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Tém tat

Cong nghé in 3D 12 mot cong nghé hién dai cho phép tu dong san xuit cic sin pham véi cAu tric phic tap
tryc tiép tif mo hinh 3D duéi sy hd trg ctia mdy tinh. Tiém niing Gng dung ctia cdng nghé nay trong linh vuc
xdy dung dudc ddnh gid 1a rit 16n véi muc dich cai tién cong nghé xay dung truyén thong, giam nhu ciu nhan
luc, ting hiéu qua dau tu du 4n, gidm lugng ric thai va huéng téi phat trién bén viing. Bai bo st dung tiép can
nghién cifu tdng quan theo huéng dinh tinh, nhim t6i muc dich gidi thiéu cong nghé, chi ra tiém ning, thach
thic va phan tich nhitng diém ndi bat ma cong nghé nay c6 thé thay ddi tich cuc nganh xay dung Viét Nam. Dé
dat dudc muc tiéu nghién ctiu, mdt nghién citu t8ng quan da dugc thuc hién dya trén céc bai bao khoa hoc duge
xuét ban trong tap chi qudc té uy tin. Qua dé, bai bao dé xuét cac dinh huéng nghién ctiu tiép theo nham thiic
ddy tinh kh thi clia cong nghé trong bdi canh xay dung Viét Nam.

Tir khod: in bé tong 3D; ky thuat dap dan; thi cong tu dong; cong nghé in.

3D CONCRETE PRINTING TECHNOLOGY - DEVELOPMENT ORIENTATION AND APPLICATION IN
VIET NAM

Abstract

3D concrete printing technology is a modern technology that allows to manufacture complex-structural products
automatically from a 3D computer-aided design model. The application of this technology in the construction
field provides much benefit for construction projects such as reducing labor demand, increasing the project
efficiency, minimizing material wastage etc. Furthermore, application of this technology is suitable for the
trend of sustainable development in construction field. This paper aims at introducing the 3D concrete printing
technology along with its application potentiality and challenge in Vietnam. Besides, through the analysis of
the outstanding advantages of this technology, this paper demonstrates that the application of the 3D concrete
printing will enhance the development of construction filed in Vietnam. Finally, further research is proposed
to facilitate the application of the 3D concrete printing in the Vietnam construction context. In order to achieve
the objectives, the author performs a comprehensive study of international journal papers, report and relative
studies etc.
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1. Tong quan

Sau hon 25 nim nghién ctu, phat trién va ing dung, 1an séng in 3D di tran sang hau hét cac linh
vuc trong cudc sdng nhu khong gian vii tru, y hoc, dude phdm, 6 to va tiép tuc phat trién véi cac ky
thudt va ing dung mdi [1]. In bé tong 3D la mdt iing dung cia cong nghé nay, da va dang dugc nghién
ctiu ciing nhu 4p dung trong thuc hanh san xuét. Cong nghé thi cong bé tong truyén thdng dang phai
ddi mit vé6i rit nhiéu thich thic. Theo [1, 2] cong tac van khudn chiém gan 40% chi phi thi cong bé
tong, tao ra gan 80% luong rac thai trén thé gidi. San pham xAy dung tao ra mot luong 16n khi thai,
cdc san phdm xi ming tao ra gan 5% khi CO, [3]. Bén canh d6, cong nghé thi cong truyén théng
tao ra cic thuc thé don diéu, kién tric bi gidi han, van khudn phiic tap va ngudn nhan luc 16n [1-3].
Nganh xdy dung c6 ty 1& ti vong va cic bénh nghé nghiép cao nhét trong cic nganh cong nghiép [4].
Dong thoi, qud trinh thi cong truyén théng bao gdm nhiéu bude chiém mot luong thsi gian 16n [2] va
tiéu tén ning lugng. Cong nghé in bé tong 3D c6 tiém ning giai quyét dudc cac thach thiic ma nganh
xdy dung dang phéi d6i mit. Cac nghién ctiu & linh vuc hang khong da chi ra cong nghé in 3D c6 thé
gidm chi phi x4y dung, md ra cudc cdch mang méi thay d6i cin ban cach thiic xay dung hién tai, tif y
tudng, kién tric, két ciu dén thi cong va thi hiéu khach hang. S6 Iugng nghién cidu vé cong nghé nay
ngay cang ting [3], hi€u biét vé mdi quan hé giita vat liéu, cach thic thiét ké, quy trinh thi cong clia
cong nghé nay ngay cang dugc sang to.

