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TOM TAT

In bé tong 3D trong xdy dung |3 qué trinh tao kinh cac ddi tugng (vat the
cding trinh) ba chiéu bang cach dép chong cac lap vat ligu beé tang |én nhau
va duge dinh dang dudi sur kifm soat cia may tinh dé tao ra vat the da dugc
vé san trén phan mém CAD (Computer-Aided Design). Vai vu vigt vé kha
ndng tao hinh, cong nghe in 30 thuimg duge dng dung dé in twing céng trinh
xay dung. Trong cong trinh xay dung, céu kien tuing cd tac dung bao che va
mat trong céc chi tigu quan trong ddi vai céu kign nay 13 kha ndng ching
thém. Bai bao nay trinh bay phwrong phap danh gig kha nang thém nudc coa
tuing b tong in 3D theo tigu chuén ASTM ESl4. Ma hinh thi nghigm tham
duge thyc hign trén tuing bé tang sau khi in 30 & 7 ngay tudi, khdi tring bé
tong in 3D ca kich thude 1100xIB00mm (rongxcan). Ket qua nghién ciru cho
thdy, mic di tham va he sd thém nudc cda twing bé tang in 3D thap hon so
viri tudmg gach dat sét nung, trang bé tang in 3D xudt hign thém chi yéu tai
vi tri tip giap giita 2 lap bé tang in 3D k& can nhau, nirdc khang thém qua vat
ligu bé tong & timg lap in, vi vay. can phai co gidi phap ching tham cho lap
twirng bé tang in 3D khi lap trang bé tong nay 13 twdng ngoai.

Tir khéa: Be tang, in 30, thdm tudng.

ABSTRACT

30 concrete printing construction is an additive manufacturing
technique, in which. a structure is built by adding concrete
layer by layer under CAD software control. 3D printing
techonology is used to print amazing concrete walls which are
exposed to environment, then water penetration resistance
becomes one of the most important properties to 3D concrete
wall. This paper presented a evaluation of water penetration of
3D concrete wall by ASTM ESl4. In this test, concrete walls
whose dimensions of I00xIG00 mm (width and height) were
printed and wet cured up to 7 days before testing. Results
showed that water penetrated through at interface between 2
printed concrete layers. whereas water did not penetrate
through each concrete layer, therefore, it is necessary to
apply water proof layer to 3D concrete wall in case that this
concrete wall is an external wall.
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1. GIGI THIEU

Qua trinh tao hinh vat thé bing cdng nghé in 3D ¢ nét déc
d4o0 1a co thé tao ra vat thé véi bat ky hinh dang nao, va nhanh ma
khéng can khuén, qua trinh xay dung dugc thuc hién tu déng hoa
VvGi téc do cao, it lao dong, va dac biét |a loai bo dang ké chat thai
vat liéu trong qua trinh xay dung do thi cong céng trinh khéng can
van khuén. Bang viéc ap dung céng nghé in bé téng 3D sé c6 thé
gidm dang ké chat thai xay dung khi khéng can van khuén dé tao
hinh cdu kién xay dung, lugng bé tong trén dugc kiém soat cin
than trong hé thong tu déng va nguyén liéu ché tao muc in bé
téng c6 thé tan dung cac chat thai ran (tro xi nhiét dién, xa ban xay
dung, thach cao..), cac cdu triuc bé téng in 3D ¢ kha nang tiét
kiém dang ké chi phi xay dung, cai thién nang suat va trén hét, c6
thé han ché dang ké tac dong méi trudng bang cach st dung it vat
liéu hon va tao ra it chat thai hon. Hién nay, tat ca cac nganh san
xudt cta Viét Nam chung ta dang hudng dén viéc ing dung thanh
qua cla cach mang cong nghiép 4.0, va nganh céng nghiép xay
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dung cling khong ngoai [é. Cong nghé bé téng in 3D dung cho
nganh Xay dung la mét xu huéng cong nghé huéng dén phat trién
xay dung bén vimng khi c6 thé gidm dugc dang k& chat thai xay
dung, gidm nhan céng lao déng, tdng do an toan lam viéc cho
céng nhan xay dung, tang téc dé xay dung va gia tang tinh doc
dao vé kién tric cho céng trinh xay dung [1, 2, 31.

