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Abstract 

The vulnerability of flooding in terms of exposing population and assets is increased dramatically over 
these decades. There are different strategies to prevent or mitigate the flood destructions in urban areas. 
Floating urbanization is a novel story which motivates people to face with flood rather than fighting with 
nature. This study proposed the new concept of the amphibious house in lowland area as a flood mitigation 
strategy. It evaluates the awareness and acceptance level of floodplain settlers to consider amphibious 
house as a safe shelter for dwelling in lowland area. The VBA programming has been used to develop a 
designing system for different type of amphibious house. The questionnaire survey was conducted between 
6 lowland regions in Malaysia. The level of acceptance and suitability perceptions of the amphibious house 
were 3.08 and 3.33, which were in moderate level. There was significant higher interest for dwellers who 
know about floating houses on applying amphibious house.  

Keywords: Amphibious house, floating urbanization, flood protection, questionnaire survey. 

 

1. Introduction 

1.1 Flood vulnerability and flood mitigation strategies 

Fighting and protection against flood vulnerability is one of the most important afford of human species. 
The destructive impact of flood as a natural disaster is jumped to an alarming rate. The term of the natural 
disaster is defined regarding to the human impact. Flood vulnerability triggers economical, environmental, 
and social effect in floodplain area (Gad-el-Hak, 2008). This means that, people, property, society, and the 
environment is suffering more and more from flood danger (Dang, Babel, & Luong, 2011).  Climate 
changes and global warming escalate flood risk and rising of the level of the sea in South-East Asia. 
Increasing the risk of flash-flood generates different approaches and strategies to mitigate vulnerability of 
this natural disaster (De Boo, 2005; E. Pasche, et al., 2008; Fit, 2006; GRAAF, FREMOUW, BUEREN, 
CZAPIEWSKA, & KUIJPER, 2006; Holdsworth, 2007a, 2007b, 2007c; Kuijper, 2006; Nieuwenhuizen, 
2006; Rijcken, 2006; Schuwer, 2007; VREUGDENHIL, MEIJER, HARTNACK, & RIJCKEN, 2006; 
Warner, 1995; YANG, 2007; Zevenbergen, Snel, Eversdijk, & J.W.Roël, 2005). Climate change, land 
subsidence, and need of space for water are the main reasons resolute the need of smart and sustainable 
water management policy in South-East Asia (Fit, 2006; Holdsworth, 2007c, 2008; Kuijper, 2006).  

 

1.2 .Floating urbanization novel and smart solution 

Need for expansion of urban development and concerning about land value is one the reason for living 
afloat (De Boo, 2005; E. Pasche, et al., 2008; E. Watanabe, C.M. Wang, T. UTSUNOMIYA, & MOAN, 
2004; Fit, 2006; GRAAF, et al., 2006; Holdsworth, 2007a; Kuijper, 2006; Nieuwenhuizen, 2006; Rijcken, 
2006; Schuwer, 2007; VREUGDENHIL, et al., 2006; Warner, 1995; YANG, 2007; Zevenbergen, et al., 
2005). Floating urbanization could be applied for recreational reason or to allow rivers to find their own 
space and even regarding to economical issues (Holdsworth, 2007c; Rijcken, 2006). The earliest 
houseboats in Seattle were recorded in 1905, and peaked with over 2000 houseboats in the 1930s in United 
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States. Prefabricated boat houses or other types of floating shelters such as amphibious trailer or floating 
houses could be found in predecessor literatures (Carlisle V. Watson, Auburn, & Maine, 1947; Smith & 
Spartanburg, 1959; White, 1955). Floating houses considered as an approach with the advantage of 
flexibility in both vertical direction (moving with a fluctuating water level) and horizontal direction to float 
the buildings whereas, amphibious house limited for horizontal movement (Rijcken, 2006). However, both 
of the approaches have been used in water side locations previously. On the other hand, the first and novel 
type of amphibious houses might be happen in Malay Peninsula in Malaysia. The wooden houses are built 
on stilts which rest on, but without being fixed to the ground underneath the house are stacked horizontally, 
hundreds of bamboos. In addition, each house has four or more wooden poles and ropes are latched onto 
these poles. During flash flood, the entire community, with its houses, shops, a public pavilion and dog 
kennels, is automatically afloat (Jumsai, 1983). Thus, the integrated and new design of amphibious house 
which used concrete pontoons and pit system should be developed and applied as a flood mitigation 
strategy in South-East Asia. The benefits of amphibious urbanization are similar to floating urbanization 
and could be stated as: 

