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TO KHOA TOM TAT
In 3D bé tong Bé tong in 3D 1a mét cong nghé hoan toan méi, n6 dwge phat trién nhanh chéng thanh mét ky thuat dugce
DY chay xoe st dung mang nhidu loi it trong nganh x4y dyng. Nhung bén canh dé, céng nghé bé téng in 3D vin ton tai

Cudng do chiu nén
Cuong d6 bam dinh
Cudng d6 kéo ditt thit bam dinh nén
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mot vai han ché. Trong d6, sut lién két bam dinh gitta hai 16p bé téng 3D duge coi 1a diém yéu nhét, nguyén
nhén chit yéu do bé miit tiép xdc giita hai 16p bé téng in bi khé va xuét hién 15 réng trén bé mit 16p in bé
tong, 1am anh huéng dén tinh chét co hoc. Bai bdo nay trinh bay nghién cttu nhim dwa ra mét giai phap cai
thién bam dinh gifta cdc 16p bé tong in 3D bing cach sit dung bon loai hd xi ming tao thanh mét 16p trung
gian giita cac 16p bé tong 1am ting cudng d6 bam dinh va giam thidu 16 rdng. Cac dic trung vé& do chay,
cwong doé chiu nén, cudng do kéo dit thi bam dinh nén cling dugc do d8 khao sat phan tich sy tvong quan
dén cuong d6 bam dinh gitta cac 16p bé téng dé hiéu sau v& co ché bam dinh. Két qua cho thiy, miu st
dung phu gia Sikament R7N cho két qua cuong d6 bam dinh giita cic 16p bé tong cao nhét. Ngugc lai miu
st dung phu gia Sika Latex TH cho két qua thip hon mau déi ching.

ABSTRACT

3D concrete printing
Flow

Compressive strength
Bond strength

Pull-off adhesion strength

3D printed concrete is a completely new technology, it was developed rapidly into a technique used to benefit
in the construction industry. But besides that, 3D concrete printing technology still has some limitations. In
which, interlayer bond of 3D printed concrete is considered the weakest point, the main cause is due to the dry
contact surface and the appearance of voids on the interlayer surface affecting the mechanical properties. This
paper presents an investigation that offers a solution to improve interlayer bond of 3D printed concrete by using
four various cement pastes forming bond interface for the 3D printed layer to increase bond strength and
minimize voids. The characteristics of flow, compressive strength, pull - off adhesion strength also measured to
investigate and analyze the correlation of interlayer bond strength of 3D printed concrete to understand the
adhesion mechanism. The results show that the samples using Sikament R7N additives has the highest interlayer

bond strength. In contrast to the samples using Sika Latex TH had lower results than the control sample.

1. Gii thiéu

16p bé téng in 3D [4]. Qu4 trinh hydrat héa dién ra tai bé mit giita cic
16p bé téng in 3D lam gidm d6 bam dinh do khéng di nuwéc dan dén bé

Trong nhitng nam gin d4y, nhu ciu phét trién ngay cang ting &
Viét Nam. Trong d6 lwong khi thai carbon va viéc lang phi nguyén vat
liéu trong x4y dyng dang gia ting 14 mot nhitng mdi quan tam 16n cho
xa hoi. Khong gidéng nhu nhitng nganh céng nghiép khéc, nganh cong
nghiép xiy dung dang thiéu sy cai tién v& cong nghé. Viéc sit dung van
khuén gay tén kém v chi phi, doi héi vé mot lvgng thoi gian lip dit,
nhén c6ng va vat liéu [1]. Dé khic phuc vAn d@ trén, bé téng in 3D 1a
mot giai phap xdy dung cc két cdu phiic tap c6 d6 chinh xac cao ma
khéng can dén van khuén 1am giam chi phi xdy dung va ting tc d6 xay
dung [2]. Tuy nhién, bé tong in 3D phai dbi mit v&i mot trong van dé
16n 6 1a sy thiéu lién két bam dinh gitta cac 16p bé tong [3].

