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NTRODUCTI ON

e single operator overseeing the constructon of ailharg
celerated t me. More complex architectur al design. The
intng iantkekesiabobuil ding and constructon industry, a
dustry, including safety issues, |l ong constructon t me,
ile the deployment of 3D printng in the buildingd&nd
ining tracton, given its potental to revolutonise-the
inted 'si'diwe 20Wddl d expecti nfor asseter umotrter e3Di mprtitne endext dec
is study provides an overview of this nascent feld, w
chnol ogies observed from patent data.-aAdochenfiroechpnoblo
ilding and constructon industry, this report wi || al

chnol ogy

adopton.
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Based on globally published patent dat a, there were a t
2029 18. Despite the smal/l numbers, the interest in this
bet wee#®202®814 China applicants ar e-ctifod mdjl orpuibdneswhaetdon noven

China during this period.

As refected by the | ow number of published inventons,
unexplored from 2009 to 2013, even amongst the top cour
number of patent flings in 2014, mainly atributed to app
The emphasis on innovaton amongst Chin&a @mpphHifcamt3ID spreims
Pioneered in sever al p h a éeasd es ii mcre@ipZEnlam,t vet artthreg Cfthri cima steh e
printng as a critcal enabl er of industry advancement, th
additve manufacturing industry with théChi@maramfpi makiirmgnCl
rising populaton has also stmulated a | arge number of C
exploit the potental benefts of debAnodyiwigt h3 X hper ifnrtsntg monv e
is expected to contnue to | ead innovatve developments in
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Given this is a nascent feld |l ed by China innovator s, i
patent flings (405), followed by the U.S. (103) andeEuro
analysis revealed that 93.8% of Chinese patent applicat
appeared to be more atractve globally, with 32% of its p
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China applicants are currently dominatng i
nine of the top ten patent flers in this

ar ea

Ay3 AYTNI &

nventons rel at
wor |l dwi de,
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Shanghai Constructon Gro 43 Printnagriosfe hbiugihh di ng fusi n
climbing and telescopgic |
Ying Chuang Constructon 34 Scafold and supportng st
printers, and printed pr
foor, column, etc.
China Constructon Eighth 26 Wor kfow to combine 3D pri
al -qpasetng of wall, folor,
Shanghai Yannuo Building 13 Printed wall with i mgrov:
(mechanical reinforcgd,
Caterpillar 1nc. 10 Control system for prfint:
structon feld & positloni
parts for printng
China Minsheng Drawin Te 8 Printed piping system f ol
Dou Shupeng 7 Printhead
Kejia Constructon 6 Wor kfow to combine 3D pri
al buil ding constructon
et c.
China MCC17 6 BI M, printhead, printed
Tongji University 5 Printer for buildingsg an:
Ft2Nl2fA2 AyOfdzZRS&a | KAIK LINRPLIR2Nb2Y 2F dzeafAlé Y2RSf A
Top fler Shanghai Constructon Group has been focusims@g O
buil di ngs, foundatons, bridges, underground tunnel s, r a
recently patented a specialised printer designed with
automated and contamisces bpinil cbeidndg stoofn , hingghny of its recent
positve examinat @@ Naeaetsounlals Ifnrtoent |Gehcitnuaa | Property Admini s
Constructon Group a strong compettve advantage when it <c
Ying Chuang Constructon Technology, more commonly Kknown
various 3D printed architecturpas,ntegpedi ahl o eis®uinnietoinrea of
involves extruding | ayers of concrete on top of oneasanot
traditonal Chinese courtyardBhe pudbmpanytohdetbeadbad istops
Arabia in 2017 in '%and. hatsi Isliigmmmne dd cal Ineermodeanldum of under
Company (AECOM) in that same year, in an efort to achi e
whole constrldcton process.
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China Constructon Eighth Engi neerdwmgedDievntsdromr,i sae , s uChha rnd
Engineering Corporatasn, cionnca et eamianmafalctpurer that has r e
into -tast pgeprocesses for building and constructons. A m
combinaton of 3Daptrngtwgrlmaw,prteo produce building struc
insul aton, earthquake resistance, and i mproved shear str
wSau 2F U0UKS @g2NIR

Europe China

Kapsch Trafficcom, Austria - -

: ah 4 Shanghai Construction Group 43

Sika Technology, Switzerland 3 Ying Chuang Construction Technology 34

XtreeE, France 3 China Construction Eighth Engineering Div 26

uUS Korea

Caterpillar Inc. 9 Yonsei University Industry Academic 3

University of Southern California 3 Chung Ang University Industry Academic 2

M 2 Whoborn Inc 1
Top natve applicants in the US, Europe and Korea, om t he
notablCGhiman | eadi ng-kapwhi de@mmtvyi snawbli hery manufacturer,
i nventons. Entering this space only in 2016, Caterpyl | ar
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design, and successfully integrated 3D printng capnatg | it
synergistc combinaton of 3D printers and construct ointequ
constructon operatons, specifcally to contr otlmet hnea pcpo onrgd |

terrain at the worksite.

