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TOM TAT:

Bai béo nay trinh bay cac két qua nghién cifu vé cong nghé in bé
tong bao gém quy trinh cdng nghé in, vit liéu bé téng in cb cic
dic tinh vé khi ning bam, in, tao hinh va ddm bdo thdi gian chés
rin chic. Mot s sin phdm két cfu bé tong in di dugc hoin
thinh bao gém mdt bic tudng di hinh <6 kinh thudc
déi/réng/cao = 2/0,9/0.8 m, ning khodng 1 tin, ¢6 cot thép cing
sau dé khing dinh cong ngh¢ in bé tdng 12 hodn toan kh4 thi dé
4p dyng ché tae cic san phim bé téng & 16n. Céng nghé in bé
t84g c6 thé ché tac cic cdu kidn c6 hinh ddng bét k{ v khong
céin vén khuon nhu céc cong nghé ché tao bé tong truyén théng,
5& t30 ra budc dft phd 16n trong nginh xay dyog. Vi vy, cong
nghé in bé tong 6 thé xem nhu 1a mét dai dién clia nginh xay
dyng trong cach mang cdng nghiép ln thir tu,

Tit khéa: cong nghé, bé tong in, bikc tudng di hinh.

ABSTRACT:
This paper presents overall research results about a concrete
printing technology that comprises technology process, printing
concrete material. The material has main characteristics
ludi pability, printability, buildability and open time.
A numbzr of concrete components have been printed. One of
the is an abnormal-shape wall that has di
of lengthlmdth/helghl = 2/0.9/0.8 m, weight of approximately
tonne and post-tensioned steel reinforcement. This s to confirm
that the concrete printing technology is completely feasible 1o
manufacture large-size concrete structures. Concrete printing
technology can manufacture freeform components and no-need
of formwock as traditional methodology of concrete
manufacture, so it prabably creates a big change in construction
industry. Therefore, the concrete printing technology can be
considered as one of rep of construction field in
fourth industrial revolution.
Key words: technology, printing concrete, abrormal-shape wall.
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1. Cich mang c6ng nghiép 1dn thif i — cudc vidn trinh cba con
ngudi vio ky nguyén méi clia khoa hoc va céng nghé

T4i w héa cac Igiich trong hoat dong sdn xudt udn 13 46ng lyc thac
Ay phit trién cta xa hdi con nguii. Cc cuc cich mang cang nghiép 43
tao ra clia cil, vt chét hon nhidu 1&n cho con ngudsi so vél trude d6 va
déng thai ciing da tac déng, lam thay déi Ién dén chinh tr, kinh t€, van
‘'héa, xa hdi cua thé gidr.

Cach mang c6ng nghiép [in thef nhat didn ra vao khodng nira cudi
thé ky XVII, st dung nang lugng nudc va hai nudc 48 co gidi hda sdn xust,
danh diu biing phat minh ra d8ng ¢¢ hok nud <dia James Wat & Anh, rél
1an rdng ra ¢hiu Au va My Cach mang cdng nghidp Fin thit nhit 8a dich
chuyén cac hoat dong san xust clia con ngudi tir lao ddng chan tay, quy
mé nhé kéo dai qua nhidu thé ky, sang phuong thic st dung may méc,
quy m& céng nghiép {1-3].

Céch mang céng nghiép 1n thirhai bit ddu vao nhing nam 1850 két
thirc khodng nam 1914 kh bat ddu Chign tranh thé gidi thd hai. Cach
mang céng nghiép &n this hal sir dyng ndng lugng dién dé tao nén nén
s3n xuit quy mo tén, da thic d8y manh mé sy phat trién ctia nganh dién,
vén ta1, hda hoc, sén xust thep [1-3).

