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TOM TAT: Bai bao d& xudt mot s6 phuong phép thiét ké cip phdi va cac dic tinh méi cia bé tong
dugc d& xuit cho in 3D. Pic tinh quan trong nhét lién quan t6i cip phdi ciia bé tong 1 kha ning in dugc
thé hién qua kha nang dun va kha nang xay dyng. Do d6, nghién ctru nay tap trung vao cac phuong
phép thiét ké cap phdi va thi nghiém trong phong dé danh gia tinh ¢6 thé in dugc cua bé tong ding cho
may in 3D. Cac vét liéu sir dung trong nghién ctru bao gdm xi ming, tro bay, cat tu nhién va phu gia
siéu déo. D¢ danh gia kha nang in dugc ctia bé tong, cac thi nghiém kiém tra d¢ loang, thi nghiém kiém
tra d§ nhot béng phéu chit V, thi nghiém kiém tra do sut va kiém tra kha nang dun da dugc su dung dé
tién hanh nghién ctru. Nhimng phan tich ddu tién vé phuong phap thiét ké cip phdi va phuong phép thi
nghiém dé danh gi4 tinh in dugc ciia bé tong c6 thé dugce coi 1a tai liéu tham khao va dong gop dé phat
trién cong nghé in 3D tai Viét Nam.

Tir khéa: kha ning in duoc, thiét ké cip phdi bé tong, cong nghé in 3D, thi nghiém d6 loang, thi
nghiém d6 nhat, thi nghiém d6 sut, thi nghiém dun.

AGGREGATED DESIGN METHODS IN 3D PRINTABLE CONCRETE

ABSTRACT: This paper suggests some methods of aggregated design and fresh properties of the
proposed concrete for 3D printing. The most critical properties related to aggregated concrete are
printability through extrudability and buildability. Therefore, this study focuses on the approaches of
aggregated design and laboratory assessment methods to evaluate printable properties of the fresh
concrete used for 3D printing-machine. Materials used for the study include: cement, fly ash, natural
sand, and superplasticizer. In order to assess the printability of the concrete, the slump-flow tests,
V-funnel tests, buildability tests, and extrudability tests were employed in this study. The first analysis
on the aggregated design approach and laboratory test methods to evaluate printable properties of 3D
printing concrete can be considered a reference and contribute to develop 3D printing technology in
Vietnam.

Keywords: printable properties, design aggregated concrete, 3D printing technology, slump-flow test,
V-funnel test, buildability test, extrudability test.

1. GIOI THIEU
In 3D da thu hat sy chtl y cia cac nha

ap dung cong ngh¢ in tao ra cac nguyén
mau nhanh chéng va khong kém theo rac

nghién ciru tir khap noi trén thé giGi trong
vai thap ky gan day. Tir mot ban vé thanh
mot vat thé, y tudng vé in 3D cling da thu
hut duoc sy quan tadm cua cac ky su, kién
trac su ciing nhu cac nha dau tu. Xay dung
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thai. K& tir nam 2014, nhiéu toa nha, ciy
cau ndi tiéng ciing nhu cac biéu tuong kién
truc da duoc xdy dung tai chd bang cong
nghé may in 3D [1]-[5]. Nhiing thanh tyu
nay cho thay tiém ning ma coéng nghé in



3D c¢6 thé mang lai cho nganh xay dung.
Mic du phat trién nhanh chéng nhung dén
nay chi c6 mot sé hiéu biét han ché vé cac
yéu ciu vat liéu cho in 3D. Dé c6 mét quy
trinh in thanh cong, vat liéu phai du chay
dé c6 thé dun qua dau in. Mot khi 16p bé
tong in duoc ép dun, nd phai c6 du do bén
cat dé chéng lai sy bién dang do trong
lurong ban than va trong luong cua céac 16p
in bén trén n6. T quan diém luu bién, vat
lidu phai ¢ dang 16ng véi do nhét thap khi
& bén trong may bom va dau in, nhung
sau khi duogc ép ra, né phai trai qua qua
trinh chuyén d6i sang trang thai giéng nhu
chat ran voi da do bén dé chdng lai sy bién
dang. Do d6 thiét ké cap phdi bé tong phu
hop va thi nghiém kiém tra kha ning in 13
can thiét. Bai bao v6i phan tich dau tién vé
phuong phap thiét ké hdn hop va phuong
phap thi nghiém trong phong dé danh gia
tinh chat c6 thé in dugc cua bé tong in 3D
c6 thé duge coi 1a tai liéu tham khdo va
dinh huéng dé phat trién cong nghé in 3D
tai Viét Nam.