Bé miit ctia bé tong in 3D sau khi in 1a khu vuc thuong xuét hién
vét ran nitt digc xem 1 diém yéu chinh cta lién két bam dinh gitta cac

*Lién hé tac gia: tvmien@hcmut.edu.vn
Nhanngay 01/10/2021, siia xong ngay 21,/10/2021, chap nhan dang 04/11/2021

miit bi khé [5]. Sy bay hoi 4m lam khé bé miit 13 yéu t6 1am anh hwong
dén cwong d6 bam dinh gita hai 16p in [3]. Anh hudng clia thoi gian tri
hodn ctia 16p in bé tong cang dai sé tao ra céc 16 réng va khoang tréng &
bé mit lién két, do hdén hop bé téng in phan ting hydrat héa lam giam
d6 &m c6 trén bé mit ctia céc 16p in [6]. Ngodi ra, tbe do in va ty 1é cAu
tréic ciing anh hidng dén cuong d6 bam dinh giita cac 16p bé tong [5, 71.
Su lién két bam dinh giita cic 16p bé tong khi khong c6 bién phép ting
cuong dugce xem 1a “ gét chan Achilles” ctia bé téng in 3D [8].

Theo ly thuyét lién két bam dinh ctia vét liéu dwgc phan loai gdm
co hoc va héa hoc. Trong trwdng hop bé téng, lién két co hoc dién ra
khi 16p phtt xAm nhap vao bé mit ctia 16p nén. Qué trinh hydrat héa
ctia xi ming trén bé mit 16p nén 13 lién két héa hoc. Cai thién bam dinh

giita hai 16p bé téng biing cach sit dung 16p chit két dinh dé tao lién
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két giita 16p bé tong cii va 16p bé téng mdi tao thanh mau ba 16p [9].
E.Hosseini va cong sv [10] da diing mét loai polymer dé ting cuwdng d6
bam dinh gitta hai 16p bé téng. T.Marchment va céng sw [11] da s@
dung hd xi ming quét 1én giita hai 16p bé tong in 3D dé cai thién citding
dd bam dinh. Cac nghién ctu cai thién bam dinh giita cic 16p bé tong
bing cich st dung mot 16p trung gian 1am chét lién két cho thdy sy
hiéu qua. Nhung véi ty 16 N/XM thép cta 16p trung gian sé cho tinh
cong tac thip khi quét 1én bé mit 16p bé téng 3D duwgc in nhiéu 16p din
dén kha ning chidu day 16p bé tong bi bién dang va c6 kha ning sup db
mAu in bé tong.

Dva vao cac co s trén, trong bai bdo nay sé khao sat st dung
hé xi ming 1am 16p trung gian giita cdc 16p bé tong 6 tinh cong tic
phit hop dé cho cac 16p bé tong 3D in duge nhidu 16p khong bi bién
dang va sup d8. Cac tinh chét d6 chay, cudng dé chiu nén, cwdng do
kéo dit thit bam dinh nén ciing duge do dé khao sat phén tich sy
twong quan dén cudng d6 bam dinh gitta cac 16p bé téng dé hidu sau

vé co ché bam dinh.

2. Vat liéu va phuong phép thi nghiém
2.1 Vit liéu thi nghiém
2.1.1. Cdp phdi bé tong in 3D

Thanh phan chét két dinh duoc st dung trong bé téng in 3D gdm c6:
xi ming Nghi Son PC40 (XM), bot d4 véi MTM 100 ctia céng ty C6 Phin
Khoang san Mién Trung (LS) va metacaolanh DG 80 xut xit Trung Qudc
(MK) véi khéi lugng riéng 1an lugt 1a 3,05 g/cm?, 2,4 g/cm® va 2,7 g/cm?.
Cat sbéng (C) dwoc st dung c6 khéi Iuong riéng 13 2,6 g/cm?. Phu gia héa
hoc duigic st dung trong nghién cttu 1a Sikament R7N ctia hing Sika. Cip
phéi hdn hop bé tong in 3D dugc thé hién trong (Bang 1).

Bang 1. CAp phéi hdn hop bé téng in 3D (kg/m?3).
XM C LS MK N PG
654,5 935 93,5 187 318 4,68

2.1.2. Lép quét hd xi mdng

Bén loai hd xi ming gbc OPC duge stt dung dé 1am 16p trung gian
dé ting cuong bam dinh gitta cac 16p bé téng. Trong d6 cé ba loai st
dung phu gia ctia hing Sika. Ty 1é N/XM ctia bén loai hd xi ming dugc
tht nghiém tit ty 18 0,4 dén 0,6 dé chon ra ty 1é dép ting cac yéu t6 sau:
tinh céng tac, khéng bi phan ting, ty 16 N/XM thép téi wu héa cudng
d6. Ty 1 xem xét va lidu lvong st dung phu gia hd xi ming duwgc trinh
bay trong (Bang 2).