• Cost efficiency (A.Ali, 2005; Andrianov, 2005a; E. Watanabe, et al., 2004; T. U. E. Watanabe, 
C.M. Wangb, 2003; Fit, 2006; GRAAF, 2009; Gunnar Rognaas, 2001; Holdsworth, 2007a; 
Nieuwenhuizen, 2006; Schoute, 2007; Schuwer, 2007; Suzuki, 2005; Zevenbergen, et al., 2005) 

• Environmental friendly (Andrianov, 2005b; E. Watanabe, et al., 2004; T. U. E. Watanabe, C.M. 
Wangb, 2003; Suzuki, 2005) 

• Easy to construct (A.Ali, 2005; Andrianov, 2005b; De Boo, 2005; E. Watanabe, et al., 2004; T. U. 
E. Watanabe, C.M. Wangb, 2003; Gunnar Rognaas, 2001; Nieuwenhuizen, 2006; Schuwer, 2007; 
Suzuki, 2005) 

• Durability (A.Ali, 2005; Alarcon, 1997; Andrianov, 2005b; De Boo, 2005; E. Watanabe, et al., 
2004; Fit, 2006; Fujikubo, 2005; GRAAF, et al., 2006; Gunnar Rognaas, 2001; Holdsworth, 
2007a; Schuwer, 2007; VREUGDENHIL, et al., 2006) 

• Suitable mooring and movement system (A.Ali, 2005; De Boo, 2005; H. S. Koh, 2008; Kuijper, 
2006; Rijcken, 2006). 

The preference of flood mitigation for each area in floodplain could be investigated under the criteria due to 
evaluate performance for prevention and vulnerability mitigation such as cost, land use, water quality, 
availability and easy to construct, Socio-factors. The objective of this study is to propose the new concept 
of the amphibious house by using the pit system in lowland area as a smart and sustainable flood mitigation 
strategy. Moreover, this study tries to evaluate the awareness and acceptance level of floodplain settlers to 
consider amphibious house as a safe shelter for dwelling in lowland area.   

 

2. Methodology 

The concept of the new design for amphibious house was developed including the slab (mounting 
platform), concrete pontoons, and pit system. The slab was designed based on normal loading by dry 
season and contrast of water loading and weights during floating time in wet season. The detailed design is 
not considered in this paper. The number and pattern for positioning of the concrete pontoons were 
established based on the weight of the system, type of the concrete and buoyancy forces. The point load 
tests were devoted for tilting clarification. The horizontal load was defined based on drag forces and FEMA 
standard (FEMA, 2000).  

Questionnaire survey was done among 86 respondents from different lowland regions in Malaysia. All 
regions were selected from hazard zones regarding to the flood influence. Figure 1 shows the geographical 
distribution of questionnaire among Malaysia.  
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The frequency analysis and mean score were used to define the level of social acceptance and perception on 
floating urbanization and implementing amphibious house. The Mean Score (MS) for each factor was 
computed by the following formula: 

( ) ( )51 ≤≤×=∑ MSN
sfMS

f
 (1) 

Where 

f:  frequency of responses to each score for each factor 

s : score given to each factor as ranked by the respondents  

Nf : total number of responses concerning that factor 

The Mean Scores can be split into discrete categories as follow:  

 

(1) Least  1.0�MSor WA <1.5  

(2) Less   1.5 �MS or WA <2.5  

(3) Average 2.5 � MS or WA <3.5  

(4) High  3.5 � MS or WA <4.5  

(5) Highest  4.5 � MS or WA �5.0  

Non-parametric method was employed for defining significant differences between the opinions of 
respondent in each question. The Mann-Whitney U (Wilcoxon-Mann-Whitney) as a non-parametric test 
was used since, the data set, including the dependent variable, were measured on a nominal or ordinal scale. 
This test was used to investigate the relationship between two variables with pair grouping structure. 

 

3. Results and Discussion 

3.1 Design of amphibious house 

Regarding to the area of the house, the dead loads and live loads of the house calculated. 2.5 KN/m2 for 
dead load and 1.5 KN/m2 for live load have been considered. Figure 2 shows the first step in VBA-Excel 
Program, which is developed for this system. In this example, the area of the house considered as 90 m2. 
The slab also designed based on BS standard and the results, for instance, have been illustrated in Figure 2.  

Pre-cast and interlocked concrete pontoons have been used to provide buoyancy for the whole system. The 
dimension and design of concrete pontoons was carried out based on Archimedes’s principal and free board 
considerations. With the maximum load, the free board of floating house shouldn’t be less than 20 cm. all 
pontoons are pre-cast and fabricated on site which contains steel bars. The buoyant part is filled by EPS 
blocks and attached and casted in-situ with slab concrete. The final attaching system illustrated in figure 3.  

