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T()M TAT: Cong ngh¢ in 3D 1a mot cong nghé hién dai cho phép san xuét cac san pham voi
cAu tric phtrc tap truc tiép tir mo hinh 3D duéi su hd tro cia may tinh. Tiém ning tng dung
cua cong nghé nay trong linh vyc xay dung dugc danh gia 1a rt 16n véi muc dich cai tién
cong nghé xay dung truyén théng, str dung cac vat liéu “xanh” trong san xuét bé tong, giam
nhu ciu nhan luc, giam lwong rac thai va hudng téi phat trién bén viing. Tuy nhién cac vat
liéu str dung phdi tron bé tong co anh hudéng nhidu t6i qua trinh in. Bai béo tiép can nghién
ctru vé img dung mot sé vat lidu cip phdi bé tong in 3D theo hudng dinh tinh, nham muc dich
danh gi4 anh huong cac vat liéu téi mot s6 tinh ning cua bé tong in 3D: (1) Anh huong ctia
tro bay dén kha ning diin ctia bé tong in; (2) Anh hudng ctia cit nghién t6i kha ning duy tri
hinh déng 16p bé tong in; (3) Anh hudng cua soi PP téi tinh dong nhat va giam co ngdt cia
bé tong in.

Twr khéa: In bé tong 3D, tro bay, cat nghién, soi PP.

RESEARCH AND APPLICATION OF SOME MATERIALS SUPPLYING AND MIXING 3D PRINTED
CONCRETE GRADE

ABSTRACT: 3D-printing technology is a modern technology that allows the production of
products with complex structures directly from 3D models with computer support. The
application potential of this technology in the construction field is considered very large with the
aim of improving traditional construction technology, using "green" materials in concrete
production, and reducing the need for human resources, reducing waste and moving towards
sustainable development. However, the materials used to mix concrete have a great influence on
the printing process. This article approaches research on the application of some 3D printed
concrete materials in a qualitative manner, with the aim of evaluating the effects of materials on
some features of 3D printed concrete: (1) Effect of fly ash on extrusion ability of printed concrete;
(2) Effects of crushed sand on the ability to maintain the shape of the printed concrete layer; (3)
Effect of PP fibers on the uniformity and shrinkage reduction of printed concrete.

Keywords: 3D printing of concrete, fly ash, crushed sand, PP fiber.

1. GIOI THIEU Manufacturing). Cac qua trinh dip dan tao
: ra cac ddi tugng theo ting 16p. Dé bat dau
in 3D can mot ban thiét ké vat thé 3D trén
phan mém CAD. M6 hinh cua vat thé hodc
duoc thiét ké truc tiép trén phan mém nay
hodc dugc dua vao phan mém thong qua

1.1. Gi6i thiéu so lwge vé cong nghé
in bé tong 3D

In 3D la mét dang cong nghé duogc
goi la san xuat dap dan/dap 16p (Additive
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vi¢c su dung thiét bi quét laser. Sau khi ban
thiét ké duoc hoan thanh, ta can tao ra tai
liéu STL  (Standard  Tessellation
Language) mot dang tai li€éu quen thudc voi
cong nghé san xuit ddp dan. Lam tesselate
theo ngon ngit Tesselation chuan 13 chia
mot vat thé thanh nhiing da giac nho hon,
dé mo phong cho ciu trac bén ngoéi va ca
bén trong cua vat thé. Day 12 phan rat quan
trong trong san xuat dip dan.

C6 thé noi, voi chi hon mot thap nién
phét trién, cong nghé in bé tong 3D da chinh
phuc cac nha dau tu va cac nha nghién ctru
trén khap thé giéi boi nhimng thanh tyu vuot
xa ki thuat xay dung truyén thong c6 dugc.
Céc cong trinh ndi tiéng duoc xéy dung béng
cong nghé in 3D da duoc ghi dau tai nhiéu
qudc gia vi cac san pham da dang tir cong
trinh dan dung, cong trinh giao thong dén cac
cong trinh nghé thuat [1].

Hinh 1: Cdc cong trinh dwoe xdy dung bang cong nghé in 3D trén thé giéi [1].