2.2. In hén hop bé téng 3D

Trong nghién cifu ndy st dung robot 3 truc toa d6 dé in hén
hgp bé tong cé voi in duge dat & géc 90°, kich thudc voi in canh
vudng (2x2) cm va téc d6 in 12 100 mm/s. Bé téng in gdm c6 12 16p

mbi 16p ¢6 chidu day 10 mm, in theo hinh 1ap phuong, bé rong ctia

mbi 16p in 12 30 mm nhv Hinh 1 (b). Sau khi trén hdn hop in, bit diu
in 16p diu tién, sau khi hinh thanh 16p in diu st dung co c6 kich
thuée rong 15 mm quét 16p hd c6 chidu day x4p xi 1 mm 1én bé miit
trén cua 16p 1, 3, 5, 7, 9 va 11 sau khi 1&p bé tong dugc hinh thanh
Hinh 1 (a). MAu dugce ché tao va dudng ho trong nhiét 6 moi truong
27+ 3 °C.

Bang 2. Ty 1& c4p phdi va liéu Ivgng phu gia st dung trong hd xi méng.

Tén cip Phu gia
o | XM N/XM = :
phoi Liéu lvgng Loai
P1 - -
P2 1 lo4-os Thay thé 25 % nudc | Sika Latex TH
P3 >* 77| Thay thé 50 % nuwéc| Sika Latex TH
P4 0,6 ml/100 g xi méng| Sikament R7N

a) Quét 16p hd xi ming 1én bé mit 16p in
e == = "o r,:?

2 8

b) Bé tong 3D sau khi in

Hinh 1. In bé tong va quét 16p hd xi ming trén bé miit bé téng d in.

2.3. Phuong phdp thi nghiém
2.3.1 D) chdy xde

Tinh c6ng tic ctia cdc 16p hod xi ming duge danh gia theo tiéu
chuin BS EN 12706:2000 [12]. Kich thuéc cua 6ng th do chay xoe c6
duwong kinh 30 mm va cao 50 mm nhu (Hinh 2). Thi nghiém nay dugc
thye hién nhdm muc dich chinh 13 kiém tra tinh cong tac ctia hdn hop
hd xi ming tit d6 dwa ra s lua chon céc ty 18 N/XM d tao 16p trung
gian trude khi in 16p ké tiép.

2.3.2. Cudng do chiu nén
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Trong nghién cttu niy cwdng dé chiu nén ctia cac loai hd xi ming
duwgce kiém tra & 3, 7 va 28 ngay tudi sau khi duéng hd 4m. MAu c6 kich
thwée mau 1a (50x50x50) mm, mdi tb bao gdm 3 miu, tbc do gia tai
1500 N/s theo tiéu chuén ASTM C109 [13].

Hinh 2. Dung cu thi nghiém do d¢ chay xoe.
2.3.3. Cuong d9 kéo dirt thit bdm dinh nén

Trong nghién citu ny cudng do kéo dit thit d6 bam dinh nén
ctia bé téng in 3D va cac loai hd xi ming duge thi nghiém theo tiéu
chudn ASTM D 4541[14] dé danh gi4 kha ning bam dinh ctia v4t liéu
trén nén bé tdng. M&i cap phdi thi nghiém 14y 3 miu hinh tru c6 dudng
kinh 20 mm, chidu day 16p thit bam dinh 14 5 mm trén tAm nén bé téng
khéng c6 cbt thép cé kich thude (20x30) cm da dat cudng do 28 ngay
tudi dwoe thé hién & (Hinh 3). Thi nghiém dvoc kiém tra & 3, 7 va 28
ngay tudi dugce bao dudng & nhiét do méi trudng 27 + 3 °C. Thi nghiém
duge thyce hién bing may PosiTest AT-M Adhesion Tester.

