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Abstract

Generally, the envelope of a freeform building is composed of a structure made with rectangular or C-shaped steel
pipe, and steel or aluminum panel finishes on the structure. However, these construction methods increase material loss
and cost and time. There are also numerous cases of misunderstanding of design and difficulties in construction, which
frequently cause construction errors. Such construction errors decrease construction productivity, resulting in poor
construction quality and the need for rework, as well as cost and time overruns. To solve the problem, this study
proposes a 3D coordinate control technology for freeform structure implemented through a CNC(Computerized
Numerical Control) Twisted tube method, and by extension, develops a BIM-based envelope construction method for

freeform building.
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Figure 1. Curved elemets at the eaves of The Beijing
National Stadium
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Figure 2. Detail of curved element at the eaves of The
Beijing National Stadium
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AL. panel supporting steel pipe
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Side Plate(1-way curve)

Coordinate control stiffener

Tenon hole for stiffener

Bottom plate(parallel to the surface)

Figure 3. Component assembly of CNC Twisted Tube
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Figure 6. Cross check of the connection part of detailed
digital mock—up

name X y A

C1(1) 15929.868 917.635 1509.766
C1(2) 19511.778 1145.140 3469.186
C1(3) 22929.587 1349.688 5703.943
C1(4) 26154.236 1526.113 8206.419
C1(5) 29149.725 1668.756 10977423
C1(6) 31865.369 1767.998  14008.540
C1(7) 34203.930 1822139 17331.043
C2(1) 15458.885 2588.017 1509.563
C2(2) 18798.866 3163.807 3359.609
C2(3) 21991.844 3679.605 5467.996
C2(4) 25012.456 4121.143 7826.632
C2(5) 27829.383 4473055 10435212
C2(6) 30399.328 4712334  13283.236
C2(7) 32631.041 4837.508  16401.346

Figure 5. 3D coordinates data for CNC manufacturing
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Figure 8. Structure test for identifying the structural safety
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Figure 9. Field mock-up of structure and finishes(ETFE)
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