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“De-Form”

Able to change shape

“Re-Form”

Able to do it multiple times



Research Question

How to develop a "design to fabrication” workflow that corresponds to the design process and materialization of a
timber grid-shell structure, while also establishing an automation process to provide the Re-De-Form with more
accuracy/precision in producing free-form surfaces?



Sub-Questions

1. How to study freeform surfaces through Re-De-Form?

2. How can Re-De-Form be upgraded towards a more fast and accurate mechanism for
freeform exploration?

3. How to design a timber grishell and fabricate its panelization?

4. How can the Re-De-Form be utilized for gridshell design and panel fabrication?



Objectives

1. Perform an analysis of freeform surfaces and the challenges they pose towards their
design.

2. Study the requirements of a timber grid-shell towards its form-finding, materiality,
structural analysis, panelization,

Relate Re-De-Form to the designing and fabrication process of a grid shell structure.

4. Test the automated workflow using a prototype of Re-De-Form.



Methodology Steps

1. Literature review on freeform surfaces, flexible formworks and timber gridshells

2. Create the digital and physical environment of Re-De-Form and link it to the case
study of a timber gridshell structure

3. Perform the Form Finding, Structural Analysis, Panelization and Physical Modelling

4. Prototype and Automate Re-De-Form to perform panel fabrication and physical
modelling



Freeform Surfaces

=

Freeform Surface Geometry
Panelization

Freeform Examples

> W N

Freeform Design and Context



Freeform Surface Geometry



Traditional Surface Classes
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Freeform Curves

Bezier curve
1. Bezier
2. B-S P line «— control polygon
3. NURBS
¢— control point
Y

B-Spline curve

Nurbs curve

(@) (b)
JU4 p4

SN

A NURBS curve with different weight increase towards P1 and P3
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Freeform Surfaces

1. Bezier Surfaces
2. B-Spline
3. NURBS Surfaces
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General Bezier Surface
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Meshes
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Panelization

1. Non-Rationalization
2. Pre-Rationalization

3. Post-Rationilization

Pre-Rational

ization

e
SR I,
BPFEY N, R

Non-Rationalization

Post-Rationalization
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Freeform Surface Examples

Antonio Gaudi

Frank Ghehry
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Freeform Design

s identified as a new and cross-disciplinary domain and is characterized as representative of the
larger scale of impact of digital technologies on building design and production.

Challenges in:

1. Architectural Design
2. Engineering
3. Fabrication



Freeform Design Challenges

Re-De-Form

Lgival

Tomard e

Da_Tie—Form
oneE—LeE—EOTT
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State of the Art on Flexible Molds

The former FlexiMold
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15t Upgrade

Automation of the manually adjusted formwork

2"d Upgrade

Integrate Human Computer Interaction (HCI)



15t Upgrade

Automation of the manually adjusted formwork

2"d Upgrade

Integrate Human Computer Interaction (HCI)



The automation as it was originally envisioned

Flexible mold




Timber Gridshell Structures



Shells

Gridshells
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Timber GridShells

(@)
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Timber GridShell examples

The Mannheim Multihalle
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Timber GridShell examples

The Mannheim Multihalle

The Weald and Downland
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Timber GridShell examples

The Savil Garden

The Weald and Downland
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Pavilion ZA
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Form Finding Processes for shells

1. Stiffness Matrix Methods
2. Geometric Stiffness Method
3. Dynamic Equilibrium Methods



Form Finding Processes for shells

1. Stiffness Matrix Methods
2. Geometric Stiffness Method
3. Dynamic Equilibrium Methods



Particle Spring Method
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Timber Grid Details and Node Connections

Single Layer

Single-Double

Double Layer

Layering

Shear block to enable
horizental shear transfer
betwean layers B and D

Layer D
Layer C
Layer B
Layer A

Section

Double

Layars B and D Layers A and C
run parallel to run parallel to
ona ancthar ong anothar
Shear blocks
between each
layer

Plan

Layer System

Slots In outermost
layers ranging In lengeh
from 50 to | 50mm

Slotted node

M8& bolt

& mm thick steel plates
with rounded corners
top and bottom

105 mm x 105 mm

(approx)

4 mm thick plates beoween
laths dia x 20 mm long
Iocating stud ficted Into
predrilled holes, welded

to 4 mm plate

Packing {all bolts)
at "high shear' nodes

Plate-Bolt node

Diagonal Bracing

With Frameless Glazing
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Re-De-Form



Designing the workflow

Form finding

Designing the Gridshell
Structural Analysis

Panelization and panel correction
The digital Re-De-Form

The Re-De-Form prototype
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Form finding of a flat surface



The Flowchart

Input Rectangle

Generate
Surface

[ Mesh Surface ]1——{ U-V Count ]

Create Polylines Create Polylines
inU in V.