(o]

ul

4

Q

=

{ \

Vo)

‘
KEQ EPOXY /N BLONG KINH DOLLY 20mm

~_ / \

LOP PHU DAY 5mm i —
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TAMNEN

Hinh 3. S0 dd mb ta kiém tra kéo ditt thit bam dinh nén.
2.3.4. Cudng do bdm dinh giita cdc lop bé tong

Nhim dénh gia diéu kién anh hudng cta cac 16p bé tong, 16p 1-2,
3-4, 5-6, 7-8, 9-10 va 11-12 d& don gian héa cach ky hiéu 16p 1an higt
cac 16p dugce dat 1a 16p 1, 2, 3, 4, 5 va 6. Cuong d6 bam dinh gitta cac
16p bé téng duge danh gia bang thi nghiém cudng dd kéo truc tiép duge
dua theo TCVN 9349-2012 [15]. P& thi nghiém cudng d6 bam dinh gitta

cac 16p in, miu duogc cit c6 chiéu dai 50 mm, s dung dolly vuéng ¢
kich thuée (50x50) mm dén 1én bé mit trén 16p in va mit dwéi duge dan
vao tAm nén bé tong bfmg Sikadur 731 duoc thé hién ¢ Hinh 4. Mau duoc
kiém tra & 3, 7 va 28 ngay tudi dwgc bao didng & nhiét d6 méi trdng
27+ 3 °C. Vi tri mAu thi nghiém dugc thé hién & Hinh 5. Thi nghiém
dugc thye hién bing may Matest E142.

&
g

ﬁiWPNﬂ VEMAY MATEST E142 2l

I

LUC KEO

DOLLY
_KEOEPOXY keopoxy
Dt
WO LENKET BETCNGLOPTREN 0 LOP TRUNG GIAN
BE TONG LOP DUOI (LGP HO)
TAMNEN

Hinh 4. So dd m6 ta kéo bam dinh gitta hai 16p bé téng in 3D.

12 -
11 - .
10 -
9 J
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7 -
6 2
5 J
4 N
3 4
E 1
1 |

Hinh 5. M6 ta vi trf mau thi nghiém.

3. Két qua nghién ctiu
3.1. Do do chdy xoe

D6 chay ctia hén hop hd xi ming phu thude cha yéu vio ty 1&
N/XM 14 cha dao bén canh d6 ham lugng, dac tinh loai phu gia dugc
st dung ciing ¢6 sy anh hwong 16n. Khi ham lvong N/XM dat dén gia
tri nhét dinh ldc nay hdn hop dat duge cac tiéu chi: cuong do, dé déo
va dic biét 1a tinh cong tac ctia hdn hop hd xi ming. Dé Iy twdng héa
va gin diing céc dic tinh dong chay ctia hdn hop hd xi ming dugce thic
hién bing cich do trung binh céng dudng kinh 16n nhit vuéng géc
nhau. Dua vio sb liéu bidu db (Hinh 6) ta thiy anh hwéng ctia ty 18
N/XM 0,4 - 0,6 dén do chay xde ctia cic miu P1, P2, P3 va P4.

O ty 1é N/XM dAu tién 0,4 két qua 14n lugt cac méu P1, P2, P3
va P4 c¢6 duong kinh 1a 3,1 cm; 8,5 cm; 13 cm va 8,2 cm da cho théy
su khac biét, trong d6 P1 cho két qua thip nhét vi khong sit dung phu
gia, nguoc lai hén hop P2 ( thay thé nuéc 50 % Sika Latex TH) cho két
qua cao nhét. Mau P2, P3 va P4 14n lugt & ty 18 N/XM tuong ting 0,52;
0,48 va 0,56 tr& 1én b4t dAu xut hién hién tugng tach nudce phu gia
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ndi 1én bé mit. Hién twong tich nwde din dén sy phan bd caa cac san
phim hydrat héa khong ddng déu trong hén hop. Do chay xoe thip anh
hwéng dén tinh cong tic ddn dén kha ning 16p bé tong in bi bién dang
hinh hoc va d4n dén tinh trang bi sup db khi 16p bé tong tiép theo chdng
1én. Bén canh d6 do chay xoe thip 1am giam kha ning 1én caa 16p hd xi
ming vao bé mit 18 rdng ctia 16p bé téng dige hinh thanh din dén 1am
giam kha nang bam dinh gitta cic 16p bé tong. Dya vao céc tiéu chi trén
céc loai hd xi ming P1, P2, P3 va P4 lya chon céc ty 1é 1An lugt 12 0,6;
0,48; 0,44 va 0,52 c6 duwong kinh d6 chay xoe nhu (Hinh 7).

