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Questions and goals

Main research question
How can an adaptive unitized façade be designed by utilizing the advantages of membrane envelopes for 

residential high rise buildings in Singapore?

Sub-questions
What are the properties required of a façade for residential high rise buildings in Singapore?

Which types of membranes or membrane systems have the desired properties, as defined in the first 
sub-question?

What types of membrane envelopes have been built and how are they materialized, detailed and 
constructed?

What types of unitized façades are used on high rise buildings and how are they materialized, detailed and 
constructed?

What are the advantages of membrane envelopes compared to commonly used unitized façade systems?



P5 presentation Unitized membrane envelope - Mitchell Everts - 4415531 - TU Delft - 06-07-2017

LITERATURE STUDY

Context and conditions Membrane materials Membrane structures Unitized curtain walls
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Sail at 
Marina bay

Highest residential tower

	 245m tall

	 70 storeys

Sail like curve in front facade

Glass unitized curtain wall with 
windows
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PRELIMINARY DESIGNS
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CALCULATIONS AND TESTING
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Thermal 
insulation

Thermal insulation

	 Low pressure ineffective

	 No effect on conduction 

	 and convection

	 Low e-coating 

	 Three cavities and spacers
	 U-value 	 0.88 W/m2K

Therm calculation software

	 Empty cavities
	 U-value 	 0.79 W/m2K

	 Three cavities and spacers
	 U-value 	 1.17 W/m2K
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Acoustic insulation
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Spacer 
calculations

Pressure creates force

Puncture
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Distance between spacers compared to surface area spacer needed. 25 m/s 
50 mm    1 mm 
100 mm   10 mm 
160 mm   40 mm 
200 mm   80 mm 
 
Mock-up tests, that will be shown later in this research report, show however that a distance 
larger than 150 mm is more pleasing to the eye. At high windspeeds, this doesn’t seem practical 
however. 
 

Spacer pattern 

The pattern at which the spacers are placed also have an impact on the amount of force they need 

to carry. A square pattern for instance results in a very angular pattern where the force divers a lot 

per direction. The rounder the distribution the better.  

 

Calculations show that spacers in a hexagonal grid need to carry seven percent less with the same 

distance between spacers. 
 
 
Stretch under force 
Stretch of material is only 0.001 mm during short periods of stress, because of the stiffness and 
force resistance of ETFE. ETFE is still a polymer however and that means prolonged stress will 
cause creep elongation to occur. Reinforcement through non-creep materials like glass would 
counteract this. 
 
Creep is a tough subject. I don’t know how to calculate the amount of stretch. I could say it is a 
certain amount that needs to be dealt with. Either by replacing or re-stressing. Or by reinforcing. 
 
 
Buckle tension 
Buckle is calculated for the spacers against the pressure put on them. The spacer material used 
will be 6 mm thick glassfiber composite rods. These can handle a maximum tension of 513 
N/mm2. 
 
The calculated buckle tension is 263 N/mm2. This is fortunately below the maximum tension the 
spacers can handle. 
 
Frame stress 
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Spacer mock-ups
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Spacer mock-ups
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Acoustic performance test
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Test model failure
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Second test model
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Inconclusive results
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FINAL DESIGN
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Unitized 
vacuum
membrane 
envelope
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Section Front view
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Membranes

Materials and material combinations have 
been chosen to account for numerous 
complications. Including fire, creep and 
transparancy

1	 Glass fibre reinforced ETFE 0.3 	
	 mm with ETFE reinforcement at 	
	 spacer points

2	 Sunshading system

3	 Glass fibre reinforced ETFE 0.3 	
	 mm with ETFE reinforcement at 	
	 spacer points and low-e coating on 	
	 both sides

4	 Low vacuum at 0.1 Bar

5	 Glass fibre reinforced ETFE 0.3 	
	 mm with ETFE reinforcement at 	
	 spacer points and low-e coating on 	
	 one side

6	 Spacers

7	 Glass fibre reinforced ETFE 0.3 	
	 mm with ETFE reinforcement at 	
	 spacer points
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Spacer design 
and placement

Large at ends

Slim in the middle

Hollow

Pressure locks it over reinforced cone

100

1
0

120
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Panel

Panel 3x1m 

	 Deflection 500mm

Panel hexagon 

	 Deflection 8 mm

Divided unit into panels

	 Lower deflection

	 Sepperate vacuum

	 Smaller window
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Frame

The frame holds the differnt layers 
and parts together

Structural stability through panels

Membranes
Spacers

Panels
Frame
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Additional 
design aspects

Window
	 Vertical pivot window

Air evacuation system
	 Gas permeability
	 0.8 liters/hour/panel

	 Moisture permeability
	 8 grams of water/day if submerged

	 pumped out by one 12W pump in 8 	
	 min. per day.

	 Requires 10cm2 thin PV cell per unit

Weight
	 3.15*3.2m unit weighs 203Kg
	
	 Replacing 1 into glass window 		
	 increases weight by 35Kg

Mylar parapet
	 fire protection 
	 puncture resistance

window placement in unitized facade Air evactuation ducts and pump location
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South-West facade
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Step 1
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Building steps
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Step 7
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Building steps
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Visual comfort
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Appearance
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CONCLUSIONS
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Sustainability review
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Conclusion

Main research question
How can an adaptive unitized façade be designed by utilizing the advantages of membrane envelopes for 

residential high rise buildings in Singapore?

Sub-questions
What are the properties required of a façade for residential high rise buildings in Singapore?

Which types of membranes or membrane systems have the desired properties, as defined in the first 
sub-question?

What types of membrane envelopes have been built and how are they materialized, detailed and 
constructed?

What types of unitized façades are used on high rise buildings and how are they materialized, detailed and 
constructed?

What are the advantages of membrane envelopes compared to commonly used unitized façade systems?
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Thank you!
for your attention