Cach mang Cang nghiép l4n thirba bat d4u khodng ndm 1969 va ket
thic nadm 1997 khi cuic khing hodng tai chinh ehéu A nd ra, su dung
dién tifva cdng nghéthang tin 4& it ddng hda san xust. Cach mang Cang
aghiép &n thirba dién ra nhanh chéng khi ¢6 cc tién b v& ha téng dign
7, may tinh va $6 hod vi nd duge xilc tic bdi sir phat trién cia chat ban
dlin, siéu may tinh (thip nién 1960), méy tinh ¢4 nhan (thap nién 1970 va
1980) va Internet (thap nign 1990). So vdl céc cude cach mang cdng
nghigplan thernhat va thi hai trude day chi thay the mét phin chie nang
lao déng chan tay ciia con ngudl bing may méc ca khi, hojc tu ddng hda
mét phin thi cich mang cdng nghip lan thy ba d3 thay thé phin lan
<<hisc nang [ao déng cia con ngudi bao g8m cd chan tay va tri 6c [1-3]

Céch mang Cong nghigp 1n thyr tu bat d3u vao dau thé kI XXI, duge
hirth thanh trén nén tng cla c&ch mang céng nghiép 1&n thir ba, 18 cudc
cach mang s6, d3c trng bdi Internet ngay cAng phé bién va di déng, béi
cac cdm bidn phd va manh hon vél gid thanh r& hon va tri tué nhan tao
Cach mang <dng nghip 1&n thy 1 phat trién manh mé cac cong nghe
mdi nhw in 30, nguen may, tl tud nhan tao, két néilnternet van vit, cdng
nghé nano, sinh hoc, vat liéu mdl... Trong cude cach mang ndy, cac thanh
wfu va (ng dung cda khoa hee va £dng nghé duge khudeh tén nhanh hon
va rang han so véi gdc cude cich mang cdng nghidép trudc day. Hién tai
<3 thé gidi dang d trong gial doan d4u ciia cudc cich mang nay va diy
uoc €oi [a chién Iuoc ban 1€ cho cic nude dang phit tnén tién &én 8é
theo kip v&i xu huéng thé gidi va mé ra budc ngoat mdi cho su phat trién
clia can ngudt [1-3).

2.Cong nghé in bé téng - cudc cidich mang cdng nghidp 1&n thu
vé céng nghé xay dung

Trong nhiing n&m cui thé ky XX va du thé ky XXI, phat tnén kinh t&
«a héi trong thuc tién da gia ting 3p luc va thic ddy nganh xdy dyng theo
hugdng ty ddng hda, d6 1a: cdn phai guém nhan lyc, gidm thai gian xay
dung trén cdng truong 8 trénh cac rli ro v& mét an todn lac-dng, giam
chi phi sdn xut v tang tinb ty do trong sang tac thiét ké kién trisc, my
thust. Mot sé cang nghé xdy dung ty ddng hda da bt 63u tham nhap
v&o thi tiomg, ¢é thé ké dén I3 tu ddng hoa xdy gach [41, be téng phun
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bén (5], céc cng nghé duc sin [6], cong nghé robot duc tao khudn aé
ché tao cic tm panel kién tric mat ngoai cbng trinh xdy dung . Sl_{
phit trién cia cdng nghé mé hinh thong tin xdy dung BIM [8] khang nghi
ngd sé gia tang viéc st dung théng tin s6 va ap dung quy trinh san xudt
tu 86ng hoa trong nganh xay dung ngay cang manh mé.

C6ng nghé in bé tong vé ca ban duoc phat tnén trén cosgcong nghé
sin xudt cac vat thé tir dis liéu mo hinh 3 chiéu (30) (thiét ké bang cac
phén mém méy tinh phan tich). Quy trinh céng nghé in bé tong bao gém
mot s6 budc co ban: Thiét ké cdu kién 3D, chia thanh cac [6p, ma hoa vi
tri chuyén ddng clia d8u may in dé phun vat liéu bé tong (déo nhét) ra
lién tyc; Chudn bi vat liéu bé tong in c6 46 déo, nhat phu hop véi ap luc
phun vat liéu ra khoi ddu may in va téc 83 di chuyén dau may in, va Diéu
khién may in tu déng dé chuyén dong dsu mdy in va phun vat liéu bé
téng ra kip thai, lién tue, chinh xéc tai cac vi tri hinh thanh lén vat thé.

