NGHIEN CLU

ENgay nhan bai: 18/8/2023 BMNgay stra bai: 21/9/2023 MNgay chap nhén dang: 16/10/2023

Cong nghé va quy trinh in bé tong 3D
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Technology and process of 3D concrete printing used to construct full scaled houses
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TOM TAT

Vi nhitng wu diém vé tigt kim nhan cong, thei gian - chi phi thi
cing va da dang kign tric, cong nghe in 3D bé tong duge tng dung
trong nhiéu [inh vec xay dung dan dung va giao thang, dic bigt
phat trién manh tir nam 2013 cho dén nay. Tuy nhign, dén nay chi
tiéu ki thuat dé danh gid hén hop bé tang dung in 3D nhu céc
thang s luu bign, chi tiéu ky thuat dé danh gia kha nang in, da bén
cia cdu kign bé tong in 30 va quy trink in 3D van can thigu nhiéu
thaing tin va chua co tigu chuén. Do day [a finh vuc nghién cou mai.
Bai bao nay trinh bay cac cang nghé in bé tdng 30, so sanh, pham
vi st dung, ru va nhuge diém cda tirng loai cang ngh@ in bé tang
3D khi &p dung dé thi cong cang trinh thye. Dac biet [3, bai bao
trinh bay chi tit quy trinh in bé tang 30 d& &p dung thanh cang dé
thi cang xay dung cong trinh nha & thép tang ca dién tich xay dung
tir 60 dén 120 m”, trong da, vat lieu be tang ding dé in 3D dugc
ché tao dua trén nguyén vat ligu dia phuong.

Tir khda: Be tang in 3D; cong nghé in 30; quy trinh in 3D.

ABSTRACT

Due to advantages as saving labour, time, fee of construction and art
design, application of 3D concrete printing to civil and infrastructure
construction has become popularly, especially since 2015. However,
up to now, there are no standards or technical guideline issued to
cover specifications of 3D printed concrete in terms of rheology,
printability. durability and printing process. This paper presents
technologies of 3D concrete printing. makes comparison and
evaluation to recommend a suitable technology of 3D concrete
printing used in Viet Nam currently. Especially, the paper decribes
detailed process of 3D concrete printing applied sucessfully to print
full scaled houses in Viet Nam with slab areas from B0 to 120 m”.

Key words: 3D printed concrete; 3D printing technology, 3D
printing process.

1. GIGI THIEU

In bé tong 3D trong xay dung la qua trinh tao hinh cac déi
tuong (vat thé cong trinh) ba chiéu bang cach dép chéng cac I6p
vat liéu bé tédng lén nhau va dugc dinh dang dudi su kiém soét cla
may tinh dé tao ra vat thé da dugc vé sdn trén phan mém CAD
(Computer-Aided Design). Qué trinh tao hinh vat thé bang cong
nghé in 3D c6 nét doc dao la co thé tao ra vat thé véi bat ky hinh
dang nao, va qua trinh tao hinh dugc thuc hién nhanh ma khéng
can khuén. Qua trinh tao hinh nay da dugc st dung rat nhiéu cho
thiét ké st dung cac vat liéu polymer, kim loai, gém s, gidy va mét
s6 loai thuc pham [1, 2, 3]. C6 thé ndi, trong linh vuc xay dung, in
bé tong 3D la mét su phat trién cdng nghé cao mdi néi trong céng
nghé xay dung. Uu diém chinh cda ky thuat nay la xay dung véi tc
d6 nhanh chéng, khong cé van khuon, it lao dong va quan trong la
tdng su tu do dé thiét k& hinh hoc va hinh dang phuc tap, chat thai
vat liéu c6 thé duagc loai bd hodc gidm dang ké.

