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Hgi nghi khoa hoc qudc 1é Ky niém 60 nam thanh ldp Vién KHCN Xay dung

NGHIEN CUU KHA NANG CHE TAO BE TONG NHE TAO KHi TU
BOT NHOM, PHU GIA KHOANG VA CHAT KET DINH KHONG XI MANG

POSSIBILITY TO MANUFACTURE LIGHTWEIGHT CONCRETE
FROM ALUMINUM POWDER, MINERAL ADDITIVES,
AND BINDERS WITHOUT CEMENT
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TOM TAT: Bé tong nhe 1a loai d4 nhdn tao khong nung c6 khéi lugng thé tich & trang thai khé trong
khoang tir 500 kg/m® dén 1800 kg/m>. Bén canh d6, nhiing loai bé tong c6 khdi lugng thé tich ¢ trang thai
khé nho hon 500 kg/m® dugc goi 1a bé tong dic biét nhe. Bai viét nay trinh bay mot s6 két qua nghién ctru
thuc nghiém vé thanh phan va tinh chat ctua bé tong nhe tao khi str dung cac vt liéu san c6 & Viét Nam.
Vit lidu sir dung gom tro bay, xi 10 cao, bot gém st TOTO, bot nhom va dung dich kiém kich hoat. Két
qua nghién ctru thye nghiém cho thdy tiém ning ché tao dugc loai bé tong nhe co chat luong tot, v6i khdi
luong thé tich dudi 1800 kg/m® va cudng do nén tudi 28 ngdy dao dong trong khoang 15+25 MPa. Véi
ham lwong dung dich kiém kich hoat/tdng ham luong vat liéu Alumino-sicate 1a 0,40, bot gém 1a 20% va
ham lugng bot nhom 1a 0,35-0,40 kg cho mdi mét khdi di thu dugc bé tong nhe c6 khdi lugng thé tich
1600kg/m’ va cudng do nén & tudi 28 ngay cao nhat.

TU KHOA: Bé tong nhe, bot nhom, chat két dinh khong xi mang, cuong d6 nén, khéi lugng thé tich.

ABSTRACTS: Lightweight concrete is an unburnt artificial stone with a dry density in the range of 500 kg/m’
to 1800 kg/m’. In addition, concrete with a dry density of less than 500 kg/m’ is considered to be
particularly light concrete. This article presents some experimental results on the composition and
properties of lightweight concrete using materials available in Vietnam. Materials used include fly ash,
blast furnace slag, TOTO ceramic powder, aluminum powder, and activated alkaline solution. The
experimental results show that there is a potential to be a good quality lightweight concrete, with a dry density
of less than 1800 kg/m’ and a compressive strength at the age of 28 days ranging from 15-25 MPa. With an
activated solution/total Alumino-sicate material content of 0.40, a ceramic powder of 20%, and an
aluminum powder content of 0.35-0.40 kg per cubic meter, lightweight concrete of density 1600kg/m’ and
compressive strength at the age of 28 days was the highest.

KEYWORDS: Lightweight concrete, aluminum powder, non-cement binder, compressive strength, density.

1. MO PAU

Ché tao cac loai bé tong nhe trén co s¢ chat két
dinh 14 xi méang Portland da tré thanh phd bién &
Viét Nam va trén thé gi¢i. Vai tro va tdm quan
trong cua cac loai bé tong nhe trong cac cong trinh
xay dung ngay cang dugc khing dinh, khong chi 1a
cac két cau bao che cho cong trinh [1, 2, 3, 4], ma
con hudng dén vat liéu bé tong nhe dung trong két
cAu chiu lyc [5, 6, 7, 8].

Nhuoc diém 16n nhat cia cic loai bé tong
xi ming thong thuong 1a khdi lugng thé tich 16n,

nén anh huong dén két cdu méng cua cong trinh [9,
10, 11]. Bén canh do, theo nhiéu nghién cuu [1, 2,
12], khi str dung bé tong nhe duoc ché tao tir cat va
xi ming théng thudng c6 nhimng wu diém la: Khbi
luong thé tich nho, nén giam trong luong ban than
cong trinh, gidm chi phi lam moéng cho nha cao
ting; Kha niang cach am, cach nhiét rat tot; Thi
cong nhanh, don gian...

Nhirng nim gan ddy, ¢ nhidu nudc trén thé gisi
da tap trung vao viéc nghién ctru ché tao bé tong
nhe cuong do cao st dung chit két dinh kiém hoat
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hoa [13, 14]. P6 1a mot hudng di méi va tiém ning
dé khic phuc cac nhuoc diém vé khdi lwong thé
tich 16n va st dung qua nhiéu xi mang Portland
clia bé tong truyén théng hién nay.

