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Mot so két qua nghién ctru thye nghiém vé bé tong bot-khi
v6i cau trac rong thay doi trong diéu kién phong thi nghiém
Tang Van Lam"*, V5 Dinh Trong!, Pham Btic Luong!, Vii Kim Dién?

T, ruong Dai hoc Mo-Dia chat
2Truong Cao dang Cong nghiép va Xay dung

TOM TAT

Bé tong nhe di huéng 1a san phdm bé tong co dic diém ndi bat 1a chira d6 rdng thay dbi tir khu vyc trung
tam dén khu vuc ngoai vi ctia san phim. Trong nghién ctru ndy da sir dung dong thoi chit tao bot
EABASSOC va chét tao khi tir bot nhom trong thanh phan cta bé tong. Hon nita, nghién ciru di sir dung
cong nghé ché tao cac khudn gd hinh 1ap phuong kich thudce 100x100x100mm véi bon thanh khudn duoc
duc 15 rdng. Viéc duc sin cic 16 rdng co dudng kinh 16 1,5 mm va khoang cach gitra cac 16 10mm nham
loai bo lugng thanh phan pha khi va pha 16ng du thira ra khoi hdn hop bé tong trong qua trinh dong két va
rin chic. V&i qua trinh nay da hinh thanh ciu trac di hudéng bén trong miu bé tong nghién ciru. Két qua
nghién ctru trong diéu kién phong thi nghiém cho thay hoan toan c6 thé ché tao duge san phdm bé tong bot-
khi véi cdu tric di huéng c6 d6 rong giam din tir phan trung tim ra dén phan ngoai vi cia miu san phim.
Tai cac vi tri bién, khdi lugng thé tich trung binh khoang 1400kg/m?. Nhung tai vi tri trung tim ctia mu
bé tong di huéng do c6 d6 rong xdp 16n nén khdi lugng thé tich khé trung binh khoang 850kg/m3. Ngoai
ra, nghién ctru nay con tién hanh so sanh cac tinh chét ctia bé tong bot-khi di hudng véi bé tong bot va bé
tong khi thong thuong c6 cing khdi lugng thé tich 4m.

Tur khoa: bé tong bot-khi, cAu trac di hudng, khudn duyc 15, bé tong bot, bé tong khi

1. Pit van dé

Ché tao cac san phim bé tong nhe da tré thanh phd bién & Viét Nam va trén thé gisi. Vai trd va tam quan
trong clia cac loai bé tong nhe trong cac cong trinh x4y dung ngay cang duoc khing dinh, khong chi 1a cac
két cau bao che cho cong trinh (Tang Vin Lam nnk., 2023; Nguyén Vin Phiéu nnk., 2005), ma con hudng
dén vat liéu bé tong nhe dung trong két cau chiu lyc (Nguyén Cong Théing nnk., 2014; Nguyén Trong Lam
nnk., 2014; Nguyén Duy Hiéu, 2016). Trong nhiéu nghién ctru da cho thiy (Nguyén Viét Tung Duong nnk.,
2023; Nguyén Trung Hiéu nnk., 2023), nhugc diém 16n nhat ciia cc loai bé tong xi ming thong thuong 1a
khdi lugng thé tich 16n, nén anh huong dén két cau mong ciia cong trinh. Bén canh d6, khi sir dung bé tong
nhe c6 nhitng wu diém 1a: Khdi lugng thé tich nho, nén giam trong lugng ban than cong trinh, gidm chi phi
lam moéng cho nha cao ting; Kha nang cach am, cich nhiét rat tot; Thi cong nhanh, don gian,... (Nguyén
Vin Phiéu nnk., 2005; Nguyén Duy Hiéu, 2016).

Thoi gian gan day, ¢ nhiéu nudce trén thé gidi da tap trung vao viée nghién ctru ché tao cic san pham bé
t6ng nhe c6 cuong do cao (By Kum 3ues, 2022; bpysiko, M.I, 2022). D6 1a mot hudng di méi va tiém ning
dé khéc phuc cac nhuoc diém vé khéi lwong thé tich 16n va sir dung quéa nhiéu xi mang Portland cua bé
tong truyén thdng dang sir dung hién nay.

