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Nganh xay dwng khdng nging tim kiém nhizng céch thizc méi d@é nang cao hiéu
qud, nhiéu céng nghé méi da va dang dweoc vng dung. Tuy nhién, phirong phdp xdy dung
truyén thong vdn khéng thay doi trong nhiéu thdp ky qua, 1am cho qué trinh xay dung
kéo dai, khdng téi wu nguon luc dan dén giam hiéu qud dau tr xdy dung. Cong nghé in
3D & mét cong nghé mai day hiza hen gop phan nang cao hiéu qud ddu tw xdy ding va
han ché tdc dong tiéu cuc dén méi trwong. Cong nghé in 3D sir dung vat lidu bé tong 1a
cdng nghé co thé cho phép san xudt cdu kién kién tric, xay ding ma khdng can si dung
van khudn, gitp mang lgi nhiéu lgi ich hon so véi phwong phdp truyén théng. Trong khi
cdng nghé in 3D da dwoc &p dung thanh cong trong mét loat cdc linh vue nhw y té, gido
duc, hang khéng vii tru, 6 16 v.v., thi izng dung cua cong nghé nay trong nganh xay dung
van con ¢ giai doan dau. Trong vai ndm qua, nhiéu logi cong nghé in bé téng 3D khéc
nhau da dwoc phat trién va ing dung.
Tir khoa: San xudt béi deap; Cong nghé in bé tong 3D; Xay dung.
ABSTRACT

The construction industry is constantly looking for new ways to improve project
efficiency and profitability, many new technologies has been being researched and
applied in construction investment projects. However, traditional building methods
have remained relatively unchanged for decades. 3D concrete printing (3DCP) is a
promising new technology that has the potential to not only be an effective means of
increasing project efficiency and profitability in the field, but also have positive
environmental impacts. 3D concrete printing technology can allow construction without
the use of formwork, which offers more benefits than the conventional method. While
3D printing techniques have been successfully applied in a wide range of fields such as
aerospace and automotive, its application in concrete construction industry is still in its
infancy. Over the past few years, various 3D concrete printing technologies have been
developed.
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1. GIOI THIEU

Nhirng thach thac trong nganh xay
dung hién nay nhu téc d6 xay dung
cham, qué trinh thi cong xay dung gom
nhiéu budc, mdi budce déu tén nhiéu thoi
gian va cong sutc, cong nghé thi cong
hién nay dang sir dung nhiéu nhan cong

lao dong va tinh trang mét an toan lao
dong la rat dang quan ngai, ngoai ra cac
phuong phap thi cong xdy dung va vat
liéu x&y dung hién tai khong than thién
véi moi truong. Toan b qua trinh xay
dung, bao gém san xuat ché tao sin, van
chuyén vat liéu, thi céng xay dung trén
cong trurong da thai ra mot luwong 16n khi



nha kinh va tiéu thu mét luong lon nang
luong, gay 6 nhiém méi truong. Do d6
van dé dat ra 1a phai 4p dung nhitng cong
nghé tién tién trong nganh xay dung,
trong d6 cong nghé in bé tong 3D dang
cho thdy nhiing wu diém rd rét.

K& tir khi phat hién ra bé tong hién
dai vao thé ky 19, nhiéu nha nghién cau
da tim cach tu dong hda viéc xay dung
s dung vat liéu bé tdng. Nhiéu cong
nghé xay dung sur dung vat liéu bé tong
d3 duoc phat trién, nhu cong nghé bom
bé tong va cong nghé phu gia. Mot nd
lyc 16n gan day d6i voi nganh xay dung
dya trén y tuong mai la cac k¥ thuat san
Xuat boi dap. San xuat boi dap duoc dinh
nghia 1a quy trinh ghép cac 16p vat li¢u
dé tao cac vat thé tir dix lieu mé hinh sé
3D, trai ngugc V61 cac phuong phap san
Xuat trir (nhu diéu khic). Trong dé noi
bat la cong nghé in 3D sir dung vat liéu
bé tong.

Cong nghé in bé tong 3D dé cap
dén mot quy trinh san xuat boi dap tu
dong, trong do cac doi tuong in duoc tao
ra bang cach lién két céac 16p vat liéu ké
tiép chong 1én nhau. Qua trinh bat dau
véi viéc tao ra mot md hinh 3D bang
phan mém CAD (Computer Aided
Design). M6 hinh sau d6 dugc nhap vao
may in bé tdng 3D bang dinh dang tép
STL (Stereolithography Language) la
dinh dang tép phé bién hién nay, tir day
mo hinh dwogc chia thanh céc 16p c6 thé
lién két voi nhau dé tao thanh dbi tuong
in 3D. Trong nhitng ndm gan day, cong
nghé in bé tong 3D da nhan duoc rat
nhiéu su chd y tir nganh xay dung nhu
mét phuong phap thi cong xay dung day
trién vong. Coéng nghé in bé tong 3D

gilp tiét kiém thoi gian, vat liéu, nhan
cdng bang cach giam hao hut vat liéu,
han ché hoic khdng str dung van khuén
tir do giup giam chi phi. Ngoai ra, cong
nghé nay ciing han ché viéc sao chép,
gitp cac nha thiét ké c6 thé 1am cho cong
trinh tro c6 tinh chat riéng so véi cac
cong trinh khac.