Bé tong nhe 1a vat lidu kha phd bién trong xay
dung hién dai. Ching dugc su dung trong nhiéu
linh vyc khac nhau: lam khung, san, tuong cho nha
nhiéu tang; dung trong cac két cdu ban mong, tAm
cong; trong ket cau bé tong ung suat trudc; trong
ché tao cac cdu kién bé tong cdt thép duc sén;
tuong bao, tran va mai cach nhiét...

Str dung phu hop bé tong nhe va déac biét nhe
trong cong trinh xay dung mang lai nhitng lgi ich
kinh té - ky thuat to lon: tiét kiém nguyén vat liéu;
giam ton that ning luong; cai thién méi trudng vi khi
hau trong khong gian ¢ va lam viéc; nang cao hiéu
sudt va do bén cua thiét bi nhiét,... Bé tong nhe 1a vat
liéu kha thi cho nhiing cong trinh trén nén dat yéu.
Téng gia thanh cac cong trinh cao ting sir dung bé
tong nhe thap hon déng ké so vai sir dung cac loai bé
tong khac, mac du don gia cia n6 cao hon.

Trén thé gidi, nghién ctru va st dung cac loai
bé tong nhe dd phat trién theo nhiéu hudng khac
nhau. Nhiéu nghién ctru da tap trung vao hudng
ché tao bé tong bot, bé tong khi chung ap tir chit
két dinh xi mang va céac loai phu gia khoang hoat
tinh [3, 4, 5, 6]. Nhiing nghién ctru nay da chirng t6
kha nang ché tao duoc cac loai bé tong nhe cuong
d6 cao dinh hudng st dung cho nha siéu cao ting &
Viét Nam. Tuy nhién, nhiing loai bé téng ndy cin
qua trinh chung hip phtrc tap dé tao ra san phéan co
cudng d6 16n hon. Mot s nha nghién ciru di di
vao nghién ciru ché tao bé tong nhe tir chéat két
dinh xi mang va c6t liéu rong, hodc hat x5p phong
no (Polystyrene). Két qua thu duoc tir khdi luong
thé tich kho nho hon 2000 kg/m® va cuong d6 nén
trung binh tir 5+15 MPa [8, 12, 13].

Nhitng nim gan day, ¢ Viét Nam da bat dau co
mot s nghién ctu st dung chit két dinh
Geopolymer dé ché tao cac loai gach nhe khong
nung va bé tong nhe [15 16, 17]. Cac nghién ctru
nay da nghién clu ché tao hé Geopolymer tir cac
ngudn vat liéu gdm: Bun do, tro bay két hop dung
dich kiém hoat hoa. Va két qua nghién ctru cua tac
gia Trinh Ngoc Duy [17] cho thay bé tong nhe tir
dung dich kiém hoat hoa va hat xop ¢ khoi luong
thé tich dudi 1300 kg/m® va cuong d nén trung binh
1a 5 MPa. Tir d6 thay duoc két qua vé cuong do nén
ctia bé tong trong nghién ciru nay con kha thap, chua
dap tmg duoc kha ning chiu luc trong két cdu tudng
gach x4y tiéu chudn A, méc 7,5 MPa.

Bai viét nay trinh bay mot sb két qua nghién
ctru thyc nghi€ém vé tinh chit cua bé tong nhe tao
khi st dung gém tro bay, xi 10 cao, bot gém su

TOTO, bdt nhém va dung dich kiém kich hoat. Két
qua nghién ctru thyc nghiém cho thay tiém nang ché
tao duoc loai bé tong nhe c6 chat lugng tot, véi khoi
luong thé tich dudi 1800 kg/m® va cudng d6 nén tudi
28 ngay dao dong trong khoang 15-25 MPa.
2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vit liéu sir dung

Vat licu da st dung trong nghién ctu nay bao
gdm céc loai sau day:
2.1.1. Bét nhém nguyén chit (Al)

Hinh 1. Bot nhém nguyén chat

Trong nghién ctru da sur dung bot nhom nguyén
chat do Cong ty Jigco Viét Nam cung cap, mdi hop
500 g v6i ham luong kim loai nhom tinh khiét dat
86% va hé sb san lugng khi tao dat 1050 lit khi
Hidro/1kg bot nhém [11]. P§ min cua bdt nhom
dat 4500 cm?/g (Hinh 1).