Bai bdo st dung tiép can nghién ctiu téng quan theo huéng dinh tinh. D€ dat dugc muc tiéu nghién
clfu, mot nghién ctiu tdng quan da dudc thuc hién dua trén cdc bai bao khoa hoc dudc xuét ban trong
tap chi quéc té uy tin. Qua trinh tim kiém st dung céc tif khéa “cong nghé in bé tong 3D”, “ky thuat
dap dan” va “thi cong tu dong”. Tién hanh phén tich tai liéu thu thap dudc trén cic khia canh gom:
nguyén ly in bé tong 3D, cic k§ thuat in, tiém ning, thch thic va dng dung thuong mai.

Viét Nam 1a mot nuéc dang phat trién, nén kinh t& va khoa hoc ky thuat con non tré. Do d6 viéc
phét trién cong nghé in bé tong 3D can dugc dau tu, nghién ctiu d€ ting tinh ¢ng dung, nhit 1a can diic
két cac bai hoc kinh nghiém tif cdc nudc di trude dé€ tim ra huéng di phit hop véi diéu kién dic thu xay
dung Viét Nam. Muc tiéu nghién cdu ctia bai bdo 1a gidi thiéu cong nghé in bé tong 3D, chi ra tiém
ning, thach thiic va ting dung trong linh vuc xay dung. Qua d6, bai bdo dé xuit cic dinh huéng nghién
ctiu tiép theo nham thiic ddy tinh kha thi ctia cong nghé nay trong bdi canh xy dung Viét Nam.

2. Cong nghé in bé tong 3D
2.1. Nguyén Iy ciia cong nghé in bé téng 3D

Cong nghé in bé tong 3D dudc biét dén véi ky thuat dip dan (AM) 1a mot cong nghé mdi san xudt
cac két cu 3D truc tiép tit mo hinh sb bing cach dap lién tiép cac 16p vit liéu. Hiép hoi thi nghiém
va vt liéu Hoa Ky (ASTM): “cong nghé in bé tong 3D 12 qua trinh st dung cic 16p vat liéu lién két
v6i nhau d€ tao ra d6i tugng truc tiép tit mo hinh 3D” [1, 6]. CAu kién dudc hinh thanh théng qua qua
trinh in dan tiing 16p vita bé tong tudi [7] (Hinh 1). Bang 1 14 hai cip phéi vita in dudc st dung & dai
hoc Loughborough (cip phéi 1) va phong thi nghiém & trung tim phat trién in 3D B&C & Singapore
(cAp phéi 2) [1, 2, 8].

2.2. Tiém ndng va thdch thiic ciia cong nghé in 3D trong linh vice xdy dung

So sanh vé6i bé tong truyén thdng, cong nghé in 3D mang trong né nhiéu tiém ning thay d6i tich
cuc céch thifc xay dung [2, 5, 9]: (1) Gidm chi phi x4y dung vi khong can van khuon. (2) Giam ti 1&
tai nan va thuong vong. Céng nhan s€ khong phai lam viéc trén cao ma thay vao do la cac canh tay
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0-Hg thong diéu khién; 1-Kiém soat robot; 2-Kiém sodt can in; 3-Cénh tay robot; 4-Dau in; 5-Xiic tac;
6-Bom xiic tac; 7-Hé théng bom vita; 8-Hé thong tron vita; 9-Dbi tugng

Hinh 1. Nguyén ly hoat ddng cia cong nghé in bé tong 3D [5]

Bang 1. Cip phbi bé tong in 3D [8]

Cép phdi Cat (kg) Xi mang (kg) Tro bay (kg) Bui Silica (kg) Nudéce (kg)

1 1241 579 165 83 232
2 810 253 192 61 152

robot va can truc. (3) Tao ra cic cong viéc lién quan dén cong nghé, tu dong héa, giam ludng cong
nhan 1am tryc tiép trén cong trudng, ting lugng cong nhan diéu khién, van hanh. (4) Gidm thoi gian
xdy dung. (5) Téi thiéu héa nguy co sai sét nhd viéc in chinh xac bang may. (6) Phat trién bén viing
bdi khong c6 rac thai tit van khudn, vat liéu va qua trinh xay dung. (7) Vit liéu st dung cho qua trinh
in, phin 16n dudc Iua chon tif rac thai ran xay dung. Do d6, giai quyét dugc bai todn vé rc thii rin do
nganh cong nghiép xay dung tao ra.

