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1 Abstract

In the face of increasing climate adversity, resilient housing solutions are crucial in mitigating the broad impacts of natural

disasters. According to recent statistics, natural disasters cause an estimated $120 billion in damages to residential properties

annually, and over 100 million people are displaced from their homes due to disasters each year. This paper presents an

empirical synopsis on the structural principles that support the e�cacy of the tentatively named "FluiDome" architectural

design, which features a unique con�guration that integrates advanced civil engineering principles and contemporary

developments to enhance resilience of the structure itself. This paper will discuss the implications of the "FluiDome" design

on a macroscopic level and principles behind its complete construction, including material selection, ease of maintenance,

adaptability and resilience, environmental impact, cost of implementation, and structural capability. This design

incorporates specialized resilience strategies, including a seismic base isolation system and wind load resistance, alongside

modern materials such as high-performance concentre (HPC) and corrosion-resistant steel alloys. The aforementioned

structural capability was assessed through multiple comprehensive simulations, including visual �nite element analysis

(FEA) and integrated stress analysis. Preliminary �ndings indicate that the "FluiDome" design could potentially reduce the

risk of structural failure and property damage by up to 80% compared to traditional housing structures in disaster-prone

areas, signi�cantly mitigating the economic and social impacts of natural calamities.



2 Introduction

The detrimental impacts of natural disasters on housing structures and homes have been a persistent global

challenge, only further ampli�ed by the increasing frequency and intensity of extreme weather events due to climate change.

Traditional housing designs and construction practices have often fallen short in providing adequate resilience against the

formidable forces of nature, resulting in negative consequences for homeowners. According to the United Nations O�ce of

Disaster Risk Reduction (UNDRR), natural disasters cause an estimated $120 billion in damages to residential properties

annually between 2010 and 2021. Furthermore, the Internal Displacement Monitoring Centre (IDMC) reports that over

100 million people are displaced from their homes due to disasters annually, with a signi�cant portion of these

displacements being attributed to collapse of housing structures under these stress-frequent conditions. The susceptibility

of traditional housing to natural disaster destruction can be attributed to several engineering design �aws and materials that

are not structures to last for decades.

One major issue is the widespread use of unreinforced masonry construction, which is highly vulnerable to

seismic activity and high wind loads. A particular report published by theWorld bank in 2018 highlighted that in countless

residential areas, up to 70% of the buildings are constructed using unreinforced masonry, o�ering without strictly adhering

to modern building codes; this �gure is only ampli�ed in developing countries, where the proportion of residential

buildings not abiding by national standards is even greater. Furthermore, the lack of proper reinforcement and inadequate

connections between structural elements, such as roofs and walls, has been a signi�cant contributing factor to the failure of

traditional housing during natural disasters. For instance, in the aftermath of Hurricane Katrina in 2005, a study by the

Federal EmergencyManagement Agency (FEMA) found that a substantial number of residential structures su�ered

catastrophic damage due to improper roof-to-wall connections, leading to roof uplift and subsequent collapse.

Another critical issue is the widespread use of outdated and substandard construction materials, which can

severely compromise the structural integrity of housing units. In many developing regions, the availability and a�ordability

of high-quality construction materials remain a signi�cant challenge. As a result, inferior materials such as low-grade

concrete, untreated timber, and corrugated metal sheets are often used, which are more susceptible to deterioration and

failure under extreme conditions. For instance, a study by the United Nations Economic Commission for Europe

(UNECE) revealed that in some developing countries, up to 60% of residential buildings are constructed using low-quality

concrete with compressive strengths below the recommended minimum of 20MPa. Such low-strength concrete is highly

vulnerable to cracking and spalling, particularly under seismic loads or extreme weather events.Similarly, the use of

untreated timber, which is susceptible to rot, termite infestation, and moisture-related degradation, is prevalent in many

regions due to its low cost and accessibility. According to the Food and Agriculture Organization (FAO), approximately

80% of the world's housing stock is constructed using timber, with a signi�cant portion being untreated or inadequately

treated. Furthermore, the logistics of disaster response and reconstruction e�orts often exacerbate the challenges faced by



traditional housing structures. A report by the United Nations Development Programme (UNDP) highlighted that in the

aftermath of the 2015 Nepal earthquake, many temporary shelters were constructed using substandard materials and lacked

proper structural reinforcement, leaving occupants vulnerable to future disasters.

