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TOM TAT:

Chuyén d6i s6 1a mot trong nhitng muyc tiéu duoc quan tim hang du cua cac doanh nghiép cong nghé
tai Viét Nam ké tir nim 2019. Chuyén d6i s6 nganh Xay dung s tao cu hich ting truong nhanh, bén
ving cho Nganh va co dong gop 16n cho tang truong kinh té quoc gla boi dau tur vao linh vuc xdy dung
chiém ty trong 16n trong tong von dau tu toan xa hoi. Trong sé nhidu cac cong nghe moi dugce da va
dang duoc ung dung vao tuong lai xay dung, cong nghé in bé tong 3D 1a mot diém dang cha y va ghi
diu 4n manh mé trong vai thap ki gan day. Nghién ciru tap trung giai quyét ba n01 dung cbt 16i, d6 1a
(1) tong quan vé hudng chuyen do6i s6 trong nganh xay dung; (2) gidi thiéu vé cong nghe xay dung
bing may in 3D; (3) cac két qua nghién ctru ciia nhom tac gia tir do dua ra cac dé& xudt phat trién cac
san pham bang may in 3D tai Viét Nam.

Tir khéa: Chuyén ddi s; nganh xay dung; cong nghé: in bé tong 3D; san phim in 3D.

RESEARCH AND APPLICATION OF 3D PRINTING
TECHNOLOGY — DIRECTION OF DIGITAL TRANSFORMATION
IN THE CONSTRUCTION INDUSTRY

ABSTACT:

Digital transformation has been one of the top concerns of technology enterprises in Vietnam since
2019. Digital transformation of the Construction industry will create a fast and sustainable growth
spur for this sector and make a great contribution to the national economic growth because the
investment for the construction sector accounts for a large proportion of the total investment capital
of the whole society. Among the many new technologies that have been and are being applied to the
future of construction, 3D printing technology is a unique point and has made a strong impression in
the last few decades. The research focuses on solving three core contents, which are (1) presenting an
overview of the direction of digital transforming in the construction industry; (2) introducing about the
construction technology using 3D printers; (3) showing the findings of the author's team, since making
recommendations for the development of products using 3D printers in Vietnam..
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1. GIOI THIEU ké, thi cong, van hanh va bao tri mdt cong

Xay dung d duoc goi la khoa hoc cua trinh. Trong trién vong danh cho nganh cong

thyc té. Tuy nhién, xdy dung la mot trong Ngh¢ xay dung nam 2018, 53% chuyén gia xay

nhitng nganh bat nhip vdi cude cach mang
chuyén doi ki thuat s twong d6i mudn boi
nhiing tinh chat phirc tap trong quy trinh thiét
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dung cho biét ho da co ké hoach ap dung cong
nghé trong doanh nghiép trudc cudi nam. Picu
c6 thé cudi ciing di tro thanh thyc té [1].



Hon vay, dau tu vao linh vuc xay dung
chiém 30 — 40% tong von dau tu toan xa
hoi. Do d6 chuyén do6i sd nganh Xay dung
s& tao ct hich ting truong nhanh, bén viing
cho nganh va c6 dong goép 16n cho tang
truong kinh té quéc gia, dic biét 1a duy
tri chudi cung mg trong hoat dong dau tu
xay dung, cung cap dich vu cho nguoi dén,
doanh nghiép trong dai dich Covid-19 [2].
Théang 9/2019, B9 Chinh tri Trung uwong
Pang ban hanh Nghi quyét s6 52/NQ-TW
“Vé mot sd chu truong chinh sach, chu
dong tham gia cudc cach mang cong nghi¢p
lan tht tu”. Dé thyc hién chu truong do,
cac nghién ciru theo hudng phat trién do
thi théng minh bén viing da duoc doéng dao
cac bén lién quan va cac nha khoa hoc trién
khai. Trong d6, cac hoat dong lién quan dén
cong tac tu van thiét ké, tu van tham tra,
thim dinh, thi cong xay lip, nghiém thu
cong trinh 1a mot trong sdu nhém linh vuc
duogc uu tién tap trung ngudn luc cho nhiém
vu chuyén d6i sd.