Doi vai in bé tong 3D, chat lugng cta khéi in dugc danh gia
thong qua tinh déng déu vé kich thudc, hinh dang, cudng do, bam
dinh va su ddc chac gilra hai 16p bé téng lién ké nhau [4, 5, 6].
Trong qua trinh in bé tédng, khéng khi cé thé bi cudn vao va tao
thanh khuyét tat 16 rong tai vi tri ti€p giap gila 2 1&p in, tr d6 lam
giam lién két bam dinh va tang nguy cd thadm nudc xuyén qua khoi
bé téng in 3D [7, 8]. Mét s6 nghién ctu cho thay rang, dé gia tang
lién két bam dinh va tang kha nang chéng tham nuéc cho khéi bé
téng in 3D, thém vao thanh phan hén hgp bé téng in 3D mot ham
lugng phu hop cda céc loai phu gia khoang nhu tro bay, silicafume
hoac khoang sét. Ngoai ra, cac chat cé tdc dung gia tang duéng ho



nodi sinh cho bé tong cling ¢ tac dung gia tang bam dinh va giam
thdm nudc cho khéi bé téng in 3D [9, 10].

Bai bao nay trinh bay két qua nghién ctu vé danh gia kha nang
tham nudc cltia khéi tudng bé téng in 3D theo ASTM E514 [11]. K&t
qua nghién ctiu c6 y nghia nhan xét kha nang chéng tham nudc, vi
tri tham nudc clia tudng bé tong in 3D so vdi tudng xay bang gach
dat sét nung.

2.IN 3D TAO HINH KHOI TUGONG BE TONG

Khéi tudng bé téng dugc tao hinh bang may in 3D, tudng c6
chiéu day 50 mm, réng 1100 mm va cao 1500 mm. Bé téng in 3D
thiét ké dat M500 & 28 ngay, cap phoi bé téng dung trong nghién
ctu thé hién & bang 1.

Bang 1: Cap phoi bé tong s dung trong nghién ctu

Xi médng (3t song Phu gia Nudc Phu gia Phu gia
PC50 (kg/m?) khodng (Lit/m?) siéu hda diéu chinh
(kg/m?) (kg/m?) déo dd nhét
(Lit/m?) (Lit/m?)
595 1190 240 179 89 18

May in bé tong 3D hoat ddng theo nguyén ly can truc dugc sit
dung d€ in tudng bé tdng dung dé thi nghiém thdm nuédc cla
tudng bé téng (hinh 1). Trudc khi in 3D, hén hop bé tong sé dugc
kiém tra tinh lién tuc cha dai bé téng trong qua trinh dun ra khoi
voi in, néu dai bé téng dun ra lién tuc thi sé chuyén sang budc in
3D lién tuc clla mdy in. Thi nghiém danh gia kha nang dun tao
thanh dai in bé tong lién tuc dugc thuc hién khi may in 3D diing im
mot ché trong khi vit dun vat liéu bé tong ra khai voi in tuong ting
(voi in vudng, canh 20 mm) véi luu lugng la 25 ml/s. Cac théong s6
clia qua trinh in 3D bé téng tao hinh mé hinh tudng nha & dugc
lua chon thir nghiém nhu sau:

- T6c d6 in (t6c d6 di chuyén clia voi in): 60 mm/s.
- Kich thudc voi in: voi in hinh vuéng cé kich thudc canh 1a 20 mm.
- Chiéu cao cta lép in: 10 mm.