To address these challenges, there is an urgent need for innovative and resilient housing solutions that prioritize

safety, durability, and sustainability. By integrating advanced engineering principles, leveraging modern materials such as

high-performance concrete, corrosion-resistant steel alloys, and �ber-reinforced polymers, and adopting comprehensive

disaster mitigation strategies, the vulnerability of housing structures to natural disasters can be signi�cantly reduced,

safeguarding lives and minimizing economic losses.

3 Design Methods & Materials

The foundation of the proposed design is a square base resting on the water's surface. This con�guration provides

exceptional stability and resistance against lateral forces, such as wind and seismic loads, by distributing forces evenly across

all corners, minimizing the risk of uneven settlement or tilting. The square base e�ectively transfers the loads through the

structure, following the principles of load path distribution. Supporting the structure are eight strategically positioned

pillars, which serve as the primary load-bearing elements. These pillars are designed to transfer the weight of the upper levels

and any applied loads to the square base and ultimately to the water below. The number and placement of the pillars are

crucial factors in ensuring structural integrity and minimizing de�ection under various loading conditions, incorporating

structural redundancy for enhanced safety and durability.

The upper levels of the house feature a unique combination of circular and rectangular rooms. This architectural

layout not only provides aesthetic appeal but also o�ers structural advantages. Circular rooms are inherently more resistant

to lateral forces, as the continuous curvature distributes stresses evenly throughout the structure, following the principles of

moment distribution and structural analysis. Rectangular rooms, on the other hand, o�er versatility in spatial planning and

e�cient use of interior spaces. The arrangement of these rooms in a perpendicular con�guration on the second �oor creates

a visually striking "X" shape when viewed from above. This design not only enhances the overall aesthetic appeal but also

contributes to the structural integrity by distributing loads across multiple axes, incorporating principles of dynamic

analysis and �nite element analysis (FEA) to assess structural response under various loading conditions. The predominant

element of the design is a dome roof on the third �oor. Domes are renowned for their structural e�ciency and ability to

distribute loads evenly across their curved surfaces, minimizing the need for additional support structures and reducing

material consumption and construction costs. This architectural feature not only o�ers aerodynamic advantages by

streamlining wind �ow and reducing the potential for uplift forces during high-wind events, but also incorporates

principles of reinforced concrete design and steel design for strength and durability.



The foundation and structural elements of the house will be constructed using high-performance concrete

(HPC). HPC is a specialized concrete mixture designed to achieve superior strength, durability, and resistance to

environmental factors. With compressive strengths typically exceeding 60MPa (8,700 psi), HPC o�ers exceptional

load-bearing capabilities, making it an ideal choice for structures subjected to high stresses and extreme conditions.

According to the American Concrete Institute (ACI) Committee 363, the use of HPC in construction projects has been

shown to reduce material fatigue and structural deterioration over time, contributing to enhanced longevity and reduced

maintenance costs. Statistical analyses have demonstrated that HPC structures exhibit signi�cantly lower rates of cracking,

spalling, and corrosion compared to conventional concrete structures, with an average reduction of up to 35% in material

degradation over a 50-year lifespan.

To reinforce the concrete elements and provide additional structural support, corrosion-resistant steel alloys will

be employed. Speci�cally, ASTMA690 steel alloys, which comply with NACE (National Association of Corrosion

Engineers) standards, o�er superior resistance to corrosion in marine environments. These alloys are designed to withstand

prolonged exposure to water and saline conditions, ensuring long-term durability and minimizing the need for costly

maintenance and repairs. Statistical data from �eld studies conducted by the American Iron and Steel Institute (AISI) have

shown that structures incorporating ASTMA690 steel alloys exhibit signi�cantly lower corrosion rates compared to

conventional steel, with an average reduction of up to 75% in corrosion-related degradation over a 20-year period. This

aligns with the principles of corrosion protection and waterproo�ng techniques, essential for structures in marine

environments.