C6 thé noéi, cong tac tu van thiét ké va
thi cong, xay lap cong trinh 1a cac cong viec
chiém phan 16n vé thoi gian va chi phi mot
cong trinh. Cac cong viéc nay s€ tréd nén
hiéu qua va chat lwong hon rat nhiéu néu
tmg dung cong nghé in 3D dé thiét ké, thi
cong, xay lap mot cong trinh so véi phuong
phap xay dung truyén thong hién nay.

Pé 1am 16 duoc dong gop cua nghién
cuu va ung dung cong nghé¢ in 3D tdi
huéng chuyén d6i sé trong nganh xay
dung, bai viét trudc hét lam ré vé (1)
tong quan cac huéng chuyén doi sb trong
nganh; (2) gidi thiéu vé cong nghé xay
dung bang may in 3D; (3) cic két qua
nghién ctru cua nhom tac gia tu do6 dua ra
cac dé xuét phat trién cac san pham bang
may in 3D tai Viét Nam.

2.TONG QUAN CACHUONG CHUYEN
POI SO TRONG NGANH

Trong thoi gian gan day, chung ta
thudng nghe dén khai niém “chuyén doi s6”
dugc nhic dén rat nhidu trén cac phuong
tién truyén thong dai chung. Chuyén doi
s6 dong mot vai trd quan trong trong cudc
Céach mang cong nghiép 4.0. Kho c6 dugc
mot dinh nghia rd rang va cu thé vé chuyén
d6i s, boi vi qué trinh 4p dung chuyén d6i
sO s& c6 sy khac biét ¢ ting linh vuc khac
nhau. Tuy nhién, dé c6 thé dinh nghia mot
cach ngin gon va dé hiéu thi chuyén doi sd
(Digital Transformation trong tiéng Anh) 1a
su tich hop cac cong nghé k¥ thuat sd vao
tat ca cac linh vuc ctia mot doanh nghiép,
tan dung cac cong nghé dé thay doi can ban
cach thirc van hanh, mé hinh kinh doanh
va cung cdp céac gia tri mdi cho khach hang
ctia doanh nghiép d6 cling nhu ting tdc cac
hoat dong kinh doanh. Chuyén doi sé ciing
13 mot sy thay doi vé van hoa ctia cac doanh
nghiép, doi hoi cac doanh nghi¢p phai lién
tuc thay d6i, thir nghiém cai méi va thoai
mai chip nhan cac tht bai.

“Chuyén dbi s6” (Digital Transformation)
c6 thé d& bi nhdm 1an voi khai niém “S6
hoa” (Digitizing). Dé phan biét hai khai
niém nay, c6 thé hiéu rang “Sé héa” 1a qua
trinh hién dai hoa, chuyén d6i cac hé théng
thuong sang hé thong k¥ thuat s6 (chang
han nhu chuyén tir tai liéu dang gidy sang
cac file mém trén mdy tinh, sb hoa truyén
hinh chuyén tir phat song analog sang phat
song k¥ thuat s6...); trong khi d6, “Chuyén
doi s6” 1a khai théc céc dit liéu c6 dugc
tir qua trinh s6 hoéa, roi 4p dung cac cong
nghé dé phan tich, bién ddi cac dir liéu
doé va tao ra cac gid tri moi1 hon. Co thé
xem “S6 héa” nhu mot phan cua qué trinh
“Chuyén d6i s6”.
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Cong cudc sb hoa trong linh vuc xiy
dung co thé duoc trién khai theo cac nhom
cong vi¢c cu thé nhu sau:

1. Thiét bi khdo sat va dinh vi: céc thiét
bi chup anh do phén gidi cao va quét bang
laser 3D, may bay khong nguoi lai va cac
phuong tién bay khong nguoi 1ai khac da cai
thién dang ké pham vi va chét lugng hinh
anh phuc vu cong tac khao sat, dinh vi. Hinh
anh 3D c6 thé duoc dua truc tiép Vao cac
cong cu lap ké hoach du 4n va phén mém mo
hinh hoa thong tin xay dung (BIM).