Tuy vay né ciing phai ddi mit véi mot sd thach thic: (1) Mic du cong nghé di giam dudc luong
16n khi CO, nhung viéc st dung viia bé tong né van tao ra 1 luong CO, dang ké. (2) Han ché 16n
nhét clia cong nghé nay 13 kha niing in két cAu ngang [5]. Tuy nhién, nhugc diém nay dang dan dugc
khéc phuc bsi bé tong ubn cong [10, 11]. (3) Ly thuyét tinh toan va quy trinh thi cong in bé tong 3D
gan nhu chua c6. Cling véi d6 12 nhiing rao can phap 1y do cong nghé ny con mdi trong linh vuc
xay dung.

2.3. Cdc cong nghé in bé tong 3D va vung dung
a. Ky thuat to day hay phuong phép lang vt liéu (MDM)

Ky thuit t6 day hay phuong phap lang vt liéu (MDM) Viia dudc bom t6i miéng voi in gan & cin
truc hoic robot dé in két ciu theo ting 16p. LSp vat liéu vira dudc to (in) ddy phai chiu dudc trong
luong ban than ctia né va céc 16p ké tiép cho dén hét [12] (Hinh 2). Mot sb hé thdng tr dong st dung
ky thuat t6 diy (MDM) dé€ in bé tong 3D:

Ky thudt in theo duong vién CC: St dung mt ciu truc in céc 16p vat liéu d€ tao ra két cdu bé tong
theo phuong diing. Khéc biét ctia hé théng CC 1a gan thiét bi 1am nh&n bé mit & voi in d€ lam phang
bé mit cac 16p vat liéu vira in [1, 2, 12, 13]. Théch thiic ctia phuong phap: (1) su gidi han chiéu cao
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in theo phuong diing; (2) hé théng 1am nhén va van khudn c6 thé phiic tap theo dbi tuong in; (3) qud
trinh in bi ngat quang trong pham vi cdc 16p vita dugc in va bé mit tiép xic gitta cic 16p bé tong c6
thé yéu [5].

Ky thudt in bé tong CP: CP cho phép in céac
cAu kién c6 hinh dang phtc tap v6i do chinh x4c
cao hon. Pong thdi, CP st dung bé tong cbt sdi N

e A e A o Miéng in ~

cuong do cao nén thudc tinh vat liéu ciing tot hon Vit i Vira
CC [1, 2, 14]. Thach thic cta CP: (1) qua trinh in o

> : ; ) . Két céu
dién ra cham; (2) viéc su dung thém vat liu thu tao ra
hai d€ hé trg cac két cAu nho ra c¢6 thé lam giam

tinh linh dong ctia qua trinh in; (3) kich thudc két ; ' z
chu phy thude vao kich thude méy in [3]. I_I .J_.Y
Mot 56 1ing dung in bé tong 3D thuwong mai sit X

dung ky thudt t6 ddy (MDM): Nim 2014, cong ty
Winsun Trung Quéc da xay dung 10 ngdi nha don
gian stt dung k¥ thuét in nay trong 1 ngay, véi dién
tich khoang 195 m? va gia thanh 4800 USD/cin
[1, 15, 16]. Ndm 2016, Winsun cho xay dung mot toa nha vin phong tai Dubai, UAE rong 250 m? sit
dung mot canh tay robot kich thudc 36.6 X 12.2 X 6.1 m [17]. Thang 9 ndm 2016, cong ty Apis Core
Nga da xdy dung ngdi nha diu tién hoan toan bang cong nghé in 3D trong vong 24h véi chi phi 1a
10134 USD [17].

Hinh 2. Nguyén ly in bé tong 3D cda phuong phap
MDM [2]

b. Ky thuit in trén nén bot hay k¥ thuat chat két dinh (BJ)

Ky thuat in trén nén bot 1a mot qua trinh in 3D tao ra thuc thé bang cach rai ting 16p chit két dinh
(muc) 1én trén nén cbt liéu 1a bot. Chit két dinh dudc phun ra & dang tia nhd 1én trén mot 16p mong
vt liéu bot, qua d6 két dinh 16p ¢t liéu bot thanh hén hop dang “vita” (Hinh 3). Qua trinh dudc lip
lai cho dén khi thuc thé 3D hoan thanh [18]. Mot sb hé thdng tu dong st dung k§ thuat in trén nén bot
(BJ) d€ in bé tong 3D:

Ky thudt in dang D: Pudc phat trién bdi Enrico Dini, stt dung ky thuét lang dong chit két dinh
trén dém cat kich thudc 16n [19]. Nam 2008, Shiro Studio tién hanh in két cAu Radiolaria, vé6i kich
thu6e 3 X 3 X 3 m dé chiing minh kha ning thi cong cta ky thuat nay [19].