2.1.2. Vit liéu tro xi

Vit liéu tro xi 1a loai vat liéu giau cac thanh
phan ALOs va SiO, hoat tinh. Trong nghién ciru
nay da sir dung tro bay nhiét dién Pha Lai két hop
xi 10 cao Hoa Phat (xem hinh 2).

a) Tro bay (TB) loai F cia Nha may
nhiét dién Pha Lai théa mén cic yéu ciu cia
TCVN 10302:2014 “Phu gia hoat tinh tro bay
dung cho bé tong, vita xay va xi mang”;

(b)
Hinh 2. Tro bay nhiét dién Pha Lai (a)
va xi 10 cao Hoa Phat (b)

b) Xi 10 cao S95 hoat héa nghién min (Xi)
dugc mua tir khu lién hgp gang-thép Nha may Hoa
Phat thée‘t man theo TCVN 11586:2016 “Xi hat 1o
cao nghién min dung cho bé tong va vira”.
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2.1.3. Bjt gom sir TOTO (BG)

Qua trinh san xudt cac san pham si vé sinh
nhu: Bon rira mat, bon tdm, va cac loai xi bét...
trong nha may gdm st TOTO di thai ra mdi truong
mot lugng 16n cac loai phé thai cong nghép. Theo
wdc tinh tir nha may, mdi thang san xuit Nha may
TOTO (bong Anh — TP. Ha Noi) da thai ra moi
truong khoang trén 2.000 tan chit thai rin cac loai
va cic ngudn phé thai ran tir cic san pham 15i rat
can duoc tai sir dung dé giam ap luc vé kho bai.

Bot gbm st TOTO (BG) nhan dugc bang cach
nghién min phé thai va cac manh v&, san pham 15i
cua cac thiét bi s vé sinh ctia nha may trong may
nghién bi. Kich thudc hat ctia bot gém sau khi
nghién khoang 0,1+0,5mm (Hinh 3).

b) Bot gom sau khi
nghién min

cong tho
Hinh 3. Bot gom ciia Nha may gom sit TOTO

Trong nghién ctu nay, vat liéu Alumino-silicate
(ALS) 1a tong ham luong cua tro bay, xi 16 cao va bot
gém stit TOTO (ALS = TB + Xi + BG). Thanh phan
hoa hoc va cac tinh chit vat Iy co ban cua vat li¢u
Alumino-silicate dugc thé hién trong Bang 1.

Bang 1. Thanh phén héa hoc va tinh chit vat
ly ciia tro bay nhiét dién Pha Lai, xi 10 cao
Hoa Phat va bt gom s TOTO

2.1.4. Dung djch kiém kich hoat (DDHH)

Hdn hop dung dich kiém kich hoat ¢6 vai tro 1a
chat hoat hoa, thuc ddy qua trinh geopolymer hoa,
khtr nguyén tor Al va Si trong vat liéu Alumino-
silicatse, dong thoi ting mirc do hoa tan (bé mit)
cac hat tro bay, xi 10 cao da sir dung trong thanh
phan ciia hdn hgp bé tong nhe.

Dung dich hoat hoa trong nghién ctu nay su
dung 13 hdn hop Natri hydroxit — NaOH (dang rin)
va dung dich Natri silicat — Na;SiO3 ¢c6 m6 dun
Silic 1a Ms; = 2,78 (Hinh 4).

(a) Natri hidroxit
dang ran
Hinh 4. Natri hidroxit — NaOH

(b) Dung dich Natri
hidroxit

a) Natri hidroxit — NaOH

Natri hidroxit st dung & dang rdn (dang vay
khd) c6 tén 1a “Caustic Soda Flake 99%” duoc dat
mua tai Cong ty hoa chit Viét Nhat (Hinh 8). Natri
hidroxit ¢c6 mau tring duc va do tinh khiét 99%
théa man céc tiéu chuin TCVN 3794:2009 va
TCVN 3793:1983. Dung dich Natri hidroxit thu
dugc biang cach pha NaOH dang dang rin vao
nude dé dat duoc ndng dd mol theo yéu cau. Trong
nghién ciru nay, néng d6 mol/lit cua dung dich
NaOH dugc st dung 14 12 M véi thanh phan gom:

