0

BREAKING GROUND WITH BAMBOO

ROBOT|C ADDITIVE MANUFACTUING OF
A SET_ ' ‘ﬁ" .'-- - LT

JaeMine W@Qg 1662860 1
Mentor$ Dr. Se?dar Asut and.Dr. Stijn Bfanc;art
~ Delegate of the B%@‘%‘Eﬁhmlﬁem Dr‘Arle Romein

‘ *w" ot ?M % Mmgiﬁ‘wﬁf .

K. o ' j? i
" ' WY AR3B025 2022/23 Q4 . |
e i , s, € r BAM
TU Delft & P e o B ’Bundmg Technology@gaduatlon Studlo made  1bamboo B
"'-‘_;'-". F E “’* wﬁ:‘ ’ H ‘L‘m %.M a .

’ ! - f"ﬂ '.,!u 1-3“9 V‘#’



breaking ground

To do something completely different from what has been done before.



CONTENT

INTRODUCTION

MATERIAL EXPLORATION

PRINTABILITY EXPLORATION

DESIGN

DESIGN OPTIMIZATION

PROTOTYPE

CONCLUSION



INTRODUCTION



BUILDING INDUSTRY
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BUILDING INDUSTRY

Source: Eumetsat
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40% GREENHOUSE GAS EMISSIONS

Other Industry
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MATERIAL EXTRACTION DEMAND
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CARBON STORAGE
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TIMBER LIMITATIONS
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TIMBER LIMITATIONS
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Source: theGuardian
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ALTERNATIVES

easily accessible

COMPLEMENT WOOD
.
affordable quicklyvgrowing
N
........... BAMBOO
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BAMBOO

Source: Herald Scotland
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BAMBOO AS A CONSTRUCTION MATERIAL

Community Church Knarvik, Reiulf Arkitekter

Source: Archdaily
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QUICK HARVEST

bamboo

15 20 29 30 35 40 45 o0 09 60 69

10

Growing time (years)

Source: Kampinga et al,, 2015
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WHY ISN'T IT USED ON A LARGE SCALE?
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BAMBOO DISADVANTAGES

short lifespan anisotropic material different species = different properties lack of building codes
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BYPASSING DISADVANTAGES

fibers



INCREASING THE UPTAKE

dust

fibers
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THE INCREASER

dust

fibers
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Source: 3deometry

ADDITIVE MANUFACTURING = 3D PRINTING
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layer by layer on top of each other
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Source: 3deometry

ADDITIVE MANUFACTURING # TRADITIONAL MANUFACTURING
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cost effective flexible design minimize waste
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formative process

TRADITIONAL MANUFACTURING

subtractive process
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formative process

WASTE MATERIALS

subtractive process
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ADDITIVE MANUFACTURING PROCESSES
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MOST USED IN THE BUILT ENVIRONMENT
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Source: Archdaily

ADDITIVE MANUFACTURING IN THE BUILT ENVIRONMENT
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PROCESS EMPLOYED
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Source: Archdaily

BIO-BASED MATERIAL
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STATE OF THE ART OF ADDITIVE MANUFACTURING WITH BAMBOO

Images of the 3D printed species: ABS,

ABS-bamboo, ABS-bamboo modified.

Extrusion of mycelium-enriched
bamboo fibres-chitoan pastes.

Premixing bamboo powder with PLA and

comparison of different adding proportion.

Bambooder 3D printed vase with bamboo
short fibers and PLA. Nozzle 0.18 mm.
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DESIGN OBJECTIVE

design a building component created with

additive manufacturing by using bamboo dust and fibers

as a proof of concept
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RESEARCH QUESTION

what is the workflow to develop a building component
made of bamboo with additive manufacturing?

INTRODUCTION 8
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RESEARCH SUB-QUESTIONS

e What does make bamboo relevant for additive manufacturing?

. « What is the state of the art of additive manufacturing with bio-based
materials?

: « What is the state of the art of additive manufacturing with bamboo?

- What are the possible bio-binders that can be used with bamboo to
. create a printable mixture?
. « How does the size of the fiber affect the mixture?

what is the workflow to develop a building component
made of bamboo with additive manufacturing?

