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II. FOREWORD 

What will be said in this Foreword is not necessarily meant to target any institution in particular. It rather 

intends to target the general practice of architecture and urban planning – as well as related and interested 

parties – throughout the world, trying to raise awareness for the important issue that will follow. 

 

In the particular field of architecture, one can very often witness little consideration for the site – a very 

called out action in Instituto Superior Técnico’s way of teaching. When architects do attempt to adapt a 

proposal to its site, it is through philosophical thoughts and visual desires, rather than geographical related 

aspects. Rather than through the attempt of minimizing the human footprint. If there is the technology for 

such, why not take advantage of the rainwater by using it? If there is already the possibility to power one’s 

equipment through sunlight, why not do it? Yes, it already does happen in some places. But not at a massive 

scale. More simplicity of means and modesty of needs are needed. Human race will soon reach a new 

milestone: 11 billion people inhabiting the planet in the 2100s. Will there be enough space for every person 

to fulfill their ambitions? Will there be enough resources for such in this ever-changing climate? 

 

Urban and architectural practices have to be thought and taught through a new paradigm. One that takes 

local and regional geographical characteristics, as well as forecasts in consideration. Using the broader 

concept: more sustainable. That takes Nature into account. Architects have to design better. In addition to 

safer, more sustainable urban settlements, while ensuring economic growth. Not in the future, but now. 

Now more than ever. And essentially for countries that need help doing so. Otherwise, the world will fall 

even more out of balance and people will become the cause of its own extinction. Some cities are already 

taking that into account and putting plans in motion. People are becoming more aware of the implications 

of their actions. The world’s geographic aspects have been and are changing. And it seems the general 

practice of architecture and urbanism have not still perceived it enough to adapt in certain ways. 

 

Hence why the following thesis focuses on architectural approaches dealing with the problem of sea level 

rise. It will underline the importance of adaptation to this concern, which is not new, through sustainable 

principles and premises. Through the design of a structure that does not constitute an obstacle in Nature’s 

path. But something that fluctuates alongside it.  

 

A multidisciplinary field of study where several questions have been raised regarding which approaches 

should be taken and which should not when conceiving urban and architectural complexes near (or on) 

water bodies or flood prone territories in sustainable ways. These that usually take place on low elevation 

coastal areas, where land is becoming scarce and the paradigm is changing. 

 

These writings are, then, an expression of the attempt to alert future readers to the urgency of the matter.  

 

(cover picture with the silhouette of an amphibious house by author) 





 

 
 

III. ABSTRACT 

Global sea level rise has been projected to reach values of 1.5 to 1.8 meters by the end of the century 

(DeConto & Pollard, 2016). An alarming new estimation that has its most harmful consequences in low 

elevation coastal areas around the world (Zevenbergen, et al., 2013). These will suffer from higher flood 

risks, amongst other associated effects, which will exponentially increase the vulnerability of human 

settlements. Further within the area, the Least Developed Countries and the urban poor have been 

identified as the ones most likely to suffer from the rise (UN-Habitat, 2011). 

 

Architecture can play a major role in reverting and mitigating the tides on the matter, rendering cities and 

future expansions around the globe resilient, sustainable, and at the same offering shelter to those mostly 

in need. In this thesis, the megacity of Dhaka, the fastest growing in the world, capital of Bangladesh, is 

the stage of an amphibious, low-cost and sustainable architectural proposal which intends to serve such 

purpose. Hence constituting the main objective of these writings. 

 

KEYWORDS: Climate change; Sea-Level rise; Floods; Low elevation coastal areas; Resilience; Sustainable 

architecture; Amphibious structures; Dhaka. 

 

RESUMO 

Está prevista uma subida do nível do mar de 1.5 a 1.8 metros até ao final do século (DeConto & Pollard, 

2016). Um facto que, se verificado, terá consequências devastadoras nas zonas costeiras de baixa altitude 

do mundo (Zevenbergen, et al., 2013). Estas terão, entre outros problemas, maiores riscos de inundações, 

aumentando exponencialmente a vulnerabilidade das ocupações humanas, principalmente em paíes menos 

desenvolvidos, onde os mais pobres serão aqueles que mais sofrerão dos efeitos desta subida (UN-Habitat, 

2011).  

 

A arquitectura pode ter um papel fundamental em reverter e mitigar esta realidade, tornando as cidades, 

e as suas futuras expansões, resilientes, sendo, ao mesmo tempo, capazes de abrigar os mais necessitados. 

A megacity de Dacca, a que mais rápido cresce no mundo, é o palco de uma proposta arquitectónica low-

cost, sustentável e anfíbia que pretende enunciar o papel que a arquitecura pode ter, constituindo, assim, 

o principal objectivo desta tese. 

 

PALAVRAS-CHAVE: Alterações climáticas; Subida do nível dos mares; Inundações; Zonas costeiras de baixa 

altitude; Resiliência; Arquitectura sustentável; Estruturas anfíbias; Dacca 
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INTRODUCTION 

The following thesis focuses on floating and amphibious architectural approaches that deal with the 

problem of sea level rise in low elevation coastal areas (less than 10 meters above mean sea level) and the 

consequences which drag along with it – which are several – mainly higher flood risks (the most 

destructive). After gathering enough information for creating a context (considering both global and local 

issues and how some architectural approaches engage on them), an amphibious, low-cost and sustainable 

design proposal for the megacity of Dhaka, capital of Bangladesh, will follow, embodying the main objective 

of this five-chapter thesis. 

 

Prior to referring to the contents of each chapter within this thesis, it is important for the reader to be 

familiar with the concept of resilience, one of the keywords in the abstract. According to Han Meyer, the 

concept is often paired up with adaptability, defending that the use of the term indicates a process of 

fundamental transition of paradigms in planning and design (Meyer H. , 2016). Quoting the definition of 

the UN Global Report on Human Settlements (UN-Habitat, 2011), resilience is the ability of a social or 

ecological system to absorb disturbances while retaining the same basic structure and ways of functioning, 

the capacity for self-organization, and the capacity to adapt to stress and change. In this thesis, the concept 

relates directly with the ability of a building or structure (the social system) to absorb disturbances caused 

by climate change (namely floods) while retaining the same basic structure and ways of functioning, and 

its capacity to adapt to stress and change (rising water levels). It will, thus, be something that one will want 

to improve and bet on when designing with climate change as one of the main constraints (concerning 

directly the contents of chapter 4). A decisive trait that will restrict certain choices and approaches in the 

design and information gathering process. 

 

Chapter 1 – Context: What are climate change and global warming? How much sea level rise and when? 

Why are these events happening and what are their consequences? How do they affect the planet and 

Man? 

By 2100, sea level rise is projected to reach between 1.5 to 1.8 meters, in the latest estimations (DeConto 

& Pollard, 2016), and will affect, mainly, coastal and deltaic areas of the globe through several direct and 

indirect impacts (UN-Habitat, 2011). With the addition of other climate change induced effects (such as 

heavier precipitation events and increased frequency of storms), low elevation coastal areas face the 

greatest vulnerabilities, accounting only 2 per cent of the world’s land area, but containing more than 10 

per cent of the population, being home to roughly 13 per cent of the world’s urban population. Numbers 

which are expected to increase as population does so too. In these areas, the LDC (least developed 

countries) and the urban poor are the ones identified as the most vulnerable and affected (Mcgranahan, 

Blak, & Anderson, 2007). Effects of increased sea level include saltwater seepage, higher flood risk (the 

most destructive and most important), accelerated coastal erosion, loss of wetlands and land, with several 

far reaching and indirect consequences (UN-Habitat, 2011). 
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There are several aspects to have in consideration when evaluating a territory’s vulnerability to the effects 

of climate change: exposure to impacts, urban resilience, development, socio-economic and gender equity, 

and governance structures (UN-Habitat, 2011). These factors are essential to have in consideration and to 

be identified when attempting to mitigate the effects of climate change. If people choose to stand idle in 

the face of this threat, or keeps proceeding as if nothing is happening, 322 million people are expected to 

be flooded annually and global gross domestic product can plunge 1 per cent (Hinkel, et al., 2014). 

 

Population is rising, land is turning scarce and flooding is more frequent. How can human race live in 

harmony with the inevitable sea level rise? It will happen, either with global warming hastening its arrival 

or not (natural cycle of the planet). The question is being answered by several preventive measures which 

are being taken in the low elevation coastal areas all over the globe. The Netherlands, for example, has an 

extensive history of coping with the problem (Bobbink, Meyer, & Nijhuis, 2014). But only recently has it 

adopted another philosophy through what is called integrated spatial planning which will briefly be 

approached ahead (Meyer & Nijhuis, 2014) in a short paragraph (this due to being very important for urban 

planners and designers, but not constituting the focus of this thesis). 

 

Chapter 2 – Approaches: What type of approaches are there? Which are best? 

After painting the scenario in chapter 1 of what the future will probably be like and referring briefly to how 

cities are coping with such forecast, several waterborne structures (the term is referring to the proximity 

to water bodies, not that they are necessarily on water) and water body typologies will follow. Most have 

been around for a long time, having been built as a response to certain geographic and climate conditions, 

including sea level rise. They are referred here in order to serve as comparison with what is the focus of 

this thesis: amphibious and floating structures.  

 

That goal will be achieved by linking them through several parameters which are found to be important 

when considering future sea level rise consequences, according to several authors, such as flexibility 

towards sea level rise’s rate uncertainty, flood and climate resilience and structural performance (Nillesen 

& Singelenberg, 2010) (Bobbink, Meyer, & Nijhuis, 2014). All have different strong points that counter 

some of the seal level rise’s consequences. 

 

Chapter 3 – Case Studies: What does already exist? What kind of architectural process is behind their 

generation? What can be extrapolated for future proposals, such as the one in Dhaka? 

The important role that architecture has to fill will follow. That which is going to be explored a process of 

accumulating knowledge locally and culminating in designing responding to its findings. As such, in order 

to do so, and as the best ways to adapt to the global rising waters which have local implications, floating 

and amphibious structures, after pondering them with other waterborne structures, will be given focus 

through a series of case studies: the Makoko Floating School, ABC Arkenbouw floating structures, De 

Gouden Kust and the LIFT House (these two last are amphibious structures). The first (Makoko Floating 

School) and last (the LIFT House) are much more relevant when their design process and circumstances 
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(the context) are considered – in countries that are more vulnerable due to their economic limitations. 

While the second (ABC Arkenbouw) and third (De Gouden Kust) are important due to their concept and 

technologies (they are amongst the first structures of their kind in the world).  

 

The most important points of all the case studies will be retrieved in order to formulate an architectural 

proposal for a country which has been classified as the third most vulnerable to the risk of floods (not 

directly a consequence of sea level rise, but will be aggravated by it) in the world by population exposed 

(UN-Habitat, 2011) – constituting the fourth chapter. 

 

Chapter 4 – Project for Dhaka, Bangladesh: How should one approach the city in order to improve its 

resilience? Who should be the focus of the design? 

The knowledge collected in the previous chapters will serve as basis for the generation of an amphibious 

project for Dhaka, Bangladesh, in this fourth chapter.  

 

Bangladesh has 160 million people and more than half of its surface below 10 meters above sea level. Its 

capital, Dhaka, constitutes one of the fastest growing and urbanizing megacities in the world, but has 

around 30 per cent of its inhabitants living under the poorest conditions, resulting in an unplanned growth 

and proliferation of illegal structures in the low-lying lands of the city, aggravating the vulnerability status 

of the country against climate induced effects (UN-Habitat, 2011).  

 

Naturally, as architecture cannot constitute a single solution for the problem of sea level rise (exposure to 

it is not the only concern, as there are several other aspects that have to be taken into account that 

contribute to the vulnerability and resilience of a territory: development, socio-economic and gender 

equity, and governance structures (UN-Habitat, 2011)) and its effects, the objective of creating an 

architectural proposal in such a context is for it to be able to solve the housing problem of the urban poor, 

at the same time it offers flood resilience to the city. This way, its inhabitants can live their lives without 

worrying about the annual flood events as destructive forces and have their basic needs satisfied. Thus, 

improving their living conditions with climate resilient and sustainable infrastructures, assessing mainly 

socio-economic and development issues. 

 

Chapter 5 – Recommendations: What can be extrapolated to future cases? What are the important 

conclusions and what should one adapt? 

In this chapter, several design premises withdrawn from both the conception of the amphibious, low-cost 

and sustainable architectural proposal and the information gathered to create a context, are discriminated 

for future appliances in other locations. 

 

STATE OF THE ART 

Climate research and its consequences have been developed by several scientific bodies around the world 

(IPCC, NASA, UN, several universities, non-governmental organizations, governments, etc.). Bibliographic 
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material concerning the matter is as large as the community behind it, being widely available. 

 

NASA and its scientists are found to constitute one of the most important research bodies on past, present 

and future environmental conditions of the planet. In the first chapter of this thesis, the one concerning 

the context, for further understanding the complexity and urgency of the matter in hand, one will find 

some of their contributions through the studies of Holly Riebeek (Riebeek, 2010) on global warming. 

Delving further into this organization’s body of research, one can find interactive maps and information on 

the values of sea level rise around the world (NASA, 2017). 

 

For the purpose of scrutinizing global implications of sea level rise in economic terms as well as social, the 

presence of the United Nations as the main research provider was duly noted. Very important documents 

the organization provides were those called UN Global Report on Human Settlements. For example, the 

one from 2011 (UN-Habitat, 2011), is divided in 7 chapters, discriminating which actions to take and which 

protocols to follow when assessing the vulnerability and resilience of an urban settlement. It provides 

important statistical and raw data for drawing the picture of the most affected areas of the globe. After 

contextualizing the reader in the international framework of climate change, the responsibility of urban 

centers as great contributors to GHGs global emissions, it also describes which kind of criteria should be 

used by national, regional and local governments when evaluating their degree of vulnerability to climate 

change effects. Another important study (still related with the global implications of sea level rise), is The 

Rising Tide: Assessing the Risks of Climate Change and Human Settlements in Low Elevation Coastal Zones 

(Mcgranahan, Blak, & Anderson, 2007). A research paper which despite using different data sets that were 

recent of the time, assesses the distribution of population and settlement size in the low elevation coastal 

zone, framing it as the most problematic and vulnerable area to climate change and sea level rise. 

 

Some Dutch authors, urban planners and institutions (like Rijskwaterstaat), although more focused on the 

subject of spatial planning, should also be mentioned in this chapter. Authors like Han Meyer, Inge Bobbink 

and Steffen Nijhuis (who are also teachers and urban planners), of the Technical University of Delft are 

producing essential bibliographical work for low elevation coastal areas around the globe to deal with their 

urbanized (and non-urbanized) lands in sustainable and safe ways. The books Delta Urbanism in the 

Netherlands (Bobbink, Meyer, & Nijhuis, 2014) and Urbanized Deltas in Transition (Meyer & Nijhuis, 2014) 

address and establish patterns of possible comparison between vulnerable and resilient settlements, 

suggesting solutions which should be approached and options which should not be taken, constituting 

essential references for future policy makers, urban planners, architects, water managers and every single 

entity involved in spatial planning who aims to develop their or other territories in sustainable and climate-

safe ways. Thereafter, still within the same category, the book Amphibious Housing in the Netherlands: 

Architecture and Urbanism on Water (Singelenberg & Nillesen, 2010) presents a wide variety of Dutch 

water typologies and the answers given by architects to deal with and build upon them, resorting to several 

case studies (including De Gouden Kust). To get to truly know the nature behind the making of Dutch 

floating and amphibious houses, the contact with the factories and architects that produce and/or design 
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them is essential. Those may be Arkenbouw (the factory where the author had a tour guided by its owner, 

Willem Visser), Dura Vermeer and Koen Olthuis (one of the preeminent figures in the world of floating 

designs). Several other architecture offices that may be relevant for the reader: NLÉ, Bof Architekten, MOS 

Architects, H&P Architects, Bacca Architects, etc. 

 

Delving deeper into the theme of floating and amphibious houses, alongside the Dutch, an American 

(Anderson, 2014) and Canadian (Prosun, 2011) young students’ thesis, both regarding amphibious 

structures projects were also very good information sources, not only in the content itself, but also in the 

way they presented it. Their proposals constitute very different examples in dealing with the rising waters 

and associated flood risks. The first is a house projected for the average medium-income resident of 

Redwood City, California, a high-income area with no regard for environmental issues, nor for local 

materials or technologies. Just the flood proof characteristic of the typology. The second one is projected 

for the urban poor in the city of Dhaka, Bangladesh. Environmental concerns are at the core of the genesis 

of the proposal, as well as the use of local materials and technologies. Other thesis were consulted, but 

the ones numerated had the most impact. Thus, universities around the world potentially present a 

notorious repository of information which is publicly available for everyone to investigate further into the 

matter.  

 

A great time was dedicated into the research of the main construction material of the proposal: bamboo. 

Even though it is becoming the focus of more and more scientific papers (Liese, 1986), its properties vary 

widely according to the species and the usage it is subjected to (Janssen, 2000). Important information on 

it can be found in several organizations, such as the World Bamboo Organization – constituted by 

individuals, non-profit associations, institutions, corporations, etc. – whose main role is to spread and 

establish global communications on the matter of the material. Every 3 to 4 years the WBO organizes a 

World Bamboo Congress, where several professionals and enthusiasts are brought together to share their 

information. In the website of the WBO, one can find several contacts of knowledgeable people in the 

area (namely Rebecca Reubens). Other organizations provided complementary information on the 

structural design of a bamboo proposal, such as the Hunnarshãlã Foundation for Building Technology and 

Innovation (a collaboration and association of experts founded in 2001 after the earthquake in Kutch, India, 

with an objective to capacitate people for the reconstruction of their habitat), Village Volunteers (a non-

profit organization that works in partnership with rural village and capacity-building programs to support 

the development of sustainable solutions) and several others of the same nature found in the bibliography. 

The Eindhoven Technical University also has had several students and researchers contributing to 

shedding light on the potentials behind the bamboo, such as J. J. A. Janssen and Shila K. de Vries. 

 

It is also important to refer to other projects that were used as reference but were not included in the case 

studies, due to not being able to float or to University imposed limitations, such as: Anna Heringer’s school 

in Rudrapur, Bangladesh, which was useful for understanding how to design with bamboo; the (amphibious) 

Blooming Bamboo Home, by H&P Architects; the IJburg in Amsterdam; the amphibious house by Baca 
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Architects; the IBA_Dock in Hamburg; and the Drijf em Lelystad in Lelystad. Of interest might be the future 

Glasgow floating village designed by ZM Architecture and Baca Architects; the floating designs of Koen 

Olthuis (who created the concept of Floating Apps to improve the quality of life of slum dwellers, arguing 

that they are here to stay; that one’s role is only to improve the slums rather than taking them down); and 

so on. One should not neglect the centuries long floating fishermen villages in Vietnam, China (Ningde), 

Cambodia (Tonle Sap) and in other countries of Southeast Asia, as well as the floating reed islands of Lake 

Titicaca in Peru. 

 

It is essential to point out the contemporary and metamorphic (always under constant updates from the 

scientific community) nature of the theme of this thesis. Today, the 20th of October 2016, sea level rise 

and its associated problems were being addressed in the United Nations Committee. It represents, 

therefore, a theme which is constantly under scrutiny and, as a consequence, improvement. 

 

RESEARCH METHODOLOGY 

The following investigation was essentially carried out through three different phases: research, 

interpretation and experimentation/application. 

 

Research was formalized by assessing the most common information sources available, such as books, 

thesis, journals, websites, etc. Consulting professors on what they knew about sea level rise and 

architecture was of the outmost importance. The same applies to the queries made to experts on the 

matter of floating structures: ABC Arkenbouw’s Willem Visser and Instituto Superior Técnico’s Prof. Dr. 

José Varela (whose contribution is referred to further ahead). The expertise and knowledge of the sources 

personally consulted have proven themselves essential: the visit to the Arkenbouw factory in Urk, 

Netherlands, on the 11th of May, 2016, was the day Mr. Willem Visser kindly presented his work on floating 

houses and from whom the author first heard of amphibious houses (interview in the Annex). A large 

number of the design premises unveiled (symmetric loading, mooring poles, etc.) in this thesis were first 

noted in this encounter. These matured as information was gathered and professionals consulted. 

Thereafter, information requests regarding water management, waterborne architecture and construction 

material specifications (such as bamboo’s) were made to relevant entities (Rijskwaterstaat, Prof. Dr. Han 

Meyer, ABC Arkenbouw, World Bamboo Organization, etc.) which were registered through writings.  

 

The second phase, interpretation of the information acquired through research, had the objective of 

extracting relevant conclusions on the information acquired for describing the case studies and the 

approaches (or design processes) through which they were generated. These were then interpreted and 

extrapolated to see if they fitted in other contexts/situations. Parameters used by the Dutch authors to 

compare structures (such as flexibility towards sea level rise’s rate uncertainty, flood resilience and 

structural performance) and to exclude certain approaches accordingly, served as basis for building the 

writings behind the interpretation of the data. Further writings on the matter of flood resilient structures 

constantly underlined the importance of their sustainability and problem-solving (or practical) oriented 
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scope. For example: if the public network is not reliable one designs a stand-alone grid (in the case of the 

MFS). Research behind the proposals identifies problems that are, thereafter, going to be solved through 

its design. These procedures: problem-solving oriented scope, comparison of proposals and their 

conditions, local availability, sustainability, etc. were then taken in consideration for designing the proposal 

in chapter 4, consisting the third phase. 

 

The region, Dhaka in Bangladesh, was analyzed in geographical, socio-economic and cultural aspects, 

allowing for identification of several problems in the area, in order to come up with an adequate project 

which engaged directly into the site – a process based on that found in prior case studies. Further 

information for designing the project, such as positioning the house according to the dominant winds and 

integrating shading in the design were made available by the supervisor of this thesis and by the author’s 

academic background. Further more detailed information, such as the necessary number of solar panels to 

power the facilities of the house, which needed calculations (average peak sunlight hours of the day, energy 

loss coefficient, etc.), was sought through the internet. 

 

At the point the design was finalized, on the 25th of May 2017, acting on Manuel Guedes’s advice, the 

author scheduled a meeting with Instituto Superior Técnico’s architecture and naval engineering Prof. Dr. 

José Varela. It turned out to be of extreme importance since it confirmed the floating capability of the 

structure. Furthermore, José Varela corroborated and quantified some of the premises, such as the 

structural calculations (in subchapter 4.6.2.) and suggested going a step further and calculating security 

thresholds – to what point can the structure fulfil its purpose? Around the same time, the Bangladesh 

Embassy in Portugal was contacted with the objective of complementing the price list of the construction 

materials and, therefore, estimating the cost of the proposal. 
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1. CONTEXT 

1.1. CLIMATE CHANGE – GLOBAL WARMING 

What are exactly global warming and climate change? Global warming can be defined as the unusually 

rapid increase in Earth’s average surface temperature over the past century primarily due to greenhouse 

gases essentially released by people burning fossil fuels (Riebeek, 2010). Climate change is a consequence 

of global warming and at the same time incorporates the concept in its definition. To enlighten the matter, 

climate change is a long-term change in the Earth’s prevailing weather conditions (temperature, air 

pressure, humidity, precipitation, sunshine, cloudiness, and winds) throughout the year, averaged over a 

series of years (Climate, 2016). 

