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TOM TAT: 

Bii bio niy trinh bay cac kit qua nghiin olu vl edng nghe in be 

tdng bao gdm quy trinh cdng nghe in, vit lifu be tdng in cd cac 

d|c tfnh vl khi nang bom. in, tao hinh va dim bio thdi gian chd 

rin chie. Mpt sd san pham ket ciu be tdng in da difcfe hoan 

thinh bao gdm m^t biitc tUdng di hinh cd kinh thifdc 

dii/r^ng/cao = 2/0,9/0,8 m, nang khoing 1 tin, cd cot thip eing 

sau de khing djnh cong ngh^ in bl tdng la hoin loan khi thi de 

ip dyng che tgo eac san phim bl tdng cd ldn. Cdng ngh§ in be 

tdng cd thl chl tao cac cau kî n cd hinh dang bat ky va khdng 

cin vdn khudn nhif cac cong nghf che t̂ o bf tdng truyen thdng, 

se tao ra btidc dOt phi ldn trong nginh xay dUng. Vi viy, cdng 

nghf in bl tdng cd thl xem nhif li m$t dgi difn cua nginh xiy 

dî ng trong each mgng cdng nghifp Ian thif ttf. 

Tii khda: cdng ngh$, be tdng in. bUc tUdng di Mnh. 

ABSTRACT: 

This paper presents overall research results about a concrete 

printing technology that comprises technology process, printing 

concrete material. The material has main characteristics 

including pumpability, printability, buildabihty and open time. 

A number of concrete components have been printed. One of 

the components is an abnormal-shape wall that has dimensions 

of length/width/height = 2/0.9/0.8 m, weight of approximately 1 

tonne and post-lensioned steel reinforcement. This is to confirm 

that the concrete printing technology is completely feasible to 

manufacture lai^e-size concrete structures. Concrete printing 

technology can manufecture freeform components and no-need 

of formwork as traditional methodology of concrete 

manufacture, so it probably creates a big change in construction 

industry. Therefore, the concrete printing technology can be 

considered as one of representatives of construction field in 

fourth industrial revolution. 
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TS. L£ Trung Thiinh 
Bp Xay dytig 

Le Trung Thanh 

1. Cach mang cdng nghifp l in thtJ tu - cu&c viin trinh ciia con 
ngiiiH vao ky nguydn mifi cis khoa hgc v i cdng nghi 

Tdi uu hoa cflc lgi ich trong hoat dgng sfln xuflt lufin Ifl dfing lyc thiic 
day phflt Iriln cua xa hgi con ngUcti. Cflc cufic cflch mang edng nghifp da 
tao ra ciia cfli, vflt chflt hon nhilu ifln cho con ngUM so vdi trudc dd vfl 
ddng then" cung da tflc dgng, Iflm thay doi Idm din chlnh tri, kinh t l , vin 
hda, xa hoi cua thl gidi. 

Cflch mang cfing nghifp ian thC nhflt diln ra vio khoflng nifa cudi 
the ky XVIII, sit dung nang luong nUdc vfl hoi nudedl eogidi hoa sfln xuat, 
dinh dflu bflng phflt minh ra dfing co hoi nUdc ciia James Watt d Anh, roi 
lan rong ra chiu Au v i My Cflch mang efing nghifp Ifln thir nhat da djch 
chuyin efle hoat dgng sin xuit cOa con ngudi tif lao dfing chin tay, quy 
mo nhfi keo dfli qua nhllu thl kjf, sang phuong thiJc siJ dyng mfly mdc, 
quy md cfing nghifp 11-3). 

Cich mang cdng nghifp Ifln thil hai bit dflu vflo nhCmg nflm 1850 kit 
thuc khoing nam 1914 khI bit diu Chiln tranh the gidi thit hai. Cach 
mang cfing nghifp lin thi) hai sit dyng nflng lugng difn d l tao n6n nin 
sfln xuflt quy mfi ldn, da thiic dfly mgnh me sy phflt triln ciia ngflnh difn, 
vfln tfli, hfia hgc, sfln xuit th^p [1-3]. 