O Viét Nam céc loai bé tong nhe tao khi, bé tong bot kha phé bién, tuy nhién cac loai bé tong bot-khi
khi di hudng hdu nhu chua duoc nghién ctru, ché tao (Tang Van Lam nnk., 2023; Koponer A.C et al.,
2004). Bé tong bot-khi di huéng 14 loai bé tong nhe co ty trong thay doi tir khu vyc trung tdm ra khu vic
ngoai vi clia san pham, thu dugc bang cach nén chit cac ving bé mit, day nude va khi thoat ra ngoai theo
cac hé 10 rng trén bén mit. Diém khéc biét clia san pham bé tong nay so v4i bé tong bot va bé tong khi
thong thuong 1a s dung két hop ca cong nghé tao bot, cong nghé tao khi va cong nghé van khudn tao hinh
san pham. Véi cong nghé nay da thu dugc san pham bé tong di hudng c6 cac dic tinh nhu cuong do, kha
ning cach nhiét ciing tot hon so vdi bé tong bot va bé tong khi cing ty trong (Kopones A.C et al., 2004;
Baxenosa C.1. et al., 2022).

Trong cac cong nghé bé tong di hudng hién nay trén thé gidi déu hudng dén viéc loai bo lugng nude du

* Tac gia lién hé
Email: tangvanlam@humg.edu.vn
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thira khoi hdn hop trong qua trinh hinh thanh cau tric 16 réng mao quan. Do d6, sy hinh thanh c4u tric bot-
khi di hudng nham thu duoc bé tong c6 hé sé phdm chét cta san pham tét hon (By Kim 3uen, 2022; Bpysiko,
M.T, 2022; Tang Van Lam nnk., 2023).

Bai viét nay trinh bay mot s6 két qua nghién ctru thyc nghiém vé tinh chit ciia bé tong bot-khi di hudng
sir dung cac thanh phan gém xi mang Portland hdn hgp, tro bay nhiét dién, silica fume SF-90VN, b4t nhom
nguyén chat dung dich chét tao bot EABASSOC va phu gia diu chinh. Két qua nghién ctru thuc nghiém
cho thay tlem _nang ché tao duoc loai bé tong nhe co khdi lugng thé tich kho trung binh nhoé hon 1400
kg/m?; hé s6 dan nhiét khoang 0,506 W/m.K; cudng d6 nén trung binh & tudi 28 ngay dat khoang 20,5 MPa.
Bén canh d6, nghién ctru ndy ciing da so sanh tinh chat ciia bé tong bot-khi di hudng véi bé tong bot va bé
tong khi thong thuong.

2. Vit liéu st dung va phuong phap nghién ciu
2.1. Vit li¢u sur dung

(a)- Chét két dinh (CKD) sir dung 1a hdn hop gom xi ming Portland hén hgp PCB40 Hoang Thach; tro
bay nhiét dién Pha Lai va silica fume SF-90VN. Xi mang Portland hdn hgp PCB40 Hoang Thach (X) v&i
khdi lwong riéng 1a 3,15g/cm® va cudng do nén trung binh 1a 50,1 MPa & tubi 28 ngay. Tro bay (TB) ctia
nha may nhiét dién Pha Lai va silica fume SF-90VN (SF90) dugc cung cip boi Cong ty TNHH Hoa phiam
xay dung Buildmix Viét Nam vdi ham lugng SiO, hoat tinh 1an lwot 13 55,12% va 90,5%. Viéc sir dung
Silica fume SF-90VN trong thanh phén ciia bé tong nhe di huéng véi muc dich ting cudng do va diéu chinh
cu trac cua san pham.

(b)- C6t lidu nho sir dung trong dé tai nay la cat vang séng Lo (C), dugce sang loai bo cac hat tho, kich
thudc hat cat sir dung tir 0,14mm dén 1,25mm. Cat vang c6 chat lugng tot va théa man yéu cau cia tiéu
chuan TCVN 7570:2006.