 

Greenhouse gases (mostly carbon dioxide and methane) are acting as tiny heaters for the global 

temperature (Figure 1) (Riebeek, 2010). Naturally, as well as if it were in one’s house, if it is decided to 

double the number of working heaters, the inner temperature will rise. And if one, instead of double, triples 

their number, the temperature will rise even faster. If such analogy is not enough to understand: it is like 

sleeping with two blankets instead of one. It will get warmer. Faster. And that is precisely what is 

happening.  

 

 

Figure 1 - Schematic diagram of the greenhouse effect. 1. Part of the solar radiation is reflected to space by the 

atmosphere and the Earth’s surface, while another part is absorbed by the last. That phenomenon heats the planet. 

2. The planet itself emits radiation (infrared), as all bodies with greater temperature than absolute zero do. This 

radiation is partly emitted to space, while most of it is absorbed by the GHGs, increasing the Earth’s temperature. 

Adapted from (UN-Habitat, 2011). 

 

Global temperatures are rising (Graph 1). From 1906 to 2005, temperatures rose an average of 0.6 to 0.9 

degrees Celsius, a rate that already does not fit present times, as it has nearly doubled these last 50 years. 

It is estimated that until the end of this century, temperatures will have risen 3 to 5 degrees Celsius 

(Norwine, 2014). This is around 4 to 7 times faster, when compared to the period between the 20th and 

the 21st century and 20 times faster if one considers that in former events the planet took about 5.000 

years to warm 5 degrees (Riebeek, 2010). The eight warmest years on record have all occurred since 1998 

1 

2 
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(UN-Habitat, 2011) and the hottest 12-month period on record was recently registered from June 2015 

through May 2016 (Nuccitelli, 2016). Even if Man were to stop greenhouse gas emissions at this moment, 

the temperatures will continue rising. Using the heaters analogy once more, if one turns off a heater after 

being on, it will take some time to get back to room temperature. It happens the same with Earth’s energy: 

it will take some time until it dissipates. The stated forecast is unprecedented in its consequences, causing 

economic, ecological and other disruptions, most of which will certainly be significant and negative (UN-

Habitat, 2011). 

 

 

Graph 1 - The global average temperature is rising. As stated, in the last 50 years with a doubled rate. NASA graph 

adapted from Goddard Institute for Space Studies. Adapted from: (Riebeek, 2010). 

 

 

Graph 2 - Global annual emissions from 1970 to 2004. Adapted from: (UN-Habitat, 2011). 
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The main sources of carbon dioxide, the most important anthropogenic greenhouse gas, are identified as 

coming from the burning of fossil fuels (accounts for 75 per cent of the total increase of carbon dioxide in 

the atmosphere), deforestation and changing agricultural practices (these two account for the remaining 

25 per cent) (Graph 2). Burning fossil fuels can be related to transportation, heating and cooling buildings, 

manufacture of cement and other goods (UN-Habitat, 2011). All the activities discriminated as main 

sources of carbon dioxide emissions are directly related to urban centers and activities. In fact, cities, which 

only take up 2 per cent of the Earth’s land area, are responsible for as much as 75 per cent of the GHGs 

released into the atmosphere. Per capita, developing countries emit lower levels of GHGs than developed 

ones (UN-Habitat, 2011). 

 

 

Graph 3 - Percentage of different sectors in total anthropogenic GHG emissions, in 2004, in terms of CO2 

equivalents. Adapted from: (UN-Habitat, 2011). 

 

Amongst some of climate change’s consequences, one finds the already mentioned rising temperatures, 

increasingly severe weather events (more intense tropical cyclones – or, when determined wind speeds 

are registered, hurricanes –, heavier precipitation, sharper droughts, heat waves, etc.) and sea level rise 

(due to ice sheet and glacier melt, and thermal expansion of the water – further explained in subchapter 

1.1.1.) (UN-Habitat, 2011). 

 

1.1.1. SEA LEVEL RISE 

The third most notable climate change effect and focus of this thesis. Why is sea level rising? Locally, 

because the land is sinking: according to Steffen Nijhuis and Han Meyer (Meyer & Nijhuis, 2014), the 

serious decay in delta formation and coastal areas, due to the disruption of sediment flows, is leading to 

serious land subsidence and deterioration – consequently to sea level rise in relation with the level of the 

land. For example, New Orleans has already lost 5.000 square kilometers of its Mississippi Delta Area to 

the sea because of the former announced reason (Meyer & Nijhuis, 2014). The fact that the land was 

drained dry for human settlements to be possible, also helped the land to subside. Some areas of Rotterdam 

reached an astonishing level of 5 meters below sea, thanks to the drainage of its polders (Bobbink, Meyer, 
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& Nijhuis, 2014). Large local differences will also be noted depending on the tides, wind and atmospheric 

pressure patterns, as well as ocean circulation. Vertical continental movements may also happen upwards 

in exceptional cases, resulting in apparent lower sea levels (for example the Antarctic land masses will rise 

after being relieved from the pressure of the huge thick ice sheets). Sea level rise has occurred fastest in 

central Pacific regions away from the Equator, the northeast Indian Ocean and in the north Atlantic along 

the coast of the United States. The Equatorial western Pacific, central Indian Ocean and Australia’s 

northwest coast have experienced the lowest rates of rise (UN-Habitat, 2011). 

 

Global warming is responsible for the rising seas: by warming the ocean and melting the ice on land. 

Naturally, the ice melt phenomenon just adds larger quantities of water in the already existing oceans – 

Annex Figure 1 in subchapter C of the Annex. It is literally pouring water over more water. While heat 

increases its volume (as its molecules gain more energy) being responsible for around a third of the current 

sea-level rise. Since 1900 the global sea level has risen 20 centimeters (faster than in the past 2.800 years) 

(DeConto & Pollard, 2016). It is now rising at eighth of 3.4 millimeters per year – and accelerating (Folger, 

2013). As the biggest surface composed by frozen water, Antarctica was calculated to possess ice sheets 

as deep as 3,2 kilometers, constituting up to 90 per cent of the world’s ice. If it were to melt entirely, 

together with Greenland, it could rise sea level by 70 meters (DeConto & Pollard, 2016). 

 

 

Graph 4 - Antarctic contributions to GMSL (global mean sea level). Greenland, Canada and others’ contributions are 

excluded. For different RCP (representative carbon pathway) there are distinct contributions. Further details on the 

source from which the graph was adapted: (DeConto & Pollard, 2016). 
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to 100 per cent (Kiribati – which already adopted an emigration policy – and the Marshall Islands) (Gommes 

& Guerny, 1998). Though, in the year of the former data publishing, the population was around 20 per 

cent less numerous (around 5.6 billion) than that of today (more than 7 billion people, rising up to 11 billion 

by 2100 (United Nations, 2015)). Allied to this exponential growth, the predicted value for the sea level 

rise doubled in the present year (2016): sea level could rise between 1.5 and 1.8 meters by 2100.  

 

As stressed before, even if people stop emitting GHGs into the atmosphere, the planet will continue to 

heat and, therefore, the ice will continue to melt and the sea level to rise – Graph 5. In fact, it will not 

stabilize for millennia (UN-Habitat, 2011). 

 

 

Graph 5 - Relationship between CO2 emissions reduction, temperature stabilization and sea level rise. Adapted from: 

(UN-Habitat, 2011). 
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& Anderson, 2007). Low elevation coastal zones (less than 10 meters above mean sea level) cover around 

2 per cent of the world’s land area but contain 10 per cent of the world’s population (700 million people) 

and 13 per cent of the world’s urban population. And the trend is for that number to keep on rising (UN-

Habitat, 2011). The LDC have a higher share of their population within the zone (14 per cent) than do 

OECD countries (10 per cent), with greater disparities in the urban proportion (21 per cent compared to 

11 per cent). Almost 60 per cent of urban settlements with populations greater than 5 million fall in the 

zone (even partially) (Mcgranahan, Blak, & Anderson, 2007). 

 

The population groups identified as the most vulnerable to climate change impacts are women, children 

the elderly and the urban poor (a condition aggravated by their typically depleted infrastructures (for 

example in slums)) (UN-Habitat, 2011). Several studies alert that there is a need to adapt (due to the fact 

that even if emissions were to stop, global temperature would still rise along with its consequences – Graph 

5), to mitigate (in order to stabilize the GHGs concentration and keep global temperatures to a maximum 

rise of 2 to 2.4 degrees Celsius) and to migrate. 

 

Climate phenomena Likelihood Major projected impacts 

Fewer cold days and nights Virtually certain Reduced energy demand for heating 

Warmer and more frequent hot days and 
nights over most land areas 

Virtually certain Increased demand for cooling 

Warmer temperatures Virtually certain 
Permafrost melt, damage to buildings; 
Reduced snow 

Heat waves: frequency increases over 
most land areas 

Very likely 

Reduced quality of life for people in 
warm areas; impacts upon elderly, very 
young and poor 
Increases in energy usage for air 
conditioning 

Heavy precipitation events: frequency 
increases most areas 

Very likely 

Disruption of settlements due to flooding 
Significant loss of human life, injuries; 
loss of, and damage to, property and 
infrastructure 
Potential for use of rainwater 

Areas affected by drought increase Likely 

Water shortages 
Reduced hydropower generation 
potentials 
Potential for population migration 

Intense tropical cyclone activity increase Likely 

Disruption of settlements by flood and 
high winds 
Disruption of public water supply 
Significant loss of human life, injuries; 
loss of, and damage to, property; 
Potential migration 

Increased incidence of extreme high sea 
level (excludes tsunamis) 

Likely 

Costs of coastal protection and costs of 
land-use relocation increase 
Decreased freshwater availability 
Significant loss of human life, injuries; 
loss of, and damage to, property and 
infrastructure 
Potential for movement of population 

 
 

Table 1 - Projected impacts of extreme weather and climate upon urban areas. Adapted from: (UN-Habitat, 2011). 

 

To evaluate the effects of climate change in certain territories it is necessary to have in consideration not 

only their exposure to the impacts (sea level rise, droughts, heat waves, heavier rains, floods, cyclones, etc. 

the already ones mentioned), but also the urban resilience (responses to hazards and recovery from 
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disasters), development, socio-economic equity, and governance structures as key determinants of 

adaptive capacity and actual adaptation actions. Only after correctly evaluating the effects of climate 

change through the said factors, can one identify vulnerabilities and counteract to mitigate them. However, 

there are already a series of approaches that are discouraged when urbanizing the low elevation coastal 

areas which can be studied by consulting UN-Habitat reports (UN-Habitat, 2011) and Dutch teachers’ 

books (Meyer & Nijhuis, 2014) in the bibliography (subchapter B. in the Annex states some of them). 

 

The exposure to the impacts, in some cases, is aggravated by the urban development of cities, increasing 

their vulnerability. The concentration of population, infrastructure, homes and industry can turn space for 

evacuation and emergency vehicle access scarce. Occupying low lying lands also aggravates the exposure 

to the impacts (UN-Habitat, 2011). Present exposure to climate change hazards, for many cities, results 

from the historical ongoing development process and location factors – like New Orleans (Meyer & Nijhuis, 

2014). 

 

Coastal socio-economic 
sector 

Temperature 
rise (air and 
seawater) 

Extreme 
events 
(storms, 
waves) 

Floods 
(sea level, 

runoff) 

Rising 
water 

tables (sea 
level) 

Erosion 
(sea level, 
storms, 
waves) 

Saltwater 
intrusion 
(sea level, 

runoff) 

Biological 
effects (all 

climate 
drivers) 

Freshwater resources X X X X - X x 

Agriculture and forestry X X X X - X x 

Fisheries and aquaculture X X x - x X X 

Health X X X x - X X 

Recreation and tourism X X  - X - X 

Biodiversity X X X X X X X 

Settlements/infrastructure X X X X X X - 
 

Table 2 - Summary of climate-related impacts on socio-economic sectors in coastal zones. X stands for significant 

impact, while x stands for smaller impacts. Adapted from: (Nicholls, et al., 2007). 

 

The effects of climate change have high levels of variation depending on the region. Tropical storms can 

damage property and threaten the safety of individuals in the affected area. Heavier rains will have far-

reaching economic and social implications through flooding and landslides. Extreme heat events impact 

upon human health and social stability, increase energy consumption and can turn fresh water scarce, as 

hydro pollution becomes more concentrated (UN-Habitat, 2011). Residential and commercial structures, 

as well as transportation networks and infrastructures, are expected to suffer substantial damage, where 

flooding is regarded as the costliest and most destructive.  

 

1.2. THE IMPACTS OF SEA LEVEL RISE UPON URBAN AREAS 

The increase in sea level has several consequences in land: increase in saltwater seepage inland and in 

groundwater, increase of flood risk related incidents (this factor is multiplied with the increase in the 

intensity of precipitation and of tropical storms due to global warming) – regarded as the costliest and 

most destructive –, increased coastal erosion and loss of wetlands, obstructed drainage and land loss. 

Other indirect impacts are also probable (like the changes in functions of coastal ecosystems, in the 
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distribution of bottom sediments, displacement of residents, disruption of transportation and property 

damage, etc.) (UN-Habitat, 2011). 

 

As the risk of floods raises through time, so does the potential damage in commercial, residential structures 

and industrial complexes through the slow-onset of saltwater seepage. The same can happen in the 

transportation network, in road bases and bridge supports. It is also possible that the treatment and quality 

of water in cities is affected. Cases of such have already been reported in Vietnam. As a climate change 

effect, the consequences are numerous and can only be accounted, as well as quantified, in more specific 

scales of urban settlements. For the purpose of this thesis, though, having in mind that it is considered the 

most destructive of sea level rise’s consequences, flooding will be regarded as main priority regarding 

adaptation. 

 

Before, it was pointed out that most urban disasters occur disproportionally in low elevation coastal areas. 

If nothing is done to prepare settlements in the zone against sea level rise, 0.2 – 4.6 per cent (14 to 322 

million people) of the global population is expected to be flooded annually in 2100 under 25 – 123 

centimeters of global mean sea level rise with expected annual losses of 0.3 – 9.3 per cent of global gross 

domestic product (Hinkel, et al., 2014). 

 

Settlements located in the LDC, like in southeastern Asia are the ones where flood related humanitarian 

disasters are mostly reported. Of the 1.562 flood disasters between 1994 and 2004, 30 per cent, half of 

the 120.000 people killed in the incidents and 98 per cent of the affected 2 million people, were in Asia, 

where population tends to agglomerate in flood plains (in the Ganges Delta or in the Mekong Delta) and 

in cyclone-prone coastal regions (Bay of Bengal, etc.) (Mcgranahan, Blak, & Anderson, 2007). In Table 3 

one can witness the predominance of Asian countries as the most exposed to flood threats.  

 

Ranking by population exposure Ranking by value of property and assets exposure 

Kolkata (India) Miami (USA) 

Mumbai (India) Guangzhou (China) 

Dhaka (Bangladesh) New York (USA) 

Guangzhou (China) Kolkata (India) 

Ho Chi Minh City (Vietnam) Shanghai (China) 

Shanghai (China) Mumbai (India) 

Bankok (Thailand) Tianjin (China) 

Rangoon (Myanmar) Tokyo (Japan) 

Miami (USA) Hong Kong (China) 

Hai Phong (Vietnam) Bangkok (Thailand) 
 

 

Table 3 - Ranking of people and assets at risk by flood threats. Adapted from: (UN-Habitat, 2011). 

 

The Continent contains around one third of the global surface area classified as low elevation coastal areas. 

The future development of its megacities will be a key factor driving global risk increase in coastal flood. 

But responsibility for future climate change effects, as well as their impacts, do not fall solely on Asia. With 

just an increase of 38 centimeters, under absence of any adaptation, the number of people flooded by 

storm surges would globally increase five times comparing to the numbers of 1990 (UN-Habitat, 2011). In 
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America, an increase of just 30 centimeters of mean sea level would erode 15 to 30 meters of the shoreline 

in New Jersey and Maryland, 30 to 60 meters in South Carolina and 60 to 120 meters in California. Parts 

of Louisiana would also susceptible to land loss. In Mombasa, Kenya, 17 per cent of the land would be lost 

(in which hotels and monuments rest with a big a part of the tourism economy).  

 

Small Island States (SISs) are also highly vulnerable. There is a concern that sea level rise and the associated 

flooding become impractical for communities to continue settling in the islands, leading to their complete 

displacement. For example, studies show that the islands of the Caribbean and Kiribati will experience 

submergence of low-lying areas, including population centers with the risk of complete disappearance, 

erosion of soft shores, increasing salinity of estuaries and aquifers, and more severe coastal flooding and 

storm damage (United Nations University, 2015).  

 

Generally, this on-going effect of losing land will be devastating when considering other data. It is within 

the low elevation coastal areas that a great amount of the world’s fertile territory falls in (such as the rice 

cultures of Vietnam). If global population density is assumed to be the same in 2100 as was in 2012, 

another 2.85 million square kilometers of land will be needed (69 times the total area of the Netherlands). 

Studies show that as cities expand, they tend to do so over fertile cropland (as is the area mostly located 

around cities). If such happens in this century, a loss of 18 per cent of fertile cropland may be witnessed, 

as 5 billion more people settle in cities (reaching an urban population of 8.5 billion (Graph 6)). In addition 

to that, demand for food will drastically increase: by 2050 it is estimated that global food supply needs to 

increase around 70 per cent to 100 per cent compared to current levels (Graaf, 2012). But agricultural 

productivity has been drastically declining for several decades (United Nations, 2011). Thus, food 

production will decrease as urban population increases and low elevation coastal land is lost: it will not be 

feasible to accommodate 5 billion more city dwellers in new inland urban areas – those should be secured 

for planting croplands. What should be done? Take advantage of water bodies as urban expansions? 

 

 

Graph 6 - Population prospects. In red, the urban population growth. In green, the rural population decline. Adapted 

from: (UN-Habitat, 2011). 
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There is a global estimate of the annual price of protecting the coast with dikes and maintaining them: 12 

to 71 billion US dollars by 2100 (Hinkel, et al., 2014). Investments guaranteed to compensate in relation 

to flood disaster costs, but only affordable in countries with medium-high, high human development. 

Though it is an insufficient measure to protect regions and cities – several reports and documents defend 

that long term coastal adaption strategies are the best path to tread (Gommes & Guerny, 1998) – the data 

is still relevant as a reference point, because coastal adaptation has higher costs (The World Bank Group, 

2010). In the very long term, though, if the whole ice sheets were to melt, adaptation or any other measure 

would not keep the sea away (as it may rise up to 70 meters) (DeConto & Pollard, 2016). 

 

1.2.1. CITIES AND SETTLEMENTS DEALING WITH THE IMPACTS 

Cities and settlements have to be identified through analysis within several parameters that render 

vulnerability and resilience towards climate change in order to formulate mitigation and adaptation policies 

(UN-Habitat, 2011). The complex interdependency of issues (socio-economic status, exposure to climate 

change impacts, etc.) on different scales is very important, since cities can only be understood this way 

(Meyer & Nijhuis, 2014). Thus, one may stress global, national, regional and city scales as the most relevant 

for designing integrated policies. 

 

Most settlements within the area are finding themselves obliged to include more and more areas inland 

for the storage of rainwater in order to prevent extreme flooding (when heavy rains and storm surges work 

together, the consequences are devastating) (Meyer & Nijhuis, 2014).  

 

 

Figure 2 - Map of the several interventions carried out in the Room for the Rivers program along the branches of the 

river Rhine. Red dots represent undergoing or finished projects. Source: (Zevenbergen, et al., 2013). 

 

The low-lying coastal territory of the Netherlands (which is the biggest delta in Europe), for example, has 

resorted to an approach known as integrated spatial planning – a concept in which spatial planning, water 

management, urban design, engineering and architecture are incorporated – to ensure sustainable 
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development and the maintenance of the delta. An expression of said concept was the adaption program 

launched by the government in 2004 and set to be completed in 2016 – the Room for the Rivers (Figure 

2). It proposed a series of measures to alleviate the pressure of structures in rivers in order for them to 

smoothly carry heavy upstream rains. They consisted in excavating floodplains, depoldering, relocation of 

dikes, strengthening dikes, riverbed excavation, water storage, high water channels, lowering breakwater 

spurs and removal of obstacles. 

 

In the Mekong Delta and in the Mississippi Delta similar measures are being followed, with cities adopting 

the approach of conceding more room for their rivers to flood (Meyer & Nijhuis, 2014). 

 

But measures like the Room for the Rivers program are only efficient to a certain extent of sea level rise 

and of increased heavy precipitation frequency. By 2100, high river discharges in the Netherlands’s Rhine 

branches are expected to reach 18.000 m3, 2.000 m3 more than the 16.000 m3 for which the Room for 

the Rivers was projected (Bobbink, Meyer, & Nijhuis, 2014).  

 

If people are not presently encouraged to move further inland and/or no measures are taken to protect 

them, migration seems inevitable. It is very important to start doing so by avoiding policies that favor 

coastal developments, according to (Mcgranahan, Blak, & Anderson, 2007). In spite the fact, such is not 

often possible, due to safest territory being already urbanized by the medium or upper classes (the case of 

Dhaka, for example). With forecasts stating the inevitable scarcity of land and the fact that cities are 

becoming overcrowded has lead people and governments to turn to the water as possible urban 

expansions (Amsterdam’s IJburg, floating prison and houseboats, San Francisco’s Sausalito Bay, Hamburg’s 

IBA_dock, Lago’s Makoko Floating School, Drifj em Lelystad, etc.). In fact, long before these forecasts, 

some people were already making territories out of the sea. 

 

2. APPROACHES ON WATER 

As a result of the widespread of what has been described in the previous chapter: the consequences of 

sea level rise (higher flood risk, coastal erosion, land loss (and associated destruction and fertile land 

shortage), saltwater seepage) heavier precipitations, stronger storms, etc. cities in low elevation coastal 

areas are finding themselves willing to explore determined approaches when dealing with them, by 

resorting to a number of interventions. But which ones are best? 

 

The following chapter will consider a few waterborne (when resorting to such a designation one refers to 

the close relationship between water and object; not that the object is necessarily on water) structures 

and their corresponding water bodies, basing on literature published by Dutch authors (Singelenberg & 

Nillesen, 2010) (Meyer & Nijhuis, 2014) (Bobbink, Meyer, & Nijhuis, 2014). These last will be briefly 

characterized in order for the reader to understand what should be considered when projecting on or near 

them. As the main focus of this thesis restricts the field of research to amphibious and floating structures, 
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other waterborne structures and their advantages when dealing with sea level rise’s effects will only be 

briefly mentioned. The structures are separated in two different groups: those that are static with the 

water level rise and those that respond to it. 

 

The point of this chapter is to show the reader that amphibious and floating structures are generally the 

ones with the outmost best performance against sea level rise’s associated effect of higher flood risks, 

while other structures may be relevant in other contexts (such as for protecting the coast by buffering 

waves, preventing saltwater seepage, etc.).  