1.2.Gi6i thigu vé xu huéng sir dung
vit liéu bao vé méi trwong 3Rs (vt liéu
tai ché, tai sir dung, toi giam lwgng ding
vat li¢u)

Xu huéng stir dung vat liéu bao vé moi
truong 3R, tap trung vao vat li¢u tai ché, tai
st dung va giam st dung vat liéu, dang c6 su
phat trién khi nganh xay dung tim kiém cac
bién phap bén vimg hon dé giam thiéu tac
dong dén moi truong.

Str dung vat liéu tai ché trong xay dung
lién quan dén viée tai sir dung cac vat liéu
phé thai nhu bé tong nghién, thuy tinh, nhya
va thép 1am cbt liéu hodc chit don trong hdn
hop bé tong. Bang cich giam nhu ciu vé
nguyén lidu tho, cac du an xdy dung c6 thé
giam dang ké lugng khi thai carbon va gop
phan bao ton tai nguyén.

Tai st dung doi hoi phai tan dung va
tai sit dung cac thanh phén hoac vét li¢u xay
dung hién c6 cho cac du an xay dung moi.
Cach l1am nay khong chi lam giam nhu cau
vé vat liéu méi ma con bao tdn nang lugng
va tai nguyén hién c6. Vi¢c tai su dung cac
vat liéu nhu dam g5, gach va dd dac bz"mg kim
loai c6 thé giup kéo dai tudi tho cua chung va
giam chat thai xay dung.

Giam st dung vat liéu lién quan dén
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viée t6i uu hoa quy trinh thiét ké va xay dung
dé giam thiéu luong vt liéu can thiét cho mot
du an. Piéu nay co thé dat duoc théng qua
cac phuong phap thiét ké hiéu qua, chang han
nhu st dung két cAu nhe, hé théng xay dung
mo-dun va cac ky thuat xdy dyng tién tién
nhu in 3D.

Viéc tich hogp cac nguyén tic 3R trong
xdy dung phtt hop véi cdc muyc tiéu phat trién
bén vitng va cic quy dinh v& méi truong,
thiic ddy nganh huéng toi cac hoat dong than
thién v6i méi trudng hon. Bang cach 4p dung
vat ligu tai ché, thuc ddy tai sir dung va giam
st dung vét li¢u, cac du an xay dung co thé
dat dugc nhitng loi ich dang ké vé bao ton tai
nguyén, giam chat thai va tinh bén ving.

2. TONG QUAN NGHIEN CUU

Cong nghé in 3D c6 thé giam thoi gian
san xudt va giam lang phi vat liéu xay dung
cho cac cong trinh. Viéc cap phdi bé tong in
3D st dung cac loai vat liéu “xanh” than
thién v6i moi truong nhu tro bay, cat nghién,
soi PP ciing gop phan giam luong dung cac
vat liéu truyén théng ma ngudn cung ngay
mot khan hiém va khé tai tao.

2.1. Tro bay

Tro bay 1a mét loai bt khoang c6 hoat
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tinh, c6 kha ning tac dung v&i san pham thiy
hoa xi mang ¢ diéu kién thudng, hodc ¢ diéu
kién nhiét do cao (gia cong nhiét am<100°C,
gia cong nhiét trong autoclave). Tro bay noéi
chung chi thé hién hoat tinh puzolanic, dugc
danh gia bang mirc d6 ngam canxi cua 1 gam
tro bay nghién min. N6i chung mirc d6 ngdm
canxi tinh bang mg/g cua tro bay phu thudc
vao do min va ban chat vat liéu cling nhu vao
nhiét d9 va thoi gian phan ung.

Tro bay nhi¢t dién thuong thudc loai it
kiém, chil yéu chira cac khoang thuéc nhom 2
va 3 trong thanh phan khoang, cac khoang nay
phan 16n ndm trong pha thily tinh vi vy ching
¢6 hoat tinh puzolanic cao. Ham luong pha thity
tinh trong tro bay thuong thap hon so véi trong
xi, thanh phan than chura chdy cao nén hoat tinh
cuta tro bay thuong kém hon so véi xi. Hoat tinh
cta tro bay con phu thuéc vao dd min, nhiét
d9,...vi vay cac so sanh ndi trén dugc duara &
diéu kién cting d6 min va nhiét do [3].