Trong nhiéu ndm qua, do c6 cac uu diém nhu cé thé tao thanh
nhiéu hinh dang khac nhau (chi phu thudc vao van khuén tao
hinh), kha nang chiu nhiét cao va dé bén xam thuc tuong dsi cao
khi lam viéc trong cadc moi truong, cho nén bé téng da va dang
dugc st dung phé bién trén toan thé gidi véi vai trd l1a moét trong
nhiing vat liéu xay dung chinh, ca tai ché va duc sén. Théng
thudng, trong xay dung cong trinh bdng bé téng cot thép co6 thé
dugc chia thanh ba thanh phan: bé tdng, van khudn va cét thép.
Van khuon cé thé chiém 35-54% téng chi phi xay dung va tiéu tén
50-75% t6ng thdi gian thi cong [4, 5, 6]. Ngoai ra nganh céng
nghiép xay dung tao ra mét luong 16n dang ké chat thai xay dung
nhu bé téng, vla, sit thép du thla, va dac biét la van khuén thai
loai ra sau khi tao hinh cau kién xay dung. Bang viéc ap dung cong
nghé in bé tong 3D sé c6 thé gidm dang ké chat thai xay dung khi
khéng can van khuén dé tao hinh ciu kién xay dung, lugng bé
téng tron duoc kiém soat can than trong hé théng tu déng va
nguyén liéu ché tao muc in bé tong c6 thé tan dung cac chat thai
ran (tro xi nhiét dién, xa ban xay dung, thach cao ..v.v), cac cdu tric
bé tong in 3D c6 kha nang tiét kiém dang k€ chi phi xay dung, cai
thién nang suat va trén hét, c6 thé han ché dang ké tac dong moi
trudng bang cach sir dung it vat liéu hon va tao ra it chat thai hon.
Nganh xay dung dan dung chiém ty trong dang ké trong téng GDP
clia cd nudc. Y tudng ap dung in 3D vao nganh Xay dung da dugc
nghién ctru va dua vao tng dung & cac nudc tién tién trén thé gidi
tl ndm 2015 va da co nhiing thanh qua dau tién. O Trung Quéc c6
cbng ty Winsun da nghién ctiu va trién khai iing dung céng nghé
in bé tong 3D dé& xay dung nha & dén 5 tang, va xay dung ciu c6
nhip dén 24m tai Thugng Hai [7]. & Nga c6 cong ty Abis Cor da tién
hanh xay dung nha 3 tang bang c6ng nghé in 3D bé téng, may in
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st dung canh tay robot. Ngoai ra, tai Dan Manh, Céng ty COBOD s
dung céng nghé in 3D bé téng véi hé can truc dé in nha 2 tang.
Dic biét 1a tai My, cac cdng ty nhu ICON va Total Kustom da trién
khai cac dy an nha & cho ngudi vé gia cu [én dén 100 cén, dién tich
cUa ting can nha la 60m?2. Toan bo cac can nha déu dugc xay dung
100% bang cong nghé in bé tong 3D. Mbi can nha dugc hoan
thanh xay dung phan thé trong 24 tiéng nhd vao cong nghé in bé
téng 3D. K&t qua nghién ctu va trién khai ting dung & cac nudc da
cho thdy in 3D bé téng la mét gidi phap giip ddy nhanh tién d6 va
cat gidam chi phi xay dung cong trinh.

Tuy nhién, cho dén nay, chi tiéu ky thuat dé danh gia hén hgp
bé téng dung in 3D nhu cac théng sé luu bién, chi tiéu ky thuat dé
danh gia kha nang in, d6 bén ctia cau kién bé tong in 3D va quy
trinh in 3D van con thiéu nhiéu théng tin va chua c6 tiéu chudn do
day la linh vuc nghién ciru méi [8].

Bai bao trinh bay cdc cong nghé in bé tong 3D, so sanh, pham
vi st dung, uu va nhugc diém cda tiing loai céng nghé in bé téng
3D khi 4p dung dé& thi cong cong trinh thuc. Dac biét 13, bai bao
trinh bay chi tiét quy trinh in bé tong 3D da ap dung thanh céng
dé thi cong xay dung cong trinh nha & thap tang c6 dién tich xay
dung tir 60 dén 120 m?, trong d6, vt liéu bé téng dung dé in 3D
dugc ché tao dua trén nguyén vat dia phuong.

S'i"—.._‘ — =
Hinh 1. Ngbi nha ndi trén séng
chi trong 48 gid [9]

dugc ché tao bng cdng nghé in bé tong 3D

2. LUA CHON CONG NGHE IN BE TONG 3D

Cong nghé in 3D bé tdng bao gobm 2 nhanh cong nghé chinh:

- My in bé tong 3D theo nguyén ly gian (gantry);

- My in bé tong 3D theo nguyén ly canh tay robot.

Trong 2 nhanh cong nghé trén, nguyén liéu st dung cho in 3D
dugc chia thanh 2 nhom:

- Nhém nguyén liéu dugc trén déu, dong nhat réi dua vao
cung 1voiin-VLT;

- Nhém nguyén liéu gbm bot min va dung dich chat két dinh
dua vao 2 voi in khac nhau dé in cau kién - VL2.