- What are the design criteria in order to develop a building component
. with additive manufacturing?
. « How to create a mechanically informed infill?
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Source: Dezeen

MATERIAL EXTRUSION
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COMPOSITE PASTE
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COMPOSITE PASTE

FILLERS

Bamboo dust Bamboo fibers 1-3 mm Bamboo fibers 6-25 mm Bamboo “green dust”

BAMBOODER®

BIOBASED FIBER Made(nbamboo
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COMPOSITE PASTE

|

BIO-BASED

NON BIO-BASED
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COMPOSITE PASTE

[ |
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SYRINGE

MANUAL EXTRUSION

MATERIAL EXPLORATION
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EVALUATION

negative

indifferent

positive

-1

1
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RESULTS

Mix_2
Ethyl alcoholo

Mix_3
Universal glue

TOTAL

Mix_4
Paper glue

Mix_5
Potato starch

Mix_6
Tapioca starch

Mix_7
Corn starch

Mix_8
Corn starch

Mix_9
Agar agar

TOTAL

Mix_10
Collagen peptides

TOTAL
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binders

|ITAL PROTEINS
COLLAGEN
. PEPTIDES

SECOND MATERIAL EXPERIMENTATION
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SECOND MATERIAL EXPERIMENTATION

binders

fillers
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COMPARISON
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RESULTS

w
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FAULTS DURING DRYING PROCESS

w
Binder
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MECHANICAL TESTING
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MECHANICAL TESTING

specimen
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BROKEN SPECIMENS

Binder Filler Bamboo dust Bamboo green dust Dust + Fibers Green Dust + Fibers

Corn starch

Potato starch

Tapioca starch
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Xantham gum -“
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Wood glue
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REMAINING SPECIMENS

Binder Filler Bamboo dust Bamboo green dust Dust + Fibers Green Dust + Fibers

Corn starch
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POTENTIAL MIXTURES

Binder Filler Bamboo dust Bamboo green dust Dust + Fibers Green Dust + Fibers

Corn starch
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BIO-BASED
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COST

w
Binder

Bamboo dust

Bamboo green dust

Dust + Fibers

Green Dust + Fibers

Corn starch

Potato starch

Tapioca starch

Gelatin

Xantham gum

Collagen
Peptides

Eco-glue

Wood glue

MATERIAL EXPLORATION 88—

o4



PRINTABILITY EXPLORATION



PRINTING EXPLORATION
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PRINTING EXPLORATION

PRINTABILITY EXPLORATION S—S—7F

o5/



PRINTING EXPLORATION

WASP LDM extruder

URS
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MATERIAL SETUP

water + potato starch binder green bamboo dust bamboo fibers printing paste cartridge

mix and boil pour add and mix add and mix mix fill

PRINTABILITY EXPLORATION S—8—- 590
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EXPLORATION SETUP
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20 mm

30 mm

HEIGHT

50 mm

50 mm

80 mm

PRINTABILITY EXPLORATION
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HEIGHT

50 mm

PRINTABILITY EXPLORATION
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OVERHANG

50 mm 50 mm 50 mm

80 75 /70

38,82 mm 48,2 mm 58,87 mm

80 degree /75 degree /70 degree
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DESIGN OBJECTIVE

design a building component created with

additive manufacturing by using bamboo dust and fibers

as a proof of concept

DESIGN 8&—8—8—=-
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DESIGN CRITERIA

LIMITATIONS

heavy loads
weather resistance

novel material . self supporting wall
novel fabrication process with built-in bench

g : reusable : : . . :
: . : > parametric design L —
: flexibility : : .

POTENTIAL
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DESIGN
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PRINTING DIRECTION

DESIGN
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PRINTING DIRECTION

DESIGN
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PRINTING DIRECTION

rotation
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TRADITIONAL PROCESSES COMPARISON

molding

2

10,58 m?3

2,14 m3

3,48 m3

72
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TRADITIONAL PROCESSES COMPARISON

molding

10,58 m?3

2,14 m3

3,48 m3

+132%

+ 48%
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FLEXIBILITY
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SPECIMENS

\
\

rhombic

honeycomb

curved
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MECHANICAL TEST

DESIGN
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MECHANICAL TEST

RERE

load capacity

DESIGN
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MECHANICAL TEST

RERE

load capacity geometry behaviour
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COMPRESSION TEST
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RESULTS
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RHOMBIC
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CURVED
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HONEYCOMB
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OPTIMIZED GEOMETRY

