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The Compound Column:

Based on these constraints, I arrived at a
double-tetrahedral geometry (heneeforth

Truss

Most raw wood truss systems relies on steel connections >*'? because of complex nodes when
multiple beams meet at the same point (valence larger than two) 36, 45,48, 72, 73, 91, 180, 187].
A tree trunk is used as a linear beam element interconnected side-to-end. Trusses show a
structural advantage of raw wood by exploiting a maximum use of timber biomass. In general,
the design of the easily fabricated metal connectors is emphasized to assemble many similar

Chapter 9. Raw wood Cross and Top-to-side Joints for Nexorades

9.5 Assignment Problem

A given set of timbers alters the initial design (see Figure 9.19). When trees were ordered
from the forest within 15 cm radii, the delivered wood had taper, curvature and sectional
differences up 15-22 ¢m in radius. The assignment strategy is needed because two large
timbers might be colliding, or smaller beams might not form a connection zone. First, all the

Dachaufbau

Kelleraussenwand

Human-in-the-loop Fabrication of 3D Surfaces with Natural Tree
Branches

Maria Larsson
The University of Tokyo
ma.ka larsson@gmail.com

Hironori Yoshida
The University of Tokyo
Preferred Networks Inc.

hyoshida@hy-ma.com

Takeo Igarashi
The University of Tokyo
takeo@acm.com

Human-in-the-loop Fabrication of 3D Surfaces with Natural Tree Branches

Scan Overlapped Virtual model

=

Perspective

Top view

SCF 19, June 16-18, 2019, Pittsburgh, PA, USA

Figure 27: Crush test of fabricated dome. 1. Experimental

referred to as a compound column), in which I
ix identical timber: joined in thr irs, ' |
:i::lf ;f; ﬂz__nﬁ rf:; Z?d:: 221111;11]]11 ,:dp:;z ad JI || ||I beam elements, even though the sustainability and ease of manufacturing are questionable.
, & |
to an equilateral triangle at its mid-height . | The wooden trusses are applied in bridge structures as well [4, 181]. Another option would beams are scanned at one time, and the point cloud is cropped to individual beams. Second, .
(Fig.4.1.2). Steel eleu;euts are used in :rension .‘I [ |||\ be to form a Vierendeel truss to avoid the complex metal connectors [104]. Additionally, skeletonization is performed on each point cloud using a Cylinder-fit method. Third, the SChl&mleGgG'
22 | i : > i )
to resist the outward spread of the column at | I|' | ||I there are methods to connect multiple timbers to form tree-shaped columns [25, 36]. Other cost is assigned for each beam based on length and radii. Fourth, the assignment is made Lavaschotter :
its mid-height. This spread provides global / I\' || ||I techniques focus on hybrid timber, and steel connections [62] to ease the fabrication and using a Hungarian method'. The search criteria for the Hungarian Algorithm was a length of a Bitumenl agen 3 x 4mm s setup. 2. Failure mode.
-11 - : | A . . = . - . .
buckling resistance. | |'I | assembly. Minimal steel connectors were also used in the Lausanne observation tower by beam. The indexing is needed to select the suitable geometry for fabrication within a group of 3 S Ch | Ch t pl atte 4
Post-Tensioning: ,|I | \ || |I Julius Natterer [111]. Therefore, it is hardly possible to employ only wood-wood connections self-similar elements. When the assignment solution is found, the initial design is updated SChll fmatten zocm 1N 1 NNl ! Y, ,F,:E:: 24: Scan of fabricated dome compared to virtual . [—bome st
- - | | r . N B . . B = L /
N for large-span structures made from raw timber considering the multi-valence truss nodes concerning the oriented point clouds. These assignment findings resulted in the global design . . HIMI “ U U 1] “ “ il 5 20 /,/
changes such as reducing layer thickness, reorientation of conical parameters, and better cost Gefallschicht . HNRIAERIRD 2 s
estimation per element so that too small or too large beams would not be positioned close Korkschrot-Trass-Lehm Mischung stampflehm 45cm I -zv-i 3 /'JN""’—M
3|tu men lage O 4Cm Figure 1: System overview. 1: Input surface. 2: Set of scanned real branches. 3: Best found fitting branch assigned to a reciprocal *
pattern of target curves. 4: Joints fabricated by audio-visual guided positioning by human and a computer numerical control o 10 20 30 40 50 60 0
O7e D37 Displacement [mm]

Compression-only connections in the
compound column are adequate under normal
vertical loading. but when the column is being
moved on site, or if it must resist uplift from

a roof under wind-loading. these connections
will be subjected to tension.

(see Figure 3.5).

to each other (see Figure 9.20). Lastly, a small change like a few centimetre difference in a
tree radius influences tool-path generation, requiring less or more milling to ensure fast and

secure fabrication.
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(CNC) router. 5: Fabricated and assembled result.

