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Context -  Low-lying areas, developing countries with hot climates
Sources:

A. Problem Statement - Background

Ho Chi Minh City

Hue

Hoi An

VietnamSource: ICEM.com



A. Problem Statement - Background









Research Question

How can low tech amphibious housing techniques lead to passive cooling to lower Energy 
Demands and create Flood-resistant housing? (Mekong Delta)
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B. Summary Literature Review



Flood-resistant Amphibious Structures

Vertical Guidance Posts Floating Pontoons/Box  

Source: amphibiousbuoyantfoundation.org,  
Raksakul(2015); baka.uk; Prosun( 2011) 

B. Summary Literature Review

- €1385,57 – 1847,43 Euros/Unit (H&P Architects) €2592,90 Euros/ unit (Prosun, 2011) - €750.000 Euros (3658,54 €/m2) (Coutts, 2018). 



C. Design Through Research



C. Context Assessment | Drawings | 3D section

 

Source: Pham(2018)



• For example if a house weighs about 
220 tons, approximately 225m3 of 
water is displaced when it becomes 
buoyant. Another principle is the 
Pontoon’s principle which states that 
the mass or volume of the house 
should be less than the density of 
water. 

Fig. 3.3.3: Archimedes principle.

C. Proposals



Material Density (kg/m3) Volume (m3) Weight (kg)

Original stilts 
House Stumps Concrete 2400 3.456 8294.4

Sill Timber 700 0.007395 51.765
Posts Timber 700 0.95 665
Rafters and 
beams Timber 700 0.873 611.1

Floor Timber 700 3.72 2604
External walls Galvanized steel 7850 1.32 10336

Internal walls Plywood 600 1.05 630

Roof Galvanized steel 7850 1 7850
Total 31042.3

Amphibious 
Structure

Recycled Plastic 
Pontoons EPS 4.89 49.8 243.5

Grid Aluminum Strips 2700 0.11 283.5
Extra Beams Timber 700 4.4 3080

3607
Vertical 
guidance posts Steel 7850 0.65 5102.5

Mooring poles Concrete 2400 2.52 6048

34649.3
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Dead weight = around 35 ton, so around 35 m3 of water is displaced.
Pontoon volume = 49.8 m3 >  dead weight
Live loads < 15 ton
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Base Model – from Original Stilts House to Flood-resistant Amphibious House

C. Proposals

Top

South

West

East

North



Proposals

C. Proposals Vertical Guidance Posts Buoyancy Elements

Regards the adaption of the 
following amphibious structure 

elements:















Input and Materials: Heating Setpoint Temperatures

1.  Walls
Uninsulated lightweight metallic 
cladding

Heating (Celsius) 5.0

2.  Floor Timber floor Heating set back (Celsius) 5.0
3.  Structure Timber and concrete Cooling Setpoint Temperatures
4.  Inner Partitions 6mm plywood Cooling (Celsius) 50.0
5.  HVAC no heating, no cooling Cooling set back (Celsius) 50.0
6.  Systems on/off only lighting Humidity Control
7.  Occupancy (people/m2) 0.0188 RH Humidification setpoint (%) 10.0
8.  Activity bed/living/kitchen RH Dehumidification setpoint (%) 90.0

Ventilation Setpoint Temperatures
winter summer Natural Ventilation

Outside temperature (Celsius) 22.1 34.1 Indoor min temperature control no
Wind velocity (m/s) 4.7 0 Indoor max temperature control no

Minimum Fresh Air
Fresh air (l/s-person) 10.0
Mech vent per area (l/m-s2) 0.0
Lighting
Target Illuminance (lux) 100
Default display lighting density (W/m2) 0

Sunpath diagram on July 15th 3am

C. Testing



• Group I: The Original Stilts House and Base Model during flood and dry scenario

• Group II: Base Model and Passive Cooling by Natural Ventilation/Wind,

during flood and dry scenario

• Group III: Base Model and Passive Cooling by Shading

• Group IV: Base Model and Passive Cooling by Thermal Insulation

• Group V: Base Model and Passive Cooling by Multifaceted Interventions



Does the Operative Temperature increase/decrease after transforming the original stilts house into an
amphibious flood-resistant house and or does it change during a flood?
How significant is this?
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Group I: The Original Stilts House and Base Model during flood and dry scenario, hourly 
Operative Temperatures during 21st-28th of April

Original Stilts House Original Stilts House Flooded Base model Base model Flooded

Does the Operative Temperature increase/decrease after transforming the original stilts house into an
amphibious flood-resistant house and or does it change during a flood?
How significant is this?