Trong c&ng nghé in bé téng, cau kién duoc hinh thanh theo cac l6p
vat liéu in ra tif may in tU déng, cac I6p vatliéu nay lién két vai nhau theo
chiéu thing dung. VAt litu dugc phun/in ra ting I6p mot va xong lop
dudi thl méi dén 16p trén. Lap vat lidu trén lién két vé1 lop vat ligu dudi
bang lién két co ly héa cht ché tuy thudc vao 46 nhat / do déo clia vat
liéu str dung (9], xem Hinh 1. Cong nghé ché tao in 3D dac biét hiéu qud
vé chi phi d6i vdi cac sdn phdm ché tao c6 yéu cdu cao vé ky thuat va
thdm my.

Hinh 1. Mdu thu nghiém in bé téng 30
LAl

Hinh 2. Coc b phan chinh cia may in bé tong

Trong nganh xay dung, cic san pham bé tdng nhu két ciu tudng, san,
tdm chan ndng, trang tri bé mat cong trinh, ... thudng <6 kich thudc
khéng hoan toan giéng nhau vi vy cdng nghé ché tao truyén théng I3
1am khuén, van khuén va sau dé thi 88 bé tdng tuor vao, doi dén luc bé
téng déng rdn va dat cuamg do6 chiu luc thiét ké thi mdi duoc thio khudn
ra. Thiét ké va ché tao cac cdu kién bé tdng duc sdn déng loat, giéng nhau
cting da dugc trién khai d€ nang cao chét lugng cdu kién va gidm chi phi
thi cong cong trinh. Tuy nhién, cac cdu kién giong nhau, lap di lap lai, lam
cho kién tric cong trinh trd 1én don diéu.
Céng nghé in bé tong sé khdc phuc duoc cac han ché vé phuong
phap ché tao cdu kién bé téng cta nganh xay dung truyén thdng, no sé
tao diéu kién dé cac cdu kién, tham chila céc ngdi nha co hinh dang kién
tric khc nhau sé duoc tao ra vi mdy in ¢6 thé in bat cu hinh dang nao
cla cBu kién min I3 vat liéu bé téng diing d& in <6 cac tinh chat caly phi
hop. Tif @8, cac y tudng thiét ké cia cac kién tric su sé ngay cang dugc

tudo, marong khong gian séngﬁ
khéng qua bi han ché vao, i
phuong phap xay dung, chétaocky
kién truyén thong. Dong thai, cic
lgi ich ma céng nghé in bé tong
dem lai con 1a kha nang tiét ki
thai gian va vat ligu ché tao doci
€6 rat it vat fiéu thifa (vi may in chi
in dung cau kign da thiét ké va th
tich vat ligu sif dung da duo tinh
todn can than trudc khi in). Dac bigt
la cong ngh@ in bé tong sé loai bd
duge khudn va van khuén trong
qud trinh ché tao. Tuy nhién, cong
nghé in bé tong nhin chung cli
phai d6i mat vai cic thach thic
t8c db in, dd chinh xAc, chét lugng
céc vat ligu sir dung, mic ¢ hoin
thién bé mat két cau.

3. K&t qua nghién citu vé cong
nghé in bé téng

Trong nghién cdu nay, mot
“may in bé tong" da dugc thiétké vi
14p dat c6 kich thudc daifrdng/co
= 5,4m/4,4m/5,4m dé c6 thé in cac cau kién bé tong kich thutc 16n. Cic
b6 phan chinh clia may in bé téng, Hinh 2, bao gém: thing chia vat i
bé16ng, 8ng truyén dan vat liéu, bom hat - day bé tong, 6ng dan bé tong
t6i d3u in va d3u in bé tong (cac loai co duding kinh khac nhau trong
khodng 6 = 22 mm).

3.1 Chudn bj dir liéu cho mdy in

Ciu kién dugc thiét ké & dang m hinh 3D, sau d6 dugc cat thanhck
16p véi dd déy phu hop (I6p cang ddy thi in cang nhanh nhung vit ik
bé téng phai dii chac dé khong bi bién hinh khi méi in ra). Tiép theodd
quy dao duang di chuyén dau in dugc phdn mém may tinh phan tichv
tao ra mot cach tdi uu sao cho thai gian in hét mdi lop vat ligu (4 it nhit
khong bj roi vai vat liéu thifa khi déng/mé ddu in khi di chuyén qua ck
vi tri khdng lién tuc. Hinh 3 cho thiy mot vi dy vé quy dao di chuyén div
in bé téng ché tao mét Iép clia cdu kién.