Ky thudt in néi dan (EO): Ky thuat EO dudc phat trién & My st dung k¥ thudt in trén nén bot vé6i
chét két dinh 1a xi ming composite. EO dudc st dung d€ in mdt bong hoa cao 2.74 m ding tu do véi
kich thudc 14 3.66 m dudc xép tir 840 khéi in 3D tly bién.

3. Théo ludin va dé xuit ap dung cong nghé in bé tong 3D trong bdi canh xy dung ctia Viét Nam

Viét Nam 132 mot nude dang phat trién, nén kinh t& va khoa hoc ky thuit con non tré, 12 qubc gia
di sau trong vin dé vé xay dung, dic biét 1a ting dung cong nghé méi trong xay dung. Do d6 viéc phat
trién cong nghé in bé tong 3D can dugc dau tu, nghién citu d€ ting tinh dng dung, nhét 1a can duc két
céc bai hoc kinh nghiém tif cic nudc di trudc d€ tim ra huéng di phu hop véi diéu kién dic thu xay
dung Viét Nam. Tt nhitng phan tich vé tiém niing va thach thiic cling nhu xu huéng phat trién va ing
dung gan dy ctia cong nghé in bé tong 3D trén thé gidi, bai bio dé xut viéc nghién citu va ing dung
cong nghé in bé tong 3D vao Viét Nam dé€ thiic ddy su phat trién nganh xay dung.
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Chit két dinh Z

Diuin o
Lan rai bot

_\-_. _
Ty Pt

Piston nang bot

Lép bét nén

Piston di chuye:n

Hinh 3. Nguyén ly in 3D ctia phuong phap BJ [2]

3.1. Cong nghé in bé tong 3D ddp iing nhu cdu nhdn lyc nganh xdy dung Viét Nam hién nay

Theo bso cdo nim 2017 ctia Tong hoi Xay dung Viét Nam, ngudn nhan luc nganh xiy dung hién
chua dap tng dudc yéu cau ca vé sb lugng va chat luong [20, 21]. Thuc trang cho thdy nhu cau vé
nhan luc nganh xay dung di va dang ngay cang trd nén cép thiét hon [20, 21]. Cong nghé in bé tong
3D [2, 5, 9], v6i tiém ning tao ra cic cong viéc lién quan dén cong nghé, tu dong héa. St dung ngudn
lao dong tdi thiéu, bdi viéc in ciu kién dugc thuc hién bﬁng robot, cong nhan sé khong lam viéc truc
tiép v6i két cAu ma sé thong qua hé théng diéu khién. S& c6 mot ludng chuyén dich co ciu lao dong,
giam lugng cong nhan l1am truc tiép trén cong trudng, ting lugng cong nhan cho cong tic diéu khién,
van hanh. Qua d6, st dung cong nghé in nay sé ddp ting nhu cau lao dong cho nganh Xay dung Viét
Nam hién tai va tuong lai.

Theo bao cdo ciia B6 Lao dong — Thuong binh xa hoi [22], nganh xay dung la nganh c¢6 ti 1€ tai
nan lao dong va céac bénh lién quan dén nghé nghiép cao nhit trong cic nganh c6 tai nan. St dung
cong nghé in bé tong 3D trong xdy dung s€ lam giam ti 1€ tai nan va thuong vong. Stt dung cong nghé
nay, cong nhan khong phai 1am viéc trén cao ma thay vao dé 1a cic canh tay robot va can truc. Khong
con cong tac 1ap dung va thao d5 van khudn. Bé tong sé dudc chuin bi, tron & dudi chan cong trinh,
véan chuyén dén vi tri thi cong thong qua hé thdng dng bom. Do d6, sé 1am ting mic d6 an toan cho
cong trudng [2, 5, 9]. Qua do, dé€ dap ing yéu cau vé ngudn nhan luc va cdi thién sy an toan nganh xay
dung, nhém nghién cifu dé xuét phat trién cong nghé in bé tong 3D vao nganh xay dung Viét Nam.