Does lowering the buoyancy of the Base Model or integrating floor vents decrease the
Operative Temperature? And what if It is combined? how significant is this?
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Group II: Base Model and Passive Cooling by Natural Ventilation/Wind, during flood and dry 
scenario, hourly Operative Temperatures during 21st-28th of April

Base model Flooded Base model

Base model with floor vents Flooded Base model with floor vents

Basemodel with lowered Buoyancy Flooded Basemodel with lowered Buoyancy

Basemodel with lowered Buoyancy and floor vents Flooded Basemodel with lowered Buoyancy and floor vents

Does lowering the buoyancy of the Base Model or integrating floor vents decrease the Operative
Temperature? And what if It is combined? how significant is this?



Does extending the overhang with 40cm decrease the Operative Temperature? If
so, how significant is this?
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Group III: Base Model and Passive Cooling by Shading, hourly Operative Temperatures during 
21st-28th of April 

Basemodel Basemodel with extra shading of 40 cm(overhang)

Does extending the overhang with 40cm decrease the Operative Temperature? If so, how
significant is this?



Does applying insulation of 5 cm Glass Wool to the walls and roof decrease the
Operative Temperature and how significant is this?
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Group IV: Base Model and Passive Cooling by Thermal Insulation, hourly Operative 
Temperature during 21st-28th of April

Base model Insulated Base model

Does applying insulation of 5 cm Glass Wool to the walls and roof decrease the Operative
Temperature and how significant is this?



Can a Tropic Roof or Double-skin façade decrease the Operative Temperature? If so, how significant is this?
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Group V: Base Model and Passive Cooling by Multifaceted Interventions (Tropic Roof), Hourly 
Operative Temperatures 21st-28th of April

Base model Base model and Tropic Roof

Base model and Insulated Tropic Roof Base model and Insulated Tropic Roof and extra vents in roof

Can a Tropic Roof or Double-skin façade decrease the Operative Temperature? If so, how significant is this?



22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

1 4 7 10 13 16 19 22 25 28 31 34 37 4
0 4
3

4
6

4
9 52 55 58 61 64 67 70 73 76 79 8
2 8
5

8
8 91 94 97 10
0

10
3

10
6

10
9

11
2

11
5

11
8

12
1

12
4

12
7

13
0

13
3

13
6

13
9

14
2

14
5

14
8

15
1

15
4

15
7

16
0

16
3

16
6

16
9

17
2

17
5

17
8

18
1

18
4

18
7

19
0

Te
m

p
er

at
u

re
 in

 C
el

si
u

s 
D

eg
re

es

Time in Hours

Group V: Base Model and Passive Cooling by Multifaceted Interventions (Double-skin Facade), 
Hourly Operative Temperatures 21st-28th of April

Double-Skin (openings on sides) Double-Skin (openings sides and top/bottom) Basemodel
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Summary all Passive Cooling Interventionts on Base Model, hourly operative temperature 
during 21st-23rd of April

Original Stilts House Basemodel

Base model with floor vents Basemodel with lowered buoyancy(airgap)

Basemodel with lowered buoyancy(airgap) and floor vents Insulated Basemodel

Basemodel and Insulated Tropic Roof Basemodel and Uninsulated Tropic Roof

Basemodel and Insulated Tropic Roof and Extra Vents Open Basemodel and Double-skin Facade (openings only on sides)

Basemodel and Double-skin Facade (openings sides, top and bottom) Basemodel and extra shading



Does combining the following methods lead to better results and how significant is that?
1. Insulated walls and roof, Insulated Tropic Roof and Floor Vents
2. Insulated walls and roof, Insulated Tropic Roof and Floor Vents and a double-skin façade
3. Insulated walls and roof, Insulated Tropic Roof and Floor Vents and a double-skin façade (roof over façade)
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Hourly Operative Temperature of three proposals of combined passive cooling concepts, 
during 21st-28th of April

combi 1 combi 2 combi 3
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Hourly Operative Temperature of the Original, Base and Final Proposal during 21st-28th of April

Final Proposal: combi 1 Original Stilts House Base model





Limitations:

1.More in-depth and detailed Research Method (DesignBuilder)

2. Accuracy Input data

3. Revised Design Question: The question evolves from “How can we design…” to “How can we validate designs that 
incorporate flood-resistant amphibious housing with passive cooling interventions?”

Discussion



Conclusion





• Is the Intervention worth to integrate?
• “Integration”



Further Recommendations

• The topic urges designers to use more sustainable materials to also include 
more climate resiliency and adaptability. 

• Software improvements to give more freedom for designing and quick 
assessment on strength and buoyancy. (Materials and water contexts)

• Also more in-depth research can give better guidelines and lead to parametric 
design including more aspects of flooding, cooling etc. And making designs 
more inclusive and easier/faster. To help survive communities especially in 
vulnerable areas
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