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ABSTRACT

This research explores the potential of robotic arm 3D printing technology
in architectural construction, focusing on the design and creation of architectural
components from mycelium, a natural bio-based material. The study aims to develop
sustainable construction methods to address escalating environmental issues by
leveraging the properties of mycelium, which is a sustainable, biodegradable material
produced from agricultural waste. Traditional construction methods face challenges
with mycelium contamination and forming complex shapes, leading to prolonged
construction times. Robotic arm 3D printing overcomes these limitations by ensuring
precise form creation, reducing human contact, and enabling the rapid construction of
site-specific designs.

The objectives of this research are to study and experiment with robotic
arm 3D printing of mycelium composites for architectural components. The process
involves material development, tool and command setup, prototype creation,
production efficiency assessment, mycelium growth evaluation, and feasibility analysis
by the researcher and experts. The findings highlight the capabilities, limitations, and
contributions of this construction system, providing new insights and design

approaches for the architectural field.
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The study found that the most effective mycelium inoculum is mashed
millet-based spawns, mixed with natural clay and water. The clay must be sterilized
before use, as maintaining cleanliness at every stage is crucial to prevent
contamination, even after sterilization. Additionally, designing spaces within
components for additional mycelium inoculum also enhances growth, strength, and
mushroom production. Assembled components demonstrated mycelium growth and
adhesion, leading to concepts like food-producing walls and architectural joints
without additional binding materials. Based on these findings, the researcher proposes
three construction approaches: 3D printing individual modular components,
continuous 3D printing for larger components, and on-site 3D printing using multiple
robotic arms for rapid large-scale architectural construction. Experts believe this
research not only promotes sustainability but also significantly enhances the value of

mushroom products in Thailand.

Keywords: Robotic 3d printing, Biodegradable architecture, Mycelium-based material,

Biomaterial
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nszvun1sneasvannenssuanianludifeuaeulndnmemalulagnisium

anudiAlaglduruueudNmungaAITiuImNINIseankuUeLels

1.3 dngussasAniside

1. Anwesdmnufifeadedumsiiuiauiflnelfuruvusudiotanlufiden

2. AinwinnseenuuugUnswesantnenssuiiienisneaiisiomaluladnig
fuiaufinlagluauueudee Jan lugaey

3. neasdkaziauaLuInIslunsneaswandnenssuainianludiden lngld
walulagnsiuiauiiimeuvuiueus

4. Ussilundananazuuanensidimalulagmsivsianuidfdanludideulagld

LUUYUEUG

1.4 AUNAFIUNTIY

1. sUnsevieanuuuesiiinisiisusUgeanliiiu 1 wuhlung

2. NlaiepnLuULiadNanIfaslAANuASanAwsIOn kAL 1.33 MPa
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3. W9t dununiunseusesuvuluszezian 3 91908 Fuuasiialudideu

1 [
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4. fiFeIgliauAniudorainsLazLINIUNIIUIN Lavtauiudngnn
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Foyaliuruusudlunuideiléudndu Robotic Components
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5. NN5UTENUSIAAINNSDUNANNTENUKUUINADIUUADUNILADS LU LAY

Ul¥uandu Ladybug muaiunszuiunmsmyunsmianidnenssy

1.5.5 YaULIANISANEIAIULIAT MINISYNIAY
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31 fQUIgU WA, 2567 SIUTLLLIAWNEY 11 Aoy
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1.8 ReUAANNTINYI1TD9

1. ludden (Mycelium) nquiaiaviedulesivein aunsaasisenaniay
Tngaziianszuiunsidulovwindninnisuiveigarniaiievenin ndsndiulussey
wiladulerundniazsuiansudvesunnisinuesntuuuuguadialasaaafsinuauldl

(Fractal Tree) (Fricker et al., 2007) 1N@QATNATEIMT UagLNIVYILAANUIUTRNABLUY
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4. Yanwne (Substrate Material) AoanfiiluTangula o Anuiignnsziiug
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5. Janildaiunsaneaigls (Non-Renewable Materials) An {an lia1uisa
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Faandon iy U a1ty uswan WWusu
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2.1 wurAnaa1dnenssutIns?

aoUnenssudngnuesindudsneadiaiifinnuamunis Sasvieuivensusssy
vosywdluusaryaaly uazgnaumewnAnisasnudidy iedwaimusssuliauiu

1Y 1 @ [ a & 1% 1 o
V/GN! EJEJ’NIﬁﬂG]’]@J Tuauluasa ﬁﬂ’]{]G]Sﬂiiﬂ%ﬂ%ﬂ@ﬂ?ﬁlﬂﬂﬂwuﬂﬂ’ﬁ LLﬁ%ﬂ’]ﬂﬂﬁﬂﬁ;lWﬂl‘UW]ﬂJ
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AaLIan Mg lRARISTENHIUNN WWaN1sHe1uA13n "aantnenssudins1d” TIrUNeDead
Lids8u mnAinsannuaadngnssuiavue agnuitnumaidiudeongnisldnunuansi

fuly vilrldanunsonenuwezantpenssunaniswaztinsneananniulasg1simau

demolished

new architecture (with some link or
abandoned refer back to existing building or
the past of building)
at last
used
completely build new project it may be
demolished
by disasters,
terrorism or
cause of
development,
decay

built future development

(preserved and regenerated)

whether it

unused land transformed may be
(might be used or temporary use so on... regenerated

for temporary) temporary use and it may be
left abandon

permanent use or be a site

(long-lasting!) for new
architecture

etc.