Loai vt ligu Tro bay | Xild cao | Bjt gom st TOTO|  36,1% NaOH va 63,9% nudc (xem trong Bang 2).
Ky hiéu TB Xi BG .
Thanh phin héa hoe cua tro bay nhiét dién, Béng 2. Thanh phan ciia dung dich NaOH 12M
Xi 10 cao va bot gom st TOTO Nong dé mol H;‘m} lugng Ham lugng | Khéi lwgng thé tich
SiO2 54,2 36,3 64,5 dung dich NaOH| chatran | nwéc nhao ctia dung dich
ALOs 233 12,6 19.5 (mol/lit) NaOH (%) | tron (%) NaOH (kg/m’)
Fe203 9,8 34 4,35 12M 36,1 63,9 1,42
505 25 i 0,11 b) Dung dich Natri silicat - Na,SiO3
K20 1,4 0,4 2,16
Na2O 1,1 0,3 0,73
MgO 0,6 - 0,75
CaO 1,2 40,1 4,56
P20s 1,4 - 0,17
Luong mit khi nung 4,5 1,2 3,17
Tinh chét vat ly cta tro bay nhiét dién,
xi 16 cao va bot gom sit TOTO
(Tgn‘ijg)l beématriéng | 3700 | 5820 1280
Khéi lugng riéng, (g/cm®)| 2,35 2,92 2,13
gf;;ql;)mg MO XOP 1575 1550 1620 Hinh S. Dung dich Natri silicat
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Dung dich Natri silicat - Na;SiO3 duogc dat mua
¢6 ngudn gdc tir Nha may hoa chat Viét Nhat co
modun silic Si0,/Na,O = 2,78 (Hinh 5). Thanh
phan phan trim theo khéi lugng ciia dung dich
Natri silicat gém co: %Na,0 = 11,8; %Si0, = 29,5
va HoO = 58,7%.

Trong Bang 3 d trinh bay céac tinh chét vat 1y
va thanh phan hoa hoc ctia dung dich Natri silicat.

Bang 3. Tinh chit vét Iy va thanh phan héa hoc
cua dung dich Natri silicat

1 Cong thirc héa hoc Naz0.2,5.Si0:

2 Na>O 11.8%

3 Si02 29.5%

4 H20 58.7%

5 Trang thai Chét I6ng (Gel)

6 Mau séc Chét 16ng mau vang nhat
7 Trong luong phan tir 184.04 g

8 Khdi lugng riéng 1.55 g/em?

Hon hop dung dich kiém kich hoat cin duogc
chuén bj theo 03 budc nhu sau:

(i) Hoa tan NaOH dang rin vao coc sir dung
nuée theo khoi lugng da xac dinh dé thu duoc
dung dich c¢6 ndng d6 yéu cau, dic biét can luu y
khuéy tron dé cho NaOH duoc tan hoan toan,
khong két tu dudi day cc.

(i) Dung dich Na,SiO; dugc dinh luwong theo
khéi lwong theo timng loai cap phdi ctia chat két dinh.

(iii) Tiép do6, hai dung dich nay duoc hoa tron
vao nhau dé thu duoc mot dung dich dong nhét.
Theo nhiéu kinh nghiém nghién ctru trude ddy, pha
ché dung dich kiém kich hoat it nhat mot ngay
trude khi str dung dé tron vao hdn hop thi nghiém.
2.1.5. Phu gia siéu déo (PGSD)

Phu gia si€u déo SR 5000F «SilkRoad»
(SR5000) 1a loai phu gia giam nudc tim cao, thé
hé 3, c6 thanh phéan dya trén gdc Polycarboxylate.

Phu gia siéu déo SR 5000F théa man cac yéu
cau k¥ thuat cia TCVN 8826:2011. Cac thong sb
k¥ thuat ctia phu gia siéu déo SR 5000F:

+ Trang thai va mau sic: La chat long c6 mau
vang dam.

+ Ty trong: 1,12 g/cm® & nhiét do 25+5°C.

+ pH: 06 ¢ nhiét do 25+5°C.

2.1.6. Nwoc sach

Nudce sach dugc su dung dé hoa tan NaOH
(dang khan) thanh dung dich NaOH 12M va bao
dudng mau sau khi thi nghiém, théa man tiéu
chuan TCVN 4506:2012.

2.2. Phuwong phap nghién ciru

DO 4m, khoi luong thé tich kho, do hit nude
va cuong do nén cia mau bé tong khi khong chung
ap trong nghién cfru nay dugc xac dinh theo
TCVN 9030:2017.
2.2.1. Phwong phdp thé tich tuyét doi

Hién nay, phuong phap tinh toan thanh phan
cap phdi bé tong khi dwa trén 1y thuyét phuong
phap thé tich tuyét dbi. Ban chat cua phuong phap
nay la dya trén gid tri cho trudc ciia khdi lugng thé
tich wdt ctia bé tong nhe.