Tuy theo cong ngh¢ dbt ma lugng tro,
xi thai ra & cac nha may nhiét dién c6 khac
nhau. Biéu db thanh phan hat tro bay dugc
thé hién trong hinh 3.
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Hinh 3: Biéu d6 thanh phan hat tro bay
2.2. Cat nghién
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Cat nhan tao hay con dugc goi la cat
nghién 1a loai cat dugc nghién nho tir da tu
nhién, da thai khai mo hay bé tong thai sau qua
trinh pha d& cong trinh cii... Loai vt li€u nay
dang duoc rat nhiéu cac qubc gia trén thé gidi
sir dung dé thay thé cho nguyén lidu cat tu
nhién. Khong chi vay cat nhan tao dugc va
ding vi nhiéu tinh chét ndi troi ciia no. Cat co
hat tron va déu hon. Modul d& kiém soét va
diéu chinh hon dé pht hop véi yéu cau cip phdi
cua bé tong [3].

Hinh 4: Cdt nghién

Hinh 5: Ddy chuyén san xudt cat nghién

Cac loai bé tong nhu bé tong xi mang, bé
tong nhya, bé tong c6 mac cao, xi ming dam
lan...Bét cir loai d4 tu nhién nao c6 cudng do
t6t, n dinh déu c6 thé ding dé lam nén cat
nhan tao. Nguyén vt liéu dé 1am ra cat nhan
tao nhu: da voi, da granite, cat Két, da cudi, soi
ddi, soi séng, mi bui, mi sang, ...

Uu diém cua cat nhan tao chinh 14 kich
thuée dugc kiém soat d& dang dap tmg dugc
phan loai theo yéu cau cia tirmg cong trinh. V&i
tinh chit khong chira cac hop chét hiru co va
hop chét hoa tan giy anh hudéng dén tinh chit
ctia xi mang. Do d6 ¢6 thé duy tri dugc cuong
do can thiét cia bé tong.



2.3.S¢i PP

Soi Polypropylen (PP) thudong duoc
st dung trong hon hop bé tong vi kha
nang cai thién d§ déo dai va do bén cua
vat lidu. Khi n6i dén cong nghé in bé tong
3D, viéc két hop soi PP co thé mang lai
mot s6 1gi thé.

Soi PP dong vai trd 1a chat chong nut
trong bé tong, han ché su lan truyén cua cac
vét nirt va ting cudng d6 bén cua két ciu in.
Diéu nay dic biét c6 i trong cac thanh phan
in 3D c¢6 thé chiu tai trong hodc diéu kién moi

- Cudng do chiu kéo - 500 MPa

NG duh dan ot

76000 MPa

“Chidu dai

0.910kg/l

hoi hrong riéng

Hinh 6: Dac trung co ly soi PP

3.QUY TRINH IN CAU KIEN

3.1. Trinh ty in
Qua trinh bat diu voi mot md hinh 3D ciia miu
in dugc thiét ké tir cac phan mém chuyén dung
nhu SolidWork, Sketchup, v.v.. Tiép theo, phan
mém chia ludi va cét 16p Simplify3D duoc sir

N—
Mb hinh 3D Tép dinh dang .STL

Xuat dinh dang .G
code

truong khac nhau trong sudt thoi gian su
dung cua ching.

Soi PP giam thiéu tac dong cua hién
tuong co ngdt khi kho trong bé tong, giup
giam thiéu tng suat bén trong va bién dang
trong cac bd phéan in 3D. Didu nay c6 thé dan
dén cai thién do 6n dinh kich thudc va chat
luong tong thé cia cdu truc dugc in.Nhin
chung bang cach téi uu hda ham lugng sgi va
su phan bo trong hdn hop bé tong, ta cb thé
tan dung loi ich cua soi PP dé tao ra céac cong
trinh in 3D bén viing va bén ving.

Hinh 7: Soi PP

dung dé tao cac 16p mat cit ngang cia md hinh,
duoc xuat tép dinh dang G code va chuyén dén
may in 3D. May in 3D dugc van hanh bang phan
mém Mach3 dé in vét thé mAu bang cach in timg
16p. Hinh 8 minh hoa qué trinh nay dwoc trinh
bay ¢ trén [2].