 

2.1. WATER TYPOLOGIES 

SEA 

Interventions should not create large uninterrupted shaded (or dark) areas, as there many doubts on how 

this may affect water quality and the beings below them, nor should they disrupt nutrient and sediment 

flow (Visser, 2016). One has to take in consideration the eventual extreme weather events (which will 

grow in frequency as well as in intensity) associated with the water body. Strong tides, currents and gusts 

of wind, which can greatly affect structures, are constant in this typology. Thus, the structure has to be 

able to absorb the forces to which it is subjected. In addition, it is imperative to regard water level rise in 

the occurrence of storm surges, tsunamis, waves, etc. 

 

LAGOONS 

Lagoons are usually brackish or salty, shallow or deep, water bodies which are separated from the sea by 

sandbars or coral reefs. As such, they are mainly subjected to the tidal forces of the sea. Depending on the 

dimensions of the sandbars and coral reefs, these forces may be dampened, resulting in weaker waves, 

reduced coastal erosion and saltwater seepage in the margins of the lagoon. Even though, one should have 

the same considerations in designing interventions as those in the sea. 

 

RIVERS 

Developments on or near rivers must be capable of withstanding several meters of water fluctuation. If 

melt water from the mountains upstream is combined with heavy precipitation and, if close enough to the 

sea, with spring tides, the fluctuation can be extreme. Interventions should not disturb sediment nor 

nutrient flow (one meter should always be left between its bottom and the intervention’s) nor should they 

leave large shaded areas underneath them (Visser, 2016). Developments up and downstream should be 

taken into account if they affect the river’s flow. 

 

LAKES 

Water level in lakes is usually subject to seasonal variations and river tides, which can render tremendous 

fluctuations. If it is treated as a flood relief area, so too will the redirection of waters to it contribute to its 

rise. On the contrary, policies for using lakes for irrigation purposes may reduce their water level. A lake 
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has usually no currents nor is it targeted by strong winds, though it may also be the stage of a complex 

ecosystem which may constrain the kind of intervention to adopt. 

 

WATERWAYS AND CANALS 

Canals are often endowed with hard banks (steep vertical man-made banks) connected to the waterways 

by locks and used as recreational links (Nillesen & Singelenberg, 2010). Their water level is usually 

monitored and controlled, being safer. Interventions should have roughly the same concerns as those in 

rivers, with the addition that, if they are waterways, they should not impede navigation routes. 

 

FLOOD RELIEF AREAS 

This water typology is growing in number amongst coastal and deltaic cities, as more space for water 

surfaces is increasingly needed, due to the higher frequency of heavy precipitation events brought upon 

by climate change and high river discharges (Meyer & Nijhuis, 2014). They can constitute lakes or 

floodplains. In the case lakes, its water level will rise, and in the case of floodplains, they will become 

flooded with water and turn into lakes. Usually, after the event that caused flooding has subside (either 

heavy rains or high river discharges), the water is redirected back to the river or sea and the flood relief 

areas turn to their initial/normal stage. It is, thus, a stage for severe water fluctuation levels. 

 

2.2. TYPOLOGIES OF WATERBORNE STRUCTURES 

There are many types of waterborne structures. Their classification depends on the relation they have with 

the water and the foundations they rest upon (Nillesen & Singelenberg, 2010). Their adaption to eventual 

water level rise (if they remain in the same position – static with water level rise – or fluctuate with it – 

respond to water level rise) is also important for cataloguing them, as it is decisive for flood resilience. 

 

2.2.1. STATIC WITH WATER LEVEL RISE 

TERP STRUCTURES 

The first of their kind were built in the Netherlands around 500 B.C. They came to be in order to keep 

dwellings atop of them dry or protect crops in response to water level rise and land subsidence (which in 

fact was aggravated by the extraction of peat destined to build the terp structures. They work as mounds 

of peat. Eventually they were connected by the people in 9th century and formed terpen – the first dikes 

– which were risen whenever needed to keep protecting the land. The terpen that were capable of holding 

off the water accumulated sediments in their outskirts, forming high soil, which became compact enough 

after several high and low tide cycles. People then expanded their territory in these new grounds, building 

new terpen in the outer perimeter. This typology may seem very safe, but, alongside the artificial island, it 

is the least of all, because it does not adapt to extreme water levels. If it is topped by the waters, the land 

floods and may become isolated (Anderson, 2014). It also lacks flexibility if one takes in consideration the 

unpredictability of sea level rise values and climate change (Bobbink, Meyer, & Nijhuis, 2014). 
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Figure 3 - From left to right: the development of cities in the southwest delta in Netherlands through building 

terpen. Source: (Bobbink, Meyer, & Nijhuis, 2014). 

 

ARTIFICIAL ISLANDS 

Usually built up into the sea or river, this type of waterborne structure is evident in Dubai for building 

luxurious housing atop of them. Within the typology, there are several classifications depending on the 

materials used in construction: soft solutions (with sand as primary construction material) or hard (with 

concrete, rocks or asphalt combined with sand) (Bobbink, Meyer, & Nijhuis, 2014). Both have been around 

for several centuries. Like the terp structures, they are not flexible towards the uncertainty of climate 

change effects and sea level rise if it is used for building long-term durable structures atop of it; if its 

highest ground is topped the island is flooded and may become isolated. However, soft solutions are 

reversible and can be improved if needed, presenting some level of flexibility if not used for urban 

expansion, but rather as wave buffers in order to mitigate coastal erosion, saltwater intrusion and storm 

surge effects (Bobbink, Meyer, & Nijhuis, 2014). Figure 4 below is an example of such. 

 

 

Figure 4 - Resonator, by Derk can der Velden, graduation project, Academy of Architecture, Amsterdam, 2007. 

Transforming the Afsluitdijk of the Ijsselmeer, by lengthening the tidal basin of the Wadden Sea. The 42-kilometer-

long dam reflects back the waves, buffering them. Source: (Bobbink, Meyer, & Nijhuis, 2014). 
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STILT (OR PILE) STRUCTURES 

A typology that has been around for a long time (millennia). The livable space is built on top of concrete, 

steel, wooden or bamboo (or other materials, being these the most common) poles in such a way that there 

is a safeguarding distance between the soil and the base of the structure. 

 

The structures are usually found built over shallow waters or in flood-prone areas, such as in the coast 

(usually on a beach, like Figure 5 or in the middle of the sea – like oil drilling platforms), lakes (like in Tonle 

Sap) or near rivers (in these last two, the distance between the ground and the base of the structure 

represents the predicted height the fluctuant water levels may assume plus a margin) and, sometimes, 

inland in flood-prone territory. In every continent, one can find these structures. In Southeast Asia they 

are very common amongst fishermen villages. In the United States, they are gaining popularity along the 

Gulf coast, where flood and hurricane threats become higher. The disadvantage of such structures is that 

if they are not dimensioned accordingly, they may not keep up with the current (and future) global sea 

level rise and projected heavy precipitation scenarios. The structures are, hence, not flexible enough for 

places where water level is not fully controlled. 

 

 

Figure 5 - Carrasqueira, in Portugal, constitutes a stilt pier built by local fishermen. Source: (SetubalTV, 2014). 

 

2.2.2. RESPOND TO WATER LEVEL RISE 

HOUSEBOATS 

A houseboat consists of a former boat that was reconstructed to accommodate living amenities. Essentially 

it differs in this fact from floating homes, which are built from the start to be homes. In many definitions 

and classifications of a houseboat and a floating home are regarded as the same (Mr. Visser considers them 

the same, for example). For the purpose of this thesis, they are considered different enough for each to 

deserve its own typological classification.  
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In European cities, there have been people living in boats since the 17th century. Nowadays, in the 

Netherlands there is a Houseboat Owners Association and distinct scopes of law solely for this typology.  

In structural terms, the hull of a houseboat is made up from steel or wood (like those of boats). Since its 

usual materials are lightweight and its dimension small, the construction tends to be very susceptible to 

the effects of strong winds and currents because of its higher center of mass. It may easily tip over if cargo 

on board is not symmetrically distributed. Thus, it is more frequent to find houseboats in calmer waters 

such as in lakes, canals, or rivers. In open sea, as well on the coast, they can tip over with ease when 

targeted by storms, waves or strong winds. In terms of their flexibility towards climate change effects and 

sea level rise, they constitute very good interventions if explored/located in the places where they are 

currently and more frequently found nowadays. They can easily be moved by towboats to other locations 

and their installations need special characteristics to work properly. Those are described in the typology 

below – floating structures. 

 

 

Figure 6 - A houseboat moored into one of Amsterdam's water canals. Source: by author. 

 

FLOATING STRUCTURES 

Regarding floating structures, despite being an option for human settlement for several centuries, current 

awareness on the matter is very scarce. The lack of knowledge concerning these structures is so great that 

Baca Architects and ZM Architecture, two architecture offices, claimed to have designed the World’s First 

Floating Village for Glasgow (Cameron, 2012). In Southeast Asia, the fishermen village of Siem Reap, a 

province of Cambodia, counters such claim. Its people have been living in those typologies for several 

centuries. The same can be witnessed in other countries of the same region: Vietnam, Thailand, Indonesia 

and China. In the border between Peru and Bolivia, South America, evidence of centuries long tribes, pre-

dating Inca civilization, living on water can also be documented through the Uros people, who created their 

own islands by manipulating totora reeds. But it was only in 1922 that the first floating homes (that were 

not houseboats) were built in the Netherlands (and the European continent). Only until very recently has 

it creeped into the architectural approaches of modern cities in Europe and America in light of recent 

environmental developments and lack of space inland. 
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In structural terms, the typology can be built upon several types of foundation as long as they provide a 

capable floating platform. For example, the foundations of Dutch contemporary floating buildings are made 

of water proof concrete (with sealing joints for additional waterproof preoperties) or polystyrene and 

plastic (Visser, 2016). In less developed countries, like Cambodia, the houses have empty oil barrels or 

water bottles conceding floating capacity to the houses built over them. In South America, the foundations 

of the settlements made by the Uros people were found to be of totora reeds. 

 

A common point between a floating structure and a houseboat is that both have to be moored to poles in 

order to avoid or mitigate heeling (tilting temporarily by the pressure of the wind or uneven distribution of 

weight on board), listing (lean to one side, typically because of a leak or unbalanced cargo) and rolling (to 

avoid rolling two or more poles will be needed) (Nillesen & Singelenberg, 2010). These effects are 

aggravated if the cargo on the structure is not evenly distributed. On the other hand, they are mitigated 

through low centers of gravity provided by heavy foundations or a heavy structure. Installations, such as 

electricity, water and sewage should be connected above water for maintenance reasons and should 

constitute flexible cables/pipes able to withstand the fluctuation of the water. The sewage system needs 

a pump to redirect waste into the public network, as it usually stands at a lower level, being unable to work 

through gravity (as inland structures). It is also advised for sewage to have a built-in grinder for solid 

residues to be easily redirected (Visser, 2016). 

 

AMPHIBIOUS STRUCTURES 

A new form of water based settlement: the amphibious structures. These are characterized by their flood-

prone, or major water level fluctuation, land locations which are dry in normal circumstances. Thus, the 

structure sits on land (usually on small piles or platform in order for the foundation not to be in direct 

contact with soil – see subchapter 3.2.1. and 3.2.2.), on its dock. But when the predicted water level 

fluctuations strike, the structure is able to float upon it as its base/foundation (normally built out of 

concrete with an adjuvant, like De Gouden Kust in subchapter 3.2.2., or out of plastic, like the LIFT House 

in subchapter 3.2.1.) is impermeable, sustaining no flood related damage and adapting perfectly to the 

environmental conditions (Nillesen & Singelenberg, 2010). After the water level descends, the structure 

does the same and keeps up with it. To ensure this is done in an orderly fashion, the docks and their 

surroundings need to be kept free of any obstacles at all time. If anything got stuck underneath the 

structure, it could cause it to have differentiated settlements. Thus, maintenance instructions should be 

provided for the future users of the structure, as they have to run periodical checks on that and other 

aspects related to the facility connections (Boiten & Factor Architecten, 2011).  

 

The main difference in constructive terms that differentiates floating and amphibious structures is the fact 

that the second has to have a more robust foundation. This because when the structure is not subjected 

to flood waters, it loses the upward vertical impulse of the water (Singelenberg & Nillesen, 2010). The 

extra weight in the foundation also provides additional stability, as the center of gravity is lower. 
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Figure 7 - The first amphibious house of the United Kingdom, designed by Baca Architects and built in 2014. It has a 

steel-clad dock and an ingenious system to keep it moored into place. Source: (Winston, 2014). 

 

2.2.3. SUMMARY OF WATERBORNE STRUCTURES 

 Pros Cons 

Terp Structures 
Can be used for building large plots of 
land. 

Not flexible with uncertain climate 
change effects and sea level rise; 
The structure may become isolated if 
flooding occurs. 

Artificial Islands 

Constitutes a storm surge, tide and 
wave buffer (dampen coastal erosion 
and saltwater intrusion); 
Flexible with the uncertain climate 
change effects and sea level rise when 
soft approaches are built. 

Not flexible with uncertain climate 
change effects and sea level rise when 
hard approaches are opted for. 

Stilt (or Pile) Structures 
Can be built in flood-prone areas if the 
extreme water level is known. 

Not flexible enough with uncertain 
climate change effects and sea level rise; 
Flooding may still occur; 
Structure may be isolated if flood 
occurs. 

Houseboats 

Flexible with the uncertain climate 
change effects and sea level rise; 
Can occupy places with extreme water 
fluctuation; 
Easily moveable if needed. 

Susceptible to strong winds, tides and 
waves; 
Must be loaded symmetrically. 

Floating Structures 

Very flexible with the uncertain climate 
change effects and sea level rise; 
Can occupy places with extreme water 
fluctuation; 
Easily moveable if needed. 

Susceptible to strong winds, tides and 
waves; 
Unknown effects they may have in 
water quality if large areas are shaded 
by them; 
Must be loaded symmetrically. 

Amphibious Structures 

Flexible with the uncertain climate 
change effects and sea level rise; 
Can be built in flood-prone areas if the 
extreme water level is known; 
Moveable when standing on water if 
needed. 
 

Susceptible to strong winds, tides and 
waves; 
Unknown effects they may have in 
water quality if large areas are shaded 
by them; 
Must be loaded symmetrically; 
Structure may be isolated if flood 
occurs. 

 

Table 4 - Summary of pros and cons of each water structure typology. Source: by author. 
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 Sea Lake River 
Waterways and 

Canals 
Flood Relief Areas 

Terp Structures x x x   

Artificial Islands x  x   

Stilt (or Pile) 
Structures 

x x x  x 

Houseboats  x x x  

Floating 
Structures 

x x x x x1 

Amphibious 
Structures 

 x1 x2  x 

 

Table 5 - Suitability of each water structure typology regarding the different water typologies. Stilt (or pile) 

structures were not considered feasible in waterways and canals, as these are still used as means of transportation 

and communication, even though they can be built on. 1. If those areas already have enough water to leave 1 meter 

between the bottom of the structure and that of the flood relief area (lakes, shallow or deep, etc.) (Visser, 2016); 2. 

In the margins, where its water may reach (floodplains) (Winston, 2014). 

Source: by author. 

 

Balancing the pros and cons of the water related structures, as well as the water typologies they fit in, and 

relating them with today’s (and future’s) paradigm and context of urgent spatial needs for expansion 

(preserving inland areas), for water catchment areas, uncertainty towards climate change and sea level rise, 

giving therefore preference to flexible structures, terp structures and artificial islands of the hard type may 

immediately be removed from consideration in future interventions. Artificial islands of a soft nature (using 

sand as its main construction material) may be reconsidered as protectors of the coast, as their pros of 

constituting buffers for sea related effects (coastal erosion, saltwater seepage and storm surges) are very 

useful (Figure 4). However, they should not, in any case, serve as ground for building. Stilt structures are 

an option, but are surpassed in their advantages by those floating or amphibious. Thus, between the three, 

the two last prevail over the first. Houseboats are also a good option, as well as cheaper than amphibious 

or floating homes (Visser, 2016), but not as stable and are usually of a smaller scale, rendering them very 

specific to water bodies with calmer and more controlled environments. 

 

In the end, having in consideration all the arguments given about environmental changes (lack of space 

inland, increased water surfaces, climate change and sea level rise, etc.), the best typologies for future 

urban expansions are floating and amphibious structures and houseboats, whose choice is highly 

constricted by the nature of the water body they will occupy. 

 

3. CASE STUDIES 

The case studies that will follow are all located in low elevation coastal areas. One half in the LDC and the 

other in the Netherlands. Their design and research processes are the most important steps to grasp if 

one’s intentions are to create a project that aims mitigating the vulnerability of settlements around the 

world (or increase urban resilience regarding climate change). As such, they are referred to here for future 

use in the generation of a possible intervention for the city of Dhaka, Bangladesh. 
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The ones in the LDC provide examples of how to design cheap, ecofriendly (or sustainable) and resilient 

structures that can improve the life of its users. They are the Makoko Floating School (floating structure), 

in Lagos, Nigeria and the LIFT House (amphibious structure) in Dhaka, Bangladesh. The other case studies 

are located in the high-income country of the Netherlands. Their importance asserts in the principles used 

for construction, which usually render them much more durable, as they are built using other kinds of 

materials, but not as sustainable in their energy supplies and waste facilities, giving other perspectives to 

the reader. They are the ABC Arkenbouw floating structures and De Gouden Kust (amphibious structures). 

 

3.1. FLOATING STRUCTURES 

3.1.1. MAKOKO FLOATING SCHOOL (SALT WATER LAGOON TYPOLOGY) 

Makoko Floating School (MFS) was a prototype floating structure which was engaged in to address the 

needs of an increasingly urbanized Africa in the context of climate change. It did so targeting the lagoon-

based waterfront community (some call it the world’s biggest floating slum (Effiong, 2015)) of Makoko in 

the city of Lagos, the most populated of Nigeria. Sources vary in their numbers, ranging from 100.000 

(NLÉ, 2012) to 300.000 (Okoroafor, 2016) people thought to live in Makoko – the population was not 

counted as part of the 2007 census (Effiong, 2015). The community lives essentially from sawing and 

fishing industries and uses canoes as transportation, carrying out its duties amongst stilt structures which 

were labeled illegal in 2012 by the government (Fairs, 2016). 

 

 

Figure 8 - Aerial view of the Makoko waterborne village. Source: (Agbola & Watson, 2014). 

 

The MFS came to be as Kunlé Adeyemi (founder of NLÉ), visited the community and volunteered to design 

an expansion of the only existing English speaking school – Whanyinna Nursery and Primary School – on 

May 2011. This school showed high signs of degradation, as it was prone to serious flooding that 
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frequently hindered the children’s access to education. Due to the increase in rainfall and sea level rise, 

which directly affect the lagoon’s water level, Makoko’s buildings have been suffering regular flooding. The 

design process was developed by the NLÉ team, local building experts and international collaborators on 

specific technologies, which were involved in face-to-face meetings with Makoko/Iwaya Waterfront 

Community representatives for dialogues, design workshops, progress updates and management issues 

(NLÉ, 2016).  

 

Research was first carried out. It focused in geographic, urban and infrastructural issues; flood risk in the 

entire Lagos city; appropriate and local building technologies; social, cultural and educational needs; and 

finally land and water use (regulations and policies). Within those subchapters, several points were 

addressed and recommendations (ranging from policies to advices) extracted. The data led to the adoption 

of a floating structure disconnected from the building it was extending, as it represented the most flexible 

and adaptive way to the nature of the site (NLÉ, 2012). 

 

The local characteristics of the settlements within the district were thoroughly analyzed with the aim of 

including them in the features of the new floating school, for faster construction, proximity with what the 

local community experts usually build and for the structure to belong (NLÉ, 2012). Amongst all analyzed 

solutions for a floating foundation that which prevailed was the one with empty barrels, due to load 

capacity and durability. Anchoring was ensured by side poles. 

 

 

Figure 9 - First, the frame is built inland and filled with barrels. Then it is put on water to join the rest of the 

components in forming the 10 x10-meter platform. The disposition of the barrels turned out to be vertical, instead 

of horizontal as in the picture, and the wooden frame turned out to be simpler. Source: (NLÉ, 2012). 

 

The final structure turned out to be a 10 by 10 meter, three floored (much bigger than the average single 

floored structures of the community (Fairs, 2016)) and 10-meter high A-frame (or triangle) structure. It 
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was shaped like so because of the ideal low center of gravity it provided to the structure, protecting it 

against listing and heeling due to wave or wind action, and at the same time adapting it to the wet and 

rainy regional climate. The frame held an enclosed rectangular box of about 55 square meters whose ceiling 

endowed the upper and last floor, a semi-enclosed rooftop, of the same size (NLÉ, 2012). Construction 

began in September 2012 for the testing of the foundation which was constituted by 16 wooden modules 

assembled inland, each with 16 empty recycled plastic barrels (totalizing 256) (NLÉ, 2016). 

 

 

  

Figure 10 - 1. Floating platform. 2. Services Area. 3. Accessibility. 4. Open green space. 5. Planting areas. 6. Toilet. 7. 

Classrooms. 8. Open air classrooms. Source: (NLÉ, 2012). 

 

 

Figure 11 - The start of the construction atop the floating barrel foundation. One can see the mechanism that keeps 

it from drifting away: a wooden mooring pole. It is evident the different between the construction and the plan when 

comparing this picture with Figure 9. On the horizon, it is possible to see the Third Mainland Bridge. Source: 

(Archdaily, 2013). 

 

In November, the 10 by 10 meters floating platform was completed and capable of holding up to 100 

adults. Immediately after started, the construction of the A-frame. Locally sourced bamboo (for the roof 

joists, furniture, toilet and walls – Figure 14 on the right) and wood made it possible for it to be completed 

in December 2012 – though finishing took longer. The enclosure and roof was finalized in February 2013. 
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Figure 12 - The school being used after hours by inhabitants of the Makoko community. Source: (Inside Flows, n.d.). 

 

Associated risks of building solely in wood (fire and rot) were assessed through its treatment. The energy 

supply was guaranteed by the use of solar panels in its roof, since electricity was not widely available –

Figure 13 –, turning it a system which is highly dependent on yearly intensity and duration of sunlight 

(NLÉ, 2012). Human waste was taken care of by materializing a compost/urine diversion toilet, which 

consumes no fresh water while working and reduces the contamination of streams, lakes and seas – Figure 

14. And last, but not least, rainwater catchment ensured fresh water would be available all year round – 

Figure 13. These installations prolonged the construction up until May 2013. In the end, the total building 

process took around 8 months. 

 

  

Figure 13 - On the left: Energy supply system of the MFS. It requires almost no maintenance, is of quick installation 

and has no moving parts. Though it needs a large roof area and is expensive to install. 

On the right: Rainwater catchment system of the MFS. As it rains all year round and the quality of the water is better 

than that found on land, water supply is practically guaranteed. One of the few associated risks is that it may foster 

bacterial growth – water may just be boiled to counter such an issue (it also relies on the frequency and amount of 

rainfall which is expected to become higher and more frequent). Source: (NLÉ, 2012). 
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Figure 14 - Compost toilet system. Human waste is mixed with dry bamboo leaves to facilitate the aerobic 

composition of the fecal matter. Vapour and smell are withdrawn through the fan, reducing drastically its volume. 

The final result is a nutrient rich manure. The waste should be emptied normally every second year. It consumes no 

energy except for the 30 Watt ventilator fan. 

On the right: Schematics of the final (planned) structure. Source: (NLÉ, 2012). 