3.2. C6 ké hoach dao tao nguon nhadn lyc cho dp dung cong nghé in bé tong 3D

Cong nghé in bé tong 3D la mdt cong nghé hoan toan mdi, cong viéc danh cho cong nhan va ky
su xay dung tuong dbi khic so v6i xdy dung truyén théng hién nay. Su chuyén dich ¢ cu lao dong
nganh xdy dung, thay vi sin xut truc tiép, cong nhan va k§ su chuyén sang huéng diéu khién, dp
dung tu dong héa [2, 5, 9]. Do d6, can d6i mdi ndi dung va chuong trinh dio tao theo hudng tiép can
v6i cong nghé mdi nay. Thay vi hoc cdc phan mém va cach thé hién ban vé du6i dang 2D nhu hién
nay, cic ky su can dudc dao tao dé thé hién dugc ddi tuong thuc thé dudi dang 3D va cic chuong trinh
tu dong héa. Thay vi tach biét giita thiét ké kién tric va két ciu, k¥ su can dudc trang bi kién thiic
dé thiét ké cAu kién theo mot cach hoan toan mdi: ciu kién vira 12 kién tric, vira 1a két ciu cho cong
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trinh. Do d6, nhém nghién ctiu dé xuét can d6i méi ndi dung va cé ké hoach dao tao ngudn nhan luc
dé dap ung dudc viéc dp dung cong nghé in nay vao nganh xay dung.

3.3. Vdn dé qudn Iy nha nudc khi dp dung cong nghé in bé tong 3D vao cdc cong trinh & Viét Nam

Dé cong nghé va vat liéu méi duge d4p dung vao cic cong trinh xay dung, viéc dau tién 12 phai
nang cao nhan thiic trong quan 1y nha nudc vé cong nghé méi, vuot qua dugc tu tudng “khdng cin
thiét phai 4p dung cdc cong nghé, vt liéu méi cid nhu cii 1am cho nhanh” [23]. D€ xem xét 4p dung
cong nghé in bé tong 3D can hinh thanh qué trinh dong bd tlt quy hoach, thiét k&, thi cong cho dén
van hanh st dung pht hdp véi bdi canh xay dung Viét Nam. Viéc 4p dung cong nghé in bé tong 3D
sé gip phai rao can dén tir hé thong tiéu chuin, quy chuin, dinh mic [23]. Hé théng tiéu chuin cii
khong 4p dung dugc, dinh mifc du toan khong dong bo, thim chi khong cé trong dinh miic, diéu nay
sé gdy can trd cho viéc st dung rong rai. Do d6, nhém nghién ciiu cling dé xuit thuc hién viéc bién
soan, diéu chinh cic tiéu chudn, quy chuén, dinh mic du todn lién quan cho phu hdp véi cong nghé
in nay. Tir phia quan ly nha nudc, can c6 co ché bao trg, khuyén khich 4p dung cong nghé in 3D nay
khong chi trong nghién cifu ma ci trong linh vuc thuong mai. D& quan 1y dugc chit lugng céc du 4n
ap dung cong nghé in bé tdng 3D, co quan quan ly nha nudc can tién hanh kiém soat, thim dinh chiit
ché trude khi cho xay dung. Pong thdi, cling phai c6 co ché gidi quyét cac vin dé vé mit phap 1y khi
c6 su ¢d chat lugng do 4p dung cong nghé in nay.

3.4. Lua chon vdt liéu khi dp dung cong nghé in bé téng 3D cho cdc cong trinh ¢ Viét Nam

Nganh xay dung 12 nganh tao ra lugng rac thai 16n thi 2 trong cdc ngudn phat sinh chét thai ran &
dd thi [24, 25]. Theo Nghi quyét ctia Chinh pht, nim 2015 sé cd ban hoan thanh viéc phd dd, cai tao
cac khu chung cu cii nat tai cac do thi 16n nén lugng rac thai xay dung s€ con tang manh trong thai
gian t6i. Ciing theo bdo cdo nay tai ché chét thai ran xdy dung 13 giai phap hiéu qua nhit giai quyét
tinh trang chét thai rin dugc tao ra hién nay. Cong nghé in bé tong 3D dudc biét dén khong chi béi
su tu dong héa ma con 1a cong nghé than thién moi trudng, ddp Ging xu huéng phat trién bén viing
hién nay. Vat liéu in bé tong 3D phan 16n dugc lua chon tif rac thai ran xdy dung, phé thai tit viéc pha
dd céc cong trinh hét thoi gian st dung, san phdm thita tif cic qud trinh sdn xuit khéc nhu tro bay, xi
10 cao. . . theo d6 gitip tiét kiém tai nguyén thién nhién. R4t nhiéu cong ty da hién thuc héa dugc diéu
nay, cong ty Winsun 12 mot vi du khi da st dung rac thai 1am vat liéu chinh cho céc thiét ké in bé tong
3D [15].