Nhom VL1 sir dung vaéi bé tong co cét liéu 1én dén 10mm, san
pham in |6n, thanh day va hinh thu khéng phuic tap, va dugc lua
chon cha yéu trong xay dung nha &. Trong khi d6, nhém VL2 su
dung cét liéu min co kich thudc hat khong qua Tmm, dung dich
chat két dinh c6 g6c epoxy dong ran nhanh, nhém nay dung in san
phdm cé thanh méng va hinh thu phuc tap (udn lugn).

Nhom VL1 bao gém 2 nhanh cong nghé in nhu sau:

- Nhom vat liéu dugce tron dong nhat va bom truc ti€p vao voi
in, t6c d6 in phu thudc vao su dich chuyén cla vdi in, con kich
thudc clia dai bé tong in 3D (bé rong, chiéu cao) phu thudc vao ap

170| XAYDUNG 12.2023 | ISSN 2734-9888

luc bom bé téng tur bon tron dén voi in. Cong nghé nay doi hoi
hén hgp bé téng phai c6 do nhat thap, bé téng chay déo va bé
téng cé thé st dung c6t liéu cé kich thudc hat 16n, chiéu cao khéi
in khéng qua I6n va can st dung phu gia tang téc do ninh két cua
bé téng dé én dinh khai in;

- Nhém vét liéu dugce trén déng nhat va bom vao bon tiép liéu,
trong bén ti€p liéu cé vit xodn va canh gat véi téc dd quay diéu
chinh bang mé to budc dé diéu chinh téc d6 dun bé téng ra khdi
voi in. T6c d6 in phu thudc vao su dich chuyén ctia voi in, con kich
thudc cda dai bé tong in 3D (bé réng, chiéu cao) thi phu thudc vao
téc d6 quay cla vit xodn va canh gat trong bon tiép liéu. Céng
nghé nay in dugc véi hon hgp bé tong phai c6 khodng dd nhdt
rong (tir dé nhot thap 3 Pa.s dén do nhét cao 40 Pa.s), bé tong co
tinh déo kém, khéi in c6 thé in lién tuc dén chiéu cao 1 m, tuy
nhién bé téng st dung dé in theo céng nghé nao han ché kich
thudc hat I6n nhat cta c6t liéu (khéng qua 10 mm).

May in 3D bé téng theo nguyén ly gian va canh tay robot déu
c6 thé st dung trong thi cong xay dung in 3D céng trinh. Tuy
nhién, cong nghé may in 3D bé tong theo nguyén ly gian c6
nhiing dac diém néi trdi hon céng nghé in 3D theo nguyén ly canh
tay robot nhu sau:

- Céng nghé ché tao may in 3D don gian hon;

- In dugc cong trinh xay dung cé kich thudc I16n han.

TU nhiing phan tich, so sdnh cdng nghé in 3D bé tong dung
trong xay dung néu trén, trong diéu kién vat liéu va cong nghé cta
Viét Nam hién nay, nén lua chon in 3D bé téng dung cho thi cong
xay dung s dung cong nghé in 3D theo nguyén ly gian, dung
nhém VL1 két hgp vit xodn va canh gat trong bén tiép liéu dé diéu
khién qué trinh in 3D bé téng.

3. VAT LIEU BE TONG DUNG CHO IN 3D THI CONG CONG

TRINH XAY DUNG
Nhiing nguyén liéu chinh dugc sir dung dé ché tao hén hap bé
téng dung cho thi cong cong trinh xay dung bang céng nghé in
3D theo nguyén ly gian gém c6: xi mang PC50, tro bay loai F (FA),
soi Polypropylene (PP) phan tan ngau nhién vdi chiéu dai va dudng
kinh sgi lan luot la 6 mm va 0,03 mm, cat séng (C) c6 moédun do I6n
Ma = 2,1, nudc sach, phu gia diéu chinh d6 nhét (VMA) va phu gia
siéu héa déo g6c polycarb;)xylate (PCE).
A F =