(¢)- Phu gia siéu déo (SD) loai SR 5000F cua doanh nghi¢p “SilkRoad” véi khéi lwong riéng 1,15 g/cm
& nhiét do 20 + 5°C, dugc stir dung dé giam ty 16 nude/xi ming, nhung van giit duoc tinh cong tac tot cia
hdn hop bé tong va ting cudng do ciia bé tong nghién ctru.

(d)- Nuéce sach (N) duoc sir dung dé 1am nude nhao tron hon hop bé tong va bao dudng mau thi, thda
man cta tiéu chuan TCVN 4506:2012.

¢) Chét tao bot, chét tao khi va chit diéu chinh bot khi

+ Trong d& tai nghién ctru nay di sir dung chat tao bot EABASSOC, dugc san xuét theo cong nghé cia
Anh Qudc. Chét tao bot EABASSOC c6 dic tinh k¥ thuét dap img cac yéu cu trong ché tao BTN va vita
nhe, dac biét san phém nay c6 do 4n dinh bot rat cao. Hon hop chat tao bot sau khi khqu tron trong may
tao bot sé tao ra cac bot khi viing chic, mau tréng va rat min. Khi trén vao hdn hop bé tdng, cac bot khi tir
chit EABASSOC khong bj v&. Chét tao bot EABASSOC c¢6 thanh phan chinh 1 hdn hop hoa chét tong
hop, c¢6 chira thém thanh phan chat protein hitu co.

+ Cht tao khi trong nghién ctru 1a str dung bot nhom kim loai (Al) do cong ty Jigco Viét Nam cung cp,
moi hop 500 gam véi ham luong kim loai nhom tinh khiét dat 86% va hé s san luong khi tao ra dat 1050
lit khi Hidro/1kg bot nhom. P min ctia bot nhdm dat 4500cm?/g.

+ Chét diéu chinh bot khi trong nghién ctru nay str dung 1a dung dich NaOH 5M dé diéu chinh va dinh
hudng pha 16ng, pha khi thoat ra khoi mau bé tong thi nghiém. Vai trd ctia dung dich NaOH 5M 1a rat quan
trong, vira gop phan bo sung thanh phan tao khi vira giam stic cing bé mit ctia hon hop bé tong, giam hién
tugng vo bot khi.

2.2. Phwong phap nghién ciru
2.2.1. Cac tiéu chuan thi nghiém

+ Céc tinh chit nhu: d6 4m, khdi lwong thé tich, 46 hat nude va cuong d6 nén cia mau bé tong bot-khi
di huéng trong nghién ctru nay duoc xac dinh theo TCVN 9030:2017 - ““ Bé tong nh¢ - Phwong phap thu”.

+ Tinh dan nhiét 1a tinh chat vat 1y quan trong ctia bé tong nhe st dung trong xay dung cong trinh kién
triic. Tinh dan nhiét phy thudc nhiéu vao trang thai am, khdi lwong thé tich va nhiét do cua san phém bé
tong. Khi khdi luong thé tich cua vat liéu cang 16n thi vat liéu dan nhiét cang tot. Trong diéu kién d6 am
ctia vat liéu bé tong trong khoang 1a 5 + 10% c6 thé dung cong thirc ciia Necraxov dé xac dinh hé sé dan
nhiét cua bé tong theo cong thirc s6 (1) (Nguyén Vin Phiéu nnk., 2005; Nguyén Duy Hiéu, 2016).

2=,/0.0196+0,22p2 ~0.14; (W/(m.K)) (1)

Trong do: p - - khoi lugng thé tich kho ctia mau bé tong thi nghiém (g/cm?).

Trong cong thuc (1) da khong xét dén do 16n va sy phan bd cua cu tric rong, ddng thoi mirc do kin va
thong nhau cua hé théng 16 rdng t6 ong ciing khong dugce dé cap dén nén két qua thu dugc chi cho gia tri
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gin ding va phu hop v6i loai bé tong nhe co su dc“mg nhit vé f:éu trac. Nhu vay, cung thanh phan vat lidu,
bé tong nhe c6 khoi lugng thé tich khé 16n hon thi dan nhiét t6t hon.