Hién nay viéc ap dung cong nghé
in bé téng 3D trong nganh xay dung van
gap nhiéu rao can nhat dinh nhu con
nhiéu han ché vé mit cdng nghé, chi phi
dau tu cling nhu chat luong cua c4c san
pham duoc ché tao bang cong nghé nay.

Tuy nhién, véi sy phét trién cua
khoa hoc cdng nghé, viéc ap dung cac
tién bo khoa hoc cdng nghé trong nganh
xay dung la tat yéu. Trong do, viéc &p
dung cbng nghé in bé tdng 3D trong xay
dung c6 thé giai quyét nhitng van dé nan
giai hién nay cua nganh xay dung. Bai
bao giadi thiéu cac cbng nghé in bé téng
3D va so sanh tinh kha thi cua céac céng
nghé nay wtng dung trong nganh xay
dung Viét Nam.

2. TONG QUAN

Ung dung caa cong nghé in bé tong
3D trong nganh xay dung 1a dé ché tao
cac cau kién kién tric, xay dung. Mic du
viéc tng dung cong ngh¢ in bé tong 3D
van con & giai doan dau, tuy nhién
nhitng nd lyc nham dua cong nghé nay
ung dung c6 hiéu qua hon trong nganh
xay dung da va dang dugc thuc hién trén
toan thé gidi.

Cong nghé in bé téng 3D la mot
cong nghé méi, nham muc dich giam
thiéu thoi gian cua qua trinh xay dung
bang céach loai bo mot sé quy trinh tén
thoi gian ciia phuong phap truyén thng,



giam cac chi phi théng qua viéc giam
thiéu khéi luong phat sinh, giam nhan
cong lao dong, dong thoi dé dang tao ra
nhitng cdu kién c6 hinh dang phuc tap
véi do chinh xé&c cao ma kho c6 thé thuc
hién duoc bang phwong phap truyén
théng, cai thién tac dong tiéu cuc cua
nganh xay dung 1én méi truong. Cong
nghé in bé tdng 3D c6 kha ning ché tao
cau kién kién trac, xay dung duoc thiét
ké trude bang cach lién két cac 16p vat
licu chong 1én nhau theo mot quy tic
nhit dinh.

Hién nay, viéc trng dung céng nghé
in bé tbng 3D trong nganh xay dung con
nhiéu vin dé nan giai. Cac nghién cuu
trén thé gi6i da chi ra mot s rao can vé
van dé nay nhu kha niang lam viéc cua
cau kién dugc san xuit bang cong nghé
in bé tdng 3D hién nay con nhiéu han ché
vé kha nang chiu lyc so véi cac phuong
phap san xuat ciu kién bé téng truyén
thong tinh dén thoi diém hién tai. Nhitng
thach thurc hién tai trong thuong mai hoa
cong nghé in bé tong 3D nhu thiéu tiéu
chuan, chi phi dau tu 16n, cac cau kién
duoc ché tao chua dam bao chat lugng.
Tuy nhién loi ich cua cong nghé nay dbi
vé6i nganh xay dyng la rat to 16n nhu han
ché hao hut vat liéu, giam dang ké nhan
cong, dong thoi giam thai gian thi cong
xay dung. Nhiéu nghién ctru cling dé cap
dén kha nang ap dung cua cac céng nghé
in bé tong 3D trong xa&y dung nhu viéc
ap dung cong nghé Contour Crafting
trong thi céng xay dung va khang dinh
céng nghé Contour Crafting la mot trong
s6 rat it cac cdng nghé kha thi cd thé ap
dung trong nganh xay dung [1]. S. Lim
va cong su da st dung cong nghé in bé

téng 3D trong viéc san xuit cac cau kién
xay dung quy mo lon va danh gia lgi ich
cua cbng nghé nay so vai cong nghé xay
dung truyén thong [2].