U-V Flat
Polylines &
Vertices

/ |
ESur{ace discretisation into input |

1 geometry for the Simulation
(lines and vertices)

[ Axial Strength ] [ Upward Force ] [ Segments in U ] [ Vertices ] [ Segments in V

Spring Length ]

] [BendingS"enmh][ (0..1)

(Springs) (Particles) (Springs)
p
4
b 5
{ v v
Angles with Small Upward Springs From
stiffness Force < J Lines
/

[ Sxar\v»End ]1—[SelectVenioes]
Points

Anchors Target Vertices

The user picks surface points
for manipulation and changes

Goal Objects

to simulate the behaviour of a
freeform shell. It is similar to
physical modellling of a
gridshell but in a digital
environment P

Kangaroo 2
Simulation

Clean Nulls

Explode Tree

A
Lath Lengths Pre-Simulation

Lath Lengths Post-Simulation

Segments in U

NURBS Curves
inU

inV

P 1

Network Surface

Segments in V

NURBS Curves

their position

Output For
Structural Analysis,

Panelization &
Molding

Mesh Surface

U-V Count

L=

[ U Polylines ] [ V Polylines

V Curves Average Distance between
Laths

L -
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Form Finding Params
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3 scenarios
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U and V Polylines
for
structural analysis
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Uand V Curves
For
gridshell design and panelization
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Designing the gridshell



Cross-section design and application

ayer lath system

|

The cross-section design utilizes double-

The cross-section was aligned to the local planes of the surface and lofted
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The flat grid pushed inwards
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The panelization is placed on top of the structure

Final Model with freeform cladding surface
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Structural Analysis



f Hesult-Case

res.dispfem] :
-

fon T orces

™ Hender Setfings |

Calculation of Displacement and Axial Forces
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7 &
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Trapezoid
r?‘?
Vi The gridshell study utilizes 4 sets
Vi of bidirectional laths. Shear blocks

in between connect the layers. The

‘resultant crossection fed to the

algorithm has an = and y dimension
all the

X corresponds to the laths actual
width in crossection. y corre =
to the height generated by 2 sets of
laths that share the same directiom,
plus the height of a shear block.

Wood Material from Karamba Library
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Lines Direction 0 Elements

1
o= 1

Lines Direction ,

el @

[ Type of Load:
| Graviy ]

| Onentation

L)

Uniform Line | |

Assemble Model component
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it "t"Proyides & scripting component.
o -Inputs:

= %t The % script variable
£ w2 The y script wariable
c ~Dutput:

3 -83: The a output variable"""
b

7 __author__ = "ispan"

b __wersion__ = "}821.83.23"

1o

1 import rhinoscriptsyntax as rs

[12

ik lowestPoints = []

4 if z<®.1

he . lowestPDints.appenc@A

The Supports are defined by a GH Python script

Support Points
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[~

The Elements, Supports and Loads
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Deformation

Axial Forces
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Panelization | Rotational correction



Panelization

,—[ U Curves ][ V Curves ]—\ Panelization (on

Gridshell)

Network Surface
Y A

/—@ength l List Length
Offset Distance ]

from Laths

[ Offset Surface

U Count V Count;
J

Divide Domain?

:lThe height of the mold pins need

Deconstruct
Domain?
! to be positioned with respect to

Panel Offset on Calculate Offset E 1he panel curvatine: Themoldis
Shiace per Domain ! bigger in the x-y dimension than
1 the panels of the gridshell, which
| means that some pins can not
! read the Panel's Surface beyond
Domain® their edges. This problem is
tackled by introducing a hidden
panel associated to each

Y

(o) (o)
I

Hidden Panels Actual Panels

individual panel. The hidden panel:
is an "offset" of the actual panel |
on the surface. By using that |

¢

¢

/

method the tangency on the
\ edges of the panels is not lost.

Panels sorted on a

Grid

Orient

Normals

A
[y = [0..(Iis!Length)]J [ x=[A.Z] J

(—J

Expression Panel Labels Hidden Panels Actual Panels
"(x).(y)" (on Grid) (on Grid) (on Grid)

olumns (Letters) :
Rows (Numbers) !

.................. g

Flowchart



Panelization

U Curves ] V Curves
Network Surface i

List Length

V Count!

Offset Distance
from Laths

[ Offset Surface

> Divide Domain?

:'The height of the mold pins need

Deconstruct
Domain?
I to be positioned with respect to

Panel Offset on Calculate Offset H thF par!e| curvatur‘eA Th? molclis
Sltface per Domain 1 bigger in the x-y dimension than

1 the panels of the gridshell, which
Re-Construct
Domain?
individual panel. The hidden panel,

| means that some pins can not
\
Isotrim ] [ Isotrim ]
is an "offset" of the actual panel

panel associated to each

: their edges. This problem is
method the tangency on the

1 read the Panel's Surface beyond
l l 5 on the surface. By using that
H

tackled by introducing a hidden
[Hﬂdgn Panels ' [ Actual Panels I edges of the panels is not lost.