Figure 4 illustrate the design of pontoon, estimation of number of required pontoon, feasibility control, and 
pattern of pontoon positioning for aforementioned example.  

The pit area provided underneath of the house which helps the stability during floating by decreasing 
turbulence under the house during the flood. It helps decrease interaction of pontoons’ surface with water 
flow during the flood. Moreover, it provides area for cleaning and maintenance after each flooding. The pit 
system provides a place for pavement, connection of the lateral system to pavement and space for main 
columns, which should carry the system during normal time and dry season. The pit height is equal to 
pontoons height in addition to 1.5 meter service height area. Figure 5 illustrates the concept of pit area 
during construction. On the other hand the mooring system is provided by roller fenders, which give the 
vertical movement ability to the system around lateral support columns. 

Tilting and rotations control were considered in this study. Thus point load effect was determined for each 
dimension. Any rotation more than 5 degrees was considered as a failure then, the system redesigned with 
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extra pontoon to decrease the rotation with different point loads. Figure 6 and 7 illustrates the point load 
analysis and relation between the number of pontoon, different width of the slab with 12 KN point load on 
the corner and rotation degrees.  

 

3.2 Perception and acceptance level from lowland dwellers  

The results of the questionnaire survey showed that 100 percent of respondents aware of flood damages and 
near 99 percent of them completely aware of flood danger. Moreover, more than 78 percent of them 
experienced flood previously. The mean scores achieved from respondents according to the level of danger 
and level of vulnerability (damages) of the flood, defined the importance of  

protection and flood mitigation strategies in Malaysia. Table 1 shows the mean scores achieved for different 
questions. Based on the results, the level of danger is 4.27 and the level of damages is 4.20 which are both 
in high rate according to aforementioned discrete categories.   

On the other hand, 62.7 percent of respondent revealed the lack of enough flood mitigation around their 
area while the importance of applying any flood protection strategy achieved high rate regarding to its’ 
mean score. While the lowland dwellers were asked about their reaction during flood, the acceptance of 
new strategy which has ability of facing with flood was highlighted in their responses. Figure 8 illustrate 
the frequency of their answers.  

Since, amphibious house could be applied on low population areas and gives the opportunity of individual 
safety; it could be useful for small rural areas or semi-urban areas. Even though, just 40 percent of 
respondents were familiar with floating urbanization, the usefulness of applying floating house in their side 
of view achieved moderate level (table 1). The result shows that, the level of acceptance and suitability of 
the amphibious house are 3.08 and 3.33 which are in moderate level.  

However, based on the results achieved from Mann-Whitney U (Wilcoxon-Mann-Whitney) as a non-
parametric test, there is a significant difference between the level of acceptance and suitability perception 
of the respondents who had familiarity with floating and amphibious house rather than others. Table 2 
illustrates the results and shows the α is less than 0.05 for level of acceptance and suitability perception. 
Based on the ranks achieved from this test, people who know about floating houses are more interested on 
applying amphibious house and have got higher level of acceptance rather than other people. Moreover, the 
suitability perception of applying amphibious house achieved a significantly higher score with people who 
aware of floating houses rather than others.  

However, the mean score regarding to the extra cost of this system shows that people are so sensitive about 
economic consideration. Although, the people with familiarity to the floating system have higher payment 
admission, the expecting level of cost is in low category. This issue should be covered by governmental 
founding, which is normally spent for flood mitigation strategy in developing countries. 

 

4. Conclusion  

Floating urbanization is a high-potential strategy for flood vulnerability mitigation. There were different 
types of mooring and floating system, which could be applied for floating urbanization. By concluding 
from all, amphibious house with concrete pontoon is the most appropriate and applicable choice in 
Malaysia. Lateral forces during flood rush are transferred by roller fenders and absorbed by lateral 
columns. The mounting system designed for normal house loading, and point load analysis have been 
conducted for it. 

Pre-cast concrete pontoons, which are filled by expanded polystyrene blocks (EPS) are one of the 
approaches towards economic and time saving strategy. These pontoons provide buoyancy for the whole 
system. The number of pontoons, and pattern of positioning calculated. Tilting of the system is considered 
for less than 5 degrees and the free board of floating house was considered 20 cm.  