C4c nghién ctu vé viéc ché tao,
kiém dinh vat liéu in va cdu kién in da
duoc thyc hién trong nhiéu nim qua,
nhu danh gia va stra d6i chat luong in,
d6 6n dinh hinh dang caa hdn hop vat
liéu in [3], s dung cac vat liéu in khac
nhau dé ché tao va kiém tra kha ning tao
ra cac cau kién co cau tric phuc tap ciing
nhu cudng do cua san pham duoc ché
tao bang céng nghé in bé tong 3D [4],
nghién cru ti wu hoa vat liéu va may in
ché tao cac cau kién phu hop dé tng
dung trong quy mo nhd, qua d6 ching
minh cbng nghé in bé téng 3D nay
khong chi 1a mot céng cu day haa hen
cho thiét ké két cau, ma con 1a mot cong
cu tiém nang cho thiét ké kién trdc [5].
Phat trién phuong phap dé tao ra cac cau
kig¢n dya trén geopolyme dugc su dung
trong cdc may in 3D su dung ky thuat
ling dong bot c6 ban trén thi trudng cho
cac tng dung xay dung [6].

Nhin chung, c&c nghién ctru trén da
chi ra mot s6 pham vi &p dung, loi ich,
kha nang ap dung ciing nhu rao can cua
cébng nghé in bé tébng 3D trong nganh
xay dung trén thé gigi.

3. CAC CONG NGHE IN BE TONG
3D

Trong nhitng nam qua, nhiéu céng
nghé in bé tong 3D khac nhau da dugc
phat trién dé (ng dung trong nganh xay
dung. Nhitng cong nghé in bé tong 3D
nay cha yéu dya trén hai ky thuat chinh,
do6 la ky thuat ép dun (Extrusion-Based
Technique) va k§ thuat lang dong bot



(Powder-Based Technique).
3.1 Cong nghé in bé téng 3D dwa trén
k§ thuat ép dun

Cong nghé in bé tong 3D dua trén
ky thuat ép dun tuong ty nhu phuong
phap néng chay ling dong FDM (Fused
Deposition Modelling). Theo do, vat
liéu in s& di qua tr mot dau in duoc gin
trén can truc hoic canh tay robot dé in
mét ddi twong theo tirng 16p vat liéu. Céc
céng nghé in bé téng 3D dua trén ky
thuat nay tiéu biéu nhu:

* Cong nghé Contour Crafting

Contour Crafting 1& mét phuong
phap cua quy trinh san xuat nhiéu 1op st
dung polymer, bun gém, bé tong, va mot
loat c4c vat liéu va hdn hop khac dé xay
dung cac vat thé quy mo 16n véi bé mat
min. Nhitng wu diém chinh cia cong
nghé nay la toc d6 ché tao nhanh hon va
kha nang tich hop véi cac phuong phap
khac dé lap dat cac bo phan nhu dudng
ong, day dién va cot thép. Cong nghé
Contour Crafting cho ra san pham c6 bé
mat hoan thién vuot troi va toe do san
Xuat duoc ting cuong dang ké.

* Cbng nghé Concrete Printing

Cong nghé Concrete Printing da
duoc nghién ctu va phat trién tai Dai
hoc Loughborough & Vuong quéc Anh.
Cong nghé nay cling str dung ky thuat
dua trén ép dun va & mot mire do nao do
trong tu nhu cong ngh¢ Contour
Crafting. Tuy nhién, cdng nghé Concrete
Printing d4 duoc phat trién cho phép kiém
so4t tot hon cau tric cua san pham in,
Ngoai ra, vat liéu dugc sur dung trong in
bé tong la bé téng cdt lieu soi tong hop
cuong d6 cao nén tinh chat cua vat liéu
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vuot troi so vai cac vt liéu duoc st dung
trong cong nghé Contour Crafting [2].

* Cong ngh¢ Concrete On-Site 3D
Printing

Cong nghé Contour Crafting va
Concrete Printing ngoai nhitng wu diém
S0 VéGi cac cong nghé truyén thong thi
van ton tai mot sb han ché nhu sy can
thiét phai st dung may mac maéi va tién
tién, kich thudc cét lidu nho (thudng sir
dung vira tong hop thay vi bé tong thong
thudng) va kich thudc han ché cua san
pham in (tic 1a kich thudc caa may in
3D phai I6n hon kich thudc caa phan te
duoc in). Bé khac phuc nhitng han ché
nay, mot cong nghé mai la cdng nghé
Concrete On-Site 3D Printing, duocC
phét trién tai TU Dresden, Dtrc. Uu diém
chinh cua cdng nghé nay la tinh linh hoat
hinh hoc cao va it phu thuoc vao nhan
cong lanh nghé [7].

