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Vertical pre-tension to keep cables
from going slack under 30lbs/ft2 live load:
Total Roof Area  = 30,000 ft2

Number of Cables  = 13
Area per Cable  = 2,300 ft2

# of Segments   = 8
Area per Segment  = 287.5 ft2

Live Load/Segment   = 8.63 kips
Pre-tension/Segment  = 8.63 kips

The pre-tension is the vertical force used in the force polygons 
above for determining gravity and wind cable funicular shapes.

In order to get double curvature over the roof surface, we create peaks 
and troughs by shaping the cables to sag different amounts.  These 
calculations represent the extreme cases.

Sizing Steel Mast Members
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F  = 490 k    σ
allow,steel

 = 15ksi
A  = 490 k  / 15 ksi = 32.8 in2

Use 12” diameter, 1” wall pipe:
A = π (6 in2 - 5 in2) = 34.6 in2 > 32.8 in2

Crushing:

From the force polygon and diagram of the mast, we see that the 
critical member will be OP because it has the highest force and is 
one of the longest members.

Buckling:
I = π/64*(12 in4 - 10 in4) = 527 in4

P
cr

 = π2 * E * I / (kl)2 =  4660 k

Even with a large safety factor, the weakest failure mode is crushing, not buckling!

12 in

1 in

Members M1 and MP are under less stress and are in tension (so no 
need to worry about buckling). We can use a smaller pipe for these:

F  = 310 k    σ
allow,steel

 = 15ksi
A  = 310 k  / 15ksi = 20.7 in2

Use 12” diameter, 3/8” wall pipe:
A = π (6 in2 - 5.625 in2) = 27.0 in2 > 20.7 in2

12 in

3/8 in

Sizing Cables
T

max
  = 270 k    σ

allow,cable
= 30 ksi

A  = 270 k  / 30 ksi = 9 in2

Diameter = 2 √(A/π) = 3.4 in

3.4 in

Volume and Weight
Steel Masts
 60 ft x 0.24 ft2 x 13 masts = 187 ft3 steel
      187 ft3 x 490 pcf = 91,400 lbs
       .80 x 91,400lbs = 73,100 lbs CO

2

 80 ft x 0.19 ft2 x 13 masts = 195 ft3 steel
      195 ft3 x 490 pcf = 95,600 lbs
       .80 x 95,600lbs = 76,500 lbs CO

2

Cables
2 x 100 ft x 0.0625 ft2 x 13 = 162 ft3 steel
      162 ft3 x 490 pcf = 79,600 lbs
                    .80 x 79,600 lbs = 63,700 lbs CO

2

  
Concrete Anchors
      V = 1/3 x L x W x H x 13 = 9,750 ft3 concrete
                9,750 ft3 x 150pcf = 1,460,000 lbs
              .20 x 1,460,000 lbs = 29,200 lbs CO

2

Total Weight:  1,726,000 lbs
Total Embodied CO

2
: 505,000 lbs

CO
2
/Area: 16.8 lbs/ft2

Our long span roof is formed by a membrane stretched across a  modulated system of 

pre-tensioned cables. Thirteen pairs of gravity and wind cables, spaced 25 feet apart, are 

connected to stabilize the roof under live loads. The pre-tension between the cables and the 

double curvature of the membrane attempt to minimize flutter caused by wind or 

asymmetrical loads. By varying the tension in these cables, we can shape the different 

sections of the roof to give us this functional and delightful form.

The cables are anchored on one end to concrete abutments that serve as a mysterious entry 

to the open air market. On the other end, the cables anchor to steel masts. These steel masts 

take on an unintuitive but efficient form, including a funicular kink that responds to the load 

of the wind cable. The space under the splayed base of the masts forms an undulating 

walkway opposite the entrance and provides lateral stability to the structure.
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