—

LA

Hinh 2. Sgi PP dugc st dung d€ ché tao bé tong in 3D

Nguyén liéu st dung dé ché tao bé téng in 3D c6 dic trung la
c6t lieu nho (kich thudc hat cét liéu 16n nhat phé bién di dung la
khéng qua 5mm) va ham lugng chat két dinh cao, vi vay téc dé co
ngot va Ung suat kéo do co ngdt sinh ra trong giai doan dau (1 dén
3 ngay sau khi in tao hinh cau kién) la 16n hon dang ké so véi bé
téng nang truyén thong, do d6 hau hét bé téng in 3D sé cé kha
ndng xuat hién nut trén ciu kién & tudi sém. Ngoai ra, két cau
tudng bé téng in 3D chiu tac déng bat loi khi toan bé mat hg cla
két cau tiép xuc véi moi trudng, tir d6 lam gia tang téc dd co ngot,
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dac biét la co ngét déo tai thai diém sém sau khi in 3D, t6¢c d6 co
ngét nhanh c6 thé dan dén hinh thanh ndt va pha hoai két ciu in
3D [10]. Vi vay, nguyén vat liéu cling vdi ti & thanh phan nguyén
vat liéu lya chon st dung dé ché tao bé téng in 3D via phai ddm
bao kha nang in 3D dugc, dong thai bé tong cling phai c6 toc do
co ngét thap. Trong nghién ctu nay, gidi phap han ché nit do co
ngoét cla bé toéng in 3D la st dung tro bay loai F dé thay thé ham
lugng 16n xi mang PC50; két hgp véi sgi PP manh, phan tan ngau
nhién trong hén hgp bé tong.

Cap phéi bé tdng st dung dé ché tao hén hgp bé téng dung in
3D thi cong céng trinh nha & dugc thé hién & bang 1 bén dudi.

Bang 1: Cap phdi bé tong in 3D sf dung trong nghién ctiu

(5p M PP PCE VMA SF FA
X i N/CKD | CL/CKD
i | 09 | b9 | W | a | VO]V g | g

MW-1 500 1,79 89 18 036 2 50 200

Luu y: XM la xi mang, VMA 1a phu gia diéu chinh do nhdt,
N/CKD la ti 1é nudc/chat két dinh, CL/CKD la ti 1& cét liéu/chat két
dinh, SF la silicafume, FA la tro bay loai F va PCE la phu gia siéu déo
g6c polycarboxylate.

4. THI CONG XAY DUNG NHA G BANG CONG NGHE IN BE
TONG 3D

Nghién ctu nay dé cap thi cong thi nghiém cong trinh nha &
bang c6ng nghé in bé téng 3D. Céng trinh c6 quy Mo réng 5 m,
dai12mvacao4m.

Trudc khi tién hanh in 3D cong trinh theo thiét k&, két cau cua
céng trinh dugc kiém tra d€ ddm bdo cong trinh c6 két cu an toan
va déap Ung yéu cau st dung. Nguyén ly kiém tra két cdu cong trinh
in 3D bé tong dugc thuc hién nhu sau:

- Thiét 1ap m6 hinh dé kiém tra két cdu bang cac phan mém
tinh toan hé trg nhu Etab, Sap, Midas...Trong qua trinh thiét lap
mo hinh két cau, nhap céc théong sé dau vao cho mé hinh nhu kich
thudc hinh hoc cla cau kién (chiéu day, bé rong, chiéu cao
tudng...), va tinh tai cung vdi hoat tai tdc dung Ién cong trinh;

- Trich xuat gia tri ndi luc xuat hién trén két cau tudng bé tong
in 3D nhu (ng sudt nén, kéo va cat;

- Kiém tra, so sanh néi luc tac dung lén tudng véi dic trung
cudng dé chiu nén, chiu kéo udn va bam dinh gilra cac I6p bé téng
in 3D.

Cong trinh thiét k& bao gom 2 khéi nha: khéi phia trudc c6 hiéu
Ung van tudng vét kim cuang, khéi phia sau c6 hiéu ting van tudng
vat xéo. Céng trinh nay cé 3 phong: phong khach, phong an - bép
va phong ngl. Phong khach b6 tri nam & khoi phia trudc nha,
phong ngl bé tri nam & phia sau nha va phong an - bép nam & vi
tri lién két khéi trudc vai khéi sau nha. Tudng nha day 200 mm bao
gém 2 I6p tudng, mbi I6p thiét ké day 50 mm, tudng réng G gilia
vGi khodng trong 50 mm. Mat bang thiét ké kién tric clia céng
trinh duoc thé hién & hinh 3 va kién tric ca 2 khéi nha - khéi truéc
va sau dugc thé hién & hinh 4 nhu bén dudi.