 

The entire Makoko/Iwaya Waterfront Community and various ethnic groups used the school as a 

communal gathering point outside the children’s educational hours. The MFS stalled the government’s 

plans to demolish the entire stilt district and instead prompted it to come up with a regeneration plan for 

the whole area, in which there were new housing projects of similar design. But the building has collapsed 

upon itself this year, 2016, in June, after a heavy seasonal storm passed by (Fairs, 2016). 

 

SUMMARY (CONSIDERATIONS ON THE MAKOKO FLOATING SCHOOL) 

Even though the Makoko Floating School collapsed, one can ascertain that it presented a very important 

integrated design approach in attempting to improve the life of the community. All the process that went 

from researching local building techniques and materials, as well as global technologies that could be 

applied in the situation; to the involvement of the community, allowing it to participate in every step of 

the conception of the building, made it surpass its original purpose. The MFS became more than just what 

it was projected to be, transforming itself into the new public square after school hours that even prompted 

the local government to take a step back in demolishing the entire district and consider rehabilitating it 

instead. It is very important to also underline the ingenious energy and facility systems within the building 

which rendered it completely auto-sufficient. Those were so in part because there were no piping nor 

electrical installations legally supplying the community. But, even so, it is important to consider such an 

approach in future buildings within well-equipped urban areas, as it reduces significantly the ecological 

footprint of the cities. 

 

The fact that the structure collapsed after one of the seasonal storms of the area, even if it were a 
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prototype and was scheduled to last a limited time, happened probably because the structure was too tall 

(10 meters high) and not so robust. If it were the same height as its surrounding buildings (just one story), 

the situation would probably not have happened so soon, since the structure would be less susceptible to 

strong wind loads. Even though there would be less available space and its weight would be slightly 

reduced, increasing listing and heeling effects. Despite the fact, one should ask oneself: would it 

compensate for the structure to be more durable (by building two buildings with the same total area as the 

MFS) for the cost of building an improved version instead? 

 

3.1.2. ABC ARKENBOUW FLOATING STRUCTURES 

ABC Arkenbouw is a factory in Urk (one of the most recently reclaimed lands from the Ijsselmeer (Bobbink, 

Meyer, & Nijhuis, 2014)), close to Lelystad, in the Netherlands. It was, and still is, the only one of its kind 

in the country (Visser, 2016). It specializes in the construction of prefabricated floating dwellings, which 

come out the factory completely built and ready to be used. The floating dwellings it builds are the standard 

Dutch model found around the country. Dura Vermeer, a Dutch contractor, also specializes in building 

floating, though not exclusively like ABC Arkenbouw, and amphibious dwellings (they have built De 

Gouden Kust in chapter 3.2.2.). The only thing they differ in is that they do not completely prefabricate 

the entire house within a factory and they sometimes resort to styrofoam as a foundation material. 

 

 

Figure 15 - The highly-controlled environment of the ABC Arkenbouw shipyard, where the houses are given their 

finishing and details. The foundations and wooden frame are built and assembled in another part of the factory. 

Source: by author. 

 

The main foundations used for construction of the floating houses are reinforced waterproof concrete 

hulls which have on top a lightweight wooden frame structure. They are conceived upon the dry docks 

within the factory and thus within a highly-controlled environment. In architectural terms, they may be 

designed as any other house and can have a wide variety of shapes and sizes. Though it has several 

limitations which must be held into account. For example, the maximum height of the basement floor, that 

within the concrete hull, cannot surpass 2.5 meters, for safety reasons (it is present in the regulations that 
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are yet to be released by the government) (Visser, 2016). Another important fact is that the dry docks 

where the concrete is poured, limit the dimensions that the house can have (basically it can have a 

maximum of the dock’s dimensions in height – 4 floors –, width – 7 meters – and length – 25 meters). 

Other limitations are encountered, if the houses are to be placed in canals or flood relief areas, since these 

normally have sluices that are opened for ships to get through. The houses cannot, naturally, be larger than 

the dimensions of these sluices – Figure 16. Such limitation had a strong impact in the IJburg, near 

Amsterdam. 

 

 

Figure 16 - A floating house, part of the Drijf em Lelystad neighborhood, being towed near Lelystad, in the 

Netherlands. It was built and engineered by ABC Arkenbouw, but designed by Attika Architekten. Picture by: Bart 

Van Hoek. Source: (Delaqua, 2015). 

 

 

Figure 17 - The Drijf em Lelystad. Picture by: Bart Van Hoek. Source: (Delaqua, 2015). 

 

Energy supplies can vary on demand, but the most usual ones are guaranteed through the main public grid 

which only needs to be plugged into. A room with all the machinery is required within the house, because 

it needs to have a pump to expel sewage from the basement floor, as the piping in this area is usually 

below the height of the public network. To facilitate forwarding of the human waste, a grinder is needed 

in the toilets’ pipes (additional information in the annex of this thesis). 



 

34 
 

3.2. AMPHIBIOUS STRUCTURES 

3.2.1. THE LIFT HOUSE (FLOOD RELIEF AREA) 

The LIFT (low income flood-proof technology) house pilot project was designed and constructed in Dhaka, 

Bangladesh, by Prithula Prosun, a student of the University of Waterloo, in Canada. It is sustainable, 

destined for low income communities in flood proof areas. As it will be seen further in detail ahead, millions 

of people are displaced by the severe floods in the country due to sea level rise, overflowing of the rivers, 

inadequate drainage and heavy monsoon rains. As chapter 1 introduced, the situation will aggravate itself. 

 

 

Figure 18 - The LIFT house. Source: (Prosun, 2011). 

 

As with the Makoko Floating School, the LIFT House was materialized after extensive research on local 

aspects (some of which are referred to in chapter 4 further ahead in the thesis and, thus, will not be 

mentioned here) and involved the local community of builders, artisans and people in its making. Its design 

constitutes a central heavy core with all the facilities which are communal (access to water and toilets) and 

to which two lateral lightweight bamboo structures with floating capacity are attached. These last are the 

two amphibious dwellings per se. Each of them is designed to accommodate a family of five members. 

Both have different foundational systems: one has 8 000 water bottles inside a bamboo-frame structure 

(Good, 2011) – Figure 19 –, while the other has a ferro-cement hull based on the Dutch amphibious 

models. 

 

Three species of bamboo were used: Boruck (almost 8 centimeters thick) for structural components and 

pegs, as it is the strongest, Jawa for exterior wall finishes and the two floor layers, as it grows tall and 



 

35 
 

straight and Mulli, the softest, split into thin layers in order to weave into mats used in walls, windows and 

doors (Prosun, 2011). 

 

 

Figure 19 - Worker preparing the prototype of the water bottle foundation. Source: (Prosun, 2011). 

 

The service spine was materialized in reinforced concrete and bricks and it is where kitchens (outside the 

bamboo area to prevent fire hazard and air contamination), bathrooms, composting toilet storage tanks 

and two types of water cisterns are located. Its foundation is composed by a thick brick wall.  

 

 

Figure 20 - Plan with the locations of water harvesting and composting toilets. Adapted from: (Prosun, 2011). 

 

Since water is becoming scarce for the city, even for the upper-class communities, the house relies solely 

on rainwater, catching and storing it in two cisterns (one for water directly caught by the rain and one 

other for the recycled one) which have a total combined capacity of 48.000 liters. Perfectly adequate to 

get its inhabitants (10 people, 5 for each amphibious building) through the dry season. With roughly 50 

square meters and the 2.500 millimeters of annual rain, the house can collect 100.000 liters. On the way 

to the cistern, the water passes through a filter which traps dirt and insects – Figure 21. Dirt that gets 

through is deposited in the bottom of the cistern by gravity. Water is taken 30 centimeters above such 
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level. In order for one to be able to drink it, it has to be boiled. For washing clothes, bathing and cooking, 

it may be used as it is. Water consumed in this manner in its designated area – named water source in 

Figure 25 – drops into a bio sand (fine sand on top, course sand in the middle and gravel in the bottom) 

filtration pipe which removes unwanted substance for its second cycle: irrigation, washing or toilets. The 

fine sand within the filtration pipe has the role of retaining any organic materials, purifying the water (for 

more details see Schmutzdecke (Prosun, 2011)). Maintenance of such pipe is very easily carried out. The 

mechanism for waste management is quite similar to that of the Makoko Floating School, though it has a 

capacity for holding up a quantity of waste of about 5.5 years until it needs to be thrown away (excavated). 

 

 

Figure 21 - Diagrams of water filtration systems (on the left) and waste storage and management (on the right). 

Concerning the water storage, on the right the mechanism for rainwater catchment is drawn while on the left, the 

recycled water is seen going through the bio sand. Regarding waste management, on the right, pipes forward urine 

to the outside gardens in order to fertilize the lands. Adapted from: (Prosun, 2011). 

 

  

Figure 22 - On the left, a worker straightening the opening in the steel vertical rails. On the right, the steel plate 

which connects the whole structure to these rails. Source: (Prosun, 2011). 
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Figure 23 - The mechanism which allows floating. Source: (Baratoo, 2013). 

 

 

Figure 24 - Ground floor plan. The interior space of the amphibious dwellings in light grey, while the interior of the 

service spine is in a darker grey. Source: (Baratoo, 2013). 

 

The house is thus completely self-sustaining in providing basic services like electricity (through solar 

panels), water (rainwater catchment), sewage (with composting toilets) and natural ventilation, requiring 

minimum maintenance (Prosun, 2011). The mechanism that allows the two lateral bodies to float 

independently from the central spine and prevent them from tipping over is a vertical guidance system – 

Figure 22. 
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Figure 25 - Second floor plan. Interior space of the amphibious dwellings, kitchens and shared composting latrine in 

grey. Source: (Baratoo, 2013). 

 

It was estimated for the house to cost around 5 000 dollars. A price scoped to get lower (Good, 2011). 

 

SUMMARY (CONSIDERATIONS ON THE LIFT HOUSE) 

The LIFT House represents an important step towards rendering the country of Bangladesh climate and 

flood resilient, offering better conditions to those most in need. The facilities are ingeniously figured out. 

One thing that one is able to find here and not in any other case study is the act of reusing the rainwater. 

It potentially doubles the quantity of water able to be used by its inhabitants. But having in consideration 

the recent development of accelerated sea level rise, it will not be able to cope with its levels in the future. 

The central spine is simply too rigid and will not be able to easily adapt to the rising waters. That added to 

the fact that even if one was to tow the two outside cores (which are capable of floating) to another area, 

important functions that lay within the central spine would be lost. It could, maybe, turn the LIFT House 

resilient to future sea level rise if all its function would, somehow, be grouped into a single amphibious 

entity. That is to say: to turn every part of the house into an amphibious body. But then, there would be 

the problem of mooring it to something and of resisting the periodical strong cyclonic winds. The central 

heavy spine has that major role. Thus, the question remains: Where could it be improved for future sea 

level rise? 

 

3.2.2. DE GOUDEN KUST (RIVER AND FLOOD RELIEF AREA TYPOLOGIES) 

Located in a recreational area outside dikes near Maasbommel in Gelderland Province, the first 32 

amphibious homes (Spiegel Online, 2005) of the Netherlands have been erected (together with other 14 

floating homes) in 2005. They were built to constitute an example for the initiative carried out by the 

Dutch ministries of Traffic and Water Management and Housing, Spatial Development and Environment 

to introduce buildings adapted to flood risks in 15 locations (designated EMAB-locations) (Boiten & Factor 

Architecten, 2011). 
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Figure 26 - The amphibious houses of Maasbommel when in normal circumstances. Source: (Potz & Bleuzé, 2009). 

 

There were several reasons for the project to be developed: the Room for the Rivers program blocked 

desirable spatial development in some areas; the experiments could renovate old urban tissue (like 

factories, obsolete recreational areas, etc.); multiuse of the space given up for waters to flood freely, etc. 

 

Factor Architecten was responsible for the architecture and engineering of the houses, while Dura 

Vermeer was both contractor and project developer. The site, in Maasbommel, is predicted to flood once 

every twelve years with water levels 7 meters above NAP (Amsterdam Ordnance Datum) (Boiten & Factor 

Architecten, 2011). 

 

 

Figure 27 - Amphibious house with garden and parking space, July 2005 (on the left). Amphibious house afloat, 

January 2011 (on the right). Source: (Boiten & Factor Architecten, 2011). 

 

The foundation is 23 centimeters thick and made of a waterproof concrete mix, ensuring the necessary 

stability of the house, as it weighs over 70 tons. This was the first piece to be built (excluding the mooring 

poles), on site, and then hoisted into the water and moved into place (Boiten & Factor Architecten, 2011). 
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Figure 28 - On the left, men are removing formwork. On the right, the foundation is being hoisted from the water to 

the dock of the amphibious house. The mooring poles are already visible, as they are the first element to be built. 

Source: (Boiten & Factor Architecten, 2011). 

 

The basic timber frame of the construction above the foundation was prefabricated in the Czech Republic 

and then transported to Maasbommel. The roof, made out of steel, wood and covered with PVC-roofing, 

was built on site and then hoisted on top of the houses. The buildings are fastened in pairs through a steel 

framework to two steel mooring poles carved deep underground, allowing them to handle water 

fluctuation levels up to 5.5 meters (12 meters above NAP level). These moors are strong enough to 

withstand open sea currents and the pairing of the houses makes it difficult for waves to have any influence 

on them. When dry (or in normal circumstances), the house sits upon 6 concrete foundation piles. When 

the water level of the river rises, the houses may become isolated, as the road on the side becomes 

completely submerged (Singelenberg & Nillesen, 2010). Whenever such is expected to happen, the public 

authorities warn the inhabitants about the possible rise of waters, so they can remove their cars from 

parking, as well as any property susceptible to flood damage. 

 

In this case, balancing the houses through weight distribution was not necessary, as the concrete hull 

accounted for 70 per cent of the entire weight of the structure, while another 25 per cent was of the 

timber frame construction on top of it (a total of 97 tons). The remaining 5 per cent were calculated as the 

maximum weight its interior could have with furniture and users accounted for (4 tons) (Boiten & Factor 

Architecten, 2011). 

  

The basic facilities of the house hardly differ from those of ordinary houses in the Netherlands. It has 

connection to electricity, water and sewage like any house on inland would have (connected by pipes and 

cables to the public system). The difference is in the connection between the house and the public 

network: it is ensured by flexible and oversized piping and cables attached to the mooring poles that 

connect to the house laterally. 
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Figure 29 - Flexible facility connections between two houses. Source: (Boiten & Factor Architecten, 2011). 

 

Usage by the inhabitants has been evaluated as comfortable. The most crucial safety measure of the 

houses is a good maintenance combined with a user manual. The estate manager will have to check the 

systems around the floating piers and most importantly the facility connections and the docks of the 

floating homes. When floods are announced, it is recommended that the inhabitants run an extra check 

on all crucial points. 

 

 

Figure 30 - These are the floating homes which are part of De Gouden Kust complex. Their design is practically the 

same. Accessibility is ensured by the floating pier behind them. Source: (Boiten & Factor Architecten, 2011). 

 

SUMMARY (CONSIDERATIONS ON DE GOUDEN KUST) 

The buildings do not have the same energy efficiency or environmental concern in their facilities like the 

MFS and the LIFT House because in De Gouden Kust the public network is widely available. Restrictions 

of the site that drastically altered the architectural and constructive processes were merely due to the 

rising level of waters of the river Maas. The public network, on the contrary to that of the Makoko Floating 

School and of the LIFT House, was found available for use. De Gouden Kust amphibious houses are the 
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first of their kind in the Netherlands in an attempt to adapt to the upcoming climate change effects and 

taking economic advantage of it. They can also be called prototypes for basing future projects carried out 

by the government. Similarities in the construction technology are found in the ABC Arkenbouw floating 

structures. The most important aspect of the buildings which should be retained for further interventions 

is the fact that its users are alerted to conduct a regular maintenance plan of the house through a user 

manual, as well as whenever there are flood events in order for them to retrieve their possessions to safety. 

 

3.3. SUMMARY 

Structure Aspects to Retain 

Makoko Floating School 

Community involvement throughout the entire design and 
building progress; 
The research process; 
Use of local materials and building technology; 
Ingenious self-sufficient facilities (energy supply, waste disposal 
and water supply) with very low maintenance. 

Arkenbouw Floating Structures 
High technology constructions; 
Pumping system needed when facilities are below the level of 
the public network. 

The LIFT House 

Community involvement throughout the entire design and 
building progress; 
The research process; 
Use of local materials and building technology; 
Ingenious self-sufficient facilities (energy supply, waste disposal 
and water supply) with very low maintenance; 
Reuse of rainwater catchments. 

De Gouden Kust 
High technology construction; 
Regular maintenance plan offered and explained to its users; 
Alerting the users of possible flood events. 

 

Table 6 - Summary of each of the case studies which were scrutinized here. Source: by author. 

 

4. PROJECT FOR DHAKA, BANGLADESH 

4.1. INTRODUCTION 

The following chapter will present the reader with a possible intervention, or architectural project, for the 

city of Dhaka, in Bangladesh. Though it must be stressed that it does not intend to solve all the problems 

of the city of Dhaka with a single architectural proposal, since it is not possible to do so. As it was pointed 

earlier in the thesis (introduction and chapter 1) there are several factors within a country to assess which 

increase or decrease the vulnerability to climate change induced impacts (and thus sea level rise): exposure 

to the impacts of climate change, development, socio-economic and gender equity, and governance 

structures as key determinants of adaptive capacity and actual adaption actions (UN-Habitat, 2011). 

According to the United Nations Global Report on Human Settlement 2011 (UN-Habitat, 2011), the urban 

population of Dhaka and other settlements of Bangladesh already offer an example of resilient governance 

structures with a capacity for learning and adapting. But the remaining issues continue to threaten the city 

and its people. As with the Makoko Floating School and the LIFT House (which is in the same city), the 

intention of the proposal is rather to improve the living conditions of the people with climate resilient and 

sustainable, self-sufficient, infrastructures that should be easily reproduced, anywhere, without the need 
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of constantly being rebuilt whenever a flood event comes to pass, assessing mainly socio-economic and 

development issues. It attempts to represent a way of allowing the poor to progress with their lives and 

make it easier for them to move out of their slum settlements into better and safer sites or to vulnerable 

sites but with capable structures.  

 

Dealing with a low developed country, one of the poorest in the world, with high exposure to climate 

change hazards, the approach must be resilient and low cost. The process for achieving such an endeavor 

will be much the same as the one carried out by NLÉ when designing the Makoko Floating School and by 

Pirthula Prosun when designing the LIFT House. First, an investigation on the country where the 

intervention takes place, regarding its geographical characteristics, socio-economic and environmental 

aspects. Thereafter, focus will be shifted to the city-scale of Dhaka, with concern for the same aspects as 

the ones investigated for the national-scale, but under a more specific scope. Major problems will be 

highlighted by the investigation. Finally, having the research into account, a proposal will take place in the 

low-lying lands (or floodplains) of the city (mid-eastern Dhaka), where every composing part of it will be 

described and prioritized by local availability (in technological and dispositional terms). A lot of the solutions 

adopted will be based on the projects described prior in the thesis. Structural design will, on the other 

hand, be based on several documents and research that had little (or nothing) to do with these projects. 

After the project has been formalized, some of its limitations (or unexplored fields) will be underlined in 

the conclusion, as well as the recommendations withdrawn from it for eventual reproduction elsewhere. 

 

4.2. ANALYSIS 

4.2.1. BANGLADESH 

GEOGRAPHY AND ENVIRONMENT 

Bangladesh is a country in Southeast Asia which is ranked as the third world’s most vulnerable to flood 

events by population exposure (Table 3) (UN-Habitat, 2011). The causes behind such classification are 

diverse, but can be attributed to geographic, climatic and urban aspects. It is due not only to sea level rise, 

but also to most of its land area being constituted by the deltaic plains of the Ganges, Brahamaputra and 

Meghna rivers, of which more than 60 per cent are located less than 6 meters above sea level (practically 

low-lying lands) (Annex Figure 2 in the Annex) (Prosun, 2011). Aggravating the natural low elevation of the 

country, is its urbanization, which is further subsiding the land, as people explore groundwater instead of 

the highly-polluted water surfaces. Both are polluted with arsenic, though the first less than the last. 

Despite these known facts, the population does not stop growing, as the country is amongst one of the 

most densely populated and fastest urbanizing in the world – in just twenty years, the number of urban 

centers has increased fivefold (UN-Habitat, 2012). 

 

In total, around 230 major rivers and streams linger around the country, making them the population’s 

preferable way of getting around. The whole delta region of the rivers is often nicknamed The Green Delta, 

due to being formed by some of the most fertile lands in the world. It is a delta which drains an equivalent 
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area of 12 times its own size – Himalayas, parts of China and India (Figure 31).  

 

 

Figure 31 - The drainage basin of Brahamaputra, Ganges and Meghna rivers. An area twelve times as that of the 

entire country of Bangladesh. Source: adapted from (Timberlake & Kieran, 2015). 

 

Having such a fertile territory has its downsides: periodical destructive floods on the lowlands (less than 6 

meters above sea level) around the country happen roughly from 3 to 5 years. These destroy mostly crops, 

while the ones that affect urban settlements occur every 10 to 20 years (Prosun, 2011). Cyclic events as 

these are expected to increase in number, as sea level rises, land subsidence worsens, heavy precipitations 

and excess river water (due to ice melting in the Himalayas upstream and sea level rise) become more 

frequent (Figure 33). Just one meter rise in sea level in Bangladesh will result in a loss of 17.5 per cent of 

land area, displacing 17 million people (Figure 32) (Dacca University, 2012). A number which is expected 

to be reached in the next 40 years (Harris, 2014). The government’s current sea level rise impact mitigation 

plan focuses mainly on its consequences and refers briefly to the need of reinforcing flood embankments. 

It should reinforce flood management measures in inland regions that become subject to higher and more 

frequent flood as water levels rise in the Lower Meghna river and estuary downstream (Brammer, 2013). 

 

Approximately 97 percent of the total land area and all inhabitants are at risk of multiple hazards (including 

tropical cyclones, floods, droughts, riverbank and coastal erosion), being the stage of high seismic activity 

risk, as it is bordered by the eastern edge of the Indian tectonic plate, and by possible tsunami occurrences 

(the one in 2004 affected the area), as it is very close to the pacific ring of fire (Alam, 2016). 
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Figure 32 - Colored red stand the heavily populated areas of the country. On the right, the result of 1 meter of sea 

level rise is represented with 17.5 per cent land loss and 17 million people displaced. Below, just 50 centimeters 

more of sea level rise would submerge 20 per cent of the land and affect at least 18 million people. Source: adapted 

from (Dacca University, 2012). 

 

CLIMATE 

Regarding climatic conditions, Bangladesh’s do not help in the matter. It has a subtropical monsoon climate 

characterized by wide seasonal variations in rainfall, moderately warm temperatures (maximum and 

minimum annual temperatures range respectively from 38 – 32 to 12 degrees Celsius) and high humidity. 