3.5. Gidi phdp tinh todn va thi céng cho cho cdc cong trinh sit dung in bé tong 3D J Viét Nam

Day 12 cong nghé hoan toan mdi khong chi d6i v6i nganh xiy dung trong nuéc ma con ca céc
qudc gia khac. Ly thuyét tinh todn, hé thong tiéu chuin, quy pham lién quan con rit han ché. Cuén
sach dau tién trinh bay vé ly thuyét tinh toan dugc Wolfs cong bd vao 2015. Cac ly thuyét tinh toén,
mo hinh tinh da dugc dé xuit qua cudn sach nay [26, 27]. Viéc ting dung cong nghé in bé tong 3D vao
nganh xdy dung 1a mot xu thé tit yéu. Tuy nhién, trong qua trinh thuc hién, chic chin khong tranh
khoi nhiing khé khin budc dau. Do dé rat can mot chién ludc tdng thé va dai han cho qua trinh ting
dung cdng nghé méi nay, tién dén ddi mdi toan dién ca quy trinh dau tu, thiét k& va thi cong, trong d6
nhan t6 con ngudi phai dugc dit 1én hang dau.
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4. Két luan

Bai béo da trinh bay t6ng quan cong nghé in bé tong 3D, tiém ning, thach thiic, thuc trang nganh
xay dung Viét Nam va nhiing diém ndi bat ma cong nghé nay cé thé giai quyét cac thach thic nganh
xdy dung trong nuéc dang phai déi mat. Thé gidi da budc vao cudc cach mang 4.0, cong nghé in bé
tong 3D, v6i nhitng tiém ning clia né, dugc tién dodn sé thay thé cong nghé thi cong bé tong truyén
théng md ra mot ky nguyén méi thay déi hoan toan céch thitc xay dung hién dai. Ung dung ciia cong
nghé in bé tong 3D tuy con nhiing han ché nhung trong tuong lai gan, khi ma cdc nghién ctiu tiép tuc
phat trién, cac tiéu chudn thiét ké dugc ban hanh, day sé 1a cong nghé xay dung bén viing, giam t6i da
thoi gian san xuét, st dung it lao dong, téi thiéu lugng rac thai va than thién v6i mdi trudng.

Cong nghé in bé tdong 3D hoan toan c6 thé dp dung dugc tai Viét Nam va khi ting dung sé dugc
diéu chinh cho phit hop véi diéu kién vé nguyén vat liéu, phuong phap thi cong, quan ly nha nuéc.
Bai bdo di dit nén méng cho hudng nghién ciiu trong nudc trong linh vuc nay, mé ra mot lan séng
méi d€ nhiéu nha nghién ciiu, cic don vi san xuit quan tim, thic dy su phat trién clia cong nghé in
bé tong 3D trong bbi canh xay dung Viét Nam. Trong thdi gian tdi viéc nghién ctiu va phat trién cong
nghé nay can dugc diy manh hon nifa d€ chiing ta c6 thé tiép can véi thé gidi, tir d6 dan 1am chii cong
nghé, ap dung cho cong trinh x4y dung § Viét Nam.

Cong nghé in bé tong 3D 1a mot cong nghé hoan toan mdi, do d6 con nhiéu khia canh can dudgc
nghién cifu va phat trién: (1) nghién cu cac gidi phap vé vat liéu in, dic biét vat liéu in c6 kha ning
chiu kéo, vat liéu tdi ché cho cong nghé in; (2) hé thdng thiét bi in bao gdm canh tay robot, hé cin
truc; (3) giai phap, ly thuyét tinh to4n két ciu in 3D, (4) quy trinh thi cong bé tong in 3D d€ c6 thé
thuong mai hda céc san pham & quy mo 16n va phat trién trén thi trudng.
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