Grid I—Tiges—![ Orient }-Sw—[ Normals ]

[y=[0“(listLength)]] [ x=[A.Z] ]

Expression

"(x).(9)"

1 x = Columns (Letters)
|y = Rows (Numbers)

Flowchart

Panelization (on

Gridshell)

Panels sorted on a
Grid

Panelization lines and dimensions
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Panelization

Panelization (on

Gridshell)

U Curves ] [ V Curves
Network Surface I
List Length ¢
- Offset Distance
[ Offset Surface H i

Divide Domain?

V Count,

Deconstruct y N
Domain? :'The height of the mold pins need
I to be positioned with respect to

Panel Offset on Calculate Offset H th‘e par!e| curvatur‘eA Thg molclis
Shiace) per Domain 1 bigger in the x-y dimension than

1 the panels of the gridshell, which
Re-Construct
Domain?

means that some pins can not
[ Isotrim

2 read the Panel's Surface beyond

1 their edges. This problem is

| tackled by introducing a hidden
E panel associated to each

[ Isotrim ]

lindividual panel. The hidden panel.
| is an "offset" of the actual panel
L L I on the surface. By using that
method the tangency on the
edges of the panels is not Ioit)

'
'
'
'
\

[Hldden Panels ] [ Actual Panels

Panels sorted on a

: Grid
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SO

[ Expression

I

Panel Labels ] [Hidden Panels ] [ Actual Panels ]
(on Grid) (on Grid) (on Grid)

"(x).(9)"

\_y =Rows (Numbers) 3

Flowchart

Panel network | Lath network

Panelization lines and dimensions



Actual and Hidden Panels
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1.60m

1.60m

~1.10m

Some Panels require rotational correction
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The algorithm corrects the
panels in 2 phases:

1. Bounding Box (red line) is square

2. Bounding Box perimeter is smaller
than a number

Xo

X1

X2

Yo

Y1

Y2
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The digital Re-De-Form



panel A3

panel A.8

panel E.13

panel G.12

The digital Re-De-Form (5x5pins)

62



U and V extensions
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3x3 pin digital Re-De-Form

caling down each panel (to 1:5)

Home the Pins through Grasshopper
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403 o
11 4233 0 1.522%8
&.6589 1 0.282164
7 4766 2 0991615

111 == {1}
$.2517 CM é’d’ 0 1.23235
6.54€8 bl::":"‘-‘a.-_-_,‘_____. 0 1 0.88827
B.3528 = B 0 « |2 1.187402

% 3

E Sq Dlstanceuto pir =
7.4553 S
G_EBET4
10.6844

pinion’s diameter

443 648017
L4312 57714

427 464733
356. 155358

2 () Resutt pi2 |

‘ [!] o 0.012

27289
538071

s81372

.€a6017
57714
464733

.1ss3sE
324315
142547

318 .344516
210.142547

Angles of rotation

convert List to String

output String to Arduino Serial Monitor

2236, 1413, 1586, 1571, 1389, 1859, 1582, 1414, 2267

Format ("{0}, {1}, {2},13},(4},15},16},17},{8}",a,b,c,d,e,£,qg,h,1) |Result

— T8 .fanca

String to Serial Monitor
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Physical Modelling

120

115

110



The Re-De-Form prototype



a) 2 points

po

b) 3 points

Po
11 points ¢

3
v

Re-De-Form surface | Freeform surface
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Final Ball connection
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The actuator system
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The formwork without rubber bands

The formwork with rubber bands
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The automation

Physical FlexiMold with (9x)Stepper motors |  (9x)Easy Drivers V4.4 | Arduino Mega 2560

Digital to Physical data transfer

Digital FlexiMold
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The circuit
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& com3

1787, 1824, 1739, 1939, 1468, 1420, L974, 1616, 1821

Enter Travel distance

ng STEpPErA 1Nto

Pﬂl Qontrol A

0570 >
s |

B 1787, 1624, 1203, 1393, L4€E, 1420, 2074, 16LE, 1621

Mold Pin Musmer: Sx3
i Mold Pin Diseares: 0. 1620.14
pees Position from =0 i 0 3%

The steps to use the prototype
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The wooden piece used for Homing

The pins are Homed
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Picture Number Cost (Euros)

Arduino Mega 2560 1 15
Male-Female Cable 40-80 4-8
Breadboard 1 5
Stepper Motor 9 54
Motor Driver 9 36
12V Power Adaptor 1 8
DC to terminal 1 2
block adaptor
MDF sheets, steel cables, - 25
wooden pins, CnC cut

155

Total Cost

An overview of the components
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The Building Weeks
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Capabilities

=

Physical modelling mechanism
Design in various scales

Automation Architectural Design

Component Uniqueness Engineering

Accuracy Fabrication

Calculation Intensity

N O oA W N

Data communication

Limitation and Future upgrades

Magnet application on prototype
Surface cutting pattern study
Application of more pins

The algorithm warns about the consecutive pin's critical height difference

oA W N e

Directly connect the positional values to the prototype without the use of Ctrl+C and Ctrl+V



Thank You!
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