Cflch mang Cfing nghifp Ifln thil tia bit dflu khoing nflm 1969 vfl kit 
thi)e nflm 1997 khi cudc khung hoflng tfli chFnh chiu A nfi ra, su dung 
difn tif vfl cfing nghf thfing tin d l ty dfing hda sfln xuflt. Cach mang Cfing 
nghifp Ifln thOrba diln ra nhanh chdng khi cfi cflc tiln hp v l ha tflng difn 
td, mfly tinh vfl sfi hoi vl nfi duge xOc tflc t]di sy phflt triln ciia chflt bfln 
dfln, siSu mfly Ilnh (thflp nifin 1960), mfly tlnh cfl nhfln (thflp niin 1970 vfl 
1980) v i Internet (thflp nifn 1990). So vdi cflc cudc cflch mang cdng 
nghifp Ifln thdnhit v i thdhai trUdc diy chl thay th l mfit phin chdc ning 
lao dfing chin tay cua con nguifi bing mfly mfic eO khi, hoflc ty dfing hfia 
mfit phfln thi cich mang cfing nghifp lin thd ba di thay th l phfln Idn 
chdc nflng lao dfing ciia con ngudi bao gfim cfl chin tay vfl tri fie [1 -3] 

Cich mang Cfing nghifp Ifln thd tU bit dflu vflo dflu thl kl XXI, dugc 
hinh thinh trgn nin ting eua cflch mang cfing nghifp lin thd ba, l i cufic 
each mang sfi, dfle trUng bdl Internet ngfly cing phd biln vi di dfing, bdl 
cae cim biln nhfi v i manh hon vdi gifl thflnh r l hon vfl tri tud nhfln tao 
Cflch mang cfing nghifp Ifln thd tu phflt triln manh mf efle cfing nghfe 
mifi nhu in 3D, nguoi mfly, tri tuf nhin tao, kit noi Internet v^n vflt, cfing 
nghf nano, smh hgc, vflt lifu mdi... Trong eufie cflch mang niy, cflc thflnh 
tyu vfl dng dyng ciia khoa hpc vfl efing nghf dugc khulch tfln nhanh han 
vfl rgng hem so vdi cflc cufic eich m^ng cfing nghifp trude day. Hifin tai 
ca the gioi dang d trong giai doan dflu ciia cufic cflch mang niy vfl dfly 
duoc coi l i chiln luge bfln II cho cflc nude dang phflt tnen tien din d l 
theo kip vdi xu hudng th l gidi vi md ra budc ngoflt mdi cho sy phit triln 
ciia con ngUdl [1-3]. 

2. Cfing nghf in be tong - cudc cich mang cdng nghiip l in thd tu 
v l cfing nghf xiy dUng 

Trong nhdng nflm cudi the ky XX vfl dflu thl ky XXI, phflt tnln kinh t l 
xi hfii trong thyc tien da gia tflng flp luc vi thuc day nginh xfly dyng theo 
hudng ty dfing hfia, dfi Ifl: cfln phii giflm nhin lyc, giflm thdi gian xfly 
dyng tren cfing trudng d l trflnh efle rui ro v l mSt an toin lao dgng, giflm 
chi phi sfln xuflt vfl tflng tinh ty do trong sing tflc thiet k l kiln triie, my 
thuit Mfit sfi efing nghf xfly dung ty d^ng hfia da bflt dflu thflm nhflp 
vao thi tnrdng. cfi thl k l din l i ty ddng hfia xay gach [41, be tfing phun 



bfln [5], c ic cdng n g h i due s in 16], cfing nghe robot due tao khuon de 
c h l tao cflc t i m panel Win Uuc mflt ngo i i cfing trinh xay dUng Ul Sy 
phflt t r i l n cua cfing nghf mfi hinh thfing t in xfly dyng BIM 18] khong nghi 
ngd se gia t i n g vific sd dung thfing tm so vfl flp dung quy trinh sfln xuat 
tu dfing hfia trong nganh xay dung ngay cang manh me. 