2. TONG QUAN

Céc phuong phap in phu hgp dua trén
vat liéu gbc xi mang da duoc phat trién
nhu ché tao dudng vién (CC) va phun chat
két dinh [6], [7]. Hon nita, viéc thiét ké cac
phuong phép in phu hop cho vat li¢u lam tur
xi mang ciing di c6 nhidu nha nghién ciru
thanh cong [8]-[13]. Trong nghién ctru noi
trén, cac tac gia da st dung phuong phap
thiét k& hon hop cia Junho Jo va cac cong
su [14]va Zhang va cac cong su [15] nhu
cac hudng co ban dé thiét ké ty 18 cap phdi
cua bé tong dugc thi nghiém. Céc thanh
phan chinh cta hén hop dugc dé cap ¢ day
la xi mang, cat va tro bay, ciing da duoc
cac tac gia khac lga chon. Sau d6, cac thi
nghiém phéu chir V, kiém tra kha ning xay

dung va kiém tra kha nang dun duogc thuc
hién cho thay kha ning in ctia bé tong. Thi
nghiém phéu V va thi nghiém khd ning
xay dung la nhiing thi nghiém don gian va
tuong d6i dang tin cay duoc sir dung rong
rai [16].

Dua trén nghién ctru trude day cua cac
tac gia, trong nghién ctru nay tham khao tai
lidu [17]. Dé tién theo ddi, ndi dung duoc
gidi thiéu lai ngan gon nhu bén dudi.

Xi mang Portland cua Chinfon (OPC)
va tro bay (FA) cia Nha may nhiét dién
Hai Phong dugc su dung dé tao thanh
thanh phan két dinh.

Cat duoc san xudt ban sin trén thi
truong voi kich thudce cbt lidu toi da danh
nghia la 1,25 mm da dugc st dung. Phu gia
siéu déo SikaPlast-398 (SP) dugc st dung
dé diéu chinh kha nang lam viéc ciia hon
hop bé tong. Céc thanh phan ctia bé tong
gdém: xi mang, tro bay, cat, nudc va phu
gia siéu déo.

Thiét ké cip phdi cia bé tong 1 cin
thiét dé dap ung cac yéu cau vé tinh ning
ctia hon hop bé tong va tao hinh duge. So
v6i xdy dung truyén thong, cac dic tinh
ctia hdn hop bé tong déng mot vai trd quan
trong. Vi vay, kha nang in cua bé tong
trude hét dugce nghién ctru trong cong nghé
in 3D. Kha ning in lién quan dén kha ning
két hop gitra vat liéu va dau in dé tao ra
mot 16p bé tong duoc kiém soat tt [18].
Trong nghién ctru nay, kha nang in duoc
coi 1a kha ning ctiia hon hop bé tong (1)
dugc ép dun lién tuc, khong bi dut giy bé
mat; (2) khong gay ket hoac tdc dAu in va
(3) ¢6 thé tao hinh véi bién dang chip nhan
duoc, diéu nay cling dugc cac tac gia khac
giai thich nhu [18]-[21].

Toém lai, nghién ctru nay dé xuit mot
phuong phap thiét ké cap phdi va cac thi
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nghiém trong phong nham tiép can cac dic
tinh ¢ thé in dugc ctua hdn hop bé tong véi
cac tng dung thuc té cao.