2. Lap ké hoach du 4n 5D: Dya trén nén
tang co s& dit liéu BIM, cac nén ting méi bd
sung thém hai chiéu khéac vé chi phi va 1ap ké
hoach tién d6, duoc goi 1a phuong phap 5D.
Phuong phap 5D nay don gian héa pham vi
du 4n va cac thong s thiét ké dua trén hinh
hoc, thong ) ky thuat cua du an, muc ti€u
thdm my, yéu cau vé nhiét va cac dic tinh
am thanh. Cac cong ty, nguoi quan ly dy an
va nha thau co thé ngay lap tuc trén clng
mot trang vé nhitng thay doi s& anh hudng
nhu thé nao dén chi phi dy an va Ién lich.

3. Hop tac ky thuat s6 va tinh di dong:
Chuyén déi k¥ thuat sb sang mot quy trinh
lam viéc khong can gidy to va cac thiét bi di
dong da thuc day viée ra quyét dinh va hop
tac hop 1y. Cac két qua ngay 1ap tirc nhét 1a ky
vong cho céc béao céo tién do thoi gian thuc,
danh gi rui ro chinh xac hon, danh gia kiém
soat chit luong chi tiét va két qua tét hon. va
cac nhiém vu ky két hop dong duoc huong
loi tr viéc phan tich hi¢u suét lich st khong
thé sir dung biéu mau va bio cdo bang gidy.
Theo doi thoi gian di dong, ma hoa chi phi,
dinh vi dia ly cia cac nha thau va ghi nhat
ky van dé duoc sap xép hop 1y chi 1a mot vai
trong s6 nhiing tién b pho bién nhat.

4. Thiét ké tuong lai: Mot s6 tiém ning
thG vi va ky la nhat da phat sinh tir viéc
phat trién vat liéu xay dung méi da dugc
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thir nghiém kha thi trong nhiéu nam, vi du
nhu bé tong tu phuc hoi, aerogel va vat licu
nano. Ngoai ra con ¢6 nhiéu phuong phap
tiép can mai cho quy trinh xay dung, ching
han nhu cong ngh¢ in 3D. Cong ngh¢ xay
dung bang nhiing chiéc may in 3D da lam
giam déng ké chi phi xdy dung va rat ngan
tién d6 du an. Cong nghé xay dung khong
van khuon cho phép c6 thé tao ra cac san
pham v&i bat ky hinh dang nao.

C6 thé néi, budc qua nim 2021 va 5
nam giai doan 2021 - 2025 v6i nhidu su
kién trong dai cua dat nudc, nganh Xay
dung d3 va dang tao dung duoc nhimg tién
dé vimng chic, qua d6 bat nhip, dong thoi
déy manh thuc hién chuyén doi sb, hudng
dén xay dung va phat trién nganh Xay dung
hién dai, bén virng, cung véi cac B nganh
Trung wong, phan dau thyc hién thing loi
“Chuong trinh Chuyén d6i sé qudc gia dén
nam 2025, dinh hudng dén nam 20307, hién
thuc hoa muc ti€u dua Viét Nam tro thanh
qudc gia sd, 6n dinh va thinh vuong, tién
phong thir nghiém céc cong nghé va mod
hinh méi. Giai phap chuyén d6i sé nganh
xay dung dugc mot s6 chuyén gia dua ra
nhu minh hoa trong Hinh 1.

Hinh 1. Giai phap chuyén ddi so
nganh xay dung cia [3].