3.2. Cuong d6 bdm dinh giita cdc l6p bé tong in 3D

Két qua cuong d6 bam dinh giita cic 16p in bé tong ctia cic mau
dbi chitng 3DP va 4 miu st dung 16p hd xi ming lam 16p trung gian
P1, P2, P3va P 4 & 3,7 va 28 ngdy tudi dugce trinh bay & (Hinh 8). Tai
3 ngay tudi, cwdng d6 bam dinh giita cic 16p in bé téng clia cdc miu

st dung 16p quét hd xi ming da sé cho két qua thip hon méu dbi chitng

3DP khong stt dung 16p quét hd. Ngoai trit mau st dung 16p quét hd P1
¢6 két qua cao hon méu 3DP nhung khong quéa chénh 1éch cu thé P1:
1,58 MPa va 3DP: 1,57 MPa.

& 7 va 28 ngy tudi c6 sy cai thién cudng d6 bam dinh giita cac
16p bé téng. Trong d6, mau P1 va P4 c6 xu huéng cao hon miu 3DP.
Ngoai trif miu P2 va P3 thi lai cho két qua thip hon miu 3DP. Cu thé &
28 ngay tudi, cwong d6 bam dinh giita cac 16p in bé tong miu P1 va P4
cho két qua cao hon mau déi chiing 3DP 14n luot 13 9,09 % va 14,14 %.
Péi v&i miu st dung 16p quét hd P2 va P3 van c6 xu huéng cudng do
bam dinh thdp hon miu 3DP 1an luot 13 21,72 % va 13,13 %. Mau st
dung 16p quét hd P2 vin cho két qua cuong d6 bam dinh giita cac 16p bé
tong thap nhét & 28 ngay tudi 1a 1,55 MPa. MAu sit dung 16p quét hd P4
cho két qua cwdng do bam dinh giita cic 16p bé téng cao nhit & 28 ngay
tudi 12 2,26 MPa. Két qua twong tu cho thiy khi ding phu gia c6 chét kéo
dai ninh két 1am 16p quét trung gian déu cé cudng d6 bam dinh giita cic
16p bé téng in 3D cao hon mau déi chiing [11].

@ MAU P1 gy Mu P2 MAu P3 MAu P4 16 BRI SR = P4
20 14,6 14,5
16,7 18,1 E 14 4
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5 146 14,8 16,7 2 12
< 16 ’ e ] 10,6
3 13 i1 14,9 > >
< 125 " 5 17 EIO 7
& 12 10,6 5
< o s 9,9/ 12,4 o5 < 8 A
St s 99 : < 6 4
g 8 8,2 6,1 =
= 6 %o 4 4
= 3,1 35 )
B 4 s 2
=1 [
2
- 0
0
0,60 0,48 0,44 0,52
0,4 0,44 0,48 0,52 0,56 0,6
5 1A Ty 1&é N/XM
Ty 1& N/XM yleN/
Hinh 6. Anh huéng ctia ty 16 N/XM ti¥ 0,4 ¢én 0,6 dén duwong kinh d6 Hinh 7. Pudng kinh d6 chay xoe cia miu P1, P2, P3 va P4.
chay xoe.
0 3 ngay 7 ngay 28 ngay
& 2,5
@ 2,16 2,26
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P o 1,98 e 1,94
g 500 A 1,80, , 1,72
‘e 1,57 1,58 1,55 L4 1,50
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€8 1,13 1,10 §
T g
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h~l
00 0,5 4
=]
)
=]
o
0,0
3DP P1 P2 P3 P4

Hinh 8. Cudng d6 bam dinh giita cic 16p bé téng in 3D & 3, 7 va 28 ngay tudi.
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3.3. Mdi trong quan giita d6 chdy xoe dén cudng do bam dinh gia cdc l6p
bé tong in 3D

Do chay ctia cac loai hd xi ming phu thude vao ty 1& N/XM va
ham lugng phu gia st dung. Nhu dwgc thé hién trong (Hinh 7) cdc miu
P1, P2, P3 va P4 dugc xem xét dd chay xde c6 mbi twong quan cwdng
d6 bam dinh gitta cac 16p bé téng in 3D trong (Hinh 9) & 28 ngay tudi.
Puong kinh d6 chay cao dam bao cho tinh cong tac, d& lén 14p diy 16
rdng va tao d6 4m cho bd miit 16p bé téng in tride ddng thoi con lam
ting dién tich bé mit tiép xtc gitta hai 16p in. Két qua cho thdy miu &
28 ngay tudi c6 sit dung 16p quét hd P4 c6 dwdng kinh do chay xoe 1a
14,5 cm c6 két qua khéng qua chénh 1éch v&i miu c¢6 P3, nhung cho
két qua cuong d6 bam dinh giita cic 16p bé téng cao nhét 14 2,26 MPa.