3. THIET KE CAP PHOI BE TONG

Nhiéu tac gia da thuc hién cac nghién
ctru vé& anh hudng cia vat liéu thanh phan
d6i v6i tinh chat ctia bé tong ding cho may
in 3D [10], [11], [19], [20], [22]-[25]. Tuy
nhién, cac nghién ctru vé phuwong phap
thiét k& cap phdi con han ché vé6i khong
nhiéu két qua dang cha y [9], [14], [15],
[26]. Trong sé d6, Zhang va cac cong su
[15] va Junho va cong su [14] dé xuat cap
phdi nhu sau:

Theo nghién ciu cta Junho Jo, cap
phdi bé tong in 3D gdém xi mang va cat
(khong st dung phu gia si€éu déo) voi ham
luong cat dugce xac dinh theo ti 1€ véi téng
chat két dinh theo cong thirc (1). Tranh hon
hop bé tong khong bi loang va ciing khong
bi tic nghén khi in, cat ding pha tron can
c6 duong kinh nho hon 0.7mm.

S=0,4B (1)

Trong do:

B la tong chat két dinh (gam)

S la luong cat (gam) voi dwong kinh
nho hon 0,7mm.

Theo nhom tac gia Zhang, ham lugng
cat dugc xac dinh theo gié tri dJ loang cua
chat két dinh nhu sau:

S=422F+351 (2

Luu y: cdt tw nhién lot sang 16 vudng
1,00 mm.

F la dé loang cia chat két dinh (mm)

S la luong cat (gam / lit)

Cong thirc (1) va cong thuc (2) gitp
dinh luong ty 1& chat két dinh va cdt liéu
min (cat). Cac yéu t6 khac bao gdm tro
bay, ty 1¢ phu gia siéu déo, ty 1¢€ nudc va
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duong kinh cat dugc su dung trong nghién
ctru nay khac véi nghién ctru cua hai tac
gia trén. Vi vay, cac cap phdi bé tong duoc
thiét ké trong nghién ctru nay ding nghién
ctru dé danh gia kha nang in cia bé tong
bang cac phuong phap thi nghiém s& duoc
trinh bay trong phan sau.

Dé tinh toan lugng cat, can kiém tra
d6 loang cuia chat két dinh dbi voi cac cp
phéi bé tong in. Do loang cua chit két dinh
da duoc xac dinh theo [27]. V&1 muc dich
thay thé luong tro bay tdi da thanh xi ming
nhung anh huéng ti thiéu dén cuong do
nén cua bé tong, ty 1€ gitra tro bay voi xi
mang 1a 4: 6. Ty 1& nudc trén tong luong
chat két dinh 13 0,3 va kha ning lam viéc
ctia bé tong cling dugc diéu chinh bang phu
gia siéu déo. Cat min dugc sir dung trong
nghién ctru nay 13 cat ty nhién c6 sang 16
vuong 1,25 mm, 16n hon nhiéu so véi cat
ctia Junho va 16n hon mot chut so véi sang
ctia Zhang. Ty 1¢ gitra cat va chat két dinh
ciia Zhang va Junho c6 mét khoang cach
16n, vi vay cac tac gia dé xuat cac gia tri
ctia no trong khoang tur 0,4 dén 2,4. Sau do,
niam cap phdi so bd v6i cac ty 18 cat/chat
két dinh khac nhau dugc thiét ké nhu trinh
bay trong bang 1.

Bang 1. Cap phdi bé tong

Cép phdi bé tong Cat SP
724 2.4 1.2

J 04 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 18 khdi luong trén chat két dinh.
4, CAC‘ PHUONG PHAP THI
NGHIEM VA KET QUA
4.1. Phuong phap kiém tra phéu V
Thi nghiém phéu chit V (Hinh 1) duoc



st dung dé danh gia do nhot cua bé tong
va kha nang luu dong theo thoi gian chay
qua phéu chit V. Bé tong dé in 3D phai hoat
dong tot ma khong co su phan tach va ket
ctng dang ké khi di qua khe ho hep. Sau
khi 6 day bé tong vao phdu hinh chit V,
tinh thoi gian chay (V) bang thoi gian troi
qua tu khi mé cua xa dudi cung dén khi
bé tong chay hoan toan ra khéi phéu. Gia
tri cua V, lién quan dén do nhét, ma sat
giita cac hat hodc sy tic nghén cua dong
chay. Theo mot s6 nghién ciru trude day,
gid trj clia V,_ tr 9 dén 25 [16]. Két qua thi
nghiém cua cac cip phoi bé tong dugc thé
hién trong bang 2.