3. CONG NGHE XAY DUNG BANG
MAY IN 3D

In 3D la mot dang cong nghé duoc
goi 1a san xuat dap dan/dap 16p (Additive



Manufacturing). Cac qua trinh dip dan
tao ra cac dbi tuong theo ting 16p. Hiép
hoi vat liéu va thir nghiém Hoa Ky dé dua
ra mot khai niém rd rang vé cong nghé
san xuat dap dan: “Cong nghé san xuét
dip dan 1a mot qua trinh st dung cac
nguyén liéu dé ché tao nén mo hinh 3D,
thuong 1a chong ting 16p nguyén liéu 1én
nhau, va qua trinh nay trdi ngugc vdoi qua
trinh cit got van thuong dung dé ché tao
xua nay’.

Pé bat dau in 3D, ngudi ta can mot
ban thiét ké vat thé 3D trén phian mém
CAD, mot phﬁn mém quen thudc hd tro
thiét ké trén may tinh. M6 hinh cta vat thé

hodc duoc thiét ké truc tiép trén phén mém
nay hodc duoc dua vao phan mém thong
qua viéc str dung thiét bi quét laser. Sau
khi ban thiét ké dugc hoan thanh, ta can
tao ra tai liéu STL (Standard Tessellation
Language) mdt dang tai liéu quen thudc
v6i cong nghé san xudt dap dan. Lam
tesselate theo ngdn ngir Tesselation chudn
la chia mot vat thé thanh nhiing da giac
nho hon, dé md phong cho cau tric bén
ngoai va ca bén trong cua vat thé. bay la
phan rat quan trong trong san Xuat dap
dan. Quy trinh cua qua trinh san xuat dip
dan dé hoan thanh mot mau in dugc dua ra
nhu Hinh 2.

Hinh 2. Quy trinh thue hién in cong trinh biang may in 3D

C6 thé nodi, v6i chi hon mot thap nién
phat trién thinh vuong, cong nghé xdy
dung bang may in 3D di chinh phuc cac
nha dau tu va cac nha nghién ctu trén
khap thé gi6i boi nhitng thanh twu vuot xa
ki thuat xay dung truyén théng c6 duoc.

Céc cong trinh ndi tiéng dugc xay dung
bang cong nghé in 3D da duoc ghi diu
trén khap cac chau luc voi cac san pham
da dang tir cong trinh dan dung, cong trinh
giao thong dén cac cong trinh nghé thuat
nhu minh hoa trong Hinh 3.

Hinh 3. Cic cong trinh dwgc xdy dung bing cong nghé in 3D trén thé giéi.

Cong nghé¢ in 3D da va dang tao ra mot
cudc cach mang cho nganh xay dung. So
v6i phuong phap xdy dung truyén thong,
xay dung bang coéng nghé in 3D sir dung

vat lieu in hoan toan khéc biét. Do vay,
nghién ctru vé vat liéu in cho cong nghé
nay la bai toan khoi dau dong vai tro quan
trong va quyét dinh d6i voi thanh cong
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cua cong ngh¢ in 3D. Tuy nhién, hi¢n nay
céc tiéu chuan quéc gia cho linh vuc nay
con rat han ché ma chu yéu dua trén cac
két qua nghién ctru thyc nghiém da thanh
cong dugc cong bd.

Hién nay c6 nhiéu phuong phap xay
dung mot cong trinh bang may in 3D khéc
da va dang dugc phat trién. Tiém ning va

loi thé cua cong nghé xay dung bang may
in 3D ngay cang trd nén kha thi va thuyét
phuc. Ba loai cong nghé in 3D dugc ng
dung chu yéu trong linh vua xay dung 1a in
duong bién, in ddy va in hinh khéi. Di kém
vGi cac cong nghé in nay 1a cac thiét bi in
thuong dugc thiét ké dang r6 bdt hodc dang
khung, dan nhu Hinh 4.

Hinh 4. Cac cong nghé in: in bién, in diy, in hinh khoi (tir trai qua phai)

Viéc lya chon thiét bi in phu hop véi
qui moO cac san pham in can dugc xem xét
do gia thanh cac thiét bi in dao dong ttr 600

triéu dong dén 3,5 ti dong twong Ung Vi
kich ¢& san pham in (dai x rong x cao) tir
0,7x0,6x0,6m dén 9,0x1,8x1,5m nhu Hinh 5.