Cong thuc tinh toan cac thanh phan cp phdi
clia bé tong nhe dugc dua ra trong phuong trinh sd
(1) vasé (2):

BG + TB + Xi + NaOH + Na,SiO; + PGSD (1)

L PGSD H )

M)

Puot =

Vi —K’{IOOO {BG+TB Xi

Pec  P1B le

NaOH N Na,Si0,

PNaOH  PNaysios

Trong do:

puct - khoi lugng thé tich ¢ trang thai wét muc
tiéu ctia mau thi nghiém, kg/m?;

BG, TB, Xi, NaOH, Na,SiOs, PGSD - lan
luot 1a khdi lugng cua bot gém, tro bay nhiét dién,
xi 10 cao, dung dich NaOH, dung dich Na,SiO; va
phu gia siéu déo cho 1m® hdn hop bé tong khi, kg;

Vi - thé tich khi sir dung trong hdn hop, lit;

PBG, PTB, PXi, PNaOH, PNaysios, PrGsp - 1an luot 13
khéi lwong riéng cua bot gdm, tro bay nhiét dién,
xi 10 cao, dung dich NaOH, dung dich Na,SiO3 va
phu gia siéu déo, kg/lit;

K - hé sb du khi, K phu thudc vao chét luong

chét tao khi, thoi gian tao khi va thé tich khi cho
vao hdn hop bé tong... thong thuong K = 1,1+1,3
[22]. D6i véi chit tao khi 14 bot nhém, do kho bao
quan, bot nhdém dé dang phan tmg véi khi oxy. Do
d6 da chon hé s6 du khi K =1,2.
2.2.2. Cdc yéu cau déi véi hoén hop bé tong nhe
tao khi siv dung chit két dinh Geopolymer tiv hon
hop tro bay, xi l6 cao va phé thii Nha mdy gém
sir TOTO

+ Khéi lugng thé tich & trang thai uét muc ti€u
cua bé tong nhe dat ra trong nghién cuu nay la
Pust= 1600 kg/m’;

+ Hbn hop bé tong khong dung cdt liéu nho
la cat;

+ Bot nhéom c6 hé sd san lugng khi tao dat
1050 lit khi Hydro/1kg bot nhom, do tinh khiét 1a
86% [11, 14].
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+ Ham lugng bot gém st TOTO duoc khao sat

bang 20% tong ham luong vét liéu Alumino-silicate.
+ LAy gia tri hé s6 du khi K =1,2[7, 8, 21, 22].

Tir nhitng co s¢ trén két hop voi cac két qua
khao sat thuc nghiém so bo, nghién ctu nay da

chon gdc cac hé sb ty 18 vat liéu nhu trong Bang 4.

Bang 4. Cac ty 18 vat liéu sir dung dé ché bé tong
nhe tao khi tir bot nhém (theo khoi lwgng)

Ty1¢ | BG | TB | Xi | SR5000 |DDHH |Na,SiO,
vatliéu | ATS| ALS | ALS| ALS | ALS | NaOH
20% | 50%; | 30%;
Gié tri 40%; | 40%; | 1% 0,40 2,5
30% | 50%

Trong d6: ALS = TB + Xi + BG.

2.2.3. Xdc dinh cip phéi bé téng nhe tgo khi

Tinh toan theo phuong phap thé tich tuyét d6i
dua trén cac gia tri ty 1¢ vat li€u da lya chon va
hiéu chinh cip phdi phii hop véi cac tinh chét cua
vat liéu st dung, dé tai khao sat 03 c:?ip phéi cla
hdn hop bé tong nhe tao khi co thanh phan nhu
trong Bang 5.

Hinh 6. Chuén bj thi nghiém ché tao bé tong nhe

Hon hop sau khi tao hinh dugc bao dudng
mot ngdy trong khuén miu, sau mot ngdy mau
dugc thdo khuén, cit diu vita thira dé thu duoc
mAau bé tong nhe tiéu chuan, sau d6 miu dugc dua
di ngdm vao trong méi truong nude cia bé dudng
ho cho dén tudi thi nghiém.

3. KET QUA VA THAO LUAN

Xéc dinh tinh chét co-ly cuia bé tong nhe sur
dung bot nhom va chat két dinh Geopolymer.

Két qua thuc nghiém trong nghién ctru nay
dugc trinh bay ¢ Béang 6.