Cfing nghe in bfi tong v l co b i n dugc phflt t n l n tren cosdcdng nghe 
sfln xu i t eie vflt t h l t d dCt l i fu mo hinh 3 chieu (3D) ( th i l t k l bflng c ic 
p h i n m i m mfly tinh phfln tich), Quy trinh cdng nghf in b f tf ing bao gom 
mfit sfi budc CO b i n : Th i l t k l c3u k i fn 3D, chia thflnh cflc ldp, mfl hfia vj 
tri chuy in dfing cua dflu mfly in 6i phun v i t l i fu be tf ing (d io nhdt) ra 
l i fn tyc; Chuin bj v i t l i fu be tf ing in cfi dg d fo , nhdt phi i hgp vdi flp lyc 
phun vflt l i fu ra khfii dSu mfly In v i tfie do di chuy in dflu mfly in, vfl D i l u 
kh i in mfly in t y dfing d l ehuyin dfing dau m i y in v i phun vflt l i fu be 
tf ing ra kjp thdi, i i*n tuc, chinh xflc tai cflc v| tr i hinh thflnh len vat t h l . 

Trong efing nghf in b l tf ing, cau k i fn duoc hinh thflnh theo cflc ldp 
vflt l i fu in ra td m i y In tudf ing, cflc Idp vflt l i fu n i y lien k i t vdi nhau theo 
ch i lu thflng ddng. Vflt liflu dugc phun/in ra tiftig Idp mfi t vfl xong Idp 
dudi thl mdi d i n Idp t r i n . Ldp v i t l i fu tren lien k i t vdi ldp vflt lieu dutit 
bflng Mn k i t co ly hfia chflt ch& tiiy thugc v i o df i nhdt / do d f o cua vflt 
l i fu sd dung [9), xem Hinh 1. Cdng nghf c h l tao in 3D dfle b i f t h i fu qufl 
v l chi phi ddi vdi cflc sfln p h i m c h l t^o cfi y f u cflu cao v l ky thuflt v i 
t h i m my. 

Hinh 2. Cic bD phan thinti tin may in be long 
Trong ng inh xfly dyng, efle sfln p h i m b f tf ing n h u k l t eau tudng, sfln, 

tf lm ch in n ing , trang tr i bi mflt cfing trinh, ... thudng cd kich thude 
khfing h o i n t o i n g i i ng nhau vl vfly cfing nghf c h l tao t ruy in thdng la 
Iflm khufin, v i n khufin vfl sau dfi thi dfi t>f tf ing tuoi v i o , dai d i n luc b l 
tf ing dfing rfln vfl dat cudng df i chju luc t h i l t k l thi mdi duoc thflo khufin 
ra.Thi l t k l vfl c h l tao c ie c i u k i fn bfi tf ing diic s in dfing loat, gidng nhau 
cOng d i dugc t r i l n khai d l n ing eao chflt luyng cflu k i ln v i giflm chl phi 
thl cfing cfing trinh. Tuy nhifin, cflc cflu k i fn giong nhau, lflp di lflp lai, Iflm 
cho k i ln tnJc cfing trinh t rd I fn dcfn d i fu . 

Cfing nghf in bi tf ing sfi khflc phuc duoe cflc han c h l v l phuong 
phflp c h l tao cflu k i fn b& tf ing cua ngflnh xfly dyng t ruy in t h i n g , nd se 
tao dieu ki fn d l c ic cflu kien. thflm chf Ifl cflc ngfii nhfl cfi hinh dang kien 
tnic khflc nhau se duoc tao ra vi mfly in cfi t h l in bat cd hinh dang nao 
cOa cflu kien m i l n l i v i t l i fu b l tf ing dtmg d l in cfi c ic tinh chflt co ly phi i 
hgp. Til dd, cflc y tudng th i l t k l eua efle kifin tnie su se ngfly cflng dugc 

HlntiB Ouydaochuyfna&ngciia 
iIJuniJymbel6ngkhicli£t^o 

t y do, m d rgng khdng gian s f l n g j ^ 
khfing q u i bj ban c h l ^ h ^ 
phuong phflp xfly dyng , c h l taodu 
k i f n t r u y i n th f ing. Oong thdi„c4c 
loi Ich mfl cdng ngh f In b l tfing 
dem lai cdn l i khfl nflng t i l t kjte 
thdi gian v i vflt l i i u c h l tao do'tf i 
cfi rflt ft vflt l i f u thira (vi mdy In di 
in dung c i u k i fn da t h i l t k l v i tfâ  
tieh vflt l i f u sd dyng da dugc Hi* 
t o i n e i n thf ln trUdc khi In). Die bi$( 
Ifl cf ing ngh f in bd tdng sf loai bd 
dugc khufin vfl v i n khufin trong 
qufl tr inh ehe tao. Tuy nh i fn , cfing 
n g h i in bfi tdng nhin ehung cM 
p h i i doi mat vdi cflc t h i ch tttik% 
tdc do in, d f i chinh x ic , ch i t luring 
cflc v i t l i f u sd dyng, mdc dfi hoin 
t h i f n b l mat k i t cflu. 