/
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e M6 hinh in hoan
e

Hinh 8: Trinh ti in mau [4].

3.2. Thiét ké cdp phoi bé tong in 3D

Cac phuong phap thiét ké cap phoi vat
lidu in can d4p Gmg cac yéu ciu vé kha ning
in ¢6 lién quan chit ché dén may in va quy
trinh in twong Ung; do vay vira in 3D khac
v6i vita in thong thuong. Trong qué trinh
thiét ké cAp phdi do, kha nang dun va kha
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ning xay dung phai dugc xem xét dau tién
dé dam bao qua trinh in thanh cong. Pau tién
phai x4c dinh nguyén liéu tho gém xi ming
va cat ¢& dam bao yéu ciu vé kha nang dun
phu hop véi kich thudce voi phun cua may in
3D. Phu gia, tro bay, silica fume va cac soi
¢6 thé dugc cho thém vao dé dap tng cac

103



yéu cau vé kha ning xay dung, thoi gian
dong két, cuong do, do co ngdt [2].

Khi sy phat trién ctia vira 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. Dya trén cic két qua nghién ctru da
cong b, tac gia dé xuat hudng tiép can dé thiét
ké cap phdi cho vt ligu in theo hé sb ti 18.

Theo phuong phép tiép can hé sd ti 1¢,
cap phdi dugc thiét ké thong qua hé sb lién
quan giita cac thanh phan vét liéu ctia cap phdi.

“Thanh phan |

Hé s6 nay dugc duara dya trén kinh nghiém va
quan diém chu quan cua ngudi thiét ké dé tim
duoc cac hé s6 toi uu gitra bai toan vat lidu va
thiét bi in. Qua nhiéu thi nghiém in lap di, lap
lai, cac hé sb nay duoc diéu chinh va sao cho
dam bao viéc str dung cap phdi nay dé in dugc
mau dam bao cac diéu kién yéu cau. Trén cd so
ké thira do, tac gia da dua ra duoc qui trinh thiét
ké cép phdi v6i can trén va can dudi ti 18
cat/chat két dinh nhu 1an lwot 13 2,4 va 0,4. Qui
trinh dugc minh hoa trong hinh 9:

(xi mdng; o
bay; cat;
wece; phuy gial

Ty 1& thanh phan!

Cap phdi!
cua tic |
gia |

Lwogng cat
theo Zhang
-

ST
theo Junho

Kiém tra kha |
ning dun |

néng in

( Danh gid iha’

i

Thinghiém phéu V

Thi nghiém kiém tra kha nang |
XAV ding

Hinh 9: Quy trinh thiét ké cap phéi bé tong in.

4. NGHIEN CUU ANH HUONG CAC
VAT LIEU TOI MOT SO TiNH NANG CUA
BE TONG IN 3D

4.1. Anh huéng caa tro bay dén kha
ning dun cia bé tong in

Tro bay la san phdm phu cta qua trinh
dbt than trong cac nha méy dién va thudng
duogc st dung lam vat liéu két dinh bo sung
trong hon hop bé tong. Khi néi dén kha ning
ép dun cua bé tong in, viéc dua tro bay vao
c6 thé ¢6 cac anh hudng:

Cai thién kha nang lam vi¢c: Tro bay
dugc biét 1a cai thién kha nang lam viéc cua
hdn hop bé tong bﬁ‘mg cach hoat dong nhu mot
vat liéu don va giam nhu cu nudc. Didu nay
¢6 thé dan dén hdn hop bé tong két dinh va dé
chay hon, c6 thé nang cao kha nang ép dun cia
vat liéu trong qua trinh in 3D. Kha nang lam
viéc dugc cai thién do tro bay mang lai ¢ thé
gitp duy tri hinh dang va tinh nhat quan mong
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mudn cuia cic 16p in, mang lai cAu trac min hon
va dong déu hon.