Bang 6. Tinh chit co Iy ciia miu bé tong nhe
sau khi ran chac

- X Ko o 1 X A oA Ciac miu bé tong nhe thi nghié
Bang 5. Cap phoi ciia hon hop bé tong nhe A¢ Midd D¢ TOng nhe Tl ngAiem
tao khi tir bét nhom BTN -01 BTN -02 BTN -03
Stt)  Tinhchat | wi| Do |Gidtri| Do |Gideri| Do
Ky hi¢u miu BTN-01 BTN - 02 BTN - 03 trung léCEl trung léc!l trung lécil
binh |chuan| binh [chuan| binh |chuan
B 50/30 40/40 30/50 LPo am rang
Xi thdi — bao hoal 153 5\ el 14| 107 15
nudc (%) ¢ tudi
ALS | 1135 1135 1135 28 ngay _
2 |Khéi luong tl}é
B 567 454 340 tich wét ciia mau
Cépphéi 1m3 béﬂ tong nhe 6| 1605 | 4,8 | 1610 | 5,3 [ 1618 | 5,5
bé tong nhe Xi 340 454 567 tudi 28 ngay
tao khi (kg/m?)
BG 227 227 227 3 [Khdi luong thé
tich khd cua mau
PGSD | 11,35 | 11,35 11,35 bé tong nhe 6| 1542| 55 | 1556 | 4.8 1570 | 6,2
tudi 28 ngay
NaOH 130 130 130 (kg/m®)
Dang dung
dich, (kg) . 4 |Cudng d6 nén
NaxSiOs | 324 324 324 (MPa) tai:
, 7 nga
Theé tich vat ligu, (lit) 676 667 657 g}" 1,2:4°20 1 169 ) 1,9\ 19,1} 2,3
14 ngay 155 2,4 [ 198 2,2 | 24,0 2,1
Thé tich khi, (lit) 389 400 412 28 ngay 182 | 2,7 [ 241 ] 26 | 273 ] 2,6
Khoi l&o;;g(ig)nhom 0,431 0,433 0,456 Hinh anh ciia bé mit mau bé tong nhe sau khi

pha hoai dugc trinh bay trén hinh 7:
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Hinh 7. Ciu tric rdng ciia bé tong nhe tao khi
trong nghién ciru

Do bot nhom dé dang phan ung véi dung dich
NaOH trong chat két dinh Geopolymer nén luong
bot khi trong hdn hop bé tong sau khi tao hinh
thoét ra nhiéu hon dang ké so vdi cac loai bé tong
tao khi st dung bot nhom va xi mang Portland. Tu
bé mit pha hiy ciia miu thi nghiém cho thiy hé
thdng 15 rdng khi phan bb khong dong déu trong
cAu tric ctia mau bé tong nhe.

Tir két qua thi nghiém trén Bang 6 dua ra mot
s6 nhan xét nhu sau:

Céc miu bé tong nhe tao khi & trang thai 4m
déu c6 khdi luong thé tich ¢ tudi 28 ngay 16n hon
1600 kg/m® mot lwong khong déng ké, nhung khoi
luong thé tich ¢ trang thai dugc siy kho déu da
nhé hon 1600 kg/m®. Cac gia tri nay phu hop voi
muyc tiéu thiét ké ban dau vé khdi lugng thé tich
cua bé tong nhe.

Do cac miu bé tong c6 chira ham 16 rdng 16n
do d6 gia tri d6 4m cia mAu thi nghiém da lon
hon dang ké so véi cac loai bé tong xi ming
thong thuong.

Mit khac, sb liéu trong bang 6 cho théy, gia tri
cudng d6 nén & tudi 28 ngay cua cac mau bé tong
nhe niay dao dong trong khoang tir 18,2 MPa dén
27,3 MPa. Céc gié tri cudong d6 nén nay phu hop
v6i muc tiéu thiét ké ban dau vé cuong do nén.

Véi ciing cap phdi co khdi lugng thé tich uét 1a
1600 kg/m’ nhung khi ting ham lugng xi 10 cao tir
30%, 40% va 50% trong mau thi nghiém thi khéi
luong thé tich va cudong do nén cua miu di ting
theo. Nguyén nhan hién tuong nay c6 thé giai thich
do hoat tinh thay lyc cia xi 16 cao da tao thanh céc
khoang C-S-H moi bd sung vao cdu tric cua
bé tong, 1am cho céu tric bé tong dic chic, ting
cac gel co tinh chit két dinh nén mau bé téng sau
khi cting ran ¢o cuong do cao hon. Bén canh do, vi
khéi luong riéng cua xi 10 cao ciing 16n hon khéi
lugng riéng cua tro bay nhiét dién cling la mot
nguyén nhan ting khdi lugng thé tich cia miu
bé tong thi nghiém.