3 . K i t q u i nghi f in cifu v i c ing 
n g h f in b&tfing 

Trong nghifin cdu nfly, m6l 
-mfly in b l t f ing" d i duoc th i l t klvi 
lflp dat cd kich thUdc dii/rfing/cao 

= 5,4m/4,4m/5,4m d l cfi t h l in cflc c i u k i fn b f t f ing kieh thudc ldn. ^ 
bfi p h i n chinh cCa mfly in b l t f ing, Hinh 2, bao gf im: th i ing chda v$f n|l 
be tfing, dng t ruy in d i n vflt l i f u , bom hii t - d i y b f t f ing, dng dSn b l ting 
tdi dflu in vfl d i u in be tf ing (cic loai cd dUdng kinh khflc nhau tpng 
k h o f l n g 6 - 2 2 m m ) . 

3.1 Chudn bl da Uiu cho mdy In 
Cflu k i fn dU(?c t h i l t k l d dang mfi hinh 3D, sau dd dudc cflt thflnhcic 

Idp vdi df i day phi i hdp (Idp cflng d i y thi In cflng nhanh nhung v f l t l ^ 
bfi t f ing phfli dO chfle d l khflng bj b i l n hinh khi mdi in ra). T i l p theo'i|i 
quy dao dudng dl chuy in dflu in duoc phfln m i m mfly t inh phfln tlch«i 
tao ra mfi t cflch tfil Uu sao cho thdi gian In h i t mdi lop vflt l i fu l i ft nhit, 
khfing bj roi v i i vflt l i fu thda khi d f ing /md d i u in khi di chuy in qua dt 
vj tr i khfing iifin tye. Hinh 3 cho thfly mgt vf dy v l quj^ d?o di chuyin fliu 
in bi t f ing c h l tao mfit ldp cOa cflu k i fn . 

3J Chudn bf vdt Ufu bi tdng In ' 
Vflt l i fu bfi t f ing in da duoc t h i l t k l thanh phfln bao g f im xl ming,;$di 

l i fu , nudc, phy gia d i l u chlnh thdi gian rfln chflc, syi p o l y p r o p y l e i ^ 
d i p Ong d i y du c ic t i l u ehi co ly sau [9]: 

1 .Khd nang bamduoc - hon hyp b l tong phfli chuy in ddng dupc* 
dflng qua h i thfing t r u y l n - d i n 

2. Khd nang In dugc-hbn hgp be tdng cd t h l chui d l d i n g qua d iu in 
3.Khd ndng tgo hinh difgc- h i n hgp b f t f ing sau khi phun ra khfild&i 

in phfli du khfl nflng chju duoc trgng luong eua efle ldp in t i l p theodf Wn 
m i khfing bj b i l n hinh ho ic syp dd . 

4. Thdi gian chd rfln chflc - khoing thtf gian dflm bflo cho d$ dfo, nhft 
ciia hfin hgp bfi tfing dn dmh d l duy tri tdc dfi dfing ch iy h i n hyp bfi tfiflf 
khfing thay ddi vfl ehfing t i c ngfin trong efle ong tmy ln -d i n vfl d i u in. 

Thfim vflo dfi, cudng df i chju kfio dinh, chju ndn vfl chju udn cao cungH 
cie tieu chl c i n dat dugc ddi vdi vflt l i fu b f tdng in do c i u tnic cua sfln phi ' 
k i t cflu in ra thudng cfi l i r i n g gida eic dfing vflt l i fu b l tdng In dflndjr 
cufmg dd ciia k i t cflu thflp hon so vdi k i t cflu cd eiing kich thudc dUdcra 
tao b ing phuong phflp dd khufin t ruy in thfing [10]. 