2.2.2. Phurong phdp tinh todn cdp phéi ciia bé tong bot-khi di hidng

Hién nay, nhiéu nghién ctru & Viét Nam (Tang Van Lam, 2023; Nguyén Viét Tung Duong nnk., 2023;
Nguyén Trung Hiéu nnk., 2023; Nguyén Dinh Trinh nnk., 2023) va nghién ctru nudc ngoai (By Kum 3ue,
2022; Bpysiko, M.T', 2022; Baxemnosa C.1. et al., 2022) déu dua ra nhitng cong thtc tinh toan thanh phan
cap phdi bé tong co ban dya trén 1y thuyét thé tich tuyét dbi ciia cong nghé bé tong. Ddi voi cac chung loai
bé tong thuong, gid trj cuomg d§ nén & tudi 28 ngay 1a muc tiéu thiét ké. Tuy nhién, v6i cac loai bé tong
nhe, gia tri khoi lugng thé tich 4m 1a gia tri myc tiéu dé tinh todn va thiét ké cap phdi bé tong nhe. Véi
nguyén 1y do, ‘trong nghién ctru nay tinh toan thanh phan cap phéi theo phuong phap:

+ Tong khéi lwong ciia cac loai vt liéu sir dung bang khéi luong thé tich 4m cua hdn hop bé tong nhe.

+ Thé tich bot va khi trong hdn hop bé téng nhe duoc xac dinh bang hiéu ctia 1000 lit (twong duong véi
1m?) trir di téng thé tich cua cac loai vat liéu su dung.

2.3. Cdc yéu cau doi véi hon hop bé tong bot - khi di hwéng

Trong nghién cuu nay, cac déc tinh yéu cAu hon hop bé tong bot-khi di hudng dugc lya chon nhu sau:

+ Khdi lugng thé tich & trang thai uét muc tiéu cta bé tong bot-khi di hudng dit ra trong nghién ctru nay
13 pus bang1400kg/m?;

+ Cuong do nén muyc tiéu dat dugc tr 15MPa dén 20MPa dya trén luc nén pha hoai mau thi nghiém hinh
lap phuong 100x100x100mm & tudi 28 ngay;

+ Do thanh phan hdn hop bé tong c6 st dung phu gia siéu déo dé didu chinh tinh cong tic, dong thoi
giam bot lugng nude nhao trdn, nén ty 1¢ N/CKD= 0,4,

+ Chét tao bot EABASSOC dugc pha loang va&i nudce theo ty 1€ 3,0% theo khéi luong va khqu béng
may khudy ¢ canh khudy & tbc d6 10.000 vong/phut trong 10 phut;

+ Hdn hop bé tong nhe khong st dung cdt liéu 16n, thanh phéan cbt liéu 1a cat vang chat lwong tét, kich
thuéc hat dao dong tur 0,14 dén 1,25mm. Ham lugng ¢bt 1iéu nhod trong nghién ctru nay dugc st dung béng
tdng ham lugng chit két dinh;

+ Bot nhdm c6 hé sb san lugng khi tao dat 1050 lit khi Hydro/1kg bdt nhdm, do tinh khiét 12 86%;

+ Dung dich NaOH 5M duoc sir dung v6i ham lugng 101it/m? bé tong nhe.

2.4. Lwa chon cac ty I¢ nguyén vt li¢u sir dung

Tir nhitng co s6 nghién ctru trén két hop voi cac két qua thi nghiém khao sat so bg, dé tai da chon duoc
cac goc hé so ty I¢ vat li¢u su dung va trinh bay trong bang 1.
Bang 1. Ty Ié cua cac vat liéu sw dung

TB
Ty 18 vat licu i SF0 c SD N
X X CKD CKD CKD
Gié tri 0,30 0,15 1:1 0,015 0,40

Trong do: CKD la tong ham lugng chat két dinh, CKD = X + TB + SF90 = X + 0,3X+0,15X = 1,45X.
2.5. Cip phéi bé tong bot-khi di hwéng va cdp phoi bé tong nhe doi chirng

Dua trén cac nguyén ly cua phuong phap thé tich tuyét ddi két hop véi cac gid tri ty 1¢ vat lidu da lua
chon trong Bang 1 va d1eu chinh cap ph01 sao cho phu hop véi cac tinh chit clia nguyén vat lidu sir dung,
d@ tai da khao sat cac cip phdi cia hdn hop bé tong bot-khi di huéng (BT _DH) c6 ty 1¢ thanh phin cip
phéi nhu trong bang 2.