35

I 7 noay I 14 ngay [ 28 ng3y|

24 1

Cuwéng d6 nén clia mau bé téng nhe (MPa)

BTN-01 BTN-02 BTN-03

Cac méau bé téng nhe thi nghiém

Hinh 8. Cuong d clia miu bé tong nhe
theo thoi gian bao dudng

Téc d6 phat trién cuong d6 nén cia miu bé
tong nhe tao khi dugc thé hién trén hinh 8. Tur két
qua trén biéu dd co thé thiy rang, téc do phat
cuong do nén ciia mau bé tong nhe tao khi dung
chat két dinh Geopolymer 1a thap hon mét chut so
véi cac loai bé tong nhe tao khi sir dung chat két
dinh xi mang thong thuong. Cuong do ¢ cac tudi 7
ngdy va 14 ngay lan luot bang khoang 60% va
80% so v6i gia tri cudng do nén & tudi 28 ngay.

4. KET LUAN

Tir cac két qua nghién ciru trong pham vi cia
phong thi nghiém da rat ra dugc mot sd két luan
nhu sau:

- Trén co soO nguén vat liéu, phé thai hién co
trong nudc nhu: tro bay nhiét dién Pha Lai, xi 10 cao
Hoa Phat, bot gém st TOTO, dung dich kiém hoat
hoa va bot nhém kim loai c6 thé ché tao bé tong nhe
¢6 khéi lugng thé tich 4m khoang 1600 kg/m?;

- Cac mau bé tong nhe tao khi co khoi luwong
thé tich & trang thai kho tir 1542 + 1570 kg/m’;

- Do cac mau bé tong c6 chira ham 16 rong 16m
do d6 gia tri 40 4m cia mau thi nghiém déu ting
cao hon dang ké so véi cac loai bé tong xi ming
thong thuong;

- Véi cling cap phdi co khdi lwong thé tich wot
muc tiéu 1a 1600 kg/m’, ham luong vat liu
Alumino-silicate khong d6i 1a 1135 kg/m’ nhung
khi ting ham lwong xi 16 cao trong mau thi nghiém
thi khéi lugng thé tich va cuong do nén ciia mau da
tang nén. Nguyén nhan hién twong ndy co thé giai
thich do hoat tinh thiy luc cua xi 16 cao va bot gém s
TOTO d3 tao thanh cac khoang C-S-H méi bd sung
vao ciu tric ciia bé tong, 1am cho ciu tric bé tong dic
chic, ting cac gel c6 tinh chat két dinh nén miu bé
tong sau khi cimg ran ¢6 cudng do cao hon;
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- Trong tuong lai, cAn nghién ctru thém céc giai
phap dé tmg dung vat liéu bé tong nhe sir dung bot
nhém, bot gém st va chat két dinh Geopolymer
trong thyc té thi cong cac cong trinh & Viét Nam.

TAI LIEU THAM KHAO

[1] Nguyén Vin Phiéu, Nguyén Vin Chanh -
Cong nghé bé tong nhe, Nha xudt ban xdy
dung - nam 2005.

[2]  Tiéu chuin Quéc gia TCVN 9029:2017 - Bé
t1ong nhe - San pham bé tong bot va bé tong
khi khong chung dp Yéu cau ky thuat.

[3] Nguyen Thanh Bing, Dinh Hoang Quan
Nguyen Tién Trung (2021), Nghlen cutu su
dung ket hop tro bay nhiét dién va xi lo cao
dé ché tao bé tong chat két dinh kiem hoat
hoa (khong svr dung xi mang) dung cho cac
cong trinh thiy loi lam vigc trong moi truong

bién gop phan bao vé moi truong. DPé tai
NCKH cip Qubc gla mé s6 KC.08.21/16-20.

[4] Nguyen Duy Hiéu. Céng nghé bé tong nhe
cot liéu rong chat heong cao. Nha xuét ban
Xay dung- 2016.

[5] Trwong Thi Kim Xuén, Nguyén Duy Hiéu,
Nguyén Hiru Nhan (2010). Sir dung bé téng
nhe trong cong trinh xdy dung o Viét Nam.
Khoa Xay dung - Trudong Pai hoc Kién tric,
Ha Noi.

[6] Nguyen Van Chéanh, Sir dung bé tong nhe
trong xdy dwng nha ¢ hwéng t6i sw phdt trién
d6 thi bén viing. Khoa Ky thuat Xay dung,
Truong Pai hoc Bach khoa TP.HCM.