I n Singapor e, there is currently | imintde dc oinnsttelr@edstda ni the cphrn
with a total of 6 patent applicatons. Al applicatiomg w
ORour ke, which is ™Mamohwo!lfogry iithy oFveé@BABD printng of cur

9F NI ASad 9F NI AS ! LILX AOF yi
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CA2909909A20114 Lai Rpu® ke (AlMethod for castng a con|str

CA2928481A2015 Lai Rpu® ke (AlMethod for fabricatng ajn o

CA2976118A2015 Lai Rpud®ke (AlMethod for fabricatng al co
el ement

CA2993095A2016 Lai Rpud®Oke (AlMethod for fabricatng al co
el ement

HK1204842A2015 Beyon 3D (Il sr Method and system f-maddélabr
moul ds andrchinteeter al |com

WO 2016/ 072016 BPB United Ki Cal ci um-bsasslegdhgpse duct s

Saint Gobain
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The

1

technology for 3D printng in the building and constr

t NP RdzOG RS&AIYPrliviR nigNJoyfayihfrastructure including buil
foor s, beams, and complex architectur al structures

{ad0SY IyR:YMekhRNfizhd design including peripheral co

of 3D printers for buildings, tunnel s, bridges and ot |
t NeOSaasSa yRDgPNJm2dg processes (e.g. fused deposit
wor kf ow

al i SNABDaprintng of materials (cement, concret e, pol yr
{2Ds NB:aB8aWMSY&Zontrol system for machine coordinates
scanning and modelling, mat hemat cal model for structu

Product design and printing

System and methodology 218

Materials 151

Processes and workflow 108

Software systems

o
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Al l technical aspects have displayed a cl£8% doubhe deéege
Representng 35% of ovENBRdzO(p uh$ a MIaesdltyhRev dditgdeeys i nnovat c
unexpected. Printed products include wall s, ceilings, b
doors), and prifnabda hemeuladse fcomsprdered i nnovatons with a
third of the 295 inventons in this domain were utlity mgc
Neverthel ess, innovaton actvites were also observed in |
barrier, waterproof, impact energy absorber, radio frequ

Th®&eadSY | yR dyoSnak 2nR2fi2sp8 ayed the highest growth r-2a0é8pve
Most of the inventons in this domai nf omemat c3tpreidntoenr st he
mechanical structures such as scafolds, cranes, plater ms
seen signs of -dextirgenmergpr if mtoens @aa & ¢ agdtidtoaapdiyntl @amr gteowar ds

FromYttG8pNERFEpectve, the industry seems to focus mainly o
the domMaii®SNABO% of the inventons focus on concrete prin
basic materi al used in building and constructon. The cu
concrete-ligquiad semate to form for mwor k, where reinforcem
additon to concrete, YepPNhkeinaoerbyral guarterthbhé printng
-reinforced thermoplastcs. Pol ymeric materi-atisntceodh fwirt hpr
materi al such as concrete, can i mprove propertes-pafintthg
of cobhasetdematerials with reinforcement steel bars, thou

elusive at this stage.
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Scanning and Mechanical Mathematical
modeling coordination modeling
{2D6h &S been the | east explored aspect in the 3D printng
inventons. However, the high gR2Ow8hinditeatés 46N 8LeadaNni na
partcular, scanning and modelling and building informato
Il nventons relatng to the applicaton of 3D scanning and r
and other infrastructures such as rQQbddS. pnttopaglt wphyg. sés
and navigaton system for roadway printng using a mobile
BIM is -ani emhjedtbuil ding devel opment processes that utli
of sofware that enables the generaton and managemenbfof
pl aces. Based on patent dat a, BI'M has been applied in tt
structur al propertes; efcient printagnewarak faow owil tefc-¢ mtng i n
correcton of a printng process, and efcient i nst adleiaantdo n

for shorter pr renftcnige ne¢ y cdleessi,gnesneragnyd cost reductons will
cornerstone of 3D printng technology within the industry
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study, the foll owi nterestng tec
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2015, has been working on the
at provi
cemenholbdisngnat @amk af somnaadimatanca)
propertes for printng, this syst
contr ol during printsigte Thuls
the material mixer and printn

the printng equi pment.
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While there are currently no published inventons byndging
for the building of infrastructures | ocptilinpgtedomataenaimpl £
specifc noise frequencies, which c apnr oboef nignnc oa cbbirtacne,d ti et
Additve Manufacturing has | aunched a new Constructon 3D
3D printn’Furft hteorinmoertes,, NTU has also announced that it is
units usirf@as3veprdi mtsn@,not her whpircihntutal icsoend®rtewtoe rsotbroutcst utro

CONCLUSI ON

3D printng is no |l onger just a niche technology foseflabr
many industries, such as aerospace, aut omot ve, and me d
constructon industry is stl] relatvely unexplored. iTthhe g

|l ead players from the top countries of origin protegtng
actvites relatng to the depl oy menotf corfc e3pDt psrtiangten,g arnedmah anv

to mass deployment. Therefore, the nascent and growisng d
a feld with opportunites for innovators worl dwi eag@ ptla cdce
of 3D technologies from other felds, to create breakthro
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