Dé ¢6 sy so sanh va ddi ching, nghién ctru da tién hanh xac dinh cAp phdi bé tong bot va bé tong khi
truyén thong. Cac miu bé tong bot va bé tong khi cung khdi lrong thé tich 4m 1a 1400 kg/m? nhung chi sir
dung duy nhit mot tac nhan tao rong la chét tao bot (chét tao bot EABASSOC) hoic chét tao khi (bot
nhom). Két qua tinh toan két hop véi higu chinh bang thuc nghiém di thu dugc cac cip phdi ctia hdn hop
bé tong khi (BT _K) va hdp hop bé tong bot (BT _B) thong thudong véi thanh phﬁn nhu trong bang 2.

Pé thu duge san pham bé tong bot, bé tong khi va bé tong nhe di hudng, trong nghién ctru nay da chuan
bi nhao tron hdn hop bé tong, sau d6 tién hanh d6 hdn hop bé tong vao trong khuén mau véi hé sé dién day
khudn Ky ¢6 gia tri trong bang 2.

Bdng 2. Cdp phdi cua hon hop bé téng bot-khi di hzmng va cdp phoi bé tong nhe doi chimg
Kyhiéu | He sb dién Cap phdi cho 1 m’ bé tong bot-khi di huéng (kg/m?) Thé tich
méu bé tong |day khuon Ko CKD|] X | TB |SF90] C | SD | N |Bot nhom|bot (lit)
1 BT DH 0,9 580 | 400 | 120 | 60 | 580 | 8,69 | 232 0,50 403
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2 BT K 0,9 580 | 400 | 120 | 60 | 580 | 8,69 | 232 0,50 -
3 BT B 1,0 580 | 400 | 120 | 60 | 580 | 8,69 | 232 - 403
Dé tao ra cic san pham bé tong bot-khi di huéng, nghién ciru da sir dung mau thi nghiém bang go, hinh
1ap phuong canh 100 mm, dwoc duc 15 trén ca bon ban cia thanh khudn (Hinh 1). Cac 1 rdng trén thanh
khudn duoc khoan sin c6 duong kinh 1,5 mm va khoang cach 1a 10 mm. Chi s6 18 thung trén moi tim thanh
khuén khoang 1,43% (Hinh 2).

Vi khang dit

Hinh 2. Qua trinh giai thoat pha khi va

Hinh 1. Céu tao khuén duwoc duc 16 aé L
pha long tir hon hop bé tong

thoat pha khi va pha long

Théng qua cac 15 rong nay, ddc biét 1a cc tim vai khong dét, chi co thanh phan pha khi va pha long ¢

khu vuc ngoai vi bi ddy ra ngoai san phim trong qua trinh hinh thanh ciu tric cua mau bé tong. Hon hop

sau khi tao hinh dugc bao dudng mot ngay trong khudn mau, sau mot ngay mau dugc thao khudn, cit dau

vira thira de thu duoc mau bé tong nhe ti€u chuin, sau d6 miu duoc dua di ngdm vio trong moi trudng
nudc ciia bé dudng hd cho dén tudi thi nghiém.

3. Két qua va thio luin

Trong gi6i han cua nghién ctru nay, tinh chét co ly cua mau bé tong bot-khi di huéng dugce khao sat gbm
cd: (i)- b6 am ¢ trang thai tu nhién; (ii)- Khéi lugng thé tich kho & tudi 28 ngay; (iii)- H¢ s6 dan nhiét trung
binh; (iv)- Cudng dg nén cla mau bé tong bot. Cudng do nén cua mau duoc xac dinh & tudi 28 ngay trén
h¢ thong may nén uon ADVANTEST 9 véi tdc do gia tai str dung 1a 500N/s.