Giam sy phan tang: Tro bay cé thé
gitip giam nguy co phén ting trong hdn hop
bé tong, noi cac cdt liéu ning hon ling xudng
phia dudi va cac vat li¢u nhe hon ndi lén trén.
Bing cach thiic day sy phan bd hat ddng déu
hon, tro bay c6 thé gop phan vao qua trinh ép
dun 6n dinh va nhit quan hon trong in 3D.
Diéu nay c6 thé gip ngan chin sy phan tach
16p va dam béo tinh toan ven cau triic ctia cac
phan tir dugc in.

Thoi gian dong két: Mot thach thire tiém
an khi st dung tro bay trong hdn hop bé tong
14 thoi gian dong két co thé kéo dai. Tro bay 1a
vat liéu pozzolanic phan tng cham véi canxi
hydroxit khi c6 hoi 4m, din dén qué trinh
hydrat héa bi tri hodn. Thoi gian dong két kéo
dai nay co6 thé anh huéng dén téc do dun va
hiéu qua in tong thé, vi hdn hop bé tong c6 thé



mét nhiéu thoi gian hon dé dong dic va hd tro
cac 16p in tiép theo.

Phat trién cuong d6: Mac du tro bay
c6 thé cai thién kha nang lam viéc va do
bén cua bé tong nhung n6 ciing ¢6 thé anh
huong dén sy phat trién cuong do ¢ giai

-

Hinh 10: Neét in ran nirt

4.2. Anh huéng ciia cat nghién t6i
kha ning duy tri hinh dang lop bé tong in

Viéc st dung cat nghién trong hdn hop
bé tong in 3D c6 thé tac dong dang ké dén
kha nang duy tri hinh dang cta cac 16p in.
Duéi ddy 1a mot s6 diém chinh cin xem xét
vé tac dong cua cat nghién dbi véi viee duy
tri hinh dang cia bé tong in 3D:

Phan b kich thudc hat: Sy phéan b
kich thudc hat cua cat nghién déng mot
vai tro quan trong trong kha nang lam viéc
va duy tri hinh dang ctia hén hop bé tong.
Cét nghién véi sy phan bo kich thudc hat
duoc phan loai tot c6 thé cai thién mat 4o
dong déu cua vat liéu, ting cudng sy gin
két va on dinh cua cac 16p in. Sy phan b
can bang giira cac hat min va tho trong cat
c6 thé gitp 14p day cac khoang trong va
cai thién sy lién két gifra cac hat, dan dén
kha ning giit hinh dang tot hon trong qué
trinh in.

K&t cAu bé miat: Két cAu bé mit cua cac
hat cat nghién c6 thé anh hudng dén cuong
do lién két giita cac 16p trong bé tong in 3D.
Cac hat tho va goc canh mang lai kha nang
16ng vao nhau va bam dinh t&t hon so véi cac
hat min va tron. Do nham bé mat cua cat
nghién c6 thé tang cuong lién két co hoc giita
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Hinh 11: Nét in ran mirt mot chut

doan dau cua vat liéu. Viéc ting cuong do
cham hon nay c6 thé anh huéng dén kha
ndng ép dun cua bé tong in, vi tinh toan
ven ciu trac va do on dinh cua céac 16p
phu thudc vao su hinh thanh lién két sém
gitta chung.

Hinh 12: Nét in khong ran nut

cac 10p lién ke, thuc day sy On dinh hinh dang
va giam nguy co tach 16p hodc bién dang
trong qua trinh in.

Kha nang lam viéc va kha nang
chay: Viéc str dung cat nghién c6 thé anh
huong dén kha nang lam viéc va kha ning
chdy ctia hon hop bé tong, tir &6 anh huong
dén qua trinh ép dun va duy tri hinh dang
trong in 3D. Cat nghién dugc phén loai
dung cach c6 thé cai thién tinh chat luu
bién cua hdn hop, cho phép vat liéu chay
va ling dong t6t hon trong qué trinh in.
Kha ning 1am viéc tdi vu dam béo riang céac
16p bé tong duy tri hinh dang va hinh dang
ciia chung ma khéng bi bién dang hoic sut
lin qué muec.