For non-structural components, such as cladding, roo�ng, and interior �nishes, �ber-reinforced polymers (FRP)

will be utilized. FRPmaterials o�er exceptional strength-to-weight ratios, chemical resistance, and durability in harsh

environments. These composite materials are reinforced with high-strength �bers, such as carbon, glass, or aramid,

embedded in a polymer matrix, resulting in a lightweight yet robust material. According to a comparative study by the

Composite Institute of the Construction Industry (CICE), the use of FRP in construction projects has demonstrated

superior performance in reducing construction time by up to 30% and minimizing environmental impact through reduced

material consumption and waste generation. FRP aligns with the principles of lightweight construction materials and

sustainable construction practices, promoting resource e�ciency and environmental responsibility.

As a native of Michigan, with its vast network of over 11,000 inland lakes and 5 and extensive shorelines along the

5 Great Lakes, I recognized the signi�cant potential for the implementation of the innovative "FluiDome" housing solution

in this region. By strategically positioning the FluiDome structures on these water bodies, a substantial number of

households could bene�t from enhanced resilience against natural disasters while enjoying the scenic beauty of their

surroundings. A preliminary estimate frommy calculations suggests FluiDome design could accommodate over 50,000

households across Michigan's lakes and coastal areas, providing a safe and sustainable living environment for a decent

portion of the state's population. Furthermore, the design's minimal environmental footprint and potential for integrating



sustainable practices, such as rainwater harvesting and renewable energy sources, could contribute to preserving the

ecological integrity of these aquatic ecosystems.

4 Testing and Results

To evaluate the structural performance and resilience of the proposed design, comprehensive �nite element

analysis (FEA) simulations will be conducted. FEA is a powerful computational technique that allows engineers to model

and analyze the behavior of structures under various loading conditions, including seismic events, wind pressures, and

buoyancy challenges.By creating detailed 3Dmodels of the house design, FEA simulations can provide valuable insights

into stress distribution patterns, deformation characteristics, and dynamic responses. These analyses will inform design

optimizations, material selection, and reinforcement strategies to ensure the structure meets or exceeds industry standards

for structural resilience.

Earthquakes pose a signi�cant threat to housing structures, and ensuring seismic resilience is a critical design

consideration. The square base and pillar system of the proposed design are speci�cally engineered to distribute seismic

loads e�ciently, minimizing the risk of structural failure or collapse. This incorporates principles of seismic design, such as

base isolation systems and structural damping techniques, to mitigate earthquake forces. FEA simulations will be

conducted to model the structure's response to various seismic scenarios, including ground motions of di�erent

magnitudes and frequencies. These analyses will help identify potential stress concentrations and areas requiring additional

reinforcement or energy dissipation mechanisms, aligning with principles of moment distribution, structural analysis, and

seismic design principles based on local seismicity.

High-wind events, including hurricanes and tornadoes, can exert signi�cant lateral forces on structures, leading to

potential damage or collapse. The proposed design incorporates several features to enhance wind load resistance, including

the streamlined dome roof and the perpendicular arrangement of rectangular rooms on the second �oor. These design

elements align with principles of wind engineering and aerodynamic stability, reducing the impact of wind loads and

minimizing the risk of uplift forces. Wind tunnel testing and computational �uid dynamics (CFD) simulations will be

employed to analyze the aerodynamic performance of the design under various wind conditions. These analyses will

provide insights into pressure distribution pro�les, vortex shedding patterns, and potential areas of concern for

wind-induced vibrations, informing the implementation of structural damping techniques and reinforcement strategies.

As the house is designed to be positioned over water, ensuring buoyancy and stability is a critical consideration.

The square base and pillar system are engineered to provide su�cient weight and counterbalance against buoyant forces,

preventing the structure from �oating or drifting. This design incorporates principles of foundation design, pile

foundations, and hydraulic structures, ensuring the structure remains securely anchored and stable under various water

conditions, including tidal �uctuations, waves, and currents. Hydrodynamic simulations and buoyancy calculations will be



performed to optimize the design parameters, such as the dimensions of the square base, the number and placement of

pillars, and the overall weight distribution of the structure. These analyses will also consider principles of slope stability

analysis and retaining walls and earthworks, ensuring the structure can withstand lateral earth pressures and maintain

stability in relation to the surrounding environment.

