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PROJECT DETAILS





PURPOSE



CONCEPT



PRECEDENT-German Pavillion ,1967 Montreal



FORM STUDIES



FORM STUDIES - BASIC SECTION



FORM STUDIES - BASIC SECTION

Basic triangular section



FORM STUDIES - BASIC SECTION

Masts

Cables



FORM STUDIES - BASIC SECTION



FORM STUDIES - BASIC SECTION



FORM STUDIES - MATERIAL

PTFE Membrane
The applied membrane is  PTFE-glass membrane. It has a tensile strength of 8,000 N / 5cm, which is equivalent to 16 t 
relating to a strip of 1 m width. 



MEMBRANE STRUCTURAL SYSTEM



MEMBRANE STRUCTURAL SYSTEM



MEMBRANE STRUCTURAL SYSTEM



MEMBRANE STRUCTURAL SYSTEM



MEMBRANE STRUCTURAL SYSTEM



MEMBRANE STRUCTURAL SYSTEM - INNER MAST

The inner masts, which have a diameter of 600mm, take a major part of the vertical loads.



MEMBRANE STRUCTURAL SYSTEM - INNER MAST



MEMBRANE STRUCTURAL SYSTEM - INNER MAST



MEMBRANE STRUCTURAL SYSTEM - EXTERIOR MAST

Exterior masts include long masts and short masts, which are 35 or 38 m and 17m long.



MEMBRANE STRUCTURAL SYSTEM - EXTERIOR MAST



MEMBRANE STRUCTURAL SYSTEM - EXTERIOR MAST



MEMBRANE STRUCTURAL SYSTEM - CONNECTION TO SUN VALLEY



STRUCTURAL ANALYSIS



STRUCTURAL ANALYSIS - KARAMBA

After trying out Karamba 
for utilization analysis, we 
realized that Karamba 
cannot be used for 
cable-membrane 
structure analysis.

Load case: 0 
Type of load: Gravity



STRUCTURAL ANALYSIS - ANSYS

Distribution of membrane’s initial prestress (kN/m)

Warp 

Weft

Type of load combination:
Long term: 

1. G + P
2. G + P + Q
3. G + P + W

Short term:
4. G + P + Q + 0.7W

Mechanical property of membrane:
Warp:

Tensile strength: 173.3 kN/m
Design value:

Long term: 21.67 kN/m
Short term: 43.33 kN/m

Elastic Modulus: 1362 kN/m
Weft:

Tensile strength: 156.7 kN/m
Design value:

Long term: 19.58 kN/m
Short term: 39.17 kN/m

Elastic Modulus: 976 kN/m

Image resource: WANG Dasui, Weiyu Zhang, et al. “Design and study of an long-span cable-membrane structure for the Expo Axis”, Journal of Building Structures, Vol.31 No.5, May 2010



STRUCTURAL ANALYSIS - ANSYS

Distribution of membrane’s stress under long-term load combination 2 (kN/m)

Warp 

Weft

maximum stress

maximum stress

Type of load combination:
Long term: 

1. G + P
2. G + P + Q
3. G + P + W

Short term:
4. G + P + Q + 0.7W

Mechanical property of membrane:
Warp:

Tensile strength: 173.3 kN/m
Design value:

Long term: 21.67 kN/m
Short term: 43.33 kN/m

Elastic Modulus: 1362 kN/m
Weft:

Tensile strength: 156.7 kN/m
Design value:

Long term: 19.58 kN/m
Short term: 39.17 kN/m

Elastic Modulus: 976 kN/m

Image resource: WANG Dasui, Weiyu Zhang, et al. “Design and study of an long-span cable-membrane structure for the Expo Axis”, Journal of Building Structures, Vol.31 No.5, May 2010



STRUCTURAL ANALYSIS - ANSYS

Warp Weft

Details of membrane’s maximum stress (kN/m)

Type of load combination:
Long term: 

1. G + P
2. G + P + Q
3. G + P + W

Short term:
4. G + P + Q + 0.7W

Mechanical property of membrane:
Warp:

Tensile strength: 173.3 kN/m
Design value:

Long term: 21.67 kN/m
Short term: 43.33 kN/m

Elastic Modulus: 1362 kN/m
Weft:

Tensile strength: 156.7 kN/m
Design value:

Long term: 19.58 kN/m
Short term: 39.17 kN/m

Elastic Modulus: 976 kN/m

Image resource: WANG Dasui, Weiyu Zhang, et al. “Design and study of an long-span cable-membrane structure for the Expo Axis”, Journal of Building Structures, Vol.31 No.5, May 2010



STRUCTURAL ANALYSIS - EASY & ANSYS

Membrane’s displacement under long-term load combination 2 (m)

Result by EASY

Result by ANSYS

Type of load combination:
Long term: 

1. G + P
2. G + P + Q
3. G + P + W

Short term:
4. G + P + Q + 0.7W

Mechanical property of membrane:
Warp:

Tensile strength: 173.3 kN/m
Design value:

Long term: 21.67 kN/m
Short term: 43.33 kN/m

Elastic Modulus: 1362 kN/m
Weft:

Tensile strength: 156.7 kN/m
Design value:

Long term: 19.58 kN/m
Short term: 39.17 kN/m

Elastic Modulus: 976 kN/m

Image resource: WANG Dasui, Weiyu Zhang, et al. “Design and study of an long-span cable-membrane structure for the Expo Axis”, Journal of Building Structures, Vol.31 No.5, May 2010



STRUCTURAL ANALYSIS - REINFORCEMENT

Live load direction

Before deformation

After deformation

Loose zone

Schematic diagram of drop-down point membrane’s displacement under 
long-term load combination 2

Membrane reinforcement of welds at drop-down point

Reinforcement

Image resource: WANG Dasui, Weiyu Zhang, et al. “Design and study of an long-span cable-membrane structure for the Expo Axis”, Journal of Building Structures, Vol.31 No.5, May 2010



STRUCTURAL ANALYSIS - REINFORCEMENT

Membrane reinforcement of welds at drop-down point

Reinforcement

Wind load direction

Loose zone

Elevation of membrane’s deformation under short term wind load

There’s a double membrane reinforcement at drop-down point.

Image resource: WANG Dasui, Weiyu Zhang, et al. “Design and study of an long-span cable-membrane structure for the Expo Axis”, Journal of Building Structures, Vol.31 No.5, May 2010



STRUCTURAL ANALYSIS - REINFORCEMENT

Suspension point

Reinforcement zone

Suspension point Membrane reinforcement on suspension points

Wind suction cable

The center mast

Stabiliser cable

Image resource: WANG Dasui, Weiyu Zhang, et al. “Design and study of an long-span cable-membrane structure for the Expo Axis”, Journal of Building Structures, Vol.31 No.5, May 2010



SUN VALLEY & CONSTRUCTION
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