3.2 Chudn b] vat liéu bé tong in €

Vat liéu bé tong in da dugc thiét ké thanh phan bao gém xi mang,gét
liu, nuéc, phy gia diéu chinh thén gian rdn chéc, soi polypropylep&w
dap ting A8y Al cAc tiéu chi co ly sau [9):

1.Khd ndng bom dugc - hén hop bé téng phai chuyén ddng dudge 8t
dang qua hé théng truyén-dan

2.Khd nang in duge - hdn hgp bé tong c6 thé chui dé dang qua déuin

3.khd nang tao hinh dufgc ~ h8n hop bé tang sau khi phun ra khdidl
1n phai di kha nang chiu dudc trong luong ciia cic I8p in tiép theo délés
ma khéng bi bién hinh hodc sup dé.

4.Thai gian ches rdn chic — khoang théi gian d3m bao cho a3 déo, nhit
cia hén hop bé téng dn dinh dé duy tri téc db dong chdy han hop bé g
khong thay déi va chdng tic ngén trong cic 6ng truyén-dan va dauin.

Thém vao d6, cudng do chiu kéo dinh, chiu nén va chiu udn cao cingll
cactiéu chican dat dugc d6i vén vat liu bé tong in do cSu tric ciia sin phit
ket cau in ra thuding co 16 rdng gilra cac dong vét liéu bé téng in dan d&
cung o cisa két c3u thap hon 50 v két cu ¢6 ciing kich théc duge
tao bang phuang phép dé khudn truyén théng [10]. “

€0 565 cén phéi théa man céc tiéu chi vé tinh chit co Iy khi & trang
déo/nhdt va trang thai rdn chac, mét vat lieu bé téng in da duoc thiét ke
thirnghiém véi thanh phan cip phdi té1 uu cho the tich 1 m3 dat dugcn
sau; 1244 kg cat, 581 kg xi mang, 166 kg tro bay, 83 kg silica fu‘me, 212
nudc, 84 kg phu gia sidu déo (1% khéi lugng chét két dinh), 4,2 kg phyg
chim déng ran (0,5% khé luong cht két dinh) vé 1.2 kq 51 ~olypropyled

Hinh 3 Quj dao chuyén dang cla
48u mdy n bé tang khi ché tao




Vi duang kinh / chiéu dai sgi= lzlowmm Khonlumgmemhcuabetmg
in khi rén chic khoing kg/m3, Cuam: mau
béldngkhiaou\uondanuo HoMPaCuémgdochlunenZSngéym&cua
mau bé tong khs in ra dat 80 - 88 MPa. Nhu vay, cuong d6 cia mau bé tong
in d3 bi suy gidm khoang 20% so vdi cudng d6 clia mdu bé tong ddi chiing
(ché&tao bang cich 66 khudn binh thudng).
.3 Vén chuyén va in cdu kién
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6-2 ¢ vao thiét ké in sin pham vei 66 day Iop vat liéu khic nhau).

snho &t6ng dugcin phn ra kndi G n ¢ hinh dang nhucic s

Cé(sd bemngmnaysehenke(vél nhautheochleungang trén cang mot
16p va lién két vi nhau theo chiéu ding ddi véi cic Iop ké tiép nhau.

4. Mot s6 san pham bé téng in 3D

MGt s6 mau cau kién bé tong in da dugc thi nghiém tir don gidn dén
phtc tap dé khao sat kha nang tao hinh doc ddo ma khang thé ché tao
theo phuong phap ghép van khuon thong thuéng. Hinh 4 thé hien mét
san pham ghé-giutng ndm, tif thiét ké 30 (Hinh 4.a) cho dén sin pham
dain ra ti mdy in (Hinh 4.b).