4

Hinh 5. Mt s6 may in bé tong 3D thwong mai [4].

4. MOT SO KET QUA NGHIEN CUU

4.1. Tiéu chi danh gia kha nang in dugc
cua vat li¢u in

Véi dic tinh noi bat 1a xay dung ting
16p nhung khong st dung van khudn, kha
nang in cua vat liéu in in 3D dugc xem xét
thong qua kha nang dun va kha nang xay
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dung, chiing ¢o lién quan chit ché dén cac
dic tinh luu bién va dic tinh co hoc. Day
1a nhitng yéu t6 quan trong dé qua trinh in
dién ra thanh cong.

Sau khi tron tao thanh cép phéi vat liéu
in hoan chinh, vat liéu in Hiénduoc dua vao
phéu ctia may in, sau d6 dugc day dén bo
phan khuén va duoc dun ép ra ngoai bang



voi phun. Kha nang dun duogc dinh nghia
1a kha ning van chuyén vat liéu in in dén
mot voi phun trong phéu cia may dun dudi
dang mdt soi lién tuc. Co6 hai phuong phap
dun duoc sir dung phd bién nhét hién nay 1a
dun tryc vit va dun pittong. Trong qué trinh
dun, bé tong in phai dong nhét va duoc dun
lién tuc ma khong co bat ky su niit vd, tic
nghén va phan doan nao.

Kha nang xay dung cia bé tong in
danh gia vé viéc kha nang chiu tai trong ban
than cua l6p bé tong sau in va tai trong cac
16p phia trén n6 ma khong bi sup do trong
qua trinh in. Mat khéac, kha nang duy tri
bién dang hinh hoc ctia n6 phai nim trong
pham vi dugc kiém soat sau khi dun. Chiéu
day 16p bé tong in thuong nho (thay doi tir
1 mm dén 10 cm) dé gidi han trong luc ban
dau. Ung suét cit do trong luc gy ra phai
thap hon tng suét chay cua vat liéu két dinh
dé duy tri hinh dang.

Trong nghién ctu nay, kha ning in
duoc coi 1a kha nang cua bé tong tuoi (1)
dugc ép dun lién tuc, khong bi dut giy bé
mat; (2) khong gay ket hodc tic voi phun
va (3) duoc ché tao vé6i do bién dang chép
nhan dugc trude khi dong két, didu nay
cling duoc cac tac gia khac giai thich theo
cach khac [3].

4.2. Phuong phap thiét ké cap phdi

Céc phuong phép thiét ké cap phdi vat
lidu in can dap tng cac yéu cau vé kha ning
in c6 lién quan chit ch& dén may in va quy
trinh in tuong tng; do vay vira in 3D khac
v6i vira in thong thuong. Trong qua trinh
thiét ké cap phdi d6, kha nang dun va kha
nang xay dung phai duoc xem xét dau tién
dé dam bao qué trinh in thanh cong. Pau
tién phai xac dinh nguyén liéu thd gom xi
ming va cat dé dam bao yéu cau vé kha
nang dun phu hop vaéi kich thudce voi phun
cua may in 3D. Phu gia, tro bay, silica fume

va cac soi ¢ thé duoc cho thém vao dé dap
g céc yéu cau vé kha niang xay dung, thoi
gian dong két, cuong do, do co ngot.

Mot s6 phuong phap thiét ké cap phoi
cho bé tong tu len cod thé duoc st dung cho
vita in 3D vi hai loai cap phdi bé tong nay
co yéu cau cao vé dic tinh luu bién. Khi su
phat trién cta vita in 3D dang & giai doan
dau, cac nghién ctru vé cach tiép can thiét
ké hdn hop cho may in 3D van con nhiéu
han ché. Do d6 viéc thiét ké cap phdi vira
in can duoc chi trong nhiéu hon dé dat hiéu
qua cao trong tuong lai gan. Dya trén cac
két qua nghién ctru dd cong bd, nhom tac
gia dé xuat ba hudng tiép can dé thiét ké
cap phdi cho vat liéu in: tiép can theo quan
diém tng suat; tiép can theo do loang chat
két dinh va tiép can theo hé s6 ti 1é.