Hinh 2. Kiém tra kha nang din bé tong qua voi in trudc khi thuc hién in 3D

3. THi NGHIEM PANH GIA KHA NANG THAM NUGC CUA

TUONG

Thi nghiém danh gia kha nang tham nudc cltia bé téng in 3D

dugc danh gia theo hudng dan cda tiéu chudn ASTM E514. Mé

hinh thi nghiém nay dugc thuc hién trén tudng bé téng sau khi in
3D & 7 ngay tudi, khéi tudng bé téng in 3D 6 kich thudc
1100x1600x50 mm (réng x cao x day), mé hinh thi nghiém nay thé
hién & hinh 3, 4 va 5. Ngoai ra, thi nghiém nay cling dugc thuc hién

véi khéi xay b&ng gach dat sét nung t6 mot mat dé so sanh véi
tudng bé téng in 3D. Gach dat sét nung Mac 75, c6 kich thudc
80x80x180 mm, tudng gach dat sét nung dugc xay va té bang vira
xi mang Poé6clang M100.

Cac thiét bi va dung cu can c6 dé thuc hién thi nghiém nay bao

gém: May bom nudc, hé théng 6ng phun tia nudc [én mat tudng,

hé théng tuan hoan nudc, may nén khi tao ap suat va thiét bi do ap
suat.

Trinh tu thi nghiém danh giad kha nang tham nudc qua tudng
bé tong in 3D thuc hién theo ASTM E514 nhu sau:

-In bé toéng 3D tao hinh tudng, hodc xay khoi xay bang gach

dat sét nung (gach 8x8x18 cm), mot mit dé hd, mat con lai té béng
viia xi mang hén hgp PCB40 néu la tudng gach dat sét nung. Khéi
xay dugc luu trong phong thi nghiém 14 ngay, thoi gian nay la téi
thiéu 7 ngay déi véi tusdng bé téng in 3D.

- L3p dat cac thiét bi: hdp mica, 6ng tuan hoan phun nudc va

thu héi nudc, voi phun khi vao hop mica.

-Tién hanh thi nghiém lién tuc 72 gid: khi bom vao trong hop
mica v&i ap luc 0,7 kgf/cm?, nuéc bom vao éng va phun lién tuc [én
bé mat khéi xay véi luu luong 150 lit/gid.

- Quan sat, ghi nhan cac hién tugng & mat khéi xay cé t6 vira xi
mang hén hgp PCB40 hodc mat sau cla tudng bé tong in 3D, va

thu héi lugng nudc tham qua khéi xay/tudng bé tong.

- Dua vao lugng nudc tham qua khéi xay/tudng bé téng, tinh

toan hé sé tham nudc cta khéi xay/tudng bé téng in 3D theo céng
thic sau:

4
TS
K: hé s6 thdm nudc (ml/cm?.s)
t: thoi gian thi nghiém (s)
S: dién tich khoi xay nam trong hop mica c6 phun nudc (cm?)
V: thé tich nudc thdm xuyén qua tudng (ml)
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Hinh 3. M6 hinh thi nghiém tham tugng bé tong in 3D thuc hién theo ASTM E514
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Bang 2: K&t qua thi nghiém tham tudng gach dat sét nung thuc hién theo ASTM E514

Mau thi Hién tuong Thoi |LUgngnudctham | .. o tham
nghiém ; : R qua thu ducgc ¥ )
gian (ml/cm?.s)
(ml)
Khéi xay gach |- Xuat hién vét nudc tham & mat sau khéi xay. 5 phut 0 0
dat sét nung
- Toan bd mat sau khéi xay bi tham udét, 2 canh tudng xuat hién vét tham nuéc. | 4 gid 0 0
- Xuat hién giot nudc bam trén tudng & mat sau khéi xay. 24 gio 0 0
- Xuat hién nhiéu giot nudc bam trén tudng & mat sau khoi xay. Cac giot nudc| 48 gi¢ 0 0
chay thanh dong tu trén xuéng dudi chan khéi xay.
- Xudt hién nhiéu giot nudc bam trén tudng & mat sau khéi xay. Cac giot nudc| 72 gid 22 78,6%107°
chay thanh dong tir trén xudng dudi chan khéi xay va chdy ra mang thu nudc.