Hinh 4. Kich thugc va kién tric cia 2 khdi nha trong cdng trinh

Quy trinh thuc hién thi cong in bé tdng 3D cong trinh xay dung
nhu sau:

- Budc 1: thiét ké kién tric mé hinh 3D clia cdng trinh bang cac
phan mém chuyén dung nhu Rhino, Autocad 3D ho3c Revit.

- Budc 2: Dung phan mém cat I&p (Slicer program) dé tao file
két néi diéu khién may in 3D. Cac phan mém md cé thé sit dung
bao gém: Cura, Slice...Thong s6 khai bao co ban bao gom:

+ Chiéu day I6p in: 20 mm

+ Bé rong 16p in: 50 mm

+ T8¢ d6 in: 60-80 mm/s

- Budc 3: tién hanh cho may in 3D chay file in khong tai dé
kiém tra cac truc tric c6 thé cé nhu: 16i kich thudc, va cham giira
dau in véi hé théng MEP dat sén, cach thiic chuyén hudng trong
qua trinh in, chuyén cao dé tao cac vi tri 16 mé.

- Budc 4: tron hén hgp bé tong, kiém tra cac thong s6 luu bién
cla hén hgp bé téng, kiém tra thoi gian mé dé thi cong, kiém tra
thdi gian ninh két, |ay mau kiém tra cudng d6 nén va uén.

- Budc 5: tién hanh bom bé téng vao may in bé téng 3D, kiém
tra trang thai clia dai bé tong dun ra tur dau voi in trudc khi tién
hanh in.

- Budc 6: tién hanh in céng trinh theo file in 3D da khai bao va
kiém tra & buéc 3 va 4.

- Budc 7: kiém tra su déng déng vé kich thudc cta dai bé tong
in 3D & tuing I&p so vai thiét k&, ki€ém tra chiéu day cla I6p in.

- Budc 8: kiém tra cac khuyét tat (c6 thé cé nhu: nut va ro) trén
tung |6p in va tai vi tri ti€p giap gilia 2 |6p bé téng in 3D.

File da khai bao cét |6p & budc 3 dung dé két ndi véi may in 3D
¢6 thé in thanh c6ng hodc khéng thanh cong, dé phat hién ra
nhiing 16i trong qua trinh in can xem ky dudng in mé phéng cua
cac I8p bé téng, viéc nay dugc thuc hién & budc 3 khi st dung
phan mém cat I6p chuyén dung phuc vu choin 3D.

Hinh 5. Kiém tra md phdng cat I6p in thi 98 cda khéi nha phia trudc bdng phan mém
catlép Cura
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Cong trinh nha & dugc tién hanh in 3D ngoai trdi, viéc thi cong
in bé téng 3D ngoai trdi phu thudc nhiéu vao diéu kién thaoi tiét
(hinh 9). Ngoai ra, thi cong ngoai troi cling gay anh huéng I6n dén
su co ngdt va kha nang gay nut clia khéi tudng bé téng in 3D. Qua
qua trinh thi cong in bé tdng cdng trinh cho thdy, néu tién hanh in
lién tuc va tusi am bao dudng day dl cho bé tong ngay sau khi két
thic qua trinh in thi khéi tudng bé téng in 3D hau nhu khéng xuat
hién nuat, ngugc lai, néu trong qua trinh dang in va gap su c6 phai
ngung in thi khodng 30 dén 40 phut sau ddy khéi tudng bé téng in
3D sé xudt hién céc vét nut theo phuong ding cat tir IGp in trén
cung va huéng xuéng 4-5 I6p in can ké bén dudi, diéu nay la do bé
téng két thuc thai gian md thi céng, co déo nhanh trong diéu kién
moi trudng thi cong ndng néng ngoai trdi ti d6 dan dén hinh
thanh cac vét ndt (hinh 10 va 11).

céc va cham véi hé thong MEP ddt san

Bé tong dudc lua chon dé in 3D cong trinh la nhém cap phéi
MW-1. Céc tinh chat clia hén hop bé téng va bé téng dung cho in
3D thi céng céng trinh dugc thé hién & bang 2.

