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Form Optimization of Truss Columns with Inspiration from the Helix
Bone Structure
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(Gavade et al. 2016)
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Fig. 5 Left: the section of cortical bone. Right:
osteon structure. (www.easynotecards.com)
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Fig. 6 Bone structure. A: cortical bone. B: helical
structure in osteon. C: collagen fiber (one strand of
osteon). Strands of the fiber are also helical; in the

schematic form they are pictured linear. D: each
strand of collagen fiber is called collagen fibril which
is made by twisting collagen molecules. E: collagen
molecule. (hamed, Jasiuk, 2012)
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Fig. 9 Interior view of dome of Friday Mosque in
Esfehan (fotografia.islamoriente.com)
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Fig. 7 Rotation angle of helixes in osteon layers
(Weiner, Traub, and Wagner, 1999)
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Fig. 12 maximum pressure force in simple and
helical column (critical members at each level are
presented thicker)
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Fig. 10 Plan of helix and simple column at the height
of 0 meters (the base level)
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Fig. 11 Plan of helix column with 90 degree rotation
at the height of 3 meters
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Fig. 15 Left: The general form of the considered
sightseeing tower in this research. Right: Jubilee
tower, Australia (static.panoramio.com)
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Fig. 16 form of colur;;ns with 0, 45, and 96 degrees
(The rotation states of 22.5, 67.5 and 135 degrees
have not been displayed)
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Fig. 13 Pressure force in effect of vertical load in
upper part of helix and simple columns (For greater
clarity, forces are only shown in one of the nodes)
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Fig. 14 Hazrat-e-Ebrahim Park, Tehran (left:
en.wikigogo.org)
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Table 1 The effect of the rotation angle on the behavior of the helix column in the state of 108 kN vertical load

and the corresponding earthquake load

Max. displacement (mm) Increase or Pressu_re Helix pipe The
decrease of Structure force in properties helix
weight weight critical helix . . .
. . . Weight Diameter rotation
Total  Vertical Horizontal relative to (kg) members (ke) (mm) ancle
non-rotation (kN) & mm &
26 3.5 26 0 133.8 89 94 68 0 1
26 3.5 26 -%2 130.6 87 82 67 22.5 2
28 4 28 -%3 130.5 85 90 67 45 3
30 4 30 +%1 134.5 84 90 67 67.5 4
31 5 31 +%5 141 82 88 66 90 5
31 5 31 +%11 149 80 82 64 135 6
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rotation angle for different values of the vertical
loads included in the design (with corresponding

earthquake load)
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