Két qua thyc nghiém cua cac mau BT_DH; BT_K va BT_B dugc trinh bay trong, bang 3.

Bang 3. Tinh chdt co' Iy ciia mau bé téng bot-khi di hiuong sau khi ran chdc

. He sé |6 &m tw nhién %) Khoi lugng thé tich | Hé s6 dan nhiét, C.uong do nén &
Ky hi¢u didn dﬁy j j ’ kho, (kg/m®) (W/(m.K)) tudi 28 ngay, (MPa)
mau khuén Ko Giatri | DOléch | Giatri | Doléch | Giatri |Doléch| Giatri | Do léch
trung binh | chuan |trung binh| chuan | trung binh | chuén |trung binh| chuan
BT DH| 09 6,2 1,1 1305 4,3 0,506 0,5 20,5 1,6
BT K 0,9 8,2 1,0 1350 4,6 0,520 0,6 17,3 1,4
BT B 1,0 9,5 1,2 1375 4,5 0,536 0,5 16,6 2,0

T két qua thi nghiém trong bang 3 rat ra mot so nhan xét nhuw sau:

Gia tri kh6i luong thé tich kho cua cac mau bé tong nhe thi nghiém déu nho hon déng ké so véi khdi
lwong thé tich 4m thiét ké ban dau dé ra. Tuy nhién, mau BT DH c6 khéi lwong thé tich kho nho nhit, miu
BT B c6 khbi lugng thé tich kho 16n nht. Nguyén nhan dugc gidi thich 1a do thanh phan cac pha khi, va
16ng du thira duoc loai bo qua 16 thung thanh khuén trong qua trinh hinh thanh c4u tric mdu BT DH, lam
giam khéi luong ctia mau (Kopones A.C et al., 2004; baxenosa C.U et al., 2022).

Gi4 tri cudng do nén ¢ tudi 28 ngay ciia cac mau bé tong bot-khi di huéng nay khoang 20,5 MPa. Céc
méu bé tong khi va bé tong bot co gia tri cudng do nén 1an luot 1a 17,3 MPa va 16,6 MPa. Céc gi4 tri nay
pht hop v6i muc tiéu thiét ké ban dau vé cudng do nén.

Bén canh do, tai tudi 28 ngdy, cuong do nén cia mau BT DH 14 20,5 MPa cao hon cudng do nén cuia
miu BT K va madu BT B (Hinh 3). Piéu ndy dugc giai thich 1a do bé tong nhe di hudng cé ty trong & khu
vire ngoai vi cao din dén tinh chat co hoc cua san phim duoc cai thién va c6 cudng do nén trung binh tét
hon bé tong nhe d6i chirng. Két qua cua nghién ciru ndy c¢6 nhidu twong ddng véi mot sb két qua nghién
clru vé bé tong nhe di hudng da cong bd trén thé gioi (By Kum 3uen, 2022; bpysiko, M., 2022; BaxeHosa
C.U etal., 2022).
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173 16,6

Cuing A6 nén & tudi 28 ngiy (MPa)

a) Bé tong nhe di  b) Bé tong bot thong ~ ¢) Mau bé tong nhe di
BT_DH BT K BI B hu‘o"ng lhu’o"ng hl/fé7’lg sau khi cat
Hinh 3. Cuong dé nén ciia cdc mdu
bé tong nhe thi nghiém
Véi ciing gia tri khdi lugng thé tich 4m 14 1400kg/m?, nhung hé sé dan nhiét ctia bé tong bot-khi di
hudng 12 0,506 W/m.K thap hon déng ké so vai gia tri 0,520 va 0,536W/m.K ciia bé tong khi va bé tong bot
db6i chimg. Tinh chét ndy ctia cdc mau bé tong nghién ctru ciing dugc giai thich boi khu vuce trung tim mau
6 d6 rdng x6p 16n hon, khéi lwong thé tich nho hon do d6 thu duge do dan nhiét nho.

