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3D Printed Building Technology using Recycling Materials
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Abstract

3D printing, also known as Additive Manufacturing (AM), is being positioned as a new business model of revolutionizing
paradigms of existing industries. Launched in early 2000, 3D printing technology for architecture has also advanced rapidly in
association with machinery and electronics technologies mostly in the United States and Europe. However, 3D printing systems
for architecture require different mechanical characteristics from those of cement/concrete raw materials used in existing con-
struction methods. Accordingly, in order to increase utilization of raw materials produced in the cement and resource recycling
industry, it is necessary to develop materials processing and utilization technology, to secure new property evaluation and testing
methods, and to secure database related to environmental stability for a long period which aims to reflect characteristics of an
architectural 3D printing technology.

Key words : Additive manufacturing, 3D Printing, Construction material, Industrial waste, Recycling

1. =2 facturing, AM), JAAMFE A Z714(Solid Freeform
Fabrication, SFF), <33 (Rapid Prototyping, RP)°]
3D ZHY 7]&e HEA|Z7]&(Additive Manu- e s A Aol dEtide v A 7]

- Received : September 8, 2017 - Revised : October 17, 2017 - Accepted : November 24, 2017
§Corresponding Author : Kye-Hong Cho (E-mail : khcho99@kilam.re.kr)
R & D Department, Korea Institute of Limestone and Advanced Materials, 18-1, Udeok-gil, Maepo-eup, Danyang-gun,
Chungcheongbuk-do, 27003, Korea
(©The Korean Institute of Resources Recycling. All rights reserved. This is an open-access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted
non-commercial use, distribution and reproduction in any medium, provided the original work is properly cited.



4 WA AEY -z
£ FEy 9t} 3D ZHE ] ARREE e
7% ¥4 9 Yoy ZEkxE Y87t F2 AN
3 glew FHZde AAXSE vlo] i), Yead
et 9 A s Foz Ao et S
3tk o]gidt 3D ZHH 7jed AR5 -AMIRE
AdEs dAe 59 725 PN F e Ve
Z AxYE B 14 e & 932 7 e F

83 7|E= Q1A EHI Y

A&/ /ES ol AME= U 3D ZdY 7]
& %9 7A=$E 3D =Y 71&(3D printed building)
2000t &1 v, FHE SHORE UAY £ZES)
o] 7Ivk BAAA B 3N 7)) wHo] s
mg BAXoR shEEet. 18y HIdde A5E
T2A B P FAe I 248 AT Slg

HAERYX 7|e, BUE 7], A54A] 7|eo] I+
a2 glom FHollMe IR A3t DAl 23S 7]
SN AHEIZE A28 B3 HEEHIA Fig 12 A&
< 59 Wol ¢HR gEAel AFgow 8 et
3D ZHY AlzEo 2 (a)s 758 3D THY A]AE]
o] /ldS A H3 Univ. of Southern California®]
Khoshnevis 24 A-t&o] /st 7fFo] A2y
(Contour Crafting)’ ©|t}. ZAFo] Ay A2y
wekre] S Aloje 22 st=doE] wA

=
=

AR

o

KA - A

E2uz 7143 w30 o542 AHE /1% Fo &
zEgo)2el Ae)7)4e] BEHow AAH Zo] 57

ot} (by= F=te] WinsunAle] 3D Z#E] A|=gloz
7AFo] A 2H 7|eS BALGE st=o] Al=dld) 4
FAES 483 ZTIYE AE 83l A3t
7Fest R AETERE Aol Aedt ez {9
3Tt (o vEe=e 2] #klJoris Laarman
Lab)} CAD Z=Z3 A2l @ BEH| 2~ (Autodesk)
APt 3o 2 st MX3D printer® ZH|QIE A 2
e 255 §8 8o E FxE Al 7t
A|z"Holt}, dulF oz FEANFEE o]_g_zsl— 3D =¥l
71EL YolAE olgdte] F&5ET FH-2A7]
SLM(Selective Laser Melting) 2] 2 T2 AR}
U s FA|zEle] 73¢- DMD(Dlrect Metal Deposition)
2o SE3EE T8l FERES AFET e dAl
ole] olg]2310](Apis-cor)ollA 7HEs BRI EFY
o] 3D ZHEHZ AEL Yl 3l AFES =719
3t A|efo] AR o A3 AR =& Aol 9
o} o]9jex= o]gg|o} WASPAL:= FF, R 59 A
FAY ASARAE MRSt W, A 58 AR