Do réng va d6 x6p: Su hién dién cua
do rong hodc d6 x6p qua muc trong cat
nghién c6 thé lam suy yéu cu tric cua cac
16p bé tong in va lam anh huéng dén kha
niang giir hinh dang cta ching. Cat nghién
dugc nén va phan loai ding cach sé giup
giam d6 réng va do xdp trong hdn hop,
ting cudng mat d6 va do bén cua cac 16p
in. Mitc d6 x6p thap hon gop phan cai
thién lién két giira cac 16p va do 6n dinh
hinh dang t6t hon trong céc phan tir bé
tong in 3D.

105



4.3. Anh huéng ciia sgi PP téi tinh
ddng nhit va giam co ngo6t ciia bé tong in

Soi Polypropylen (PP) c6 thé c6 tac
dong dang ké dén tinh ddng nhit va giam do
co ngdt cua bé tong in trong cong nghé in 3D.
Dud6i day 1a nhitng tac dung ctia sgi PP & cac
khia canh sau:

Tinh dong nhét: Sgi PP gitp cai thién
tinh dong nhat va nhit quan ctiia hon hop bé
tong trong qué trinh in. Khi thém vao hon
hop bé tong, cic soi s& phan tan khip vat
li¢u, tao ra su phan ) déng déu hon. Tinh
ddng nhat nay rat quan trong dé dam bao su
ling dong 16p nhit quan va tinh toan ven ciu
trac trong cac phan tir bé tong in 3D. Su hién
dién cua sgi PP co thé gitp ngan chan sy
phén tach va léng dong cua cbt liéu, tao ra
céu tric in ddng déu va 6n dinh hon.

Gidm co ngdt: Mot trong nhiing loi
ich chinh cua viéc stt dung sgi PP trong bé

Hinh 14: Nét in khong co tinh lién tuc
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> i,
Hinh 13: Méu dé do @é léch hinh hoc giita lép 1 va 16p 2

tong in 1a kha nang giam co ngot. Sy co ngdt
xdy ra trong bé tong khi né xir Iy va mét di
@ 4m, dan dén hinh thanh cac vét nut va
bién dang. S¢i PP hoat dong nhu chit gia )
bén trong gitip han ché ung suét do co ngot
gdy ra trong ma tran bé tong. Bang cach két
ndi cac vét nirt nho va han ché sy lan truyén
ctia vét nit, cac soi gop phan lam giam do
co ngbt tong thé cua bé tong in. Pidu nay
giup cai thién do on dinh kich thuée va do
bén cua céu tric in 3D.

Nhin chung, viéc két hop soi PP
trong hdn hop bé tong in c6 thé nang cao
tinh déng nhét caa vat liéu, dan dén két
qua in on dinh hon va cai thién hiéu suit
két cdu. Ngoai ra, dic tinh giam co ngot
cia soi PP gitp giam thiéu nguy co nirt
va bién dang, dam bao d6 on dinh lau
dai va chat lugng ciia cac ciu kién bé tong
in 3D.

Hinh 15: Nét in co tinh lién tuc



5. UNG DUNG THUC TIEN

5.1. Biéu trung Truong Pai hoc
Hai Phong

a. Y tuong thiét ké

Y twong thiét ké biéu trung “ I
DPHHP” dugc hinh thanh bat ngudn tir cac
muc tiéu hudng toi:

- D4u 4ntruong dai hoc hai phong
v6i cudc cach mang cong nghé 4.0

- Tao diém check-in quang ba tinh
yéu d6i v6i mai trudng.

b. Thiét ké phuong an

Hinh 16: Biéu trung Truong Pai hoc Hdi Phong - Phirong dn thiét ké.

_ Biéu trung duoc thiét ké véi kich thude:
Chi€u dai 7m, rong 0,65m va cao 1,2m.
¢. Qua trinh in
. Biéu trung dugc tién hanh in cac
phan nhu sau:
- Ip cac ky tu chit, hinh tai tim dugc
in véi dau in tron duong kinh 35mm. Do

cao mdi 16p in 1a 10mm, bé rong nét in dao
dong tir 45mm dén 50mm.

- Phan chan dé dugc chia thanh
cac phan doan dé in, sau d6 ghép lai
bang chat két dinh. Pau in tron dudng
kinh 35mm. Do cao mdi 16p in la
12mm, bé rong nét in dao dong tu
45mm dén 50mm.