Bang 3: K&t qua thi nghiém tham tudng bé téng in 3D thuc hién theo ASTM E514

Mau'fhl Hién tugng Thai gian Luong nudc tham Hé sé tham
nghiém : : qua thu duoc ¥ )
(ml/cm?.s)
(ml)
Tudng bé - Xuat hién vét nudc tham & mat tudng bé téng. 4 gi¢ 0 0
tong in 3D
- Toan bd mat sau tudng bi thdm udt, 2 canh tudng xudt hién vét thdm nudc. 10 gi&y 0 0
- Xuat hién giot nudc bam trén mat sau va 2 canh cla tudng. 24 gis 0 0
- Xuat hién nhiéu giot nudc bam trén mat sau va 2 canh cla tudng. Cac giot| 48 gid 0 0
nudc chdy thanh dong tai vi tri ti€p giap gilra 2 16p bé téng in 3D.
- Xuat hién nhiéu giot nudc bam trén mat sau va 2 canh clta tudng. Cac giot| 72 gid 15 53,6%107°

nudc chdy thanh dong tai vi tri ti€p gidp gitia 2 I6p bé tong in 3D va chay ra
mang thu nudc.

xuat hién thdm nudc & mit sau cla tudng va thé tich nudc thdm
xuyén qua tudng sau khi két thic qua trinh thi nghiém.

K&t qua thi nghiém tham tudng xay bang gach dat sét nung va
té mot mat bang vita xi mang, va tudng bé téng in 3D dugc thé
hién 1an lugt & bang 2 va 3. Hién tuong tham nudc trong qua trinh
thi nghiém tudng bé tong in 3D va tudng xdy bang gach dat sét
nung dugc thé hién lan

Hinh 4. Thi nghiém tham tuong cGa khoi  Hinh 5. Thi nghiém thdm tugng bé tong in
xdy bang gach dét sét nung thyc hién theo 3D thuc hién theo ASTM E514
ASTME514

4. KET QUA NGHIEN CUU

Thi nghiém tham tudng dugc thuc hién theo quy trinh ctia muc
3 & trén d6i véi tudng bé tong in 3D va tudng xay st dung gach
d4t sét nung dudc té mét mat bing vita xi mang, thoi gian thi Hinh 6. Nudc thdm qua tuong bé tong in ~ Hinh 7. Nudc tham sang mat sau cla khi
nghiém tién hanh lién tuc 72 tiéng. Trong qua trinh thi nghiém, 3D trong qud trinh thi nghiém thyc hién  xdy bang gach dét sét nung trong thi
ti€n hanh quan sat hién tugng tham, vi tri thdm, thoi diém bt dau  theo ASTMEST4 nghiém tham thuc hién theo ASTM E514
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K&t qua thi nghiém thé hién & bang 1 va 2 cho thay rang, kha
nang khang thdm nuéc cla tudng bé téng in 3D tét haon so vdi
tudng gach dat sét nung td vita xi mang mot mat. Hé s& tham
nudc cla tudng bé téng in 3D thap hon dang ké so vdi tudng gach
dat sét nung. Thi nghiém tham tudng thuc hién theo ASTM E514 la
thi nghiém moé phéng diéu kién thdm cla tudng bién (tudng
ngoai) clia cong trinh, trong dé kha nang nudc tham xuyén tudng
dugc thic ddy bang hé théng phun tia nudc lién tuc trong diéu
kién ap sudt 0,7 kgf/cm? dugc duy tri tdc dung lén tudng sudt
trong qua trinh thi nghiém. Trong di€u kién thi nghiém nhu vay,
tudng gach dat sét nung t6 mét mat (& mat sau) bi tham xuyén
nudc rat nhanh, ngay sau 5 phut thi nghiém thi vét tham nudc da
xuat hién & mat sau cda tudng, dén 4 gid sau khi thi nghiém thi
toan bd mat sau tudng da tham dam nudc, nudc tham xuyén qua
khéi xay va tao thanh dong chdy nhé c6 xu hudng chay ti trén
phan dinh cao cla tudng va xuéng chan réi di vao mang thu nudc,
hién tugng nay xuat hién r6 bat dau tu thoi diém 48 gid sau khi thi
nghiém. Qua quan sat trong qua trinh thi nghiém, nudc tham
xuyén tudng gach dat sét nung chd yéu qua vi tri mach vita lién két
gilia cac l6p gach xay, mach vira lién két nay c6 dé kin khit khong
déng déu va nudc dé tham xuy én qua tudng tai vi tri mach vira c6
nhiéu khuyét tat; 16 rong.