and start again
as empty plot

~ & A | ax
NI 2.1 WHUAINIIATVRINUATaran dnenssy. 910 anndnenssy 429981 gnels
Waundes an1Unenssudnsa, lng S¥Ind dugiies, 2560, Silpakom University e-

Journal, 37, 166.
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Architecture) 1Hudu
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manufactured clay structures, a8 Julian Jauk way Lukas Gosch, 2022.
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“_'? - Ratio - Time period - Ratio - Nozzle diameter - Humidity level - Temperature
g - Fungal strain - Method - Print speed - Light - Shrinkage

29 2.17 nsgurun1siusiaudfsoedanludiden 910 Three-Dimensional Printing of

Living Mycelium-Based Composites: Material Compositions, Workflows, and Ways to

Mitigate Contamination, 1ng Mohseni et al, 2023.

Pulp Faction [29]

Tilted Arch [4]

Mycelium
Maters [28]
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Composite [11]

MyCera
31]

Multi-Material
Fabrication [32]

3D Printing
of
Biomass-Fungi
Composite
Material
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3D Printing
of
Biomass-Fungi
Composite
Material II [20]
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<

s‘f;‘s“l:‘l;‘: 12-3-4-5-6 1-2-3-4-56 12-3-4-5-6 1-2-3-4-56 3-4-1-2:5-6 1-2:3-4-56 1-2-3-4-56 1-2:3-4-56
Step 1: Mycelium Inoculation of Agricultural Feedstock
Paper pulp +
Sawdust
; . secondary
Mixture Fm:W:—Od.flh o " Shredded paper Beechwood + Bamboo fibers 2+ material: Ecovative GIY Ecovative GIY
Pkfomf’dapv +wheat bran paper cellulose (500 pm) nbloached sand (0.02-0.05 ‘mixture [33] mixture ([33]
’ cellulose mm) and gavel
-8 mm
175 & of bamb 400 g of 400 g of
65-70 W% water heS, 1 Ecovative Ecovative
Ratio N/A +7% wheat bran 64 wi%% water N/A N/A mixture + mixture +
(dry weight) of water + 50 g of 700 mL water + 700 mL water +
spawn + sawdust 325 flour 325 flour
Pleurotus Trametes
i Byssomerulius ostreatus (10% of versicolor + Ganoderma Pleurotus Ganoderma
Fungal strains e ry weight Ganoderma Tucidum ostreatus Lucidun NS N/A
Py content) resinaceum
Step 2: Primary Colonization
First :QS:,?HO“ 7 days 14 days 14 days 1to 4 weeks N/A N/A 3-5days 3-5 days
Step 3: Mixing
Gelling agent Kaolin Clay Guar gum X“’(';"‘:;‘r,/g)“‘“ Chitosan Clay Xanthan gum FSVS;“‘A{S:‘Y"“ PSY;’;‘;{‘;Q“S"
10-80 wi% 60:40 and 70:30 1% spavn,56% 10 gofprimary 10 fn(;{g?:lnaw
Wi :40 and 70: ] ¢
Ratio N/A 350 Guar fiber-water fiber ratios +3 o ZL o paperpulp U materal . +400g of water +
gumiwater /585 Wt% Wi% chitosan OB s xanthan gum, vl gk psyllium husk (0,
fiber-water solution at pH~6 and 32% water psyllium hus] 10g,20 g, or
(by weight) @0g) g
Pounded with :
Method N/A N/A zﬁx‘,"r‘;‘:f pestle and Mixing machine N/A Commerdal Commerdial
0
Step 4: 3D Printing
-l KUKA KR 15/2 Manually
Printer Vormvrj Lutim  Cugtom extruder  6-axis industrial  with serological Delta WS N/A el P
robot syringes
Nozzle diameter 35 mm 9 mm N/A 6mm 4mm N/A 4mm N/A
Layer height 15 mm N/A 3mm N/A N/A N/A N/A N/A
15 mm/s + air
Print speed N/A N/A N/A N/A N/A N/A pressure of 30mm/s
3.5 bar
Step 5: Secondary Colonization
Second
incubation N/A 5 ‘“ﬁf.ks flzlfiﬂys 7 days at 26 °C 20 days 2 weeks at 24 °C 14 days 3-5 days N/A
perio of biowelding
Step 6: Drying/Heating
] ) Overight at 6hat600°C o
Drying period N/A N/A N/A 8 Shatél <& N/A 4hat95°C N/A
Shrinkage 40% N/A N/A 3-6% N/A N/A N/A N/A

29 2.18 m151ansilIsuisunssuaunisiunandanledan ludidey 90 Three-

Dimensional Printing of Living Mycelium-Based Composites: Material Compositions,

Workflows, and Ways to Miticate Contamination, a8 Mohseni et al, 2023.
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il 2.19 Anszuudndan (a) malulagnisiaiuvuy Fused Deposition Modeling (FDM)

(b) wAlulad Direct Ink Writing (DIW). 910 Printing soft matter in three dimensions. 1

Ryan L. Truby W& Jennifer A. Lewis, 2016.
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