Ngoai ra, vi cdc miu bé téng nhe co chira ham luong 15 rdng 16n do d6 gié tri dd 4m ty nhién ciia mau
thi nghiém da 16n hon dang ké so véi cac loai bé tong ning sir dung cac loai xi mang Portland thong thudng.
Nhung gia tri 6 4m cia mau BT DH giam dang ké so vi cac miu BT K va BT B thong thuong. Nguyén
nhan nay duoc giai thich 14 do c4u truc di hudng c6 16p ngoai vi (16p v6) dic chic, it 16 rdng thong nhau,
da giam duogc lwong hoi nuée tham nhap vao bén trong ciu tric bé tong di hudng (Hinh 4a va Hinh 4b).

V6i myc dich danh gia dugc truc quan sy bién dbi 15 rdng t6 ong tir khu vuc trung tam dén khu vuc
ngoai vi cia mau bé tong di huéng, trong nghién ctru nay da xac dinh sy thay d6i khdi huong thé tich tir vi
tri trung tdm dén ngoai vi cia san phim bé tong nhe di huéng.

Tir miu bé tong nhe di hudng hinh 1ap phuong kich thude 100x100x100mm, nhém nghién ctru da cit
thanh 03 miu bé tong v&i kich thude 100x100x20mm. MJi vién mau 100x100x100mm sau khi cit s& thu
duoc 03 vién miu nho, trong d6 gdm co: (i)- 02 vién miu & cac vi tri bién trai va bién phai ciia san phim;
(ii)- 01 vién mau tai khu vyc trung tAm clia san phﬁm (Hinh 4c¢).

Cac vién mAu sau khi cit dugc dua di can x4c dinh khdi lugng va do kich thude dé xac dinh thé tich vién
mau. Sau khi ap dung cong thirc theo tiéu chuin dé thu dwoc gia tri khdi lugng thé tich. Két qua xac dinh
gia tri khdi lugng thé tich trung binh & tudi 28 ngay clia cac miu bé tdng bot-khi di huéng duogc thé hién
trong bang 4.

Bdng 4. Khoi leong thé tich khé ¢ tuéi 28 ngdy ciia mau bé tong nhe di hwong

o

Hinh 4. Cdu triic réng bé tong bot-khi di hwéng trong nghién ciru

oy X 1A a Khoi lugng thé tich khd (kg/m?)
T Ky hi¢u mau be tong Gia tri trung binh Do 1éch chuan
1 Vién mau & bién trai 1400 5,0
2 Vién mau ¢ gilta trung tAm 850 4,5
3 Vién mau ¢ bién phai 1410 42

Su thay d6i khoi lwong thé tich khd cua cac vién mau sau khi cat tir mau bé tong nhe di huéng
100x100x100smm duoc trinh bay trén hinh 5.

1800

O bién tri O bién phai

7

@
=3
=3

900 O trung tam

s

600

Khdi lrgng thé tich (kg/m®)

300

0 20 40” o 60 80 100
Canh méu bé téng di hwéng hinh 1ap phwong (mm)
Hinh 5. S thay doi khoi lwong thé tich trén mau bé tong nhe di hiéng

Ttr hinh 5 da cho thiy, ¢ cac khu vuc ngoai vi bén ngoai do cdc pha 1ong va pha khi duoc déy va thoat
ra khoi mau thi nghiém qua cac 16 trén thanh khuén, nén cdu trac rong td ong da giam, dong thoi di ting
duoc do dac chic. Vi vay, khéi luong thé tich & cac vién mau tai bién bén trai va bién bén phai lan luot 1a
dat khoang 1400kg/m’® va 1410kg/m>. Cach vao bén trong khu vic trung tim ctia mau thi nghiém, cac thanh
phin pha khi va pha long khé khin trong viéc di chuyén dén cac 16 rdng trén thanh khuon, chinh vi vy cac
tac nhan nay da tao ra hé thong rong t6 ong ting dan va 16 rdng dat gia tri I6n nhét tai tim cua vién mau
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sau khi tao hinh. Piéu d6 dugc ching minh bang gia tri khdi lwgng thé tich ciia vién miu di giam nhanh.
V6i vién miu tai trung tim c6 gia tri khoi lugng thé tich chi con 850kg/m?.