eo sd cfln ph i i thfia man cflc t i l u chi v l tinh chflt co ly khi d trang ^ 
dto/nhdt v i trang thfli rfln chic, mfit v i t lifiu bi tf ing in dfl dUi?c t h i l t kli* 
thd nghifimvdA thflnh phan cflp phdi tdi uuctKi t h l tich 1 mSdatdU^c l^ 
sau: 1244 kg cflt, 581 kg xl mflng, 166 kg tro bay. 83 kg silica fi ime, 2 1 ^ 
nudc 8,4 kg phu gia sUu d f o { 1 % khfii lugng chi t k i t dinh), 4,2 kg phy^ 
ch im dfing rfln (0,5% khdi lugng chflt k i t dinh) v i 1,2 kg s"i oolypropyla 



vdi dudng kinh / ch i lu dfli sgi = 12 / 0,18 mm. Khoi lugng the tfch cua be tong 

m khi r i n chic khoflng 2300 kg/m3. Cudng do chju nen 28 ngay tudi eiia mau 

bfi tfing khi do khudn dat 100 -110 MPa. Cddng do chju nen 28 ngay tuoi eua 

mau t ) l long kh» in ra dat 80 - 88 MPa. Nhy viy, cucmg do cua mau be tfing 

in dfl t>i suy g i i m ktwflng 20% so vdi cudng dfi cOa mau be tfing doi chdng 

(ch l tao b^ng each do khudn tiinh thudng). 

3.3 Vdn diuyin vd In cdu idin 

Vflt Tifu bfi tong in diMe trgn ky t d may &6n tie tong va ehuyen tdi thiing 

hda, t i l p tue hon hyp t ) l tdng in dugc tnjyen d i n d i n bom ch in khdfKi va bom 

se Iflm nhiem vu hut-day hfin hop be tfing in d i n dau in CO ducmg kinh khoang 

6 - 22 mm (tuy thudc v io th i l t k l in s in pham vdi dfi day ldp v i t l ifu khae nhau). 

Hon hpp v i t lidu be tdng duoc in / phun ra khdi dau in ed hinh dang nhucac sgl 

Cflc sd t e tdng tuoi nay se hen k i t vdi nhau theo chi lu ngang trfin ciing mdt 

idp v i lien k i t vdi nhau theo chi lu dung ddi vdi cflc k!p k l t i l p nhau. 

4. Mg t 50 s i n pham be t f ing in 3D 

Mfi t sd mau cau kien be tfing In da duoc thd ngh i fm t ddon gifln den 

phdc tap d l khflo sflt khfl n i n g tao hinh dgc dflo ma khdng the che tao 

theo phuong phflp ghfip vfln khufin thong thudng. Kmh 4 t h l h i fn mgt 

sfln phSm gh l -g iudng nflm, t d t h i l t k l 3D (Hinh 4.a) cho d i n s i n pham 

d i in ra t d mfly in (hfinh 4.b). 

b/6"t-. ' '"•'.• . Cih uil Ihep duof <ang iau 
HInhb Bu.iuOTigdihinti 

"nip theo dd, d l trinh d i l n ktifl n ing cua m iy in bfi tfing nfly, mfit vflt the 

k i t c i u cd hinh dflng k i ln tn ic / my thuflt nhu mdt bdc tudng dj hinh da duoc 

th i l t k i d l in ra. C iu kif n n iy ed kfch thudc chi lu dfli 2 m, d i i l u rfing 0.9 m vfl 

ch i lu cao 0,8 m, {Hinh fib). Tror>g lugng cua cflu kifin khoflng 1 t i n . Cau kien 

d i i i ^ tao hinh t>flng 130 Idp vdi d f dfly m i l ldp he tfit>g Ifl 6 mm. Thdi gian in 

trung binh mgt kip be tfing h i t 20 phOt (Kmh 6a). 

Biit tudng di hinh n iy cd b l m i t mfit tifin vdri r i t nhl lu g i i t cap, bi mat 

cdn lai thl tron vdi 1 d n ngfii dinh lUn d l t h l h i fn do ph in gifli, dong d i u 

cOa vflt l i fu bi tdng in ra. Bdc hJfimg cdn dutfc Ihiet ke bao gfim 12 ho trdng 

thflng ddng d l giflm vflt l i fu sddyng, dfing t h d cdn t t ) l hifin chdc n ing cfldi 

i m , cflch rdiiet Cac hfi trdng cd cac kinh thude v i hinh dflng hofln toan ktiflc 

nhau de fte hien sU uu vi f t a ia cdng nghf in be tdng so vdi cdng nghe do I J I 

tfing tao hinh truyen ttidng, 

Ket cau bde tudng ci ing t h l h i f n kha n i n g sd dung cdt thep dfi i vert 

efing nghe in be tdng.Tdng cgng ed 23 l i rdng chd cdt thep d i dUOc t h i l t 

k l de tao khe cho cdt thep cflng sau. Sau khi luon cot thfip vao cflng tao 

dng a ia t xcmg, vija khdng eo da duoc bom day p h i n trdng cdn lai t rong 

cac ho chd (Hinh 6c). 