[7] Vi Kim Dién, Tang Van Lam, Bazhenova
Sofya Ildarovna. Tong quan ve tinh chat va
ung dung bé tong bot. Tuyén tap bao céo
Hoi ngh1 toan quoc khoa hoc Trai dat va Tai
nguyén voi phat trién bén viing (ERSD
2020). Ha No6i 12/11/2020.

[8] Vilches, J. (2014). The development of novel
infill materials for composite structural
assemblies (Doctoral dissertation, Auckland
University of Technology).

[9] Nguyén Trong Lam, Pham Hitu Hanh.
Nghién civu ndng cao chat heong bé téng khi
chung dp sir dung cho nha siéu cao tang ¢
Viét Nam. Tap chi Khoa hoc cong nghé Xay
dung. S6 21 — thang 10/2014. Pp 75-80.

[10] Lé Phuong Ly. Nghién ciru ché tao bé tong
nhe két cau sir dung cot liéu Polystyrene.
Luén 4n tién sy k¥ thuat. Vién Khoa hoc
cong nghé xay dung Néam 2019.

[11] Nguyén Cong Théng, Pham H@#u Hanh.
Nghién ciru nang cao chat lu'ong bé tong khi
chung ap sw dung cho nha siéu cao tang o
Viét Nam. Tap chi KHCN Xay dung so 21,
2014. Pp. 75-80.

[12]

[13]

[14]

bao Van Dong. Gido trinh cong nghé vat
liéu moi trong xdy dung. Nha xuat ban Xay
dung- 2021.

Nguyén Nhu Quy, Mai Qué Anh (2020), Ly
thuyéet bé tong, NXB Xay dung, Ha Noi,
2020, 210 Tr.

Tang Van Lam, Dien Vu Kim, Hung Ngo
Xuan, Tho Vu Dinh, Boris Bulgakov, and
Sophia Bazhenova. “Effect of aluminium
powder on light-weight aerated concrete
properties”. In E3S Web of Conferences,
vol. 97, p. 02005. EDP Sciences, 2019.

Tiéu chuan Quéc gia TCVN 9030:2017 Bé
tong nhe - Phuong phap thir.

J.Hamad, A., Materials, Production, Properties
and Application of Aerated Lightweight
Concrete: Review. International Journal of
Materials Science and Engineering Vol.2
2014, 152-158.

Trinh Ngoc Duy. Nghién citu tinh chat co' Iy
cua vita Geopolymer dé ché tao gach nhe.
Luén van thac si ky thuat. Bai hoc Su pham
k¥ thuat TP. HO6 Chi Minh, nam 2016.

[18] Nguyén Trung Hiéu, Nguyén Xuan cong,

[19]

[20]

[22]

325

Phan Duy Son, Nguyén Ngoc Hung, V&
Pinh Trong (2022), Nghién cuu kha ndng
ché tao bé tong chat heong cao hat min si
dung chat két dinh khong xi mang. Dé tai
NCKH sinh vién tham gia vong chung két
Giai thuong Sinh vién nghién ctru khoa hoc
— Eureka lan thtr 24 nam 2022. Truong Dai
hoc Moé-Dia chat.

Saidani, M., Ogbologugo, U., Coakley, E
and George, S., 2016. Lightweight
cementetious  (GEM-TECH)  structural
material. Proc Int Congr Technol Concr
Durab, pp.186-95.

Chen, G., Li, F., Geng, J., Jing, P., Si, Z.
(2021).  Identification,  generation  of
autoclaved aerated concrete pore structure
and simulation of its influence on thermal
conductivity. Construction and Building
Materials, 294, 123572.

By Kum 3uen, 2022. SluencTtsie OSTOHEI C
HCTIONIB30BaHHUEM ILIA3MOMOTH(DUITUPOBAHHOTO

JoMeHHoro nuaka. [ugp n HaumeHoBaHue
Hay4yHOW cnenuanbHoCcTH: 2.1.5
CrpoutenbHbIe MaTEPUANIBL U H31ENHS.
Hanuonansueii MccnenoBarensCcKui
Mockosckuii ['ocynapcTBeHHbIN
CrpouTenbHBIH YHUBEPCHUTET.

Zhang, J., Jiang, N., Li, H. and Wu, C.,
2018, November. Study on mix proportion
design of cement foam concrete. In10P
Conference Series: Materials Science and
Engineering (Vol. 439, No. 4, p. 042053).
IOP Publishing.