O =< =<2 -<>

honeycomb double wall rounded corner optimized geometry
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DESIGN OPTIMIZATION



DESIGN OPTIMIZATION

data-driven
&
computational tools

performance

efficiency

functionality
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DESIGN GOAL

optimize the use of the material by
creating a mechanically informed infill tailored to the
loads on specific parts of component
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VARIABLE THICKNESS
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AUTOMATED MECHANICALLY INFORMED INFILL
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AUTOMATED MECHANICALLY INFORMED INFILL
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AUTOMATED MECHANICALLY INFORMED INFILL
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AUTOMATED MECHANICALLY INFORMED INFILL
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AUTOMATED MECHANICALLY INFORMED INFILL
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AUTOMATED MECHANICALLY INFORMED INFILL
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AUTOMATED MECHANICALLY INFORMED INFILL
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AUTOMATED MECHANICALLY INFORMED INFILL
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SCRIPT VERSATILITY
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HOMOGENEOUS INFILL
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MECHANICALLY INFORMED INFILL
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MATERIAL OPTIMIZATION
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PROTOTYPE
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PROTOTYPE LIMITATIONS
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TIME FRAME

material tool printing cleaning
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TIME FRAME
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PROTOTYPE PRINTING PROCESS
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LAYER - REFILL - LAYER - REFILL

over extrusion 1 layer cartridge refill 1 layer
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CONTROLLED PRINTING PROCESS
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HEIGHT ACHIEVED

1 layer 7 layers 12 layers 16 layers
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PRINTED PROTOTYPE
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DRIED PROTOTYPE
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WORKFLOW

material fabrication design component
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FILLERS
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green bamboo dust

fiber 4001000

fiber 200400 SF



CORN STARCH LONG FIBERS

green dust + fiber 200400 SF filber 4001000



WHY NOT DUST 0100

less adhesion

dust 0100



REUSABLE PRINTED COMPONENT

soaked dissolved



COMPUTATIONAL WORKFLOW
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DIGITAL GEOMETRY

I

I ILAEALKINX
XXIXXXXXX)

[CRORCRCRVRORY

RRRRRRRRRRRERRRRERRY

[CRORNRORORN

SRR

IIII IV IIIIPIINY
XXX

5
oot
RN

OO0 %o:
VSRR
N

%
SRR

..“w“w“ww."w“&&v.
LI

Divide Curve

(@ |

a Tree ])=

Flatten Tree

Tree
Path

s o

List
Indices
Wrap

1

[}
%]
t -
n O
—
.
[
N
(o))
= s ©
@] © ©
o - o
¢ = 9
S s
U U ~
s
=2
:O
wv
—
=]
O
o=
S
o
()
-
g £ § 8
© o B £
£ a U 8
2 g u
o O

{ acr dg evecr
q 2.5 )

Extrusion }——

Base

( Direction

plane conversion

flatten tree

contour curve

geometry



MECHANICAL TEST

Mixture Dust + Fibers Dust + Fibers
Geometry Sasa tsuboiana + 200400 SF 0100 + 200400 SF

Weight 729 Weight 43,6 g Weight 349¢g
F max 2177 N F max 1443 N F max 1099 N
1A [dLatFmax 12,6 mm 2A |dLatFmax 16,9 mm 3A [dLatFmax 16,3 mm
F break 435N F break 283N F break 219N
dL at F break 21,8 mm dL at F break 21,8 mm dL at F break 21,3 mm
C u rved Specimen 1 Specimen 4 Specimen 7
Weight 66,8 g Weight 68,5¢g Weight 45,7 g
F max 1702 N F max 879 N F max 1308 N
1B dL at F max 10 mm 2B dLatFmax 6,13 mm 3B |dL at F max 9,6 mm
F break 337N F break 1755N F break 261,7 N
dL at F break 14,9 mm dL at F break 11,4 mm dL at F break 20,4 mm
H O neyco m b Specimen 2 Specimen 5 Specimen 8
Weight 62,2 ¢ Weight 53,6 g Weight 40,1 g
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dL at F break 20,8 mm
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MECHANICAL TEST INSIGHTS

curved honeycomb rhombic
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