S. Ket luin 
Cdng nghe in b l t f ing la mfi t khai nifim eon mcrt, da duoc hien thuc 

hfia bflng sy k i t noi eua edng nghe thdng t in, so hoa v i cdng ngh f t h i l t 

ke n h i m dap dng nhu eau t inh xflo, tf i l Uu hda loi Ich trong hoat df ing s i n 

xuat, ehe tao cau k i ln be tdng cua eon ngUdi. Bay Ifl loai edng ngh f duoc 

xem la mdt trong nhOng dai difin cOa nganh xfly dyng trong cudc cflch 

mang cfing nghiep l i n thd tU. Nghifin edu nfly cfi n h i l u trien vgng d l m d 

ra mgt phuong phap cat t i l n dot bien ve phuong phap c h l tao cae c i u 

k i fn bfi tdng sau hflng nghln nflm t ruy in thong ngflnh xfly dyng vfln sd 

dyng phuong phap che tao / due eau k i fn be tf ing bflng c i ch do b l tdng 

vflo khufin ho ic g h f p vfln khufin. 

Cdng nghe in bfi tdng da t h l h i f n khfl nflng ed t h l thue d i y t u do 

s ing t i e trong thiet k l , dd chinh xac khi s in xu i t cac k i t c i u cd cflc i i 

rong chdc nflng vdi hinh d i n g , kich thUdc bat k^, khong giong nhau, 

ddng thdi loai bd cfing vi fc nang nhgc ghfip vfln khufin t rong thi cfing 

c h l tao eie eau k i fn bfi tdng. D i y la nhdng quy trinh c h l tao cau kifin b l 

t f ing cdt thep mfl khfing the thyc h i f n duoe vdi phuong phflp due be 

tfing cfit thep truyen thdng, 

Vflt l i fu be tfing in rat quan trgng ddi vdi tUOng lai phflt t r i l n loai 

cfing nghfi nay. Cflc tinh ch i t co ly ciia bfi t f ing in khi d trang thfli 

d fo /nhdt va trang thfli rfln chflc can phfli thfia mfln efle y f u cflu phdc tap 

nhu Ifl khfl n ing t>om, k h i n i n g in, k h i nang tao hinh, thdi gian chd rfln 

chic v i cd cUdng do cao. 

Toe dg eiia bam va chuyen dfing ciia mfly in, kfch thudc d i u in v i c ic 

d i e tinh cua vat lifiu cd mdi quan h f tUong tflc chflt che vdi nhau, q u y l t 

dinh kieh thude, hinh dang va df i dfing nhflt ciia soi b l tdng in ra. 

Cflc k i t cau be tdng c h l t^o bflng cdng nghf In nay hofln toan cd the 

duoc tflng cudng khfl nang chiu lUc bSng v l fc gia cudng cfit thf ip e ing 

sau nhu t h d nghiem trong nghifin cdu nfly, 

Ldi c i m on 

Cflc k i t qufl nghien edu va thd nghi fm v l efing nghfi in be tf ing da duge 

tflc gifl thuc hien tai Dai hgc tdng hop Loughborough, VuOng quoc Anh cting 

vdi eac nhfl nghien cdu Richard Busweil, Simon Austin, Sungwoo Um, John 

Webster, Alistair Gibb vfl Tony Thorpe. Tflc gifl chfln thflnh cflm on c i c dfing 

nghiep n g h i ^ edu da gdp y va trao doi hdu ich v l cflc k i t qufl thd nghi fm 

cdng nghf in b l tdng.Tac gifl dfing thdi cflm On sy hfi t r o v l nguyen vflt l i fu. 

nrm hinh thiet k l eua cflc cdng ty BASF, BPB pic, Buro Happold, Foster and 

Partners, Putzmeister UK, Shotcr ete v i Wetier. 
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