d)M2 08

Hinh 1. Thi nghiém kiém tra phéu V.
Bang 2. Thoi gian (Vt) ciia thi nghiém

kiém tra phéu V

Cap v, Mb ta

phoi (s)

Z 24 9 Lién tuc / nhot

J 04 25 Khong lién tuc / khong
nhot

M1 1.1 | 11 | Lién tuc nhung khong nhét

M2 0.8 | 14 | Lién tuc nhung khong nhét

M3 05| 24 Khong lién tuc / khong
nhot

Tir két qua & bang 2 cho thdy, thoi gian

Vtbang 9, 11, 14 gidy g voi bé tong cua
3 cap phdi theo Z 2.4, M1 1.1, M2 0.8
1a lién tuc. Céc cap phdiJ 0.4 va M3 0.5
c6 bé tong chay khong lién tyc. Trong thi
nghiém kiém tra phéu V, chi co bé tong
theo cap phdi Z 2.4 14 nhét.

4.2. Kiém tra kha ning xay dung

Chiéu cao con lai cua tru bé tong bi
sut dudi tic dyng cua trong luc co thé
dugc sir dung dé danh gia Gng suat chay
va kha nang xdy dyng cua bé tong dugc
thi nghiém. Chiéu cao va duong kinh cia
khuon hinh try 1a 80 mm theo kinh nghiém
thuc nghiém trudc day cua cac tac gia [15].
Kha ning xiy dung duoc danh gia bang
hinh dang va chiéu cao con lai ciia mau
hinh tru.

Ml 1.1

o

e)M3 05

d)M2 08

Hinh 2. Thi nghiém kiém tra
kha nang xay dung
Do sut ctia hdon hgp nhu trong Bang
3. P9 sut cta try bé tong van nam trong
khoang tir § mm dén 22 mm va méu thi
khong bi bién dang sau khi nhac khuén ra
nhu trong hinh 2. Diéu nay ¢ nghia 1a bé
tong dd du kha nang vimg chic.
Bang 3. Pj sut ciia miu khi kiém tra
kha nang xay dung

Mau S Mo ta
(mm)
7 24 8 | Khong co bién dang/ kha
nang xay dung thich hop
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J 04 22 |Bién dang dang ké/ khong
thich hop dé xay dung
M1 1.1 11 | Bién dang nho/ kha ning
xay dung thich hop
M2 0.8 12 | C6 chit bién dang / kha
ndng xay dung thich hop
M3 0.5 13 | Bién dang rit nho/ kha
nang xay dung thich hop

Tru bé tong cap phdi theo J 0.4 cho
thdy khong ¢ kha ning xay dung voi do
sut 22mm va rod rang la bi bién dang. Mat
khac, bdn cap phdi khic duge chimg minh
la phu hop véi kha ning xay dung. Cép
phéi Z 2.4 da cho théy do sut cua tru bé
tong & mic Smm ma hau nhu khong co
bién dang. Ba cdp phéi, M1 1.1, M2_ 0.8
va M3 0.5 c6 bién dang nho, voi do sut

tuong ung la 11, 12 va 13 mm.