Its year can be divided in three seasons: a hot humid summer from March to June; a cool, rainy monsoon 

season (when about 80 per cent of the annual precipitation falls) from June to October; and a cool, dry 

winter from October to March. Winds usually blow gently from the north and northwest, except from 

March to October, where they blow from the south and southeast. They become the strongest from March 

to May during violent thunderstorms (60 km per hour) and during the storms of the late monsoon season 

(up to 160 km per hour – tropical storms), which bring upon storm surges as high as 6 meters in the Bay 

of Bengal, flooding the coastal area and more northern parts, as flood tides rush up the estuaries (Robinson, 

1988). Inland wind speed is of, in average, around 3.5 meters per second (Khan, Iqbal, & Mahboob, 2004). 

Dhaka Dhaka 

Dhaka 
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The strong winds of the late monsoon season have increased in frequency and intensity over the years, as 

well as heavy precipitation events which are often combined with snow melting of the Himalayas up north 

(UN-Habitat, 2011). In the present state, the country is unable to adapt to the rising river water levels and 

precipitation events which drag floods with them. The added stress of rising sea will be catastrophic 

(Prosun, 2011). Bangladesh has nowhere to turn to when it comes to flooding (Figure 33). 

 

 

Figure 33 - The 4 flooding fronts. Source: by author. 

 

Environmental degradation is a much present reality around the rapidly growing urban centers. Concepts 

of sustainability and green architecture are not yet evident in mainstream construction. It is thus vital that 

future constructions in Bangladesh are sustainable and that the current paradigm is shifted (Prosun, 2011). 

 

SOCIAL FACTS 

The population is divided in two: the rich and the poor (Prosun, 2011). In total, the country is inhabited by 

about 160 million (July, 2011), with a national average household size of about 4.5 people (ArcGIS, 2015) 

aimed by the government to be mitigated to 4.01 in 2035 (Rajdhani Unnayan Kartripakkha, 2015). Only 

about 18 per cent of the population (25 per cent in urban areas and 10 per cent in villages) is connected 

to the grid (and the demand is increasing) (Khan, Iqbal, & Mahboob, 2004). Many accounts given to-date 

imply that Bangladeshi are helpless against a rising sea level and that they are unable to resist it. Other 

more recent studies have shown those accounts are incorrect (Brammer, 2013). What is certain, though, 

is that they are amongst the most vulnerable to be able to do something about the regular annual flooding.  

 

Climate and geographic related factors (such as natural disasters, river erosion, sea level rise and recurrent 

flooding) play a very important role, accounting for around 26 per cent of the people that migrate – the 

climate refugees that then come to constitute the urban poor, settling in illegal areas and depleted 

neighborhoods. Usually, these climate refugees move from the countryside to the cities, where they hope 

to find better conditions and capable infrastructure. But when they arrive to the cities, they find that they 
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have no conditions nor the resources to settle. The now homeless try to adapt to the flow of water, when 

settling near river banks, waiting in fear of the next monsoon to see if the banks will remain in their informal 

settlements. If not, they have to rebuild them, spending all their savings (Prosun, 2011). 

 

Annual national population growth is of around 1.5 per cent, while the urban population grows at a rate 

of 3 per cent (which is expected to rise). The disproportionality between growth rates is explained due to 

important push factors, such as the already mentioned natural catastrophes, better employment and 

educational opportunities offered in cities. This growth, combined with the fast paced, unplanned and 

uncontrolled urban development has led to serious environmental and social challenges which endanger 

the sustainable development of the country. An estimated number of 9.4 million people, of the total 45 

million urban dwellers (28.5 per cent of the total population in the country, in 2010), are absolute poor 

and 3.4 million are extreme poor (UN-Habitat, 2012). They are the ones who suffer the most due to the 

loss of employment, damage to property, health and housing – critical aspects for a sustainable living of 

which the last (housing) is the most urgent (Prosun, 2011). 

 

4.2.2. DHAKA 

Dhaka has a population of 11.6 million people (7 per cent of the total population of the country), 

constituting the fastest growing (with a rate of more than 600 000 people per year (Thiele-Eich, Burkart, 

& Simmer, 2015)) megacity in the world (Prosun, 2011), partly due to the push factors discriminated in the 

section above (historic and political reasons have also played an important role). Despite accounting for 

such a small portion of the national population, around 60 per cent of the country’s Global Domestic 

Product is generated in the city, posing a large nationwide if it were to suffer from the effects of 

environmental disaster/climate change. 

 

  

Figure 34 - On the left, the location of Dhaka. On the right, a simplified map of the city’s Central Region outlined in 

black with the urbanized area in red and the nearest water bodies in blue. Further detail and comprehension on how 

complex is the water network of the country may be grasped at the source: adapted from (Center for Satellite Based 

Crisis Information, 2004). 

Dhaka 
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Despite the long history of the city, 90 per cent of the population growth and associated urban expansion 

into areas of increased vulnerability have occurred since 1971. Similar evolutionary trends may be found 

in other deltaic cities in the world, such as New Orleans in the early 1900s or the Netherlands in the tenth 

century, where the population was too great to confine itself in the higher safer banks of the rivers (Meyer 

& Nijhuis, 2014). The result is what may be witnessed nowadays: vulnerable cities that constantly need to 

pump out the excess of water. The same is happening in Dhaka, where around 30 per cent of the city’s 

population (the poorest who were rural inhabitants whose homes were wrecked by floods, shifting river 

beds or cyclones) is now living in marginalized and hazardous slums in the low-lying undeveloped lands 

(UN-Habitat, 2007) which fall out of regulations and are the most exposed to flooding – Figure 35. Only 

2 per cent of the residents (the richest) occupy the highlands which are protected from the annual flooding 

events (green in Figure 35 on the right).  

 

In 1996 there was a need for 120 000 dwelling units per year, where more than half were required for 

the urban poor (Prosun, 2011). In 2015 that number rose to 410 000 (Rajdhani Unnayan Kartripakkha, 

2015). Housing built by public programs is often bought by the lower middle-income people due to the 

relatively high prices. This housing sometimes occupies areas used once for rainwater catchments which 

were raised in elevation to attract residents (Prosun, 2011). The exact opposite of what is being 

recommended to delta and coastal cities around the world (the Netherlands, for instance, is increasing its 

rainwater catchment area) (Meyer & Nijhuis, 2014). 

 

  

Figure 35 - On the left a map with slums in Dhaka. One can state the risk of the people in them due to their 

proximity to the waters bodies. Source: adapted from (Gruebner, et al., 2014) and  

(Center for Satellite Based Crisis Information, 2004).  

On the right, the same map with the hazardous flood areas. The green areas are the ones in the least danger from 

floods (the higher lands), the yellow ones are under moderate threat and the pale red ones are at high risk (both low-

lying and in some cases water surfaces). Urban expansion is seeing those territories being taken over. Source: 

adapted from (Gruebner, et al., 2014), (Dewan & Islam, 2007) and (Center for Satellite Based Crisis Information, 

2004). 
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As with the country, the city is in grave danger of becoming submerged or suffer the physical effects of 

sea level rise, as well as from the ever-increasing heavier precipitations. The elevation of Dhaka ranges 

from 2 to 13 meters above mean sea level, and most urbanized area lies within 6 to 8 meters (Prosun, 

2011). 

 

Storm surges are particularly destructive in this city, having experienced four major floods during these last 

two decades due to such events, including one that submerged 85 per cent of the city. This due to the 

fact that Dhaka is situated in a floodplain surrounded by distributaries of the Brahamaputra and the 

Meghna. This last distributary is under the influence of eventual tidal surges, raising its water, which can 

reach and flood the city (UN-Habitat, 2007). 

 

In addition to endangering lives, economic and social damage prompted by the disruption of activities in 

textiles, timber, food and agro-based industries are also a reality. Structural damage can cause lasting 

disruption of utility services (which basically stop in flood events) such as water supply, sanitation, waste 

and sewage management, telecommunications, and electricity and gas supplies for days – which are 

already insufficient in Dhaka (UN-Habitat, 2011). Waterborne diseases which spread out during these 

events are also a serious problem. In post-flood events, water scarcity is a serious business that has been 

attempted to be countered. 

 

The floods are further aggravated by the seriously faulty drainage system within the city. With just 100 

millimeters of rain, the human settlement floods. Thus, one cannot only consider the problem of the water 

levels in the rivers, but also the precipitation events which are turning heavier and more frequent. 

 

In the end, Dhaka represents a very problematic city, where infrastructures have not been designed to 

deal with such amounts of storm surge, heavy precipitation and high river discharge waters that are 

constantly being thrown at it. The first attempts to mitigate flood damage started after one in 1988: the 

Buckland Flood Protection Embankment along the Buriganga River, protecting the western part of the city. 

But another flood due to heavy rainfall wreaked havoc in the city in 1998 (Prosun, 2011). The city’s 

adaptation efforts have been aimed at mitigating the impacts of extreme flooding events by expanding the 

Integrated Flood Protection Project, a program funded by the Asian Development Bank to improve flood 

protection structures, drainage and sanitation, and to resettle residents of slums into safer areas (UN-

Habitat, 2011). Studies show that such will not, at least solely, be effective against future sea level rise. It 

is thus essential for the inhabitants to have a safe haven to protect themselves from the floods and allow 

them and their property to get through them unharmed. 

 

4.2.3. LOCAL MATERIALS AND BUILDING TECHNOLOGY 

The vernacular architecture of Bangladesh has its foundations in the culture of the region and its climate. 

The idea of the untutored builders, generation through generation, was of incorporating the environment 
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and cooperating with it in their design. To find such characteristics in buildings, one has to travel to the 

outskirts or territories beyond Dhaka’s city borders with predominant rural nature. 

 

Usually there is a communal space in the center of the houses around which all activities take place (the 

remaining kitchen, bathrooms and animal sheds). Some houses are so merged with nature that it is difficult 

to establish boundaries. But it is easy to notice the small plinth they are endowed with as a primary 

protection against minor floods, insects and small animals (Prosun, 2011).  

 

The materials of vernacular constructions are of a wide and organic variety, very similar to those found in 

the other countries of Southeast Asia. Mud, bamboo and thatch are traditionally embedded in the 

construction frames, as well as bricks (these that are made in the outskirt factories of Dhaka). Regular 

constructions often have mud walls reinforced by thatch or bamboo fibers, which is an inexpensive 

solution, despite requiring regular maintenance. but in the urban areas they are now substituted by tin 

sheets (associated with slums), concrete and steel (Prosun, 2011). 

 

 

Figure 36 - A school designed by Anna Heringer, from Austria, and Eike Roswag, from Germany. The ground floor is 

made of thick mud walls while the upper floor is solely constituted by bamboo. The project aimed to strengthen 

regional identity and maintaining sustainable building techniques. It ended up winning the Aga Khan Award in 2007. 

Source: (Iqbal Aalam, 2012). 

 

4.3. PROGRAM AND FORM 

The program that is most logical and needed in Dhaka is housing. This due to the several aforementioned 

facts in subchapter 4.2: there is a constant annual need of more than 410.000 dwellings (Rajdhani Unnayan 

Kartripakkha, 2015); that the richest 2 per cent of Dhaka’s population occupy the highest lands, which are 

safest from floods, while the poorest 30 per cent do so in the lowest in slums; that public housing initiatives 

are usually bought up by the low middle income groups due to the relatively high prices; that besides a 

quantitative housing need, there is also quite a qualitative need (Vries, 2002), etc.  
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In addition, housing ranks high amongst humanity’s most basic needs, following water and food, health and 

clothing in most literature (Vries, 2002) (Razon & Ahmad, 2017). It is thus a fundamental condition for a 

country’s development and for the quality of life of its people, as the World Bank ascertains since the late 

1960s and 1970s (Arku, 2006), constituting the main core of intervention in several documents and 

policies (UN-Habitat, 2016). 

 

The drawings and representations made throughout this thesis, will translate a proposal with approximately 

49 square meters (6.9 x 6.9 meters), 93 square meters including the porch (9.66 x 9.66 meters), offering 

the possibility of a family up to a maximum of five or six members to inhabit it (the national family household 

size is of 4.5) – Annex Figure 7 in subchapter D. of the Annex. The interior can be divided at will by the 

family, depending on their number and needs. In vernacular architecture, the common space is usually 

located in the center, around which all the other functions are distributed (Prosun, 2011). Such may be 

done here, as long as the estimated weight of the functions is distributed evenly (Visser, 2016) (J. Varela, 

Personal Communication, May, 2017). The only divisions that need to be fixed correspond to the facilities 

where the water fountain and the composting toilet are (meaning that once they are built, it is very hard 

to change their position) – Figure 38. 

 

 

Figure 37 - See caption for Figure 38. 

 

Even though the design developed by Pirthula Prosun for Dhaka already presented a low-cost amphibious 

housing proposal for the city of Dhaka, the one proposed here attempts to join all of the accommodations 

(kitchen, bedroom, etc.) within the same building with amphibious capacity, like in the Makoko Floating 

School, as it can give further flexibility to the construction. 

 

One has to have in consideration that the weight of the household’s components should always be 

1 1 

2 3 
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distributed equally amongst its plan, in order for the center of mass to be located in the middle of the 

structure and, that way, reducing the risks of tipping, heeling and listing (chapter 2) (Singelenberg & 

Nillesen, 2010) (Visser, 2016). It is thus usually safer to opt for a square design. 

 

 

Figure 38 - Examples of a household spatial division with the fixed composting toilet. The quarters are symmetrically 

distributed with the common space in the center.  

Bedrooms: 1. with 7 m2; 1.1 with 7.5 m2 and 1.2 with 5 m2;  

Common space and kitchen (excluding entrance corridors): 2. With 15.5 m2 and 2.1 with 18.4 m2;  

Composting toilet: 3. with 1 m2 and 3.1 with 2.15 m2; 

 Source: by author. 

 

 

Figure 39 - Shading angles in the summer (yellow) and in the winter (blue). The roof allows for the inhabitants to 

enjoy the outside space shaded against the strong radiation of the sun in the hot season. Source: by author. 
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As traditional rural housing in Bangladesh allows for a wide walking and lingering area (Prosun, 2011), the 

floor extends to the outside, acting as a kind of porch, allowing the inhabitants to do so around the house 

and to dock their boats when there are floods. The same applies for the pitched roof, which is prolonged 

farther than the outer wall perimeter of the house providing the necessary shade in the summer as well as 

offering protection from the rain (both to the inhabitants and the structure) – Figure 39. 

 

4.4. LOCATION – MID-EASTERN DHAKA (FLOODPLAIN) 

The project is located in mid-eastern Dhaka’s Central Region – Figure 40. There are several reasons for 

such. One of which is the fact that the land nearest to the center is very expensive and, therefore, not 

affordable for the poorest (Prosun, 2011), which is the population stratum (that is growing) aimed by the 

intervention. In fact, the government is already planning to use the targeted area for low rise low income 

housing (Rajdhani Unnayan Kartripakkha, 2015). 

 

  

Figure 40 - On the left, moderate and high flood risk areas, where most slums and squatter settlements are located. 

The proposal can be built in them if floodwater depth is known. Source: adapted from (Gruebner, et al., 2014) and 

(Dewan & Islam, 2007). On the right, a more precise location (mid-eastern Dhaka) due to several aforementioned 

facts. Source: adapted from (Gruebner, et al., 2014), (Dewan & Islam, 2007) and (Masood & Takeuchi, 2011). 

 

Another is due to the high density of, again, the urbanized region in the center (Rajdhani Unnayan 

Kartripakkha, 2015). Both high land prices and population density are due to it being higher (therefore 

safer) or, in the case of the western low-lying land, protected by an embankment (Thiele-Eich, Burkart, & 

Simmer, 2015). 

 

Adding to the facts stated previously, it is observed that about 60 per cent of eastern Dhaka regularly goes 

under water every year in the monsoon due to the lack of flood protection measures (Masood & Takeuchi, 

2011). Maximum flood water depth has been estimated in several studies for the area, which is an essential 

premise for designing amphibious proposals (Singelenberg & Nillesen, 2010), as their mooring poles are 
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dimensioned accordingly (underlined in chapter 2). 

 

In mid-eastern Dhaka, maximum floodwater depth can reach up to 7.55 meters in the southeastern area 

– one of the reasons why it is classified as a high-risk area (a product of hazard – floodwater depth – and 

vulnerability – exposure of people or assets) (Figure 41) (Masood & Takeuchi, 2011). But this value does 

not have sea level rise nor land subsidence into account. Thus, having in consideration that in 2100 sea 

level is predicted to be 1.5 to 1.8 meters higher, such values should be added to maximum floodwater 

depth when dimensioning the mooring poles, as safety margins (though the correct procedure is not that 

linear). 

 

  

Figure 41 - The location (mid-eastern Dhaka) of the project. Both maps have the approximate location of Block M 

highlighted by an empty white polygon (see next subchapter 4.5.). The approximate land use on the left, where 

green stands for agricultural land and the white stains represent land filled areas. Built over land is notorious. 

On the right, the 100-year flood map of part of the area, where inundation depth is represented through various 

colors. Red stands where inundation depth is over 4 meters, orange where it is between 3 and 4 meters, light green 

where it is between 2 and 3 meters, light blue where it reaches between 1 and 2 meters and blue where it reaches 

less than 1 meter. One can see that land filled areas have little risk of flooding since they do not fit in any of the 

previous categories. Source: adapted from (Masood & Takeuchi, 2011). 

 

4.5. DESIGN AND URBAN DISPOSITION 

Block M is an area in mid-eastern Dhaka which is for sale and awaits urbanization, even though it seems 

some foundations have already been built, delineating the plots. As a consequence (or due to), roads have 

also been designed. The area is here serving as an example of a possible location for the amphibious 

proposal, even though it is one of the landfilled areas – Figure 41. Block M has a very similar urban design 

to that of the rest of the area (including that which is not landfilled), varying little from an orthogonal grid 

with north-south oriented plots. This fact facilitates natural ventilation of the houses and is the optimum 

positioning for the solar panels (south). 
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Figure 42 - Block M highlighted by a white polygon. Urbanization is expanding from Dhaka’s center to the area. 

Adapted from: (Bing Maps, 2017). 

 

The urban design is speculative, since there are no other fully amphibious neighborhoods (De Gouden Kust 

is a line of amphibious houses, which is not quite what is sought out for here). From the premises 

established in the early chapters, one can deduce several principles that should constitute an amphibious 

urbanization. For example, it has to have in consideration the fact that if there is a need to tow one of the 

houses, there is enough space to do so and that people will move around on boats when the land is flooded 

(as such, space to moor at least one is needed) – Figure 45. The houses are moored in pairs through a 

bamboo grid to minimize the number of poles used for such a purpose and to add stability to both (much 

like De Gouden Kust) (M. Guedes, Personal Communication, May 18, 2017) (Boiten & Factor Architecten, 

2011) – Figure 43. Having in consideration the tendency of the wind to blow south-north or north-south, 

there should be enough room between each pair for the wind to blow (reducing the number of obstacles). 

 

 

Figure 43 - A perspective of what an amphibious urbanized street in Block M would look like. Source: by author. 

0      500 m 
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Other communal spaces present in Figure 44 are not part of the proposal, but rather simulations of what 

an urbanization would look like. The urbanization would be of low density, opposing the city center of 

Dhaka, considering each house would have a maximum of 5 people. 

 

 

Figure 44 - Suggestion of an urban disposition for an amphibious neighborhood in Block M. Source: by author. 

 

The common rainwater cistern (or deposit) has to do with the fact that the houses have little rainwater 

storage capacity (see subchapter 4.7.) within their structure. Each house would act as a rainwater collector 

from which drinkable water would be redirected onto the common cistern (or deposit). 

 

 

 

Figure 45 - View of the main façades (the ones turned south). Source: by author. 

 

 

Amphibious houses with gardens Between each pair there is 5 meters for mooring boats 

Public building (church, city hall, etc.) River 

0             100 m 

Communal park 

Common mooring system 5-meter-wide corridor where boats can be moored 

Rainwater cistern/deposit 



 

57 
 

4.6. CONSTRUCTION 

4.6.1. MATERIALS  

Area Materials 

Platform/plinth Brick and cement (mortar)/can be in concrete 

Foundations 

Bamboo: Boruck, 8 centimeters in diameter 
Plastic barrels/drums (recycled)* 
Jute (or Nylon) ropes 
Boruck bamboo pegs/rods 
Water barrier 

Flooring 

Split Jawa bamboo in two layers and a Mulli woven mat on top 
Water barrier (below the split Jawa bamboo and on top of the 
foundation structure) 
Staples 

Body 

Bamboo: Boruck, 8 centimeters in diameter; 4 centimeters for 
the interior wall structures and windows 
Boruck bamboo pegs/rods 
Jute (or Nylon ropes) 
Staples 
For the exterior walls: Split Jawa bamboo and Mulli woven mat. 
Polystyrene may be used for insulation (though cheap, it is not 
recyclable) 
For the doors: Boruck bamboo for the main structure. Split 
Jawa for the exterior. 

Roofing 

Boruck bamboo – 8 centimeters in diameter 
Corrugated tin (0.5 mm thick) 
Screws 
Woven Mulli bamboo, or an equivalent substitute, such as palm 
leaves, etc. (below and on top of the corrugated tin) 
Thin (1 centimeter in diameter) Jawa or boruck bamboo for the 
battens 

Installations/Facilities 
Flexible plastic piping 
Solar panels (and associated batteries, wires, plugs, etc.) 
Compost toilet (or latrine) in two of the barrels 

Mooring 
Wooden poles (Garjan Timber) 
Cement for locking the poles into place 

 

Table 7 - Materials for construction in each building part. Most of them are adapted from the Makoko Floating 

School and the LIFT House. *Bangladesh has several plastic factories as well as one of the biggest plastic recycling 

industries in the world. Like in Lagos, Nigeria, in Dhaka there are plastic barrels in abundance, though different in size 

and capacity (these could not be accounted for and so the 200-liter size was adopted). Source: by author. 

 

The materials used in the project are all based in the vernacular architecture found around the rural areas 

of the country, with the exception of the foundation’s plastic barrels (due to providing floating and water 

storage capacities to the building) and the corrugated tin in the roof. This last can be found in abundance 

in the bastees and slums of Dhaka, as their inhabitants associate it with urbanization and find its accessible 

(Vries, 2002) – a kind of symbol of status (Prosun, 2011). 

 

Corrugated tin is not a thermally comfortable material, even though it reflects a great part of the solar 

radiation in its early years, which is good, it becomes highly absorbent when rust sets in. Consequently, 

this absorbed radiation is emitted into the living space of the house, turning it into a greenhouse (M. 

Guedes, Personal Communication, May 18, 2017). The solution, thus, is to complement the waterproof 

qualities and durability of the tin with Mulli fibers (or an equivalent vegetal substitute) below and on top, 

which will act as thermal and acoustic insulators. The top layer will dampen the sound of the clashing rain 

and shade the corrugated tin from direct sunlight, minimizing the heat emitted into the house. The layer 
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below, in addition to being more comfortable for the eye, it also works as an acoustic insulator for both 

inside and outside noise (the rain) – Figure 55. 

 

 

Figure 46 - Exploded axonometric view of the proposal with some of the main materials. Source: by author. 

 

Alternatively, the roof could be entirely made of split and stacked bamboo, but it would need substitution 

every 6 months to 3 years due to the direct solar and rainwater exposure it would be subjected to (Natural 

Homes, 2017) (R. Reubens, Personal Communication, March 3, 2017). 