Based on the questionnaire survey the acceptance and suitability perception of lowland settlers is in a 
moderate level, and it triggers to be high while their perception of floating house was increased. On the 
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other hand, this method helps to boost the land value and give buffer time for any evacuation, if it is 
necessary. Thus, by more attempt on promoting amphibious system and making the show rooms the 
acceptance level would be increased. Based on the results following strategies should be applied to 
implement amphibious house in South-East Asia. 

• Promoting R&D and training Centre; 

• Subsidizing from government for low population and rural area; 

• Promoting the exhibitions and showrooms for different approaches; 

• Promoting these houses for recreational reasons in lakes and retention ponds;  

• Collaboration with international markets, use their experience in European countries and develop 
branding for special components. 

 

Acknowledgements 

The authors wish to thank UTM Research Management Center (RMC), Universiti Teknologi Malaysia for 
the permission to publish, funding and support of this project under the VOT Q.J130000.7122.01H90. 

 
References 
Ali. A. (2005)." Floating Transshipment Container Terminal".  PhD Thesis, Delft University of Technology, 

Delft. 
Andrianov, A. (2005a). "HYDROELASTIC ANALYSIS OF VERY LARGE FLOATING STRUCTURES". 

Master Thesis, Dnepropetrovsk Nationale Universiteit, Oekraine. 
Andrianov, A. (2005b). "HYDROELASTIC ANALYSIS OF VERY LARGE FLOATING STRUCTURES". 

PhD Thesis, Technische Universiteit Delft, Delft. 
Carlisle V. Watson, Auburn, & Maine. (1947). USA Patent No. Google: U. Patent. 
Dang, N., Babel, M., & Luong, H. (2011). Evaluation of food risk parameters in the Day River Flood 

Diversion Area, Red River Delta, Vietnam. Natural Hazards, 56(1), 169-194. 
De Boo, M. (2005). "Living on Water: A floating town on an unsinkable foundation complete with gardens, 

streets, and squares". Thechnical Report, Delft University of Technology. 
FEMA. (2000). "Coastal Construction Manual", Determining Site-Specific Loads (pp. 62). USA: Federal 

Emergency Management Agency  
Fit, J.-J. (2006). "Drijvende woningen, op weg naar een volwassen segment van de woningmarkt?". 

Thechnical Report , Amsterdam School of Real Estate, Amsterdam. 
Fujikubo, M. (2005). Structural analysis for the design of VLFS. Marine Structures, 18(2005), 26. 
Gad-el-Hak, M. (2008). Large-Scale Disasters prediction, Control, and Mitigation (first ed.). Hong Kong 

Cambridge University Press. 
Graaf, R. E. D. (2009). "Innovations in urban water management to reduce the vulnerability of cities; 

Feasibility, case studies and governance". PhD Thesis, Technische Universiteit Delft, Delft. 
Graaf, R. E. D., Fremouw, M., Bueren, B. V., Czapiewska, K., & Kuijper, M. (2006). "FLOATING CITY 

IJMEER". TechnicalReport, Delft: Technology University Delft. 
Gunnar Rognaas, J. X., Severin Lindseth, Finn Rosendahl. (2001). "Mobile o!shore base concepts. 

Concrete hull and steel topsides". Marine Structures, 14(2000), 5-23. 
Holdsworth, B. (2007a). Building on water, 11, 2. 
Holdsworth, B. (2007b). "So what if it's raining". Building Magazine, 2. 
Holdsworth, B. (2007c). "A Waterworld beckons". gateway (summer), 4. 
Holdsworth, B. (2008). "Living in a Waterworld". EOPCH TIMES, 7(CLIMATIC), 3. 
Jumsai, S. (1983). "Case Study 4—Thailand House on Stilts, Pointer to South East Asian Cultural Origin". 

Architecture and Identity, 55-61. 
Koh, H. S., Lim, Y. B., Seow, T. H. (2008, June 15-20 2008). "THE FLOATING PERFORMANCE STAGE 

@ MARINA BAY, SINGAPORE – NEW POSSIBILITIES FOR SPACE CREATION." Paper 
presented at the 27th International Conference on Offshore Mechanics and Arctic Engineering 
(OMAE2008), Estoril, Portugal. 

Kuijper, M. (2006). "De drijvende fundering, Een stabiele basis voor waterwonen in de 21ste eeuw." 



Innovative Systems Design and Engineering     www.iiste.org 
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) 
Vol 3, No 3, 2012 
 

71 

 

Unpublished De drijvende fundering, Techniache University Delft, Delft. 
Nieuwenhuizen, J. v. (2006). "De techniek van het drijven". architectenweb magazine 4(techniek), 70-77. 
Pasche, E., Ujeyl, G., Goltermann, D., Meng, J., Nehlsen, E., & Wilke, M. (2008). "Cascading flood 

compartments with adaptive response". Paper presented at the Flood Recovery, Innovation and 
Response.  