4. Két luan

Trén co so cac két qua nghién ctru da rut ra dugc mot $6 két luan nhu sau:

- Trén co s& ngudn vat liéu, phé thai hién c6 trong nudce nhu: xi mang Portland hdn hop PCB40 Hoang
Thach; Silica fume SF-90VN; tro bay nhiét dién Pha Lai; dung dich tao bot EABASSOC va bt nhdm kim
loai c6 thé ché tao bé tong bot-khi di huéng co khdi lugng thé tich 4m khoang 1400kg/m?;

- Gia tri khéi lugng thé tich kho ciia cic mau bé tong nhe thi nghiém déu nhé hon dang ké so v6i khbi
lugng thé tich 4m thiét ké ban dau dé ra. Tuy nhién, mau BT DH c6 khéi luong thé tich kho nho nhat, miu
BT _B c6 khéi lugng thé tich kho 16n nhat

- Cudng d6 nén & tudi 28 ngdy clia cic mau bé tong bot-khi di hudng nay khoang 20,5MPa. Cac mau bé
tong khi va bé tong bot co gia tri cuong do nén lan lwot 1a 17,3MPa va 16,6MPa. Cac gia tri nay phu hop
v6i muc tiéu thiét ké ban dau vé cudng do nén;

- Vi cing gié tri kh6i lugng thé tich 4m 13 1400kg/m?, nhung hé sb dan nhiét ciia bé tong bot-khi di
hudng 1a 0,506 W/m.K thdp hon dang ké so voi gid tri 0,520 va 0,536W/m.K cua bé tong khi va bé tong bot
dbi ching. Bén canh d6, gi4 trj d6 4m cua miu bé > tong nhe di huong cling thép hon déng ké so voi mau bé
tong nhe dbi | chimg. Cac dac tinh nay cua cac mau bé tong bot-khi di huéng dugc giai thich bdi khu vyce
trung tam méu c¢6 d6 rdng xdp 16n hon, khdi lugng thé tich nho hon, 16p ngoai vi (16p vo) déc chic, it 15
rong thong nhau, da giam dugc lugng hoi nude thdm nhép vao bén trong cau trac bé tong di hudng.

- Trong tuong lai, can nghién ctru thém cac giai phap dé san xudt va img dung céc loai bé tong bot-khi
di huéng dé ché tao cac panel san, tAm tuong chiu lyc..., trong thyc té thi cong cac cong trinh & Viét Nam.
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ABSTRACT

Some results of experimental research on aerated-foam concrete
with anisotropic structure in laboratory conditions

Tang Van Lam', Vo Dinh Trong', Pham Duc Luong', Vu Kim Dien?
'Hanoi University of Mining and Geology, 18 Pho Vien, Duc Thang, Bac Tu Liem, Ha Noi, Vietnam
2College of Industry and Construction, Uong Bi town, Quang Ninh province

This article has presented some experimental results on aerated-foam concrete with an anisotropic
structure using EABASSOC foaming agent and air-forming agent from aluminum powder simultaneously.
Anisotropic concrete products have the outstanding characteristic of containing varying porosity from the
central area to the peripheral areas of the product. This study has proposed a technology for manufacturing
cube-shaped wooden molds measuring 100x100x100mm with four hollow perforated mold walls. Pre-
punching hollow holes with a hole diameter of 1.5mm and a distance between holes of 10mm is intended
to remove excess gas and liquid phase components from the concrete mixture during the setting and
solidification process. With this effect, an anisotropic structure was formed inside the studied concrete
sample. Research results in laboratory conditions show that it is possible to manufacture aerated-foam
concrete products with an anisotropic structure with gradually decreasing porosity from the center to the
periphery of the product sample. At boundary locations, the average volume is about 1400kg/m?. But, at
the central position of the anisotropic concrete sample due to its large porosity, the average dry volume is
about 850kg/m®. In addition, this study also compared the properties of anisotropic foam-aerated concrete
with foam concrete and conventional aerated concrete with the same wet volume.

Keywords: foam-aerated concrete; anisotropic structure; perforated mold; foam concrete; aerated concrete
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