 

As is the house, so are the materials aimed to be accessible by the lowest income groups. 

 

Used plastic barrels (or drums) may be found in Dhaka. They are used to store industrial waste and other 

substances. The precise geometry of the ones that are most common could not be accounted for. As such, 

for the project’s foundation, those with 208-liter capacity (cylinder-shaped and usually measuring 610 

millimeters per 880 millimeters in height) have been adopted. They are cheap, have a high durability and 

require no maintenance (NLÉ, 2016). A great number of homemade floating docks use them in their design. 
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Bamboo is present in every part of the building’s structure (roofing, walls, foundation, etc.). It is the 

cheapest house building material in the country (despite the fact that it is more expensive in Bangladesh 

than anywhere else in the world) (Vries, 2002). It is a very good material in terms of sustainability due to 

its short growth cycle – at the age of three it can already be harvested and applied in various uses, namely 

construction –, its ability to trap carbon dioxide at high rates and to its root system being preserved when 

the canes are harvested, having the potential of preventing deforestation and desertification (Asif, 2009) 

(Prosun, 2011): some species have been measured to grow over 1.2 meters in one day (much faster than 

any other wood species) (Ibuku, 2017). In just three years it becomes mature, reaching several centimeters 

in diameter (depending on the species).  It is very resistant to compressive and tensile tensions, lightweight 

and requires few maintenance (Asif, 2009). Several sources state constructions made out of it have the 

potential of resisting earthquake and cyclonic wind forces, which threaten Bangladesh (Building Trust 

International, 2013). The local people know how to work with bamboo, as it is used often in interior 

decoration, musical instruments and clothing (Prosun, 2011). 

 

Despite the advantages, bamboo is set to have a few drawbacks, mainly due to it being a natural material. 

For starters, it has very poor fire resistance and treatments to mitigate such a flaw are, usually, very 

expensive (Natural Homes, 2017). With no treatment, whatsoever, bamboo’s life expectancy is a source 

of discord. There is no universal value for it, but general statements and notions acquired through 

experience by the people in villages. According to Rebecca Reubens (R. Reubens, Personal Communication, 

March 3, 2017), untreated bamboo’s lifetime is of not more than 3 years (generally, since it depends greatly 

on the agents it is exposed to). If one wants to delve more specifically into the theme, untreated bamboo’s 

life expectancy is roughly: 6 months to 3 years in the open and in contact with soil and rainwater; 4 to 6 

years under cover and free from contact with the soil; and 10 to 15 years under very good storage/use 

conditions (Janssen, 2000). 

 

Insects and fungi find its starch suitable to satisfy their needs (Hunnarshãlã Foundation, 2013). Literature 

on the matter usually underlines several aspects that have to be taken in consideration, if one’s intentions 

are to extend the material’s lifetime to its full potential. From the moment of harvest to the moment of 

maintenance (Village Volunteers, 2010): 

 

o Bamboo should be harvested during the dry season (it has less percentage of water and starch in 

it and less probability of being corrupted by insects) and should be at least 3 to 5 years old to 

serve construction purposes (Cali Bamboo, 2016) (Janssen, 2000) (Village Volunteers, 2010); 

 

o Immediately after harvesting it should be treated (in less than 24 hours). First, it should be cleaned 

and shaved around the joints, as well as drilled in every hollow section, for the next phase to be 

more effective. That phase consists of either submerging the bamboo in water for 2 to 3 weeks 

(R. Reubens, Personal Communication, March 3, 2017) (this period of time usually differs in the 

various sources, as some advise a minimum of at least 4 weeks (Village Volunteers, 2010)), to 
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remove the starch; or in a borate/borax solution for 7 to 10 days, substituting the starch with an 

insecticide/preservative substance (borax salt) (Prosun, 2011). There are other traditional 

processes, such as smoking and lime-washing. Industrial preservation processes are usually more 

expensive (Janssen, 2000) (such as heat treatment (Village Volunteers, 2010)). 

 

o After that, bamboo needs to be stored in the upright position in sunlight, in order to drain and dry 

for 2 to 3 days, at which point it is ready to be prefabricated for construction (Prosun, 2011); 

 

o It is advised not to expose bamboo poles against direct sunlight, soil, moisture and rain (Village 

Volunteers, 2010); bamboo has to be kept dry, as no treatment will be good enough to solve the 

problems of incorrect design (Janssen, 2000); one should not leave any hollow sections open to 

prevent the entrance of unwanted beings; 

 

If these procedures are correctly carried out, bamboo’s service life can be extended to up to 25 years 

(Janssen, 2000). 

 

Other setbacks can be traced back to the region of Bangladesh and not to the bamboo itself: the demand 

for the material surpasses its supply (90% of each year’s harvest is used for either structural support of the 

house or the partitions and walls) and its productivity is slowly decaying (about 2.6 per cent every year) 

due to the conversion of its forests into plantations through burning (Vries, 2002).  

 

Like wood, only through the use of the proper species will one design a durable building (Village Volunteers, 

2010). Hence why several are mentioned in Table 7. The species that are more adequate for construction, 

amongst those found in Bangladesh, are the Boruck (the strongest one, for structural purposes – columns, 

beams, pegs/rods, etc.), Jawa (grows tall and straight, thus ideal for flooring and finishing) and Mulli (the 

softest – better for dismantling into fiber and intertwining into mats for interior walls) (Prosun, 2011) (R. 

Reubens, Personal Communication, March 3, 2017). These were all used in the LIFT House by Pirthula 

Prosun. 

 

4.6.2. STRUCTURE 

The platform, or small plinth, below the foundation is found in traditional rural settlements around 

Bangladesh, acting as a first barrier against insects, small animals and minor floods. It also has the role of 

acting as a transition between the soil and the structure, keeping the last leveled and avoiding direct 

contact between the bamboo and the soil, increasing the service life of the first. Its height varies according 

to the water depth of the minor floods in its area. Since minor floods are of little concern to the nature of 

the proposal (amphibious), the plinth has a height of 15 centimeters, acting mainly as a transition between 

the soil and the structure. Its width and length are slightly bigger than that of the foundation. 
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Figure 47 - Structural elements. Source: by author. 

 

The structure of the house is constituted by simple beams and pillars which rest upon each other. It is 

important to underline that the structure, when floating, will be supported by the foundation’s plastic 

barrels. But when on dry circumstances (on the plinth) the weight of the structure is ensured by the 

bamboo pillars.  

 

For the house not to drift away with flood currents nor to be detached from the ground/water due to 

strong winds, and to avoid tipping, heeling and listing, the existence of mooring poles is of primordial 

importance (as underline in the previous chapters). These are integrated in the design of the structure and 

fastened into the foundation’s reinforcement grid. Their height can vary from 1.04 m (height from the top 

of the plinth to the point where the structure is fastened) + 1 m (minimum floodwater depth is less than 1 

m) + 1.5 m (expected global sea level rise by 2100) to 1.04 + 7.55 m (maximum floodwater depth) + 1.55 

m from the top of the plinth to their highest point. They are four in number to avoid relative displacement 

and their connections with the house are reinforced – Figure 48. There should not be any sharp edges in 

the poles, to prevent them from cutting the ropes of the structure. 
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Reinforcing foundation structure 
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Figure 48 - From left to right, a sequence of assembly of the mooring poles. First, the pole is inserted in its 

respective hole. Then, the reinforcements are placed and connected to the main structure of the foundation. Source: 

by author. 

 

The mooring poles have a retractable mechanism for when it is necessary to relocate the house, increasing 

flexibility towards the uncertainty of sea level rise (underlined in chapter 2). This can only be done when 

the site is flooded. 

 

 

Figure 49 - The house being towed when the mooring poles are removed and the site is flooded. Source: by author. 

 

In the foundation, on top of the plinth, there are 156 plastic barrels (or drums). They are all cylinder-shaped, 

with 208-liters capacity, void and measure 880 (height) x 610 (diameter) millimeters. Their role is essentially 

to endow the structure with floating capacity, though they can also aid in the role of the plinth, adding an 

extra 440-millimeter height of protection against minor floods. They are disposed in groups of four – 

constituting modules of 1.4 x 1.4 meters – and their bamboo structures vary depending on whether they 

store rainwater or not. If they do, their structure has to be more robust, as they will cope with a greater 

weight when floating – Figure 50. Another reason for their distinct structure that they should be easily 

removed to carry out maintenance. The foundation is designed as an orthogonal grid in order to support 
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and trap the barrels onto each other, so they do not drift away with the current of eventual flood events, 

at the same time ensuring a robust foundation for when the house is solely standing on land. 

 
 

Figure 50 - The two different types of barrel groups. On the right, the ones where water will be stored (though just 

in half of them). Source: by author. 

 

According to the Archimedes’ principle, the upward force, the fluid subjects the object to, is the same as 

the weight of fluid volume misplaced by the object (Impulse = I = Density of the fluid x Volume of misplaced 

fluid x Gravity’s acceleration). It has to be greater than the weight of the object on it (P = Density of the 

object x Volume of the object x Gravity’s acceleration). As the volume of misplaced fluid is the same as the 

object’s submerged volume, the decisive factor in the calculations is the density.  Summarizing, the premise 

I (or Df) > P (or Do) has to be verified – Figure 51. 

 

 

Figure 51 - The weight of the structure has to be smaller than the upward impulse of the water. Source: by author. 

 

If I = P or I < P, the object will sink in the fluid. The density of the fluid, in this case water, is the universally 

agreed standard value of 1000 kg/m3. The density of the barrel, on the other hand, is considered to the 

same as the air’s, which is smaller than that of the water and, thus, allows for floating capacity: D = 1.29 

kg/m3. Thus, I = 1000 kg/m3 x 0.258 m3 x (9.8 m/s2) = 258 kg (2528.2 kg.m/s2) (Newtons) and P (barrel) 

= 8.5 kg (an approximate value according to a Japanese’s company catalogue (Kodama, 2011)). So, if the 

barrel is completely empty, it can support 249.5 kg without sinking. If, on the other hand, is filled with 

P 

I 
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water closely until half, it sinks (because I = P). In conclusion, 100 barrels can support up to 25 tons (100 

x 249.5 = 24950 kg) while floating. And 156 empty barrels (the number of barrels including the ones where 

water is stored) can support 39 tons (156 x 249.5 = 38 922 kg). As a safety measure, for the purpose of 

structural calculations, one will consider water storage completely full (see subchapter 4.7.), which adds 7 

tons to the weight of the house and removes part of the impulse of 28 barrels (7 000 kg). Thus, the weight 

the barrels can support is: 39 ton - 14 ton = 25 ton. The barrels should only support 12.5 tons (25 / 2 = 

12.5 ton), in order for only submerging them until half (J. Varela, Personal Communication, May, 2017) – 

the function on page 72 can be used to verify such a condition –, avoiding direct contact between water 

and bamboo as much as possible. 

 

The density of the bamboo is particularly hard to account for, as it varies with the species. The value for 

such, to account for the buoyancy of the structure, is assumed to be 812 kg/m3, according to a scientific 

paper which has the aim of determining the several properties of Bangladesh’s bamboo (Ahmed, Mahzuz, 

Dutta, & Rose, 2012). Thus, to verify the safety of the structure when subjected to floods, one must 

account for the weight of the bamboo (structural material) and all the other components (subchapter D. in 

the annex). 

 

Even though nails, staples, ropes, piping, solar panels, Mulli bamboo (walls, floor and roof) and battens 

were not accounted for, through the calculations, one can ascertain that floating capacity is ensured with 

a great safety margin (of 4 ton), as 8.5 ton < 12.5 ton < 25 ton (P < I). 

 

Following a recommendation from Prof. Dr. José Varela, since there are no security thresholds established 

for amphibious buildings (government laws in the Netherlands, for example, did not get published yet 

(Visser, 2016)), worse case scenarios testing the limits of the structure might be relevant. It only makes 

sense that these consider weight (P) and impulse (I) variations due to either structural failure (loss of floating 

capacity, more people in the structure than forecasted, etc.): 

 

• 1st scenario: A sharp wooden pole is dragged with the current of the floodwater. It punctures 

several barrels. The water storage in the barrels is completely empty. How many can be 

compromised until the house sinks? 

o 39 ton (total floating capacity) - 8.5 ton (weight of the structure) = 30.5 ton 

30 500 kg / 250 kg = 122 

There is a considerable safety margin of 122 barrels (roughly half the barrels). 

• 2nd scenario: A sharp wooden pole is dragged with the current of the floodwater. It punctures 

several barrels. Water storage barrels are completely full. How many can be compromised until 

the house sinks? 

o 32 ton (128 x 249.5 kg) - (8.5 ton + 28 x 249.5 kg) = 16.514 ton 

16 514 kg / 250 kg = 66 

66 barrels need to be compromised for the structure to sink in these conditions. 



 

65 
 

• 3rd scenario: A sharp wooden pole is dragged with the current of the floodwater. It punctures 

several barrels. Water storage barrels are completely full. 30 people (60 kg each on average) in 

the surrounding area take shelter in the house. How many barrels can be compromised until the 

house sinks? 

o 32 ton - (8.5 ton + 28 x 249.5 kg) - 30 x 0.06 ton = 14.714 ton 

14 714 kg / 250 kg = 58.856 

58 barrels need to be compromised for the structure to sink in these conditions. 

• 4th scenario: Water storage barrels are completely full. The exact number of people for the house 

to sink take shelter in it. How many are they (60 kg each on average)?  

o 32 ton (128 x 249.5 kg) - (8.5 ton + 28 x 249.5 kg) = 16.514 ton 

16 514 kg / 60 kg = 275 

275 people sink the 93-square meter house. 

 

These calculations can easily be translated into an equation, considering the center of gravity remains 

unchanged and on the center of the structure: 

 

f(P, n, a)=
P

(249.5 ×(156 + ( -n - 28 × a)) - (a × 7000)
 × 880 

 

f(P) is in millimeters. P (in kg) stands for the weight of the structure and of additional bodies on it (people, furniture, 

etc.), excluding the water storage; The denominator of P is the impulse, where a stands for how much the water 

storage is filled, comprehending values of 0 < a < 1 (0 = empty; 0.5 = half full; 1 = full) and n for the number of 

compromised barrels; If f(P) ≥ 880, then submergence of the structure is verified. 

 

If P tends to infinity, submergence tens to infinity as well. If P equals its denominator, submerge is total 

and security is at risk (1 x 880 = 880 mm). If P is half its denominator, submergence is half (1/2 x 880 = 

440 mm). 

 

Such equation may be useful to understand how much of the bamboo in the foundation reinforcements is 

in direct contact with floodwater and, therefore, will require higher amounts of maintenance. 

 

The mooring poles act as stabilizers for heeling, listing and tipping, opposing such movements (J. Varela, 

Personal Communication, May, 2017). 
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Figure 52 - Illustration of the function f(P). The forces are not in the center of mass of the house in this image, like in 

Figure 51, but they are in theory. The image is just to show the reader what the function f(P, n, a) means. Source: by 

author. 

 

 

Figure 53 - Southeast axonometric view. The structural disposition of the main load bearing pillars. Source: by 

author. 

 

Regarding the disposition of the load bearing structure, several cases in literature suggest the vertical 

bamboo pillars and the roof rafters should not span more than 1.2 meters in order to resist seismic and 

wind forces. On the other hand, Pirthula Prosun’s square sectioned LIFT House (the part with floating 

capacity) has a span of almost 3 meters between the main load bearing pillars (four bamboo-cane columns) 

with thinner vertical elements compensating in the middle (one bamboo-cane column). Thus, the solution 

opted for the disposition of the vertical structural elements is to have the main load bearing pillars 

f(P, n, a) 

P 

I 
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distancing a maximum of 1 meter, from axis to axis, in every façade. The beams in the roof will naturally 

have the same disposition. 

 

Since Bangladesh has a high probability of seismic events, as well as strong winds, the structure needs to 

function as a whole when subjected to such forces (International Federation of Red Cross and Red 

Crescent Societies, 2009). As such, it is reinforced with diagonals (Hunnarshãlã Foundation, 2013) – Annex 

Figure 3 in subchapter C. of the Annex. Further reinforcements may be done resorting to hurricane straps 

in each of the corner joints (between pillars and beams) and more diagonals (from the pillars to the roof 

and in this last). 

 

For the same reason, bamboo connections are accomplished through the use of pegs/rods of the same 

material with jute (or nylon) rope, or another substitute of equal performance, reinforcing them – Figure 

54. It is particularly important to do so in parts where water is more likely to be in contact with the structure 

(such as in the foundations) (Prosun, 2011). In the project, seldom does one have to puncture holes 

(excluding those made for the rods) in the bamboo when performing joints. In fact, this only happens in 

the diagonals of both the foundation and load bearing pillars – Figure 54. Knots bonding bamboo poles 

are characterized as being of the shear lashing type (which prevent the relative rotation of the bamboo 

poles) (Hunnarshãlã Foundation, 2013). 

 

 

Figure 54 - From left to right, an example of the sequence of bamboo joinery of the diagonals in the foundation with 

the insertion of a bamboo peg/rod. The knot prevents rotation and movement. More details on the different types 

of knots and joints are available in the sources, such as (Hunnarshãlã Foundation, 2013). Source: by author. 
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Part of the roof’s structural design has already been mentioned in the former subchapter considering the 

materials. It is constituted by several layers whose roles complement each other by dampening sound (both 

bottom and top woven Mulli bamboo layers) and solar radiation income (top Mulli bamboo layer) - Figure 

55. These layers are joined by screwing and nailing. 

 

 

Figure 55 - Roof layers. Source: by author. 

 

4.6.3. BUILDING SEQUENCE 

Prior to start constructing the house, a series of measures must be taken to prepare the bamboo for 

appliance (which were already mentioned in the previous subchapter about the materials). Simples tools 

can be used when manipulating, cutting and taking care of the bamboo (such as a machete knife, drill 

machines, hammers, splitting jigs, etc. (Village Volunteers, 2010)). The following images will illustrate a 

possible sequence for building the proposal. 

 

 

1 - The construction starts with the brick plinth and the 

excavation of the holes where the mooring poles will fit. 

 

2 - Thereafter, the foundation can be assembled atop of 

it. For now, the modules are loose and disassembled. 

Radiation and sound dampening 
layer (woven Mulli bamboo) 

Battens nailed to the 
corrugated and to which 

the woven mat is attached 

Load bearing structure 

Sound dampening layer 
(woven Mulli bamboo) 

Battens  
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3 - The modules can now be assembled together by the 

structural bamboo beams atop them and on their flanks. 

 

4 - Further reinforcements in the opposite direction are 

needed. 

 

5 - The mooring poles can be assembled in the structure 

and secured in the ground. Their height will depend on 

the maximum floodwater depth of the site. 

 

6 - The vertical pillars and west-east roof beams can be 

assembled. One has to ensure they support the weight 

of the entire structure. 

 

7 - The opposing (now north-south) roof beams and 

pillars are placed and joined together. 

 

8 - Wind and seismic structural reinforcements (such as 

the diagonals) are built. 



 

70 
 

 

9 - Additional roof support with pillars on the outmost 

house perimeter. 

 

10 - The roof should be assembled before any finishing 

(floors, walls and doors). 

 

11 - The floor, walls and doors can be built and 

assembled. At this point, a water proof layer should be 

added between the floor and the structure of the 

foundation. 

 

12 - The structure storing rainwater marks the final step. 

 

Step 11 and 12 may arguable be done in the opposite order. 

 

4.7. FACILITIES (ENERGY USE AND COMFORT) 

Having already introduced a number of problems which would inevitably lead to the adoption of rainwater 

catchment and storage (the problem of surface and groundwater being severely polluted with arsenic, of 

land subsidence due to the extraction of the last and the lack of a capable public supply) one should not 

forget anothe. With an annual average of 2 540 millimeters of rain (Weather and Climate, 2016) and a 

catchment area of 113.5 square meters (roof area), yearly values of rainwater catchment can reach up to 

310 000 liters (calculated resorting to an online calculator (Rhino Water Tanks, n.d.)). According to the 

calculations of Pirthula Prosun for the LIFT House (Prosun, 2011), a 48 000 liter storage capacity is 

adequate for a 5 member family household to get through the dry season (from October to March – 6 

months with 8 000 liters per month). Indoor uses of water include cooking, drinking, washing clothes, 
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dishwashing, floor cleaning, bathing and hand washing (flushing is not included due to the fact that the 

composting toilet does not make use of any water). 

 

 

Figure 56 - Rainwater catchment system. Source: by author. 

 

Rainwater storage in the proposal is ensured by the farthermost 14 barrels trapped into a boruck bamboo 

frame, on the northern and southern sides of the house (totalizing 28 in number). Though it has capacity 

to store only up to 5 600 liters (28 x 200 = 5 600), which is enough for about 21 days. The system was 

designed as such due to several reasons. First, due to the fact that the necessary water storage capacity 

is too great to be supported by all the barrels in the foundation. If one were to store water in all of them, 

floating capacity would be lost (as the weight of the structure would be greater than the impulse the water 

would subject it to) (see subchapter 4.6.2. for calculations). Second, it is a way to create favorable 

conditions for the house to be towed along with part of its resources. If, for any reason (the land has 

become too dangerous flood and storm wise, the population is going to be relocated, etc.), the house needs 

to be towed, 21 days’ worth of water are dragged along with it as a sort of emergency deposit.  

 

Ensuring the proper amount of water for the inhabitants not to worry about its scarcity is, perhaps, the 

most challenging aspect of designing a low cost amphibious house. With a faulty public supply, there are 

few options available for providing the necessary water. The solution for the problem could be an 

underground concrete well where 42 400 liters would be stored. Or, if there is more than just one 

amphibious house, a neighborhood for example, of the same configuration, a common cistern (or deposit) 

to which rainwater excess (more than 5 600 liters) could also be pondered (thus excluding the underground 

wells) – Figure 44. If so, having this is mind, it is advised for the inhabitants to consume the water in the 

Average annual 
rainfall: 2 540 

2800 
liters 

2800 
liters 
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barrels only after that of the cistern (deposit) is scarce. 

 

The top of the roof has a slight opening, since natural ventilation has been given priority when pondering 

it with other kinds (air conditioning, fans, etc.), due to the limited energy supply and the sustainability of 

the proposal (both in cost and energy consumption). The southern-northern orientation of the house and 

its openings enhance the effectiveness of the natural ventilation, as they have in consideration the fact 

that the weather is usually very hot and humid in the summer months (between March and June) and that 

the wind blows from the South at that time. Thus, the design offers a solution for the air to naturally flow 

at the level of the human body and provide thermal comfort to its users, as well as for the excess heat to 

be drained (M. Guedes, Personal Communication, August, 2016) – Figure 57. According to Manuel Guedes 

(M. Guedes, Personal Communication, August, 2016), this is an effective measure if wind speed is between 

2 and 2.5 meters per second or slightly higher (higher windspeeds are cooling as well, but may lift papers 

and clothes, becoming uncomfortable). Average windspeed inland is of around 3.5 meters per second 

(subchapter 4.2.1.), which is acceptable (Khan, Iqbal, & Mahboob, 2004). 

 

 

Figure 57 - Ventilation is ensured by the design of the structure. As wind blows from the South in the summer, the 

house is oriented to catch it, refreshing itself at the level of the human body. The blue lines are representing the 

wind. Source: by author. 