Mot trong nhitng wu diém caa cong
nghé in bé tong 3D tai chd khong chi la
phat trién quy trinh xay dung tién tién
hiéu qua vé thoi gian, lao dong va tai
nguyén ma con lam cho quy trinh mai c6
hiéu qua kinh té trong khi dat duoc su
chap nhan rong rai hon trong nganh xay
dung. Diéu nay dat duoc bang céach sir
dung cac ky thuat san xuat va xay dung
hién c6 cang nhiéu cang tt va biang cach
diéu chinh quy trinh méi véi cac han ché
Cua cong truong xay dung [7].

* Cong ngh¢ in bé téng 3D quy md
lon si# dung bé tong cwong d¢ cao
(Large-Scale 3DCP using Ultra-High
Performance Concrete)

Qua viéc nghién cau nhitng han
ché caa cac cong nghé Contour Crafting
va cong nghé Concrete Printing da dé



cap ¢ trén, mot cong nghé mai da dugc
mot nhdm nghién ctiru ¢ Phap gidi thiéu
véi quy mo ap dung 16n, st dung bé tdng
cuong do cao (UHPC). Cong nghé nay
dugc phét trién dya trén ky thuat ép dun
dé in bé tong cuong do cao theo ting 16p
théng qua mot dau in dun dugc gan trén
canh tay robot. Uu diém chinh cua cong
nghé nay Ia cho phép san xuat cau kién
véi hinh dang phuec tap véi quy mé Ion
ma khéng can van khuén [8].

3.2 Cbng nghé in bé tong 3D dwa trén
Ky thuat ling dong bot (Powder-based
Technique)

Cong nghé in bé tong 3D dua trén
ki thuat lang dong bot 1a mét quy trinh
ché tao cong dién hinh khac tao ra cac
cau kién véi hinh hoc phuc tap bing
cach lang dong chat long két dinh mot
cach chon loc. Ky thuat nay la mot quy
trinh ngoai cong trudng duoc thiét ké dé
san xuét cac cau kién duc san. Mot sb
cbng nghé in bé tong 3D dya trén ky thuat
ling dong bot duoc liét ké dudi day.

* Cong nghé in ba chiéu (D-Shape)

Cong nghé D-Shape dugc phat
trién bai Enrico Dini st dung k¥ thuat
duwa trén ki thuat ling dong bot dé 1am
cang mot 16p vat liéu quy mo 1on. Xi
mang cat va magié oxychloride (con
duoc goi la xi mang Sorel) dugc st dung
lam vat liéu xay dung va chat két dinh
tuong tng [9].

* Cong nghé déi twong mdi
(Emerging Objects)

cong nghé dbéi tuong méi
(Emerging Objects) dugc phat trién &
Hoa Ky str dung k¥ thuat lang dong bot
dé 1am ctng c6 chon loc mot cong thirc

hdn hop xi mang bang cach ling dong
mat tac nhan lién két.

* Cong ngh¢ in bé téng 3D dwa
trén ky thugt ling dong bét siz dung
Geopolymer  (Powder-based 3DCP
using Geopolymer)

Cong ngh¢ in bé tong 3D dua trén
ky thuat ling dong bot sa dung
Geopolymer c6 kha niang san Xuét céc
cau kién xay dung véi chi tiét va hinh
dang phic tap. Cong nghé duya trén ling
dong bot co tiém niang dé san xuat cac
cau kién xay dung véi do bén cao va téc
d6 hop ly dé dap tng nhu ciu san xuat
quy md cong nghiép [10].

4. KET LUAN

Uu diém chinh cia cong nghé in ba
chiéu 1a san pham tao ra c6 két ciu chic
chan nhung c6 nhugc diém 1a cong nghé
nay tén nhiéu cong sic va rac roi. Cong
nghé Contour Crafting va Concrete
Printing déu dua trén ky thuat ép dun,
diéu nay l1am cho ching rat giéng nhau,
loi thé cua cong nghé Contour Crafting
so vai cong nghé Concrete Printing 1a o
min cia bé mat san pham, tuy nhién san
pham duoc san xuit bing coéng nghé
Concrete Printing c6 két cau chac chan
hon so véi cong nghé Contour Crafting,
nhung san pham san xuat bang cong nghé
Concrete Printing lai c6 kich thuéc han ché
hon.

Dua trén cc phan tich ¢ trén, mac
du cong nghé in bé tong 3D van la mot
cdng nghé mai noi, kha nang tng dung
trong xay dung con han ché, dic biét 1a
dbi v6i quy mo san xuat tai chd trén cong
truong, nhung v6i phat trién nhanh
chéng ciia cdng nghé nay, viéc in cac cau
Kién bé tong ¢ quy mo I6n s€ thanh hién



thuc trong tuong lai gan.
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