals.org/