ABSTRACT

We propose a design and fabrication system leveraging the diverse
shapes of natural wood. With our system, precise geometries are
fabricated from non-standardized, naturally curved branches. In
this way, low-valued tree branches are up-cycled to a construction
material. The process is implemented as follows. Taking a set of
branches and a user-defined parametric target surface, the system
makes a reciprocal pattern of curves that lie on the surface. Then,

CCS CONCEPTS
« Applied computing — Architecture (buildings); Computer-
aided design; Computer-aided manufacturing;

KEYWORDS
guided fabrication, audio-visual guidance, adaptive fabrication, 3D
scanning, architecture, wood, joints
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Figure 28: Crush test of dome structure. Load-displacement
graph.

radius could potentially be placed at parts of the structure that take
more load. And it would be desirable to avoid making a joint at a
locally dense node.

We found that it was easy to collect tree branches, and to pur-
chase them at a low cost directly from the forestry industry. But
much effort is spent on material handling, i.e. to build and attach
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|\ — e ! \ | these curves There was a similar attempt to buld a large beam B e bl 1 EaD Guraces with Natural Tree Branches In SCF - cach marker cube, and to scan the branches one by one. For the
| | i | | ] | 8 quip 19: Symposium on Computational Fabrication (SCF ’19), June 16-18, 2019, system to scale well, these steps would need to be less of a burden.
o & | and robot arms. In cox?trast, we target.smaller surface Str“Ct“‘;es Pittsburgh, PA, USA. ACM, New York, NY, USA, 12 pages. https://doi.org/10. Fi 25:F lected b hes (all with 4 joi £ the fab Scanning a bulk of branches at once, rather than one by one, is tech-
‘I | from tree branches using more accessible tools (2.5D CNC) with 1145/3328939.3329000 }gﬂrt:i a . m: ls’e eCtlel kr;mc es (a lw“ a ‘lo.u:s) of the fab- nically feasible. As for the AR markers, the process would be quicker
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II SCh ifth O IZ guidance. Then a CNC-machine can mill out the joint. Finally, the ) ) path, photograph of fabricated branch. marker-less tracking without compromising on accuracy.
structure is assembled by hand without screws or adhesives. The unique shapes and textures of wood are aesthetically favor.ed A The fabrication itself is rather time-consuming. Most of the time
Leh m bau platten for tumlt.ure and architectural de.slgrf. At the same time, the pref.el- Qﬁ\ﬁ = is spent for milling the joints. That is not unique to our system,
ence for industrial wood production is even-aged and monospecies PN W ” , w but equally time-consuming with engineered wood. Using multiple
Lehmputz Permission 1o make digal or hard copies of all o partof this work for prsamal o O forestry. Such forests produce straight tree trunks which KALZ &) b ONC-machines parallel i one possibility to speed up the fabrication.
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B S L i T A typically just chipped and burned. Their unique curvy shapes make : steps after the positioning also rather quick but tedious. The user
has to stand up and look closely at the branch from multiple angles

Fig. 4.1.1: Post-tensioning allows for compression-
only connections

Post-tensioning allows additional compression
to be introduced to the compound column, such
that compression conneetions will never be in
tension, even when the column is subjected to
uplift or is being moved on site (Fig. 4.1.1).

A central cable connected to bearing plates

at each end of the compound column can be
tensioned to add additional compressive load to
the column as a whole.

Fig 4.1.2: A “compound column™ in whole-timber
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Figure 3.5 — Trusses from raw wood are a mainly composed from steel connectors and me-
chanically rounded timber.

2https:/ iwholetrees.com/portfolio-item /festival-foods-grocery-store/
Shitps://www.nattererben.com/index.php/ tuerme
*https:// carpenteroak.com /projects/solar-canopy-the-earth-centre/

Figure 9.19 — Beam assignment from the real to the digital stock: a) Hungarian algorithm, b)
initial model with equal radii beams, c) oriented scans, d) altered design.
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them difficult to systematically use for higher value applications in
construction and manufacturing.

Our goal is to develop a computer-aided system that can handle
these curvy tree branches. We propose a workflow leveraging digi-
tal fabrication techniques. To make a structurally sound structure

Figure 26: Prototype fabricated without audio-visual feed-
back. 1. Fabricated result. 2. Virtual model of planned struc-
ture. 3. Milling paths of joints and side planing.

Human-in-the-loop Fabrication of 3D Surfaces with Natural Tree

Branches

Autors: Maria Larsson, Hironori Yoshida, Takeo Igarashi

University of tokyo

WILD WOOD GRIDSHELLS
Digital Structures MIT, Prof Caitlin Mueller

to visually assess the position of the milling bit. This step would
be easier if the user was assisted by a second camera capturing
only the zoomed in area under the milling bit. Then the user could
adjust the milling bit position while looking at a screen. With such
engineering improvements of our prototypical system, it would be
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