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Figure 29: Dutch Maritime Museum Grid Shell, and its form finding by Dynamic

Relaxtion method froma Planar Surface to a double cureved Form [27] .........ccccvvnnee. 28
Figure 30: lllustration for the form finding classifications for shell structures, by author
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Figure 31: Experiments on hanging models by Frei Otto, on the left side shows how
the geometry allow for a clear deformation, on the right side shows how when the

forces reactions are not considered it result in Wrinkles...........cccoovvvevinieiiin i, 31
Figure 32 lllustrative figure by author, 2019 using Rhinoceros CAD. For the scissor
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pulled up by means of cables; (d) Additional horizontal trust is added to the corner
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Figure34 : A Detailed connection for Mannheim wooden grid shell by Frei Otto [37]. 33
Figure 35 illustrations for pin connection to transform the square grids to a rhombo,

also represents the axial forces that happens when the planar lines transfer to curved
JINES [27 ] ettt bbb 33
Figure 36: on the right side example for non-continuous straight grid shell and on the
left side an example for the continuous grid shell (http://digitalstructures.mit.edu)......34
Figure 37 example of bending stress / strain behavior, (www.finehomebuilding.com) 35
Figure 38 example on kinetic damping behavior from initial state to final geometry ...36

Figure 39 Example on strained grid shell prototype [54] ......ccccvoviiiiieiiiiiieieeee, 36
Figure 40 Diagram for the PSS simulation elements [57].........cccoeiiiiinciiinincnn, 38
Figure 41: Methodology Diagram by researcher, 2020...........ccccceeiviieiii e, 41

Figure 42: example on timber grid shell construction on the left side
(https://taubmancollege.umich.edu). Hlustration on the right side by author, 2020....... 42
Figure43 : lllustration for the materials that will be used in the experimental prototype.
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Figure 44: on the left; an image for the hose, in the middle; its outer diameter, on the
right; its inner diameter. Author, 2020 .........ccoooiiiii i 45
Figure45 . A photo shows the PVC hoses curly shape when it hanged between two
POINES. AULNOT, 2020. ...c.veieiecieeie et et e e reeste e e sraesaeeneeannens 46
Figure 46: Graph for the PVC hoses illustrating the elasticity and plasticity behavior of
the material when it subjected to heat. Author, 2020. ..........ccevveiviiiiiieee e 47
Figure 47:the boiling water experiment setup to get the catenary deformation for the
PVC hose. AULNOT, 2020.........uuiiiiiiiiie ettt ettt e e st re e e s e b ae e s s sbaaeeaeas 48
Figure 48: before and after image for the PVC hose catenary deformation using boiling
water. AULNOT, 2020, ..o et 48
Figure49 : Example on Kangaroo Plugin simulation of shell structure [67].................. 49
Figure 50 kangaroo workflow by Arturo Tedeski [57] edited by Author, 2020 ............ 50
Figure 51: Research Experiment Grid using Rhinoceros. Author, 2021........................ 50
Figure 52: Dividing the Grid into points and segments to be ready for the simulation
using Rhinoceros. AUthOr, 2010, .......ccviiieiicie e nnees 51
Figure 53: illustration shows the forces applied on each node of the grid shell using
ROINOCEIOS. AULNOK, 2021, ......eviiiiciiiiee ettt e e s e b e e e e e sbaaeeeaas 52
Figure 54: lllustration, Shows the half distance between each node and its surrounding
using RINOCEros. AUthOr, 2021 ........coviiiiiiicee e 52
Figure 55 the weight of 20.2 cm long of the experiment grid shell members. Author,
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