 

Electricity is guaranteed through the presence of photovoltaic panels in the roof, constituting a stand-

alone grid (Prosun, 2011) – Figure 58. They are estimated to last up to 25 – 30 years. Each is connected 

to a 12 Volt battery (with a capacity of 20 AH – Amp Hours) and has its own wiring connecting to plugs 

and light fixtures in each of the main spaces (3 plugs – kitchen and two rooms – and 4 light fixtures for 

each of the panels). The fixtures should be equipped with energy saving bulbs (CFL with a consumption of 

5 – 25 watts) for maximum energy usage, allowing for a 6-hour period on. The system also powers the 

two 30 watts fan of the composting toilets. It is possible to connect a television and chargers to this system. 
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For charging other equipment, like a hotplate, electric stove, etc. a higher number of solar panels would be 

needed. Since the hotplate would be a good alternative for the kitchen, as it minimizes the risk of fire 

within the building and is necessary for making water drinkable (it needs to be boiled when extracted from 

storage) the calculation of the needed solar panels should be a concern. As such it will be considered that 

the hotplate will be turned on for 1 hour per day, the fans of the composting toilets permanently turned 

on during the day and the light bulbs turned on for 6 hours (and other fixtures): 1 h x 1200 W + 2 h x 30 

W x 24 h + 200 W x 6 h = 3840 watts per day. Multiplying by the eventual energy loss factor of 25 per 

cent, the value of energy need reaches 4800 watts per day. Being 60 w solar panels the cheapest, one 

needs to find out how many are needed for coping with such a demand. 12 x 20 = 240 watts (the energy 

one single battery would be able to deploy for 1 hour, 120 for 2 hours, and so on). The panels are facing 

south, which is the optimum orientation for collecting sunlight. The same logic is applied to the tilting angle. 

being set between 20 to 25 degrees (Islam, Alam, Sharker, & Nandi, 2016). 

 

In the monsoon season, the summer, daily hours of sunlight are of around 1.5 hours (Weather and Climate, 

2016). So, from June to August, 1.5 h x 60 W = 90 watts is the power that one single panel can transmit 

to one of its batteries per day. 4800 / 90 = 53. The number is not feasible. Thus, at this time of year, 

having in consideration that the composting toilets have a capacity for storing up to 1 year of compost, it 

is recommended that just one of them is used, while the other is kept closed and its fan turned off. That 

measure represents a reduced power demand of 900 watts per day. 3900 / 90 = 44. The number is still 

too great. The panels will have to swapped by those with 120 watts. As such, 22 (3900 / 180 = 22) solar 

panels are needed (17.6 m2 of the 55.17 m2 total roof area required in the southern side). In the rest of 

the year, average daily sunshine hours (from 3 to 9 hours) is much greater, being the inhabitants able to 

use both toilets and power their devices for longer periods (such as the hotplate, the light bulbs, etc.). 

 

 

Figure 58 - Schematic longitudinal disposition of the stand-alone electrical system. Every room has one plug and one 

light bulb. The batteries and charge controller are located in the kitchen. Source: by author. 
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Regarding the toilet, based on the data exposed in the previous subchapters, it will be a composting one 

(as in the LIFT House).  This mainly due to it using few to no water (which is scarce). At first, research was 

carried out to include the composting toilet in the foundation barrels. But considering a low-cost 

composting toilet would need to have drainage stones in its bottom, would eventually be filled with manure 

(and, thus be too heavy to lift from the foundation) and could prove a liability to the foundation structure 

(to be able to maintain the composting toilet one would need some sort of trap door to access its content 

from above, as from the sides it would be impractical, due to floodwater and structural limitations), it is 

better to have one easily accessible and at floor level. 

 

For the decomposition of the solids, after every usage, dry bamboo leaves should be deposited along with 

the human waste, so they can facilitate the process. This will produce vapours (and smells) that will be 

forwarded to the outside environment by a 30 W fan (the only device that consumes electricity in this 

facility), resulting in a dry manure that can be used as agricultural fertilizer by the time it has to be removed 

from its deposit (Prosun, 2011). The barrel storing the composting substance should never be filled up 

until the top (full capacity). Considering that each person produces around 10 – 40 liters of compost per 

year (NLÉ, 2012) and that the house will be projected to the average family of five members, 10 (or 40) x 

5 = 50 (or 200) liters of compost per year. Thus, it is concluded that the compost storage barrel should be 

emptied every year. For safety reasons, it should be emptied beforehand, so it does not reach its limit 

capacity. Two barrels will be used for storing composting human waste, so their maintenance period is 

widened twofold. The users of the toilet may check the level of the composting substance through its 

borehole. In order to do so, it is possible to remove the floor atop of it and the barrel’s lid. Thereafter, the 

compost will have to be extracted through excavation, as it will be too heavy to be lifted. 

 

4.8. MAINTENANCE AND DURABILITY 

The durability of the whole construction will very much depend on the users’ maintenance and if correct 

harvesting and treatment procedures were carried out. Especially on the structure’s main component: 

bamboo, as several sources state. 

 

Humidity and solar exposure (excluding insect and fungal activity due to the treatment) are seen as the 

most harmful for this material’s integrity. Being in the northern hemisphere of the planet, the southern 

façade of the house will experience higher sun exposure, while the northern one will be more exposed to 

humidity.  

 

With no further maintenance carried out and no treatment whatsoever, the bamboo that is in direct 

contact with the exterior climate (the one in the foundations, in the outside walking space and the exterior 

walls) would need to be changed every 4-6 years. But considering treatment is carried out, it needs to be 

done every 15 years (Janssen, 2000). On the other hand, bamboo that is in intermittent contact with water 

(in the water storage and the top layer of the roof) will need to be changed frequently, with or without the 
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treatment – every 1 to 3 years (R. Reubens, Personal Communication, March 3, 2017) or every 6 months 

to 2 years (Natural Homes, 2017). Regarding the safeguarded bamboo (the one in the interior), its service 

life is expected to be up to 25 years (Janssen, 2000) – Annex Figure 4 in subchapter C. of the Annex. 

 

Bamboo, thus, needs to be constantly monitored and protected and its joints should be reviewed every 

few years to confirm that they remain secure (Ibuku, 2017). In the long run, it is both more sustainable and 

economic to resort to maintenance than to total substitution. If bamboo is taken care of, it may even last 

for over 50 years (Cali Bamboo, 2016). A cost-benefit analysis will easily bear out the desirability of 

preservation (Janssen, 2000). 

 

The roof and overhang of the proposal protects the bamboo from some of the direct sunlight and the rain 

it is so sensitive to. One should also have in mind to constantly allow unrestricted airflow to facilitate quick 

drying. 

 

Regarding the facilities, their maintenance has been expressed in the subchapter dedicated to them. 

Though, one reference that was not made: the solar panels should be cleared off any dust and dirt for 

maximization of their potential, keeping their performance topped. 

 

4.9. COSTS 

As often stated throughout the project’s description, the materials chosen for composing the proposal are 

amongst the cheapest in Dhaka, Bangladesh. Nonetheless, literature referring them covers a few number 

when discriminating prices precisely (a quantitative value), stating more often general facts (what is cheap 

and what is not). Surveying prices from an IP address in Europe does not have the same result as surveying 

prices from one in Bangladesh. Those based on Statistical Pocket Book Bangladesh 2015 (Bangladesh 

Bureau of Statistics, 2016) are more reliable than others. Personal contact with the Embassy of Bangladesh 

in Portugal also helped estimate some prices (such as the ones for corrugated tin and plastic drums). 

Although, their estimation is the same the author could have done, since they researched in the internet. 

Thus, it is very probably that the materials costs stated here are higher than those in Dhaka. Price 

estimations can be consulted in subchapter D. of the Annex. 

 

One should be aware that there are also expenditures in material transportation (these vary widely 

according to the type of vehicle and the distance from the source – some can be consulted in (Bangladesh 

Bureau of Statistics, 2016)). Apart from the building itself, the land where the proposal will be also has a 

cost. 

 

It is, therefore, hard to precise how much the house will cost, as there are many variables to take into 

account. One can estimate little with certainty. But through the calculations, an estimation can be 

withdrawn: around 823 271.11Tk = 9 879US$ = 9 076€ (considering that some materials are overpriced, 
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the proposal is probably cheaper, despite the fact that calculations do not include solar panels’ and few 

other materials cost). 

 

5. DESIGN RECOMMENDATIONS 

As the thesis unfolded, several design recommendations were too. What will follow is their compilation. 

 

Prior to resorting to any design solutions and approaches, one should, as it was underlined in chapter 4 

and corroborated by the processes behind the generation of the proposals unveiled in the case studies 

(chapter 3), conduct a thorough research on the country, city and site where the architectural proposal 

takes place. This research should focus on geographic, demographic, climate, technologic, urban and socio-

economic (as well as local tradition and vernacular architecture) aspects to understand how and what an 

eventual design can solve issues highlighted by them. Such a deed will immediately exclude the option for 

certain solutions and typologies. But this stage can be applied universally to every kind of project: either 

amphibious, floating, stilt or in complete contact with the ground (regular day to day). 

 

If the site where the design will take shape is located in a flood-prone low-lying land (less than 6 meters 

above sea level) or is predicted to become so in the near future, amphibious designs are the most flexible 

and secure approaches one can adopt (as underlined in chapter 2 and supported by chapter 1), as sea level 

rises, climate changes and land subsidizes for designing urban expansions. 

 

In the case of the project presented here, the best solution was found to be a sustainable, stand-alone, 

low-cost amphibious house for the urban poor, which needed to be flexible with the uncertainty of climate 

change and its associated effects. As it was so, it is only natural that recommendations focus on these 

characteristics. 

 

Regarding specific amphibious designs, one must, in the first place, be aware of the nature of the site: river 

bed, floodplain, beach, etc. to adjust the structural design accordingly (it may be estimated that the nature 

of the site changes with time – from a floodplain to permanently flooded, for example). Then, it is of the 

outmost importance to be acquainted with the expected maximum floodwater, in order to dimension their 

mooring poles. This maximum floodwater depth should be an updated forecast with climate change effects 

(excess or scarcity of rainwater and heavy precipitation events), sea level rise (how much will it influence 

the water levels of rivers, floodplains, lakes, etc. nearby) and land subsidence (if possible) into account. 

Ideally, the mooring poles should be removeable, giving further flexibility to the construction, as it allows 

it to be towed in emergency situations or simple relocations (due to the land being too dangerous, natural 

disasters, etc.). They should constitute enough numbers to prevent the structure from tipping, heeling, 

listing and rotating (hence, a minimum of 2), even when the weight of the building attached to them is 

unevenly distributed.  
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Thereafter, it is best to design the building and its structure as symmetrical as possible, equally distributing 

the weight amongst its plan and maintaining its center of mass in the middle. The shape of the house is 

highly dependent on this factor. Verifying those circumstances is easier in square shaped plans. Since it is 

hard to predict how users will arrange the interior and distribute their furniture, one can do more than 

merely advise them: design a gap wide enough between the structure and the mooring pillars to allow the 

house to slide up and down with no risk of being stuck in an abnormal position due to small rotations 

(consequence of uneven weight distribution) and quantifying heeling, listing and tipping conditions. 

 

It is advised for the foundation to be the heaviest of the structural components (as specified by the 

engineers of De Gouden Kust for their buildings) and to come up with a way of measuring its submergence 

(if such is bound to compromise the materials and parts of the construction) and security thresholds (the 

limits of what can be supported; extreme cases), maintaining the building safe and anticipating as much 

damage as possible (for example, for the proposal of chapter 4, it was convenient that submergence did 

not surpass 440 millimeters due to the bamboo foundation). But before doing so, it is mandatory to verify 

if the impulse provided by the water is higher than the weight of the design (subchapter 4.6.2.). Otherwise 

it will simply not float. 

 

In terms of urban design and arrangement, even though it was briefly mentioned, there should be enough 

space for people to circulate both when the land is dry (by foot, car, bicycle, etc.) and flooded (by boat). 

The same premise applies if towing the house is added to the equation: there should enough space for 

maneuvering (detaching the mooring poles, withdrawing the house from its plinth and towing it). 

 

Concerning now the recommendations for a sustainable design, the author considers they are applicable 

everywhere and at all times, due to the current paradigm (climate change, overpopulation, sea level rise, 

territory loss, etc.). One can ascertain that some sustainable principles branch out from a common trunk: 

local and vernacular characteristics. Usually, popular architecture of an area is the result of the years of 

adaptation to a particular climate and geography. Paying especial attention to such may present one with 

the proper design solutions ranging from construction, to structural design, materials and positioning. 

Furthermore, the addition of global technologies to the picture (solar panels, in the case of the design in 

chapter 4) can enrich and complete the solution. For example, these were both (vernacular characteristics 

and global technologies) conjugated in the project of chapter 4 due to the lack of supply or incapability of 

the public grid to satisfy the current demands of the population (a result of the conducted research). A 

stand-alone power, water and composting grid was the solution. Depending on the local climate, one 

should position the house according to the dominant winds, for natural ventilation, ensuring, at the same 

time, a comfortable (and optimum if there are solar panels) solar exposure (in chapter 4, as Bangladesh is 

endowed with a subtropical climate, the design was safeguarded as much as possible from direct sunlight). 

These options should be verified through maps and calculations, if feasible. 

 

Lastly, but definitely not least, maintenance plans designated for the users, with regards to materials’ 
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service life, and overall durability should constitute an important factor in one’s design (defended by the 

engineers of De Gouden Kust – subchapter 3.2.2.). In fact, it is a preponderating issue which sometimes 

leads to the adoption or exclusion of determined design solutions. For example, in the case of the proposal, 

water storage was designed in the edges of the house and with an independent structure for easy removal 

and eventual substitution, due to being in direct contact with the water (an important agent for bamboo’s 

degradation).  
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CONCLUSION 

In this thesis, the focus on architecture as a potential solution for climate change induced effects, with 

special incidence on sea level rise and its associated higher flood risks has been presented through several 

case studies and a design intervention. 

 

Cities and human settlements in the low elevation coastal areas will have to increase their water catchment 

surfaces, to reevaluate their policies in order to protect low-lying lands, mangroves, croplands and to stop 

people from settling in these and other hazardous areas, further aggravating soil subsidence and 

consequently exposing the cities to higher flood risks. At the same time, GHG emissions need to be 

minimized. 

 

Even though architecture cannot present itself as a single solution or approach to adopt in the fight against 

sea level rise and other climate change induced effects, as cities and human settlements around the world 

will have to assess several other aspects, it can surely play one of the most important roles. Either in the 

shape of a regulator in the urban practices, avoiding carrying out actions and interventions that may 

increase the vulnerability of the settlements and opting for measures that may increase urban resilience 

and safety, an action that should be taken already nowadays (there is no time to waste!) or in the shape of 

the generation of capable structures, which are flexible against nowadays’ uncertainty hovering over sea 

level rise.  

 

The low elevation coastal areas of the least developed countries, as it has been seen, are facing the highest 

vulnerabilities. Architects have the role of designing sustainable, and flood resilient structures for the fast-

paced urban growth seen in the megacities of the area, which often occupy the low-lying lands, with no 

regulation whatsoever. Examples of such have been seen in Lagos and Dhaka. If such is bound to continue 

happening, the houses the people are to build, or that are to be built for them, should be flood resilient 

and should offer the basic needs, providing the means for its inhabitants to eventually move out of the 

low-lying land when they have enough money to do so (because they do not spend on the reconstruction 

of their houses after each flood event). The project designed in the thesis represents an attempt to do just 

that. The general principles acquired from it and the study behind it, may be extrapolated to other regions 

around the globe that suffer, or will do in the future, from sea level rise and associated flood risk. 

 

Difficulties within the writing of the thesis fell mostly in the determination of certain data for designing the 

project. As it is a typology that is still gaining ground, especially in bamboo, values for its structural integrity 

have proven themselves hard to attain. For instance, wind and earthquake resistance, in the case of 

bamboo structures, as only general statements were found in the sources from which these writings were 

made, are hard to precise. Tipping, heeling and listing values were also not accounted for, even though 

they are important. It only makes sense to explore their safety threshold values, especially when one takes 

into consideration how exposed buildings are to high speed winds in tropical and sub-tropical regions: how 
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much velocity can the structure withstand both in water and in the ground? How much weight could there 

be in one corner before the structure started tipping? Naval engineering can probably provide the means 

to calculate and answer these questions. But since Prof. Dr. José Varela ascertained the proposal would 

not easily suffer such effects because of the mooring poles, they were not quantified. But it is the author’s 

position that it would be safer if they were determined. 

 

Another indetermination, which was not mentioned in the writings, but could constitute a framework for 

future research, is how much the plastic drums could be filled with water, or another liquid, to render the 

foundation stronger (more stable), providing more space for rainwater storage and, at the same time, 

ensuring floating capacity. As it was underlined in the subchapter dedicated to the facilities, water storage 

in low cost amphibious housing may be the most challenging aspect of the design and yet one of the most 

important.  

 

There was also the problem of the determination of flood water depth with consideration for future sea 

level rise and land subsidence. In this thesis, in the project, predicted sea level rise was just added to the 

maximum flood water depth of the site. Amphibious structures are not as resilient if these parameters are 

not correctly determined.  

 

As sea level rise has the potential to reach 70 meters, modern cities have, with nowadays technologies, no 

chance against such a rise. The loss of land would be enormous. How much exactly, and how Man could 

cope with such a loss (having in consideration that a lot of the fertile land around the world is located near 

the coast in deltaic areas) may be one of the most important challenges to answer nowadays. 

 

Another important point that should be stressed concerns the building materials recommended in the 

project. Their prices are hard to account for precisely. It would be of great interest if they were completed, 

in order to give a more precise value for the cost of the amphibious proposal.  

 

In another scope, there are extensive amounts of papers and journals researching on the properties of 

bamboo for construction purposes. As a highly eco-friendly natural material with good mechanical 

properties, it lacks only resistance to humidity to become available as an all purpose construction material. 

Further research on ways to turn bamboo water resistant, or in ways for coming up with a species that is 

capable of coping with exposure to water, could revolutionize construction and the environment. 

 

Every person should be alerted for their own role towards the environment. But in the scope of this thesis, 

architecture (which can be extend to urban), responsibility falls especially on the architects, engineers, 

developers and everyone involved in the construction and urbanization industries. As seen in the first 

chapter, urban expansions are happening at the cost of important ecosystems and of people’s lives. Entities 

involved have major roles to play in today’s society as the main disseminators of sustainable and adaptable 

building techniques. Just speak out!
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ANNEX 

A. INTERVIEW WITH WILLEM VISSER 

PREPARATION 

The interview was scheduled through exchanging e-mails and phone calls. It was very informal. I went to 

the site, Urk, on the 11th of May, 2016, from Eindhoven by train and then bus. It took me three hours to 

get there and another three hours to come back. Prior to the interview I had prepared some questions to 

ask to Willem Visser. Those were: 

o How much does a floating home cost? 

o Do people search for such a solution very often? 

o Is there any possibility of building floating agriculture? 

o How does a floating home generally work? Its principles, materials, etc. 

o Do you believe it is a possible solution for the present sea level rise problem? 

o Do you have any more information you could present me? Knowledge of some books, or other 

bibliographic material? 

 

THE INTERVIEW 

WV stands for Willem Visser, the owner of the factory Arkenbouw 

M represents me (Miguel Castilho) 

The interview was rather informal and went on smoothly.  

WV: Hello! 

M: Hi! Thank you very much for receiving me. 

WV: Ok! Come. 

(Walking to the meeting room) 

WV: Do you want some water, coffee or tea? 

M: No thank you, I’m ok. 

(Sitting on the chairs. Sorting papers, retrieving pen and notebook) 

WV: So… You’re studying in Eindhoven? 

M: Uhuh! I’m an Erasmus student. I’m here for an exchange period of one year. 

WV: Right! 

WV: Sorry (checking phone). 

M: No, it’s ok! 

WV: What would you do without an iPhone? Or a cellphone? What would you do with no internet? There’s 

a movement in the world somewhere, that they don’t want to have wi-fi, no internet, no phone, no 

electricity… 

M: Yeah! 

WV: We’re so… How do you call… 

M: Addicted? 



 

 
 

WV: Yes, addicted by these things! When I go to the church I don’t take it with me but otherwise I’m 

always looking at it. 

M: I do the same. 

W: Yeah, everyone is looking… in the town, you look… everybody at the phone when they’re biking, 

walking… 

M: Yeah, everyone is looking at their phone! 

WV: Ok your… Your pages. (pointing to the writings in front me) 

M: Oh, right! I’m working on sea level rise and searching for ways of how we can fight and take advantage 

of it. 

WV: Make the dikes higher! (says while launghing) 

M: I don’t know if that’s possible. I mean if you have… if the country has money, of course. But if it’s a poor 

country. I don’t think… 

WV: Colombia! Colombia is a good example. In Colombia, every year there are floods. (…) people are dying. 

In Louisiana, you have the known problem [hurricanes]. But when the sea level is rising… The floating 

homes are a good solution. Of course. Of course… But… Look, in Holland, has the most floating homes in 

the world, I think. A ship is also a floating home. But, in Holland there are like 10 000 floating homes at 

this moment. And, every year, in a good year, in a good situation, houses on land… the number of houses 

built on land is about 50 or 60 thousand homes a year! A year! 

M: In Holland? 

WV: Every year! That’s not much. But when I tell you that the floating homes in Holland only come around 

150… 

M: Per month? 

WV: No, no. Per year! Every year. Maximum 200. It is a very small market to constitute a solution for the 

rising waters. Do you know when the water goes… uh… should be 1 meter higher? 

M: In one hundred… In the end of this century it will probably be 1.5 meters higher.  

WV: So probably in 80 years it will be one meter higher? 

M: Yeah.  

WV: Ok. Is it certain? 

M: It is not certain. It is a new study. Before they thought [the scientists] it was only going to rise 1 meter. 

WV: Yeah. 

M: But now they think it will rise one meter and a half to 1.8 meters. 

WV: Yeah. 

M: Because of the ice melting even faster due to the discovery of a new phenomenon… You know , you 

have the ice and then earth below. And the water can go underneath the ice, between the two layers, and 

melt it down from below, melting faster than initially thought. And so maybe it [sea] will rise 1.5 meters. 

WV: But it’s an 80 years disaster?  

M: Yeah. But I don’t know. 

WV: In Holland… I think Holland is 50 per cent below sea level. 

M: Almost all the northern part is. 



 

 
 

WV: What is the solution that floating homes present? You’d have to rebuild all the homes in Holland in 

80 years. Or… It’s too expensive. And the other problem is that there are no other factories like us. It’s 

good for our production of course. But you have to make other solutions. I think we have to search for 

another solution. I think I know something. There’s maybe uh… (starts drawing) I draw a lot. There are 

floating homes. And you have also amphibious homes. Do you know? Amphibious homes.  

M: No, I had no idea! 

WV: They have poles and the water is, for instance, normally here [pointing at the drawing with a river and 

land] and you have the ground. When the water is rising, ihe house goes up with it goes up. So it’s steady 

and stable, but when the water rises, it goes up. It’s not damaged. You have also the homes… That are tied 

on poles. And then the water is here. When the water fluctuation in the rivers, could be one meter, and 

then it’s floating. So different solutions. I don’t know how many homes there are in Holland. But it should 

be a lot. A couple of million, 4 or 5 million homes. 