D0Gi véi tudng bé téng in 3D, hién tugng tham xuyén nudc van
xudt hién, tuy nhién, mic dé thadm va hé s6 tham nudc cda tudng
bé tong in 3D thap hon so véi tuding gach dat sét nung. Trong qua
trinh thi nghiém, cac hién tugng tham cua tudng bé tong in 3D
cling gan giéng vdi tudng gach dat sét nung. Tudng bé tong in 3D
bi tham nudc va bat dau xuat hién vét tham nudc tai mat sau ngay
sau 4 gid thi nghiém, toan bé mat sau tudng bi thdm uét va 2 canh
tudng bét dau xuat hién vét thdm nudc tai thai diém 10 gid sau khi
thi nghiém, sau 48 gi& thi nghiém, nudc tham xuyén qua tudng bé
tong, tich tu va tao thanh dong chdy nhoé c6 xu huéng chdy men
theo mach tiép giap gitta 2 I6p bé téng in 3D va chady xuéng chan
tudng réi di vao mang thu nuéc. Tuong ty nhu tudng xay bang
gach dat sét nung, nudc tham xuyén qua tudng bé téng in 3D chu
yéu tai vi tri ti€p xuc gitia 2 I6p bé téng in 3D, diéu nay c6 nghia I3,
tai vi tri ti€p xuc gitia 2 16p bé téng in 3D khéng di dac chac, ¢
ton tai khuyét tat va 16 réng dd 16n dé€ nudc tham xuyén qua. Vi
vay, dé gia tang kha niang chéng tham cho tudng bé téng in 3D
trong c6ng trinh xay dung, can phai c6 bién phap dé cai thién, gia
tang d6é déng nhat tai vi tri ti€p xuc gilta 2 |6p bé téng in 3D.

5. KET LUAN

Tu két qua thuc nghiém danh gid khd nang thdm nudc cla
tudng bé téng in 3D dugc tao hinh bang thiét bj va quy trinh in 3D
cla nghién ctu nay va so sanh vai tudng xay bang gach dat sét
nung, tac gia rut ra nhimng két luan nhu sau:

e Thi nghiém thdm tudng thuc hién theo ASTM E514 |3 thi
nghiém phu hgp dé moé phéng diéu kién thdm cda tudng bién
(tudng ngoai) ctia céng trinh, trong dé khd nang nudc tham xuyén
tudng dugc thic ddy bang hé théng phun tia nudc lién tuc trong
diéu kién ap suat dugc duy tri tdc dung lén tudng suét trong qua
trinh thi nghiém;

e Muic d6 tham va hé sé tham nudc cla tudng bé téng in 3D
thap hon so véi tudng gach dat sét nung. Cac hién tugng tham cla
tudng bé tong in 3D cling gan gidng vai tudng gach dat sét nung;

e Nudc tham xuyén qua tudng bé téng in 3D chl yéu tai vi tri
ti€p xuc gilta 2 16p bé téng in 3D. Can phai c6 bién phap dé cai
thién, gia tang d6 déng nhat tai vi tri ti€p xdc gilia 2 16p bé tong in
3D nham gidm do tham nudc cho tusng.
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