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drawings and specification which called out "every detail of the construction operation ... from 
forming to finishing" (Yeakel, 1962). Because ofthe uncompromising requirements in the doc­
uments for construction process and structural behavior, specifically the requirement that each 
shell must be poured continuously in one-day with only minimal allowable dimensional deflec­
tion after the scaffolding wa removed, it took nine months to prepare a manual which outlined 
the plans for forming, finishing, and testing the tolerances of the concrete. 

Forming the underside of the roof was again done with scaffolding, but unlike the some-
what random arrangement at Kresge, this scaffolding was laid out on a · that dictated 
the exact placement of the scaffolding vertical elements. 
The only computer used on this project was used by the 
contractor to calculate the exact height of each vertical 
scaffolding post, all 1,800 of them, to make sure the antic­
ipated curvature was met. Each post was held in place 
with prefabricated wedges (cut at the proper angle) with a 
u-shaped end receiver to hold the main support beams of 
the formwork. They were within '14" tolerance throughout, 
even with the complicated geometry of the forms pro­
posed (Arch. Forum, 1960). After the bottom surface was 
fully formed and sealed, the contractor spray-painted spot 
elevations on top ofthe formwork (in the same locations 
as the construction drawings showed) to guide the pouring 
process from above (Figure 8). Three test panels were 
constructed to simulate the most difficult placing condi­
tions of angle of incline and amount of reinforcing to fully 
prepare for the pouring process which had been pinpoint­
ed with "unforgiving tolerances" (Yeakel, 1962). 

Figure 8: Top view of keystone form work 
with spot elevations showing proposed 
concrete depth, Photo A. Tor, 1960. 

Because ofthe need to have different 
concrete slump mixes for different portions of 
the shell, there was a mobile concrete batch sta­
tions on-site that would mix and deliver the con­
crete to the crane operator. Over 150 workers 
helped pour each section of the roof; they wore 
a shirt with a giant number on it that corre­
sponded with an assigned work position on the 
roof (Figure 9). Two 180-foot, 45-ton cranes 
hoisted the concrete to the workers in modestly 
sized one cubic yard loads- the process was so 
coordinated that each bucket was color coded 
with paint to assure that it was being placed in 
the right location on the shell slope to ensure 
workability, and it was placed at a staggering 
rate of one cubic yard every two minutes. In­
spection crews of engineers and carpenters, sta­

Figure 9: Roof segment being poured by workers with 
numbered shirts for coordination, Aug. 1960, Photo by 
TWA. 

tioned under the form work and at the ground level below observed a system of hanging plumbs 
from the roof so that the next bucket load could be placed at a compensating point for counter-
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balance if the form work moved. The largest roof section was 1 ,000 cubic yards and it took a full 
30 hours of continuous labor to pour and finish. To leave the concrete roof visible to planes 
above, the roof was coated with 1,500 gallons of silicone waterproofing material that prevented 
freeze/thaw damage to the concrete and facilitated faster runoff of rainwater to keep the roof 
looking clean. 

The Evolution of Intent and Expertise 

·· ... the reason why these (plastic forms) are being built now ... is really aesthetic and not econom­
ic; and we should face that. " Eero Saarinen, "Function, Structure, and Beauty," August 1957. 

The thoroughness of the design construction pro­
cess was rewarded as the finished shell form sagged con­
siderably less than anticipated upon the removal of the 
formwork and there were no noticeable shrinkage cracks 
(Figure 1 0). The project foreman Kenneth Morris, gave 
high praise to the process and people, calling the work the 
"The biggest challenge to concrete and concrete men I've 
seen in my 30 years of construction ... the teamwork was 
the finest I've ever seen ... and the 5,000 tons of sculptured 
concrete you see standing there is the best proofl know" 
(Yeakel, 1962). Saarinen never saw the building complete, 
but did see the scaffolding removed and boasted in a letter 
that, although there was a lot of concrete, " it is the least 
earthbound shell that has ever been built" (Saarinen, 1960). 

The construction challenges and structural failures 
at Kresge led to the incremental evolution in the structura l 
responsiveness and constructability ofTWA. This was in 
part due to Saarinen's willingness to accept and embrace a 

greater level of influence and expertise from the structural 
engineers during the early stages of design formation , and 
the correspondingly increased level of expertise in concrete 
shell design by the project teams in both offices born from 

Figure /0: Image ofTWA roof shortly 
after the formwork was removed, Nov. 
1960, Photo by B. Korab 

this collaboration. And although TWA was intentionally divergent from an efficient structural 
form, and it wasn't easy or economical to build, it advanced much of the early formative dia­
logue about the degree of influence that function, structural performance and constructability 
should (or shouldn 't) have in the derivation of a spatial she lls. Roche summarizes the efforts 
concisely, " It was a great moment in modern architecture ... even if some were appalled by the 
work, it was incredible." 
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