o o=

rlr ot rSL' mm

AJE Eol 12m R tF 3D ZHUEE @it
Syete] A%¢ 3D ZTAY 7|Eae] A4S
o=

20161
Hehe FHOE At A7/t FHHo

Fig. 1. News agency reported: (a) Contour Crafting printer, (b) Winsun printer, (c) MX3D Printer, (d) Apis-Cor 3D Printer.
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Fig. 2. The chart below 3D printing materials vs technologies.
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Table 1. Characteristics of 3D printing technologies®”

technologies Components The printing process Printing materials
. - A perforated platform Using a bean of UV laser to harden the - ..
Sterec;lgt]lj;%rap hy | A container of a liquid UV-curable polymer | liquid polymer and lower the platform to Liquid I; l;sitrcl)ssensnlve
- A UV laser create multiple layers.
- A printer head Printing material is fed to the printer | Acrylonitrile butadiene

- Printing material

- Support material
Fused deposition

head to deposit the material to the
layers.

styrene (ABS);
Elastomer; Wax; Metal

- A gantry system (or delta & tower)
- A nozzle

- Printing material

- Trowels

modeling (FDM)

Printing material is extruded from the
nozzle and then troweled. The gantry
system is computer controlled and
moves with the nozzle.

Ceramics materials;
concrete

- A printer head

- Printing material in the powder form
- Binder

- An oven

Inkjet powder
printing

Printing material in the powder form is
deposited. Binder is then sprayed,
heated and dried. The product will be
cured in an oven when completed.

Polymers; metal

Selective laser
sintering and
selective heating
sintering

- Focused laser beam
- Printing material in the powder form

Printing material in the poser form is
deposited. It is then consolidated using a
focused laser beam. The process is
repeated from layer to layer.

Nylon based materials;
rapid steel; sand form
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Table 2. Characteristics of existing research and particle related to AM process in construction®?
mAignls) trr?fcetiscsm Pegna Contour Crafting Concrete Printing D-Shape
Process Binder jet Extrusion Extrusion Binder jet
Use of mould No (Becomes a erets of component) No No
Build material Sand - Mortar .rr.lixture for mould (cllay) In-house Printable Granular material
Cementitious material for build Concrete (sand I stone powder)
Nozzle diameter 1 mm 15 mm 9~20 mm 0.15 mm
Nozzle number - 1 1 6,300
Layer thickness - 13 mm 6~25 mm 4~6 mm
Compressive strength 28.30 MPa - 100, 110 MPa 235, 242 MPa
Flexural strength 14.52 MPa - 12~13 MPa 14~19 MPa
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Fig. 3. Automated construction subsystems: (a) Robocrain
(b) Concrete printing (c) D-shape'®.

(b= =t Loughborough 32 Buswell(2007)°]
JHEket F32E ZAH (Concrete Printing) A|=H O 2
A&ES BEI 2AE Asr] s WEHF
FDM(Fused Deposition Modeling) 48 w=3 9}
o EaEE ZAY Asle] 3% A%e] Fszy A
2El5} fAR 7R B4 AT glon AulE
ZP)E Qg e wgY pxEe /AY B
e 2 B4 Brpled digk 71side] A A
gE v o0, (o olgElole] Dini(2006)7} 7HE3
D-shape EE]E]i o]-}ﬂ = IJ:E]E] }\]/\1@34_ I:Lg] zlzt-]l
ARE 43 ke WAL A 0 0 8