EzAPwong kinh d6 chay

Trong d6, cuong d6 bam dinh ctia mau P3 c6 két qua 1a 1,72 MPa thip
hon miu 3DP, P1 va P4. Bén canh d6, miu P1 c6 dwdng kinh do chay
xde 12 10,6 cm thip hon miu P2 va P3, nhung nguoc lai cho két qua
cwong d6 bam dinh cao hon la 2,16 MPa.

Qua két qua trén c6 thé giai thich khéng chi c6 d6 chay cao anh
hwéng dén cwdng 6 bam dinh giita cac 16p bé tong ma con phu thude
vao loai phu gia st dung, kha ning giit 4m ciing 14 mét yéu t& quan
trong. Qué trinh hydrat héa duge xem 13 1am ting téc do bay hoi cia
d6 Am trén bé mit 1am anh hwéng dén cwdng d6 bam dinh. Miu P4 st
dung phu gia ¢6 tinh ning kéo dai thoi ninh két 1am giam nhiét hydrat
héa ctia xi ming, duy tri 6 &m b& mit cho nén ¢6 cwdong d6 bam dinh
gitta cac 16p bé tong cao hon.

—=—Cuong d6 bam dinh giira cac lép bé téng in 3D

o,
° 25 16
9
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© o 8 =
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5o 2 %0
=]
=} =)
3 -
3 0,5 A
2
0 0
P1 P2 P3 P4

Hinh 9. Dudng kinh d6 chay xde va cudng d6 bam dinh giita cac 16p bé tong in 3D & 28 ngdy tubi.

3.4. Mdi twong quan giita cwdng do chiu nén dén cuong dé bdm dinh giita
cdc lop bé tong in 3D

Trong két cAu xay dung bé tong 1am viéc t6t nhit & trang thai chiu
nén. Do d6 chi tiéu tinh chit quan trong trong bé téng 14 cudng dd chiu
nén. Cudng do bé tong cang cao d6 réng bén trong ciu tric giam, lic nay
dién tich lién két bam dinh cfing sé ting. Nhung cuong do chiu nén trong
(Hinh 10) & 3, 7 va 28 ngay tudi cho két qua nguoc lai. Ty 1& N/XM va
lidu Iwgng phu gia st dung cho thiy anh hwéng dén cwong d6 chiu nén.
MAu P3 c6 ty 1&6 N/XM thip nhit nhitng liéu lwgng phu gia Sika Latex TH
st dung thay thé nuéc 50 % lam giam cuwong d6 chiu nén két qua cho
thiy twong tu khi stz dung phu gia 6 polymer [16]. Cu thé hon & 28 ngay
tudi (Hinh 11) miu P2 ¢6 cudng d6 chiu nén cao nhét 14 52,6 MPa, nhung
két qua cuong d6 bam dinh lai chi ¢6 1,55 MPa thip hon cc miu P1, P3
va P4 ¢6 két qua 1an luwot 1a 2,16 MPa, 1,72 MPa va 2,26 MPa. bbi v6i
mAu P4 c6 két qua cwdng d6 nén thip hon miu P2 nhung lai cho cuwdng
d6 bam dinh gifta cac 16p bé téng cao nhét 14 2,26 MPa.

Céc mau 16p quét hd P1, P2, P3 va P4 khi so sanh cudong do nén
v6i cudng d6 bam dinh 6 thé gitip ta nhn thiy cudng d6 nén cao nhiing

lai khéng cho cudng d6 bam dinh cao. Két qua nay cho thiy s tuong ty
ctia nghién citu trude day ctia T.Marchment va coéng sy [11]. Vi cuong
d6 bam dinh con phu thudc nhiéu yéu t6 nhv loai phu gia st dung, d6 am

bé miit v.v...

3.5. Moi titong quan giita cwdng do kéo ditt thit bdm dinh nén dén cwong
do bdm dinh giita cdc l6p bé tong in 3D

Trong nghién cifu cwdng do kéo dit thit d6 bam dinh nén ctia bé
téng in 3D va cac loai hd xi ming duge thi nghiém dé danh gia kha ning
bam dinh ctia vat liéu trén nén bé tong da dat 28 ngay tubi. Cic miu thi
nghiém cudng d6 kéo dit thit d6 bam dinh nén bé tong qua céc 16 rdng
mao quan, véi dic tinh ting lién két bam dinh ctia mAu st dung phu gia
Sika Latex TH P2 va P3 da cho cho théy két qua & (Hinh 12) vuot troi
hon cac miu 3DP, P1 va P4 & 3, 7 va 28 ngay tudi. Trong d6, miu P3 két
qua cudng d6 kéo diit thit d6 bam dinh nén 14 3,62 MPa cao hon cic mau
con lai.