Bang 2: Tinh chat ctia hén hgp bé téng va bé téng dung cho in
3D thi céng cong trinh nha &

Do Thoi gian N Cudng do uén
o Yoo mé Cutng d6 nén (MPa) (MPa)
] 1 3 28 R R
(cm) (phut) ngy ngy ngy 3ngay | 28ngay
M:N_ 19,0 40 16,2 39,1 48,0 41 8,4

Trong quéa trinh in, tién hanh kiém tra su déng déu vé kich
thudc clia cac 16p bé téng in va kiém tra chiéu day cla cac I16p bé
téng in (hinh 7, 8). K&t qua cho thady, trong qua trinh in thi nghiém
cong trinh, chiéu day cla ting I6p bé téng sai s6 rat it (2 mm) so
vGi chiéu day thiét ké la 20 mm. Diéu nay la do cao dé clia voi in do
may in 3D diéu khién chinh xac, sai s6 ndm trong pham vi clia hé
thédng may in. Tuy nhién, chiéu réng cla ting I6p in thay déi trong
khodng réng (+10+20 mm), phu thuéc vao do déo clia bé tong va
phu thudc vao viéc diéu chinh muic d6 dun bé tong ra khai voi in
(flow).

Hinh 7. Kiém tra bé rong clia dai bé tong in 3D G ting I6p

ofiz2343067 8901234

Hinh 11. Hién trang cong trinh nha & sau khi hoan thanh in 3D

Cong trinh thi céng bang céng nghé in 3D dugc danh gia
thong qua cac thong s6 ky thuat nhu: téc d6 thi cong, su dong déu
vé kich thudc cha khoi in, khuyét tat (rd, nit) trén khéi in, va kha
s | " e nang tham nudc cla tudng bé téng in 3D [10]. Cac théng s6 néu
Hinh 8. Kiém tra chiéu day cda tiing I6p bé tong in 3D trén khi thi cong in 3D cong trinh 1 dugc thé hién & bang 3.

e

phab 67 B9E) 738567 89K 23458875
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Bang 3: Téng hgp déanh gid viéc in 3D cong trinh nha &

Théi gian in Khuyét tat Dong déu kich thuéc Hé s6 tham
hoan thanh nudc
(gio) (ml/cm?.s)
68 (6 xudt hién ndt cat | - Dong déu vé chiéu day I6p 53,6%107

quacclépinkhi | in.

ngingindosucd | - Bé rong cla dai bé tong in
thay ddi do diéu chinh miic
do dun bé tong trong
chuong trinh clia mdy in 3D.

5. KET LUAN

TU két qua thuc nghiém trién khai thi céng nha & bing cong
nghé in bé tong 3D, tac gia rut ra nhimg két luan nhu sau:

- V6i may in 3D bé tong hién cd, bé tédng véi thanh phan
nguyén vat liéu c6 st dung két hgp FA ham lugng 16n dé thay thé
xi mang PC50 va sgi PP phan tan ngau nhién mang lai hiéu qua
téng thé vé kha nang in 3D, cudng do va kha nang khang nit do
co ngot clia bé tong.

- Cac cap phdi bé téng in 3D thanh céng, phu hgp Ung dung
thi cong céng trinh nha & nhu sau:

Cong trinh sau khi hoan thanh in 3D dugc son chéng tham
trang tri cho tudng I&p ngoai clia cong trinh, tudng I8p trong son
trang tri - khong chéng tham. Céng trinh nay c6 két cdu mai tole,
xa go thép gac truc ti€p Ién tudng bé téng in 3D, sau khi lgp mai
xong thi tién hanh déng tran trang tri. Nén bé téng hién hiu dugc
mai bong va phl son epoxy dé phu hgp véi hién trang moc tu
nhién cda tudng bé tong in 3D.

Hinh 12. Mdt ngoai phia truc cdng trinh nha & sau khi hoan thién

)

Hinh 14. Bén frong cong tr‘mh nha & sau khi hoan fhién

Gip M PP PCE VMA SF FA
o | ko) | o | wy | wy | VYR | kg

MW-1 500 1,79 89 18 036 2 50 200

- T6¢ d6 in va quy trinh in bé téng 3D da dugc thiét 1ap chi tiét
va ap dung thanh cong dé thi cong cong trinh nha & ¢6 dién tich
60 m? vai tudng bé tong in cao 4 m.

- Cong trinh thi cdng bang cdng nghé in bé téng 3D ngoai trdi
rat dé bi nut, can cé bién phap bao duéng khéi bé téng in 3D phu
hap dé han ché hién tuong nut trong qua trinh thi cdng céng trinh
in bé tong 3D ngoai trdi.
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