M: Holland is in fact the most densely populated country in Europe. 

WV: When you walk in Eindhoven or Amsterdam, and you think that in 80 years the water will be rising 1 

and a half meters, the solution is not a floating home. I don’t think so. It may be for some parts. But the 

first solution is to make the dikes higher. Because the floating home which is stable is a lot of money, you 

cannot change all the 5 million homes. It’s too expensive. 

M: Yes. It is the same for the other parts of the world. 

WV: I don’t know exactly. What is a good solution... But a floating home in my opinion… Within 80 years 

another solution to put up for 1.5 meter of water level rise is to make the dikes higher. They are too low. 

If there is a storm, they are easily topped.  

M: Yeah, but my idea is because, in other countries… I know that Mr. Koen Olthuis, is designing floating 

islands. 

WV: Did you speak with him? 

M: No, I tried to e-mail him, but... 

WV: Ok! 

M: I know they are designing the new complex of the Maldives. 

WV: Yeah, yeah, I know. But Koen has a lot of ideas. Building not so many… But he has very good ideas. 

M: Yeah! And then maybe it will be possible to build his ideas for the Maldives. Because it is impossible to 

build dikes or make them higher in the Maldives. 

WV: Yeah, Maldives is a good example. They are really on the sea. No, no, it’s not possible to make dikes. 

M: That’s more of the idea I have for the countries. For example, for Bangladesh he also designed a floating 

app for the city and won a prize. 

WV: I agree. But Colombia is also a problem. 

M: Exactly. Colombia, they do not have money to build the dikes. I mean, they can move the population 

from the coast to the future coastal area. But a lot of people do not want to do so. 

WV: Yeah, also Holland is not good… Very dense population. It is a big country on sea. And let’s say here’s 

the sea (starts drawing again) and if here they [the people] can live higher in the mountains, then they [the 



 

 
 

government] can move the people there. Depends how many homes could be over flooded. In Holland, 

it’s too much. No. We have to strengthen the dikes. 

M: Yeah, but for example, these amphibious homes that you told me about. They could be here [near the 

sea or flooded areas] and resist the flood. 

WV: Yeah, depending how high the water can come. Otherwise, it’s not possible. I have an example here 

in Holland that the territory fluctuates with around 5 meters of water. Between 1997 and 1998 there 

were some parts of Holland that were over flooded because of a lot of water came from Austria, 

Switzerland through the rivers and so on. They’ve made [the architects] in the harbor, a dijke with a big 

museum. This has poles about 8 meters above the water connected to each other. Thus, it can rise 5 to 6 

meters with no problem. It’s just difficult to go in when the water floods the area. So, the fluctuation of 5 

to 6 meters can be easily done. And it’s needed to moor the construction to the post. Otherwise it will 

float away. It’s a possibility, yes. But in 80 years… We could make 100 homes a year, then you’d have 8000 

homes after all that time. It’s still not enough… But it’s a possibility, yes! It’s a solution! 

M: Maybe also in the future the market for such houses will rise. Probably. 

WV: I hope so. There are also possibilities to build on the spot of course. Have you ever seen a floating 

home? 

M: I don’t think so, no. 

WV: [Sketching] The principle of a floating home is a concrete basement. Nowadays it’s 7 meters per 25 

meters in length maximum. In this concrete basement (…) you make a wood frame. A wood frame wall. 

Then a concrete floor, not always but it can be. And here we have [drawing] (…) also a wall and then we 

have the roof which is mostly steel plate. That’s the principle. With the principle of Archimedes. In Holland, 

it is thought that the word Ark, the Dutch word for the floating homes, comes from Archimedes. You have 

to calculate the total displacement of water and then have to calculate how to balance the weight. So this 

is a floating home. Nothing more. With a wooden frame. 

M: Like a ship. 

WV: No. It’s a wooden frame home on a concrete basement. People are living here. You have the window 

[pointing to the basement in the drawing]. If you’re sleeping below, the bathroom is below. And they are 

living above, it’s two floors. We make with two floors and can eventually be three. In Amsterdam, the 

floating homes are very low. Because of the bridges. In the center of Amsterdam, they are 2.5 meters 

above the water. Not higher. This should be about 1.60 (the distance from the floor of the basement until 

the start of the window). And the window is about 30 centimeters high in the Amsterdam boats. And you 

just have one story. You live in the cellar. In total, it is thus about 2.50 meters above the water. You can 

keep these sketches [gives the sketches to me]. So, that’s the principle of a floating home. Another 

important thing is that it’s a boat, it’s floating. So, it’s doing this (heeling). You have to balance horizontally 

and vertically. Imagine that you have a platform. With one story, with the bathroom, kitchen, room, etc. 

These things are very heavy. And so, you have to do the opposite concrete walls thicker, heavier. The 

other thing is, because you are in the cellar, below the water and public network level, the sewage needs 

a pump. It must be near the bathroom and the toilet. You cannot put the pipe under the cellar. It must be 

in the lateral of the house. When you design a floating home you have to consider where the functions 



 

 
 

will be: where the kitchen, the bathroom, etc. And so, the pump must be here somewhere, near the pipes 

of the kitchen and bathroom. But what’s your purpose? What are you going to do after you finish the 

course? Are you going to be an architect? 

M: Yes, yes! 

WV: So, if you are an architect of floating homes, like Koen, you have to think about those kinds of things. 

The principle is just a concrete basement with a wooden frame. 

M: There’s something I wanted to ask you. Are there any other ways of building floating homes, as 

alternatives to the concrete caisson? 

WV: Yes. There is… Well it’s a bad example because it’s very nervous. But there is Styrofoam. It floats quite 

well. But the problem is… The gravity point (center of mass) is very high. It should be below water, if 

possible. But if not, that’s not good because it is very nervous. When you have Styrofoam, rats and other 

animals in the water can eat it. So, you have to protect the foundation. Do you know the Floating Pavillion? 

Lying in Rotterdam. 

M: No! 

WV: It’s a floating home in Styrofoam. They have made a kind of cellar in it. It’s self-sufficient, in energy. 

It uses solar cells to power ventilation and heating, and it makes its own water. The sewage is processed 

in another floating little building. It has bacteria that consumes the pathological agents found in the water 

and then purifies it, so it can be sent back into the river with no contamination. Also, what I wanted to tell 

you is that they have built the Styrofoam foundation with a protection. But it is now getting loose. Thus, 

the rats can come and eat up the foundation. I don’t know if this is a good solution because of that… 

M: I saw the one Koen designed with empty plastic water bottles. But it’s not going to be there for long. 

WV: Yes, that is also an alternative. It is very good for publicity. Well… But no. It is also very good, because 

if one bottle leaks or gets pinched, you have thousands of others to ensure floating capacity. You have a 

lot of questions? 

M: Yes, I have some questions! Why do people explore the floating home? 

WV: People that already have a floating home want to change. So, the old floating home is substituted by 

a new one. The new people. That’s our purpose for the future. Special people, that want to feel free, that 

want something special. Living on water is nice. So, those people ask us to build a floating home for them 

in new spots. In new plots of water which are increasing. In Holland, there are increasingly more new spots. 

The government makes rules. Those rules do not exist specifically for floating homes, but for those inland, 

which are the same. And this year, 2016, the rules are ready for floating homes. So, the government now 

uses them to legalize building floating homes in new spots and check them to supervise the constructions. 

I don’t think it’s very different. It’s the same. Just a wooden frame home with a concrete basement. It’s a 

normal home. But there are now rules just for floating homes, so the government can explore that option. 

The fact that there are rules may also explode the production of floating homes with also your idea of the 

rising sea level. The people start learning that it is nice to live on water. 

M: So maybe people will start exploring more the possibility. Do you think I can find those rules that the 

government is generating?  

WV: No, I don’t think so. They are not made public yet. I am now in the commission that is writing the 



 

 
 

rules. But I think it’s very similar to those on land. 

M: Yeah, the differences will probably be in the weight distribution, and… 

WV: No, no! In the height of the ceiling essentially. In the floating homes the ceiling in the basement is of 

2.5 meters. While in homes inland it’s mandatory to have a minimum of 2.6 meters. It’s hard to make both 

heights equal. My opinion is that the ceiling in the bathroom, which is the basement of the floating homes 

mostly, is not important. But that’s not the point. Sometimes the ceiling in the basement of a floating home 

needs to be less than 2.5 meters due to height restrictions. 2.4 or 2.3 are ok to still live and for the house 

to be safe. 

M: How much does it cost more or less a floating home?  

WV: It’s the same as inland, roughly. Depends on the kind of home you want. It can be cheaper or more 

expensive, depending on what you want. The place where the home will be also influences the price. In a 

nice place, it could be 800.000 euros. While in another place it could be 40.000 euros. Depends a lot. 

M: It’s not so different. 

WV: The sale of the houses, yes, it’s different. 

M: Do you have to prepare the place where the house is going to be brought too? 

WV: Yes. Electricity, gas and sewage need to be there. And the mooring poles have to be built. Yeah, so 

usually the house is around 20.000 to 560.000 euros, depending on how luxurious, how big and the site. 

M: Well… Then let’s move on. The material of the house you have already explained me. And the question 

I have here is if you think it would be a measure for saving the coastal areas… 

WV: Yeah, but it should be a small area. Because if it’s not small, then no. In Den Haag, in Delft, you can 

make floating homes in the low spots of the area. Another good example is Groningen. Because of the gas 

you should not make the houses inland. But on water. The you’d have no problems against the earthquakes. 

The regular inland homes are always getting hit earthquakes, gaining cracks in the walls. They are small 

earthquakes, yes. 

M: I was also thinking. Could it be done, floating agriculture? 

WV: Yes, of course. 

M: Because with the rise of the sea level, a lot of fertile land is under hazard. And consequently, food 

production for people. 

WV: Yes, it’s a possibility, but very expensive, because it needs a lot of space. And then, in that case, it can 

be a solution. With Styrofoam in the water you can do it. Like Dura Vermeer. Do you know Dura Vermeer? 

They make the greenhouses around Holland. They excavate the area for the greenhouse, and then they 

put concrete around it and the floating Styrofoam foundation but on land. That’s a good solution. Because 

you can make a wide building. It’s much more expensive to make one floating foundation for just 

agriculture. When you have a very big spot. Let’s say, 1 km per 1 km, you have to think about the quality 

of the water. There’s no sun getting into the water if the surface of the foundation is uninterrupted. As 

such, you have to make holes, big ones, for the sun to get through. But it’s a good solution! 

M: For example, in polluted waters, when they have too many nutrients, is it possible to use those in the 

generation of agriculture? 

WV: Yes, of course. 



 

 
 

M: I also have another question. Do you have any more information? On books, etc. I want to know how 

much the Netherlands extracts yearly from the land, how much it costs, etc. 

WV: Yes, of course! Come. Just google them. 

[Checking books] 

WV: Let’s have a tour around the factory. 

 

We then moved from the meeting room into the shipyard and production areas. 

 

First we went to an area where the wooden frames were stored in the upright position until the hulls that 

were going to serve as their foundation were ready for them to be assembled. They were totally 

prefabricated with insulation and wirings. The walls were only built upon them when they were in attached 

to the hull.  

 

Thereafter we went to an area specifically for building the foundations which was the place that narrowed 

the dimension possibilities that the structures could have – the dry dock. Here, at the same time builders 

were working on the houses, Willem Visser explained how the dimensions and the weight of the 

foundations rendered the house more stable or nervous (if it were too small, it would be nervous, and vice-

versa). The whole floating house can height from 80 to 150 tons. 

 

Then we went to the place where the houses which are only being given the final details (flooring, paint, 

etc.) were found. They were floating upon two water canals and were forwarded from the dry docks that 

we first visited. In some cases, walls were still being place within the house in this area. They varied in 

height and architecture. Some had windows in the cellar, some did not. Willem Visser showed me around 

and inside some houses and explained the principles we already discussed before resorting to them as 

examples. 

 

B. URBAN FEATURES AMPLIFYING PHYSICAL EFFECTS OF SEA LEVEL RISE 

Some features of urban development that increase the risk of flooding, saltwater intrusion and coastal 

erosion, and should be minimized in number or area (low elevation coastal and deltaic areas present the 

highest risks): 

 

Built over land – turns soil impermeable, removing possible escapes for river, rain or sea water to penetrate 

the ground (a recurrent problem in the city of Dhaka, aggravated by its faulty drainage); 

 

Faulty drainage systems – due to the land being built over, turning the soil impermeable, drainage systems 

have to be built to redirect water to rivers or the sea. If the system is faulty, the risk of floods is aggravated 

by the heavy rains and sea level rise. This last can make drainage systems work negatively, pumping water 



 

 
 

into the cities instead of removing it from them. In these cases, pumps have to be installed to keep water 

flowing from the city to its designated discharge point – Miami, New Orleans, Netherlands, etc.; 

 

Draining wetlands – Evolves into land subsidence, which has several consequences:  

o In coastal areas it may mean land surface loss as well as loss of tidal surge buffering, increasing 

vulnerability of settlements to surge prone waters as well increasing land exposure to erosion. 

Important unique ecosystems may also be put at danger – New Orleans; 

o In areas inland land subsidence may disconnect infrastructures, as well as increase the vulnerability 

to floods caused by heavy rains – the Netherlands; 

o In areas near rivers, land can reach levels below the water courses, proving itself dangerous in 

flood events… 

 

These are just a few. Several other urban features such as the geographic location and the infrastructural 

density also aggravate the effects of sea level rise, as it was pointed earlier on. Further specific urban 

features can be consulted in the bibliography. 

 

C. IMAGES AND MAPS 

C.1. RELATIVE TO CHAPTER 1 (CONTEXT) 

 

  

 

Annex Figure 1 - From left to right, top to bottom, one of the ice melting mechanisms taken into account in the new 

computer model used for sea level rise calculation. The progressive ice retreat into a subglacial basin due to warm air 

and ocean water. The model also takes into account surface-meltwater-enhanced calving via hydrofracturing. If they 

create an unstable cliff-face (taller than 800 m from the grounding line and of 90 m from the water to the top), ice 

will retreat even faster. Adapted from: (DeConto & Pollard, 2016). 
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C.2. RELATIVE TO CHAPTER 4 (PROJECT FOR DHAKA, BANGLADESH) 

 

Annex Figure 2 - Approximate elevation map of Bangladesh. Adapted from: (Khan, Iqbal, & Mahboob, 2004). 

 

 

Annex Figure 3 - Southeast axonometric view of the proposal. Structural diagonals highlighted. Source: by author. 
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Annex Figure 4 - Each color represents a time span, corresponding to a maintenance and, eventually, substitution 

routine. As said, this value depends on the exposure of the bamboo. In red, the pieces that are expected to last from 

6 months to 3 years; in blue, the pieces that are expected to last up to 15 years; and in yellow, those that are 

expected to last up to 25 years. In light grey, that which can last more than 25 years (the plinth and the corrugated 

tin). Source: by author. 

 



 

 
 

D. TECHNICAL DRAWINGS 

 

Annex Figure 5 - Foundation plan. Cut at 96 cm from the top of the plinth. Source: by author. 

 

 

Annex Figure 6 - Foundation reinforcement grid. Section at a height of 104 centimeters from the top of the plinth. 

Source: by author. 
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Annex Figure 7 - Floor plan. Section at a height of 130 centimeters from the top of the plinth. Source: by author. 

 

 

Annex Figure 8 - North-south section. Source: by author. 

 

E. CALCULATIONS 

E.1. FLOATING CAPACITY 

Dead loads: 

• Foundation: 

o (The weight of the plastic drums is already accounted for) 

o Beams: V (each) = 9.66 m x 0,042 m x 3.14 = 0.0485 m3  

0           1m 

0         1m 



 

 
 

V (total) = 0.0485 m3 x 44 = 2.1354 m3 

o Barrel structure: V (each) ((1.38 m x 10) + (0.6 m x 8)) x 0.042 m x 3.14 = 0.093 m3 

V (total) = 0.093 m3 x 25 – 0.097 m3 = 2.228 m3 

o Total dead load: 2.1354 m3 x 2.228 m3 x 812 kg/m3 = 3 543.0808 kg (approximately 3.6 

ton) 

• Structure: 

o Pillars: V (total) = (3.45 m x 20 + 4 m x 20 + (3.6 + 3.7 + 3.75 + 3.35 + 3.9 + 4 + 3.65 + 

4.05 + 4.65 + 4.25 + 4.6 + 4.2 + 4.3 + 3.95 + 4.3 + 4.5) x 2) x 0.042 m x 3.14 = (69 + 80 

+ 92) x 0.042 m x 3.14 = 1.21 m3 

Diagonals: V (total) = (2.6 + 2.8 + 3.4 + 2.635 + 3.1685 + 3.18 + 3 + 3.15 + 3 + 3.15) x 2 

x 0.042 x 3.14 = 0.30 m3 

Total dead load: (1.21 + 0.30) x 812 = 1 226.12 kg (approximately 1.3 ton) 

• Roof: 

o Beams: V (each of the northern-southern) = 6 m x 0.042 m x 3.14 = 0.03 m3 

V (each of the eastern-western) = 11.15 m x 0.042 m x 3.14 = 0.055 m3 

V (total northern-southern) = 12 x 2 x 0.03 = 0.72 m3 

V (total eastern-western) = 10 x 0.055 = 0.55 m3 

o Corrugate tin (a material whose density varies widely according to its brand and thickness; 

it is thus expected for the reader to find distinct values for it): Density of a 0.5 mm thick 

sheet = 4 kg/m2 (approximately) 

A (of the roof) = 5.7 m x 9.66 m = 55.062 m2 

Dead load = 55.062 m2 x 4 kg/m2 = 220.248 kg 

o Woven Mulli bamboo: Could not be accounted for 

o Total dead load without accounting for the woven Mulli bamboo (roof, walls and floor): 

(0.55 m3 + 0.72 m3) x 812 kg/m3 + 220.248 = 1 251.488 (approximately 1.3 ton) 

Live loads: 

• Residential, uniformly distributed (according to the Bangladesh’s National Building Code – 2015): 

2 KN/m2 

o Thus: 47.61 m2 x 2 KN/m2 = 95.22 KN = 952.2 kg (approximately 1 ton) 

• Uniformly distributed value for a pitched roof with a slope comprehended between 0 and 1/3 (it 

is 0.16 or 16 per cent), (according to the Bangladesh’s National Building Code – 2015): 1 KN/m2 

o Thus: 129.6 m2 x 1 KN/m2 = 129.6 KN = 1296 kg (approximately 1.3 ton) 

 

Total approximate maximum load the structure is subjected to: 1.3 + 1 (live loads) + 1.3 + 1.3 + 3.6 + (dead 

loads) = 8.5 ton 

 



 

 
 

E.2. COSTS 

Component Unit Price Total Number Overall Price 

120 W solar 
panels 

Each Could not be accounted for 22 - 

Corrugated  sheet 
(approximately 1 

x 2 meters) 
Each 

5 000 Tk (Bangladeshi Embassy in Portugal, 
Personal Communication, May, 2017) (This price is 
probably incorrect. If the urban poor have access 

to the material, it should be cheaper) 

113.5 / 2 = 57 
(approximately) 

57 x 5 000 = 
285 000 Tk 

 
= 
 

3 420US$ 
 

= 
 

3 135€ 

Boruck bamboo 
Each 30 ft long 

pole (914.4 
centimeters) 

194 Tk (Bangladesh Bureau of Statistics, 2016) 

Foundation: 
44 x 9.66 + 
1.38 x 10 + 

0.6 x 8 x 25 = 
558.84 m 

 
+ 
 

Structure: 69 + 
80 + 92 = 241 

m 
 

+ 
 

Roof: 24 x 6 + 
10 x 11.15 = 

399.5 m 
 

= 
 

1 199.34 m 

1 199.34 m / 
9.144 m = 
131.1614 

 
131.1614 * 
194 Tk = 

25 445.31 Tk 
 

= 
 

305.34US$ 
 

= 
 

279.89€ 

Jawa bamboo - Could not be accounted for - - 

Mulli bamboo - Could not be accounted for - - 

Jute rope - Could not be accounted for - - 

Waterproof layer - Could not be accounted for - - 

Plastic drums Each 
2 000 – 3 000 Tk (Bangladeshi Embassy in 

Portugal, Personal Communication, May, 2017) 
156 

156 x 2 000 = 
312 000 Tk 

 
= 
 

3 744US$ 
 

= 
 

3 432€ 

Brick 10" x 5” x 3” 
(25 x 12.5 x 7 

centimeters) (1st 
Class) 

Each thousand 7116 Tk (Bangladesh Bureau of Statistics, 2016) 

Plinth area: 
10.12 x 9.96 = 
100.7952 m2 

 
Brick area: 

0.125 x 0.25 = 
0.03125 m2 

 
100.7925 / 
0.03125 = 

3 225 
 

3 layers 
approximately: 
3 x 3 225 = 9 

675 

9 675 / 1000 
= 9.675 

(approx. 10) 
 

7116 Tk x 10 
= 71 160 Tk 

 
= 
 

853.92US$ 
 

= 
 

782.76€ 

Mortar (local 
cement) 

50 kg 430 Tk (Bangladesh Bureau of Statistics, 2016) 

Joint: 1 
centimeter 

wide, 7 
centimeters 
tall and 27 
centimeters 

2 753 / 50 = 
55 

 
55 x 430 = 
23 675.8 Tk 

 



 

 
 

long 
 

9 675 x 1 cm x 
7 cm x 27 cm 
= 1 828 575 

cm3  

 

= 
 

(approximately) 
2 753 kg 

= 
 

284.11US$ 
 

= 
 

260.43€ 

Wood (Garjan 
Timber) 3" x 3" x 
8’ (7.62 x 7.62 x 

243.84 
centimeters) 

Cft. 1490 Tk (Bangladesh Bureau of Statistics, 2016) 

6 needed for 
each mooring 

pillar 
 

6 x 4 = 24 
 

0.25 x 0.25 x 8 
= 1 Cft 

 
24 x 1 Cft = 24 

Cft 

24 x 1490 = 
35 760 Tk 

 
= 
 

429.12US$ 
 

= 
 

393.36€ 

Nails, staples, 
pipes and 

installations 
- Could not be accounted for - - 

Mason Daily 
Average 481 Tk (Bangladesh Bureau of Statistics, 

2016) 
1 Mason x 30 

days 

30 x 481 = 
14 430 Tk 

 
= 
 

173.16US$ 
 

= 
 

158.73€ 

Helpers Daily 
Average 372 Tk (Bangladesh Bureau of Statistics, 

2016) 
5 Helpers x 30 

days 

5 x 30 x 372 
= 55 800 Tk 

 
= 
 

669US$ 
 

= 
 

558€ 

Total 
(approximate) 

- - - 

285 000 + 
312 000 + 

25 445.31 + 
71 160 + 

23 675.8 + 
35 760 + 
14 430 + 
55 800 

 
= 
  

823 271.11Tk 
 

= 
 

9 879US$ 
 

= 
 

9 076€ 
 

Annex Table 1 - Estimated prices of building materials. Source: in each material. 

 

 