Theo cach tiép can quan diém (ng
suit, chi ra vat liéu in dugc véi ung Suat
chay trong khoang 1,5 + 2,5 kPa cu thé
1a ing suat chay tinh cao hon 4880 Pa va
mg sudt chay dong thap hon 220 Pa [5],
[6]dynamic yield stress. Cach thiét ké tiép
can theo hudng nay cho két qua twong thich
cao voi kha nang in dugc cua vat liu. Tuy
nhién, day 1a phuong phép thiét ké mang
tinh hoc thuat phuc tap, ing dung tronng
thuc hanh c6 doi chat cong kénh va doi hoi
tinh chinh xac.

Theo céch tiép can do loang cla chat
két dinh, cac cong thirc don gian xac dinh
ti 1¢ cot lidu va chat két dinh dugc dwa mot
cach don gian [7], [8] Con theo phuong
phap tiép can hé sb, cap phdi duoc thiét ké
thong qua hé s6 lién quan gilta cac thanh
phan vat liéu cua cap phdi. Hé sb nay duoc
dua ra dua trén kinh nghiém va quan diém
chi quan cta nguoi thiét ké dé tim duoc
cac hé so t6i uu giita bai toan vat liéu va
thiét bi in. Qua nhiéu thi nghiém in lip di,
1ap lai, cac hé sb nay dugc diéu chinh va
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sao cho dam bao viéc str dung cap phdi nay
dé in duoc mau dam bao cac diéu kién yéu
cau [9], [10]Trén co so ké thira d6, nhom
tac gia dd dua ra duoc qui trinh thiét ké cap
phéi voi can trén va can dudi ti 1& cat/chét
két dinh nhu 1an luot 14 2,4 va 0,4. Qui trinh

O )

Kiém tra do loang

dugc minh hoa trong Hinh 6. Theo qui trinh
dé xuat ciia nhom tac gia, mot sb két qua vé
thiét ké cap phdi vira duoc thé hién minh
hoa trong Bang 1. Tét ca cac cip phdi déu
co ty 1€ gitra tro bay véi xi mang la 4: 6. Ty
1& nudc trén tong luong chét két dinh 13 0,3.

Luong ciét theo
Zhang

Thanh phan
(xi mang; tro
bay; cdt; nwdc;

Cép phdi
cua tdc gia

phu gia) Ty 1é thanh phin Luong cét theo
) Junho
Pénh gia kha Kiém tra kha Thi nghiém phéu V
nang in nang dun Thi nghiém kiém tra kha nang xay dung

Hinh 6. Quy trinh thiét ké cap phoi bé tong in.

Bang 1. Ty 1¢ cAp phdi vira

Cip phdi vira Cit | Phu gia
héa déo
Z 2.4 2.4 1.2
J 0.4 0.4 0.2
M1 1.1 1.1 0.6
M2 0.8 0.8 0.4
M3 0.5 0.5 0.2

Ghi chu: ty 1¢ khéi lugng trén tong
chét két dinh.

4.3. Céc thé h¢ thiét bi in va san pham mau.

Trong subt qua trinh nghién ciru, dén
nay nhom da thyc hién nghién ctru trén ba
thé hé thiét bi in bao gom, dau in, may in
¢& nhoé va may in 3D nhu thé hién trong
Hinh 7. Tt ca cac thiét bi in nay dé su
dung dau dun theo nguyén 1y truc vit.
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(c) May in bé tong 3D

Hinh 7. Céc thé h¢ thiét bi in
tai Truwong Dai hoc Hai Phong [11].