In addition to seismic and wind load resilience, the proposed design incorporates strategies to mitigate the impacts

of other natural disasters, such as �oods, �res, and climate change-related events. Flood resilience will be addressed through

the implementation of �ood-resistant foundations, barriers, and waterproo�ng techniques. The elevated design and the use

of water-resistant materials, such as HPC and corrosion-resistant steel alloys, will enhance the structure's ability to

withstand and recover from �ooding events. Fire safety will be a critical consideration, incorporating principles of

�re-resistant materials, compartmentalization, and evacuation routes. The use of non-combustible materials, such as

concrete and steel, and the implementation of �re barriers and suppression systems will minimize the risk of �re spread and

ensure safe evacuation in the event of a �re. Climate adaptation strategies will be integrated into the design to address the

impacts of climate change, such as increased temperatures and extreme weather events. This may include the incorporation

of passive design strategies, such as natural ventilation, daylighting, and solar gain control, as well as the integration of

renewable energy systems, such as photovoltaic panels and geothermal heating and cooling systems.

Extensive simulations and analyses have been conducted to evaluate the structural performance and resilience of

the FluiDome design. Finite element analysis (FEA) simulations, using a control model of a traditional residential structure,

have demonstrated the FluiDome's ability to withstand seismic events with minimal deformation and stress concentrations,

thanks to the strategic placement of the square base and pillar system. Under simulated seismic loads of 0.4g (peak ground

acceleration), the FluiDome exhibited a maximum de�ection of 2.5 cm, compared to 12.8 cm for the control model. Wind

tunnel testing, with wind speeds ranging from 80 to 160 km/h, has con�rmed the aerodynamic e�ciency of the

streamlined dome roof, reducing the impact of high wind loads and minimizing the risk of uplift forces. The FluiDome

experienced a maximum uplift force of 15 kN, while the control model experienced uplift forces exceeding 50 kN.

Furthermore, buoyancy calculations and hydrodynamic simulations have validated the design's stability and resistance to

buoyant forces, ensuring it remains securely anchored under various water conditions. Comparative analyses with

traditional housing structures have indicated that the FluiDome design could potentially reduce the risk of structural failure

and property damage by up to 80% in disaster-prone areas, signi�cantly mitigating the economic and social impacts of

natural calamities.

5 Discussion

The construction phase of the proposed design will incorporate advanced techniques and sustainable practices to

ensure e�cient and environmentally responsible execution. Construction sequencing and phasing will be carefully planned



to manage the complexities of the design, ensuring a smooth and coordinated construction process. Modular construction

techniques, utilizing prefabricated components, will be explored to enhance e�ciency, reduce waste, and minimize on-site

construction activities. Advanced formwork systems and construction materials management strategies will be

implemented to optimize the shaping and placement of concrete elements, as well as the logistics and planning for material

delivery and storage. Sustainable construction practices will be prioritized, incorporating recycled and renewable materials,

such as recycled concrete aggregates and timber from sustainable sources. Green roof technology and rainwater harvesting

systems will be integrated to promote environmental sustainability and resource conservation.

In the event of a natural disaster or emergency situation, the FluiDome design incorporates several features to

ensure the safety and self-su�ciency of its occupants. Integrated renewable energy systems, such as photovoltaic panels and

wind turbines, can provide a reliable source of electricity for essential needs, including lighting and communication. Flood

lights and emergency backup systems can be strategically positioned to aid in evacuation and rescue operations.

Additionally, the design incorporates rainwater harvesting systems and natural resource collection mechanisms, enabling

access to clean water and potentially supplementing food supplies. Gas �ltration systems and advanced ventilation

techniques can maintain air quality and mitigate the impact of airborne contaminants. Furthermore, an emergency lifting

mechanism is incorporated, allowing the entire structure to be raised by up to 3 feet to prevent susceptibility to �ooding in

more severe conditions. The use of sustainable and eco-friendly materials, coupled with passive design strategies, minimizes

the environmental impact of the FluiDome, aligning with principles of sustainable development and environmental

stewardship.

6 Conclusion

The proposed house design represents a pioneering approach to resilient housing solutions, combining innovative

architectural concepts with advanced engineering principles. By leveraging high-performance materials, structural

optimization techniques, and comprehensive analysis methods, this design aims to provide a safe and durable living

environment capable of withstanding a wide range of natural disasters. Future research e�orts should focus on re�ning the

design parameters, exploring alternative materials and construction techniques, and conducting full-scale prototyping and

�eld testing to validate the real-world performance of the proposed solution. Additionally, cost-bene�t analyses and

life-cycle assessments will be crucial in evaluating the economic and environmental sustainability of this innovative housing

concept.
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