Hinh 17: Céc phéan doan in cia chan dé
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d. Van chuyén, lip dung

Coéng tac van chuyén biéu trung
duoc thuc hién bang xe cau chuyén dung
nhu thé hién trong cac hinh anh hinh 18,

Hinh 18: Qud trinh vdn chuyén

e. San pham hoan thién
Biéu trung dugc thyc hién bdi nhém
“Nghién ctru phat trién két cau va cong nghé

- -

hinh 19. Céng tac lip dung va lién
két biéu trung c6 sit dung cot thép va
ramset chuyén dung trong lién két két cdu
x4y dung.

Hinh 19: Qud trinh ldp dung

xay dyng bén viing” va trao ting toi Trudng
Pai hoc Hai Phong vao dip ki niém ngay
truyén thong Truong Dai hoc Hai Phong
(Thang 4 nam 2023) [2].

ot} j ..'.‘__._‘ "'-T""_'_"‘E.{' i

Hinh 20: Biéu trung hoan thién sau ldp dyng (Truong Dai hoc Hai Phong - 171 Phan Dang Luu,
Kién An, Hai Phong)

5.2. Ban ghé ngoai thit tai Bénh vién
Tré em Hai Phong

a) Y tuong thiét ké

Thiét ké ddng bd, phi hop véi timg vi
tri, khong gian va cong nang dem lai nhitng
tién ich cho nguoi st dung va cam giac tuoi
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vui, lac quan cho cac em nho trong qua trinh
diéu tri tai bénh vién.

b) Thiét ké phwong an

Phuong an thiét ké duoc dua ra can
dap tng cac tiéu chi vé tham my, cong
ndng va biéu tuong. Phuong an thiét ké
dugc duyét nhu thé hién trong Hinh 21.



Hinh 23. Véan chuyén va ldp dung khuén vién dai thu

¢) Qua trinh in

Cong tac in dugc thuc hién theo cac
phén theo phuong an thict ké. Qui trinh in
dugc dam bao theo cac budc da trinh bay. St
dung dau in trong duong kinh 18 mm. B¢ cao

mdi 16p in 12 10mm, bé rong nét in dao dong
tr 20mm dén 22mm.

Khuén vién cdy dai thu dugc tién
hanh in cac phan gom ghé, ban va logo
thé hién

Hinh 22. In ghé, chdan ban va mdt logo

d) Van chuyén va lap dung

Cong tac van chuyén va lap dung cac san pham in bé tong tai Bénh vién tré em Hai

Hinh 23

phong duoc thé hién tro

Hinh 22. In ghé. chdan ban va mat logo
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e) San pham hoan thién

Thoi gian van chuyén va lip dung cac
san phém duoc thuc hién sau vai gio déng
hd, cac san phém hoan thién dem lai mét dién
mao twoi moi cho cac khong gian diy sirc

séng trong Bénh vién tré em Hai Phong
(Hinh 24) [2]. San pham do nhém “Nghién
ctru phat trién két ciu va cong nghé xay dung
bén vitng” truong Pai hoc Hai Phong thuc
hién va ban giao thang 5/2023

Hinh 24. Khuén’ vién dai thu hoan thién )
( Bénh vién Tré em Hdi Phong - Pho Viét Puvc - Lam Ha - Kién An - Hdi Phong)

6. KET LUAN

Trén co s& cac ndi dung nghién ctru
duoc trinh bay trong bai viét, mot s két luan
duoc dua ra nhu sau:

(1)Anh huéng cua tro bay dén kha
ning ép dun cua bé tong in 13 rat nhiéu mat
va phu thudc vao nhiéu yéu té khac nhau nhu
thiét ké hon hop, diéu kién bao dudng va
thong s6 in.

(2)Viéc lya chon va st dung cat
nghién trong hdn hop bé tong in 3D co thé
tac dong déng ké dén kha nang duy tri hinh
dang cua céac 16p in.

(3) Soi PP trong hdn hop bé tong in ¢ thé
nang cao tinh dong nhét cua vét liéu, dan dén két
qué in 6n dinh hon va cai thién hiéu suét in.
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