o/ M8 hinh ghé-giuéng ndm 3D b/ Sdn phdm in thit nghiém
Hinh 4. Ciykién Ty pe equation here ghé-gisong nim

a/Md hinhin dider
Hinh 5 Mat san bé tong

Lk )
/(e o6t thep duox cang sau

b/Buctuomg d i xong

Hinh 6, Buc tuong di hinh

Tiép theo d6, dé trinh dién kha ndng ciia may in bé téng nay, mot vat thé
két ciu c6 hinh dang ki€n triic / my thudt nhu mét bic tuéng di hinh da ducc
thidt k& d&in ra. Cau kién ndy c6 kich thudc chiéu dai 2 m, chiéu rong 09 mva
chiéu cao 0,8 m, (Hinh 6b). Trong luong clia cdu kién khodng 1 tan. Ciu kién
duck tao hinh bang 130 16p vai dé day méi I6p bé tong 1 6 mm. Thafi gian in
trung binh mot ksp bé téng hét 20 phit. (Hinh 6a).

Buc tudmg di hinh nay 6 bé mat mdt bén vai rit nhiéu giat cap, bé mat
con lai thi tron vai 1 chd ng6i dinh lién 66 thé hién do phan gidi, ddng déu
€lia vit ligu bé tong in ra. Biic tudng con ducc thiét ké bao gom 12 hé tréng
thing dung 6€ giam vat liéu sirdung, ddng thdi con thé hién chiic nang cich

am, cach nhvet Caché trong 6 cac kinh thudlc va hinh dang hoan mar\ khac
nhau dé the hi viét clia ¢ & dé bé
tong tao hinh tmyén théng.

Két cau bue tuang cing thé hién kha nang su dung cot thép déi vai
céng nghéin bé téng. Téng céng c6 23 18 rdng chés 6t thép da duac thist
k& dé tao khe cho ¢t thép cang sau. Sau khi lun €6t thép vao cang tao
Ung sudt xong, vita khéng co da duac bom day phin tréng con lai trong
cac hé ché (Hinh 6¢).

5.Kétluan

Céng nghé in bé téng la mét khai niém con mai, da duoc hién thuc
héa bing su két ndi ciia cong nghé thang tin, s6 hoa va cong nghé thiét
ké nhm dap Ung nhu cau tinh xdo, t6i uu hoa lgi ich trong hoat dong sin
xuat, ché tao ciu kién bé tong ctia con ngudi. Day la loai cong nghé dugc
xem la mot trong nhiing dai dién ctia nganh xay dung trong cuéc cach
mang céng nghiép Ian thir tu. Nghién clu nay c6 nhiéu trién vong dé mg
ra mét phuong phap cai tién dot bién vé phuong phap ché tao cac cau
kién bé téng sau hang nghin nam truyén thdng nganh xay dung vén si
dung phuong phap ché tao / dac cau kién bé tong bang cach dé bé téng
vao khuon hoac ghép van khuén.

Céng nghé in bé tong da thé hién kha nang c6 thé thic ddy tu do
sang téc trong thiét ke, do chinh xac khi san xuat cac két cdu c6 cac 16
rong chic nang vai hinh dang, kich thudc bat ky, khéng gidng nhau,
déng thei loai bé cong viéc nang nhoc ghép vén khuén trong thi céng
ché tao cac cau kién bé tong. Day la nhimg quy trinh ché tao cau kién bé
tong cét thép ma khéng thé thuc hién dugc véi phuong phép dic bé
tong c6t thép truyén thdng,

Vat liéu bé téng In rat quan trong d&i v&i tuang lai phat trién loai
cdng nghé nay. Cac tinh chat co ly clia bé téng in khi & trang thai
déo/nhat va trang thai rdn chic can phai thda man cic yéu cdu phirc tap
nhu la kha nang bam, kha nang in, kha nang tao hinh, thoi gian chd rdn
chdc va ¢6 cudng d6 cao.

Tée 86 ciia bom va chuyén déng cla may i, kich thude d5u in va cic
dac tinh cua vat lidu c6 méi quan hé tuong tic chat ché véi nhau, quyét
dinh kich thuéc, hinh dang va dé déng nhat clia soi bé téng in ra.

Cac két cau bé tong ché tao bing cong nghé in nay hoan toan cé thé
dugc tang cudng kha nang chiu luc bing viéc gia cuding cét thép cang
sau nhu thir nghiém trong nghién cu nay.
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