V6i mbi thiét bi in, cac cp phdi vat liéu
in ¢6 nhitng diéu chinh dé phu hop. Cu thé
14, voi dau in duong kinh ¢t liéu 16n nhat
6 thé in lot sang 2,5mm; v&i may in CNC
¢& nho duong kinh ¢dt lidu 16n nhét ¢ thé in

lot sang 1,25mm; con voi may in tAm trung
thi dudng kinh cdt liéu 16n nhét ¢6 thé in lot
sang 5,0mm. Cac cép phdi duoc thiét ké phu
hop véi thiét bi va kich ¢& méu in dé cho ra
cac san pham mau nhu hinh anh trong Hinh 8

(c) Mau in tir may in bé tong 3D

Hinh 8. Cic miu sian phim di in tai trwong Pai hoc Hai Phong.
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4.4. P¢ xuit phat trién cic sin phim
biang may in 3D tai Viét Nam

Cong ngh¢ in 3D da va dang tao ra mot
cudc cach mang cho nganh xay dung. So
v6i phuong phap xiy dung truyén théng,
xay dung bang cong nghé in 3D sir dung vat
liéu in hoan toan khac bi¢t. Do vay, nghién
clru vé vat lidu in, thiét bi in va dong san
pham cho coéng nghé nay 1a bai toan khai
dau doéng vai tro quan trong va quyét dinh
d6i voi thanh cong cua cong nghé in 3D.
Tuy nhién, hién nay cac tiéu chuan qudc gia
cho linh vuc nay con rat han ché ma chu
yéu dua trén cac két qua nghién ctru thuc
nghiém da thanh cong dugc cong bd. Vay
nén, nhom nghién ctru dé xuat mot so lua
chon vé dong san pham dinh huéng dugc

xdy dung bang may in 3D trong thoi gian
to1 tai Viét Nam la tap trung vao nhom cac
san pham phuc vu cong trinh cong cong
(Hinh 9) nhu ban ghé, biéu tuong nghé
thuat, tuong hoa, tram xe buyt, nha v¢ sinh
cong cong, nha gom rac.. s€ dap tng duoc
yéu cau vé nghién ciru khoa hoc va ung
dung ctia san pham. Boi 1&, san pham sau
khi hoan thién ¢ thé dua vao thyc tién san
xuét dai tra va sir dung tai cac tram xe buyt,
cac bdt canh sat trong thanh phd. Nha vé
sinh cong cong, cac biéu tuong nghé thuat
v6i ¥ tudng kién trac phuc tap va doc déo
c6 thé duoc san xuat va bd tri trong cac
cong vién. TAt ca sé tao ra mot nét dic sic
vé dién mao d6 thi cho cac cong trinh cong
cong trong tuong lai.

Hinh 9. Céc san phim cong trinh céng cong dwoc in trén thé giéi [12].

5. KET LUAN

Trén co s¢ cac ndi dung nghién ciru
dugc trinh bay trong bai viét, mot sé két
luan dugc dua ra nhu sau:

(1) Cong ngh¢ in 3D trong linh vuc
xay dyng 1a mot hudng chuyén doi sb co
tinh kha thi cao trong tuong lai cho nganh
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cong nghi¢p xay dung.

(2) X4y dung cong trinh bang nhiing
chiéc may in 3D s€ tao ra mdt cudc cach
mang d6i véi cong tac thiét ké, thi cong va
dao tao nhan lyc cho nganh.

(3) Céc ti€u chi danh gia kha nang in
duoc cua vat li€u in dugc bai bao dua ra co



tinh thuc hanh va phu hop voi gia doan phat
trién hién nay.

(4) Quy trinh thiét ké cap phdi dugc
dé xuat dya trén nghién ctru thuc nghiém la
mot dong gop co ¥ nghia dé giai quyét bai
toan du vao ctia vat ligu in.

(5) Céac thé hé thiét bi in duoc phat
trién timg budc tao nén tang viing chac cho
viéc tiép can cong nghé in 3D.

(6) Pé xuét cic san pham san xut bang
may in 3D ¢ y nghia dinh hudng va day nhanh
tinh mg dung thuc tién ciia huéng chuyén doi
) trong linh vuc xay dung tai Viét Nam.
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