Rijcken, T. (2006). "Floating neighbourhoods as they were and will be; why dwellers would want to live on 
water". Paper presented at the Doing, thinking, feeling home.  

Schoute, F. (2007). More floating home planned in Amsterdam.   Retrieved 2010 
Schuwer, D. (2007). "Wonen op het water: succes- en faalfactoren; Een onderzoek naar 5 case studies met 

waterwoningen".Master Thesis, WAGENINGEN UNIVERSITEIT. 
Smith, T. A., & Spartanburg. (1959). USA Patent No. google: U. Patent. 
Suzuki, H. (2005). "Overview of Megafloat: Concept, design criteria, analysis, and design". Marine 

Structures, 18(2005), 22. 
Vreugdenhil, H., Meijer, L., Hartnack, L., & Rijcken, T. (2006). "THE FLOOD HOUSE CONCEPT 

DeltaSync 03".  Technical Report, Delft: Technology University Delft. 
Warner, J. (1995). "Floating house becalmed in political doldrums". New Scientist, 147(1994), 9. 
Watanabe, E., Wang, C.M., UTSUNOMIYA, T., & MOAN, T. (2004). "VERY LARGE FLOATING 

STRUCTURES: APPLICATIONS, ANALYSIS AND DESIGN" (report No. 2004-2). Singapore: 
Centre for Offshore Research and Engineering, National University of Singapore. 

Watanabe, E., UTSUNOMIYA, T., Wang, C.M. (2003). "Hydroelastic analysis of pontoon-type VLFS: a 
literature survey". Engineering Structures, 26(2005), 245-256. 

White, G. (1955). USA Patent No. Google: U. Patent. 
YANG, P. Y. S. (2007). "DEVELOPMENT OF INTEGRATED FLOATING HOUSE. CONCEPTUAL 

MODEL FOR FLOOD PRONE AREA IN MALAYSIA: NOAH PROJECT". Master Thesis, 
Universiti Teknologi Malaysia (UTM), Johor. 

Zevenbergen, C., Snel, P. l. M., Eversdijk, S., & J.W.Roël. (2005). "Naar een nieuwe generatie 
drijfsystemen: Ervaringen met eerste drijvende kas ter wereld". Constructie & uitvoering, 
7(Cement), 31-34. 

 
  

  



Innovative Systems Design and Engineering     www.iiste.org 
ISSN 2222-1727 (Paper) ISSN 2222-2871 (Online) 
Vol 3, No 3, 2012 
 

72 

 

 

 

 

a b 
Figure 1 Geographical distribution of respondents among Malaysia in questionnaire survey 

 

 

Figure 2 Preliminary steps to define loads and slab details 
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a b 
Figure 3 Pre-cast concrete pontoons a) Fabricated pontoon b) The whole floating system 

 

 

Figure 4 Design stage for buoyant part 
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a b 

 

 

c d 
Figure 5 Design and construction stages for pit system mounting system a) Pit and pavement b) Pontoons and lateral 

support c) Slab and mounting system d) roller fenders 
 

 

Figure 6 Point load analysis 
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Figure 7 Rotation control for different slab width with fixed length and calculated pontoons 

 

Figure 8 Lowland dwellers' reaction during flood rush 
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Table 1 Mean scores results for acceptance and awareness 

Question Mean 
Score 

Std. 
Deviation 

Category 

Level of flood danger 4.27 0.758 High 
Level of flood vulnerability 4.20 0.823 High 
Importance of applying flood protection strategy 4.36 0.810 High 
Usefulness of Floating house 3.17 1.218 Moderate 
Level of acceptance to apply floating capability on 
ordinary houses 

3.08 1.054 Moderate 

Level of suitability to apply floating capability rather 
than evacuation 

3.33 1.089 Moderate 

Extra payment for floating system 1.72 0.849 Low 
 

 

Table 2 Non-parametric test analysis 

 

behaviour during 

flood rush 

Level of 

acceptance to 

apply floating 

capability on 

ordinary houses 

Level of 

suitability to 

apply floating 

capability rather 

than evacuation payment 

Mann-Whitney U 641.000 635.500 638.000 516.500

Wilcoxon W 1916.000 1910.500 1913.000 1791.500

Z -2.547 -2.452 -2.402 -3.661

Asymp. Sig. (2-tailed) .011 .014 .016 .000

Grouping Variable: Familiarity with Floating urbanization (Amphibious House) 
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