4.3. Kiém tra kha ning dun

Hé thdng in dugc st dung trong nghién
ctru nay duogc thiét ké va tao ra dva trén
nguyén 1y truc vit nhu dugc trinh bay trong
hinh 3. Kha ning dun ¢ day lién quan dén
kha ning van chuyén hdn hop bé tong qua
phéu va hé thong tryc vit t6i dau in noi né
phai dugc dun ra dudi dang 16p lién tuc.
Trong nghién ctru nay, kha nang dun dugc
danh gia voi cac 16p rong 25 mm (dugce in
tir dau in 25 mm). Céc 16p phai dong nhét
va duoc dun lién tuc ma khong bi tac nghén,
nit v& hodc tach roi trong sudt qua trinh
dun. Hon nita, mdt mau in phai dugc dinh
hinh 6t dé gilt dugc hinh dang cua no.

a) Truc vit (Jo va cac tac gia. 2020)

b) Hé thong dau in

Hinh 3. Truc vit va dau in

)Ml 1.1

d)yM2 0.8

Hinh 4. Cac mau in
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Bang 4. Pac tinh cia bé tong in

Miu Lién tuc khi din | Tic nghén Nirt/phén tach Duy tri hinh dang
Z 24 khong khong 10 rét khong tot

J 04 6 khong khong khong tot
M1 1.1 co khong co ¢6 thé chép nhan
M2 0.8 co khong co binh thuong
M3 0.5 cb khong ¢ t6t

Véi cap phdi bé tong Z 2.4, qua trinh
dun ép khong lién tuc, c6 nit né va phan
tach trong 16p bé tong nhung khong co6 su
tac nghén, din dén kha niang duy tri hinh
thirc kém. Bé tong cap phdi J 0.4 khong
duy tri duoc hinh dang t6t mic du qua trinh
ép dun lién tuc, khong bi tic nghén, dat gay
hodc tach roi. Ba cip phdi bé tong khac,
MI 1.1, M2 0.8 va M3 0.5 lién tuc dugc ép

;- N

Kiém tra do loang

dun véi kha nang gitt nguyén hinh dang va
khong bi tic nghén, v hodc tach roi.

Nhan xét sau cac bang trén da cho thy
3 mau M1, M2, M3 déu dép tmg duoc yéu
cau vé kha ning xdy dung va kha ning in.

Dua trén nghién ctru da trinh bay, quy
trinh thiét ké cap phdi hop 1y bé tong in da
dugc cac tic gia phat trién trinh bay trong
hinh 5.

Lwong cat
theo Zhang

Thanh phan
(ximang, tro
bay; cat; medrc;

™~
hu gia) : : ,
i Ty 1é thanh phin Lwong cat
J theo Junho
g J it g
Dénh gia kha Kiém trakha Thi nghiém phéu V
nang in nang dun Thi nghiém kiém trakhanang xay
dung

Hinh 5. Quy trinh thiét ké cap phoi bé téng in
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5. KET LUAN

Duya trén két qua thiét ké cap phdi va
thi nghiém duoc sir dung dé danh gia tinh
chat Iuu bién cua bé tong in 3D (thé hién &
ca 3 mau M1, M2, M3 déu c6 kha nang in
dugc) tai Viét Nam, mot sd két luan va dé
xuat duoc dua ra:

(1) Quy trinh thiét ké ty 1& cip phdi bé
tong duoc dé xudt trong nghién ctru nay 1a
dang tin cay va kha thi.

(2) Phuong phép thiét ké ty 18 cip phoi
bé tong duoc trinh bay ¢ day la phu hop va
dang tin cay.

(3) Thi nghiém phéu chir V va thi
nghiém kiém tra kha ning xdy dung duoc
su dung trong nghién ctru nay co6 tinh thyc
tién cao dé thiét ké va danh gia ban du bé
tong trudc khi in.

(4) Ty 1& giita cat va chat két dinh
khong nén vuot qua 1,2 va liéu luong phu
gia siéu déo can duge kiém soat chit ché.

(5) Danh gia vé kha ning in thong qua
kiém tra kha ning dun c6 thé khac nhau
trong truong hop sir dung cac dau in khac
nhau.

(6) Can bo sung s6 lwong thi nghiém
dun dé d& xuét cip phdi bé tong tdi uu cho
dau in truc vit nhu dugc thuc hién trong
nghién clru nay.

(7) Can bd sung thi nghiém nén, uén dé
danh gia vé thoi gian dong két va tinh chat
co hoc cua bé tong in 3D.
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