Cudng dd kéo diit thi bam dinh nén “lién két lanh” v cwdng d6 bam
dinh giita céc 16p bé téng “lién két néng” vé mit thi nghiém thi 13 hai hinh
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thiic lién két bam dinh khéc nhau. Mbi quan hé ctia cudng d6 kéo dit thit  d6 “lién két lanh” cao nhét & 28 ngay tudi 13 3,62 MPa. Tuy nhién déi v6i
b4m dinh nén dén cudong d6 bam dinh gitta cac 16p bé tong in 3D & dd tubi  két qua cudng d6 “lién két néng” mAu P3 1a 1,72 MPa thip hon miu dbi
28 ngay duoc thé hién & (Hinh 13). Trong d6, mau P3 cho két qua cudng chitng 3DP.
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Hinh 12. Cudng d6 kéo dit thit bam dinh nén & 3, 7 va 28 ngay tubi.
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4, Két luan

Nghién cifu nay muc dich cung cip giai phap, phén tich vin dé
cai thién bam dinh giita cac 16p in 3D bé téng. St dung céc loai hd xi
mang tao thanh mot 16p trung gian gitta cac 16p bé tong lam tang dién
tich tiép xdc va giam thiéu 15 rdng. Thong qua céc két qua thiee nghiém,
¢6 thé rit ra cac két luan sau:

e Do chay xde cao ctia hd xi ming s& anh huéng dén tinh cong
tdc ciia hdn hop, qua trinh thi cong 16p quét sé dién ra d& dang hon néu
hén hop c6 d6 chay xoe cao. Bén canh d6 phu gia kéo dai thdi gian ninh
két gitip duy tri 6 &m bé mit 16p bé téng in ti¥ @6 cho ta két qua cudng
d6 bam dinh gitta cac 16p bé tong in dugc cai thién.

e Cuwdng d6 chiu nén ding dé danh gid do dic chic ctia hd xi
ming tit d6 tim méi twong quan vé& cudng dé bam dinh giita cac 16p bé
téng. Qua quan sat c6 thé thdy ring Cudng do chiu nén cho thiy ¢ xu
huéng twong ty nhu d6 chay xoe.

e Co ché lién két cuia hai thi nghiém c6 sy khéac biét vé& “lién
két néng” va “lién két lanh” dé danh gia kha niang bam dinh cta vat
liéu. Mau P3 cho két qua thi nghiém cwdng do kéo dit thit bam dinh
nén “lién két lanh” cao hon cdc mau con lai & cdc dd tudi 3, 7 va 28
ngay, nhung & thi nghiém cudng d6 bam dinh gitta cac 16p bé tong cho
két qua thp hon cic miu 3DP, P1 va P4 c6 két qua 1an lvot 13 1,98
MPa, 2,16 MPa va 2,26 MPa.

o Trong céc loai hd xi méng st dung thi mAu P4 diing Sikament
R7N véi ty 1é N/XM 0,52 mang lai hiéu qua cho viéc cai thién bam dinh
gilta cdc 16p bé téng in 3D tét hon. Trong khi d6, miu st dung Sika
Latex TH khong mang lai hiéu qua cao trong viéc cai thién bam dinh
gitta cac 16p bé tong in 3D.

Viéc st dung céc loai 16p quét hd tao 16p trung gian gitta cac 16p
bé tong cho thiy 6 su cai thién vé cudng d6 bam dinh. Tuy nhién, viéc
stt dung mét s6 loai phu gia c6 thé 1am giam cuwdng d6 bam dinh gitta
céc 16p bé tong. Khéng chi do chay cao cta céc 16p hd 1 anh hudng
dén cuong d6 bam dinh gitta cac 16p bé tong nhung cugng d6 bam dinh
gitta cac 16p bé tong lai phu thudc vao do Am ctia bé mat, cac yéu td
hip thu nudc, phan tan cac hat xi ming, qua trinh hydrat héa va loai

phu gia st dung.
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