4, we) Bow wEold Ruwn niglel wely wi
HulAE sAdeR BAS A%l HRARAN
2] (binder jet) B2)e] ZHEIE /sl on, AHE/SE
FZEE AEE 3k= e 7158 3D ZHH Al=H
3} g AUEReIN WS AL, &, 2 5o W

J. of Korean Inst. Resources Recycling Vol. 27, No. 1, 2018

F = (On-site materia)E H|2d A-HEA &4 F

3
A= 540l Ak,

4. A&58 3D =zIE HF AXf(Materials of
3D printed building) 7|&

AME 9 =3 ES o] AEAM UL o] &3t
FDM #2¢] 3D ZdEl8 A8= 574 (Pumpability),
9+Z 4 (Printability), A]&/d(Buildability), 7§27}
(Open time)°] Q3% EAoz #g3l=t], 2000:3]

PTEi 7128 Ao s FLHT e s ¢t
& 7S &5 I V= giEks AR A
58 3D ZHEE AN A =R

A%g 3D ZHUY 7]gg 7HE wo] LelA AX]
571011” ZqE(clay) 2 KAl
Sotdont o=
Aol A BAs= F2 Eﬂl S 3t7] 9180
2k2g ol X3E JFA| EApE e AR &
7 9tk Kwon(2002)e 27]¢] A%o] =)=
9
o}
5}

A"l ok 2 ume] YRR 1%— T e
HEE A3l

?‘&‘E‘OH gk sk
| o5t v, Hwang

2004y FZAE _ﬁ_ﬂ A" &7olA Type 119
TENE ARE, Baj 3 kA Fo| XFE ARIE
HEElEE JEE ARESl] 64cm AE] IHES
AZbg 23] AFehs 9 AEAS FRSAIGH.
Lim(2011)2 HZ5& i‘—iﬂé«l s 543 71AIA
EAS 3] 8l CEM 1 52.5 ARIES] Zglo]d]
Al Al7E & 9 uAlsA Aod FeEzagd Ah
7t EFE ARE REEEE AMgSt 7A1F 58S
IO, HZA] Alge] e T og 93
A 58] PASIER F5F0] WAV B34
S FAT = e M| ARgo] fETiaL ST,
Le(2012)= Lime] Ao ZEE AWE R=gl=9
g AE3ElY 9mm A& deflES] A3
oA I g AAY HEo] wE BIEA, 1
ZIHFoA ke FEHEA, EHE F IE=
o HHEA Fol uist ATE sl FEH4

[e)
o

3 AFALE 20T 7

Q1ATI0), Feng(2014)e 7AFo] =) =d 748
#4518k FDM 2Z&® $dolx] S 7 AldlEe|
we), AU, FeAE G SO ABE 29} 55

UYL 428 £
A X 65] o

7]
we) okl

r°1'



Aol 988 AT 1158 3D 299 Ve 59

o
o

@

Fig. 4. Combined smoothing process of concrete structures (a) and Experimental setup for concrete spraying robot system (b)
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Fig. 5. Schematic of 6-axis robotic arm was used 3D printing system (a) & 3D printed high-performance concrete

multifunctional wall (b)*>.
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Fig. 6. An illustration of the components and process in
FDM type 3D printing system>®).

Table 3. Technical solution of 3D printed building technology
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Problem

Solution

- Low Tensile strength
- Low Bond strength
- Irregular Fracture toughness

Mechanical
Strength

- Printing nozzle mode control

- Setting rate control of material

- High performance premixed cement
- Nonshrinkage mortar and concrete

Supporting by law |- ITrregular building using materials

and system

- Analysis(or test) of irregular building stability

- Modeling of stacking sequence optimization technic
- Government lead project and participating cement
companies

Low surface quality |- Low printability and print speed

& productivity

- Technological difficulty of open time control |-

- Link material technology to printing nozzle technique
Plastering work implementation technology
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