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Tém tit

Bai bdo nay trinh bay két qua nghién ctiu ché tao loai bé tdng nhe cudng dd cao (HSLWC) stt dung cenospheres
tir tro bay (FAC) vé6i cuong do nén trén 40 MPa va khéi lugng thé tich 1300-1600 kg/m® (FAC-HSLWC). Ham
luong FAC st dung thay thé cat véi ty 1& 0, 50, 70 va 100% (theo thé tich). Ngoai ra, dnh hudng ctia phu gia
khoéng 1a silica fume (SF) va xi hat 1o cao nghién min (GGBFS) trong chit két dinh dén cudng do6 ctia FAC-
HSLWC ciing dugc nghién citu. Két qua thi nghiém cho théy, khi thay thé cat bdi FAC, khéi lugng thé tich giam
va cuong do riéng ting ding ké. St dung phu gia khoang SF va SF két hop GGBFS & ty 1& 20-40% lam cai
thién cudng do nén va do hiit nude ciia bé tong, trong khi ty 16 GGBFS dén 60% miic du cai thién do hit nudc
nhung 1am gidm cudng dd 28 ngay so véi chi sit dung OPC. Ngoai ra, tuong tu cdc loai bé tong nhe khac, hé s6
dn nhiét ctia FAC-HSLWC giam dang ké va phu thudc chd yéu vao ty 1& FAC thay thé cit hay khdi lugng thé
tich ctia bé tong.

Tir khod: bé tong nhe chiu luc; bé tong nhe cudng do cao; cenospheres; hat vi cau réng tii tro bay; cdt liéu nhe;
cudng dd nén; do hit nudc; tinh dan nhiét.

EXPERIMETAL STUDY TO PRODUCE HIGH-STRENGTH LIGHTWEIGHT CONCRETE USING FLY
ASH CENOSPHERES

Abstract

This paper presents the experimental study to produce high-strength lightweight concrete (HSLWC) using fly
ash cenospheres (FAC) with compressive strength over 40 MPa and a density in the range of 1300-1600 kg/m?
(FAC-HSLWC). The FAC contents of 0, 50, 70, and 100% were used to replace sand by volume. The effect of
mineral admixtures, i.e., silica fume (SF) and granulated ground blast furnace slag (GGBFS) on the compres-
sive strength of FAC-HSLWC was also investigated. Experimental results show that, replacing sand by FAC
decreases the density and increases significantly specific strength despite reducing compressive strength, and
water absorption of the concrete. The addition of the mineral admixtures SF and SF combined with 20-40%
GGBFS improved compressive strength and water absorption, whereas the addition of up to 60% GGBFS was
effective in improving water absorption but decreasing strength compared with the use of OPC only. Addition-
ally, similar to other lightweight concretes, the thermal conductivity of FAC-HSLWC is significantly reduced
and depends mainly on the replacement ratio of FAC or the density of the concrete.

Keywords: structural lightweight concrete; high-strength lightweight concrete; fly ash cenospheres; hollow mi-
crospheres; lightweight aggregate; compressive strength; water absorption; thermal conductivity.
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1. Giéi thiéu

Bé tong nhe c6 lich st 1du doi tit hon 2000 nam trude. Tai khu vuc Dia Trung Hai, nhiing c6ng
trinh dudc xay dung ti thdi La Ma c¢d dai nhu Cang Coca, mai vom Pantheon va dau trudng La Ma
déu st dung bé tong nhe. Trong giai doan niy, cbt liéu cho bé tong nhe 1a céc loai vat liéu nhe c6
nguodn gdc tif nii 1da. Pén dau thé ky 20, khdi nguon tir phat minh ctia Stephen J. Hayde (1908) - mot
nha san xuit gach va gbm k¥ thuat (Vién ESCSI) di cho ra ddi céc loai c6t liéu nhe nhan dugc nung
phong nd tir dat, d4 sét tao thanh cbt lidu st dung cho bé tong [1].

So véi bé tong ning thong thudng, viée st dung bé tong nhe két cAu mang lai nhiéu 1gi ich bao
gdm gidm tinh tai cho cong trinh do d6 tiét kiém cho két cAu nén méng va gia cd, gidm kich thude
két cAu, ting dién tich hoic sd ting clia cong trinh; cai thién tinh chét nhiét; cai thién kha ning chdng
chdy; chéng dong dit, tiét kiém trong véan chuyén, thi cong, 13p dit va ché tao cic ciu kién diic san.
Tuy vay, bé tong cbt liéu nhe phd bién hién nay van c6 nhiing nhudc diém cb hitu 1am han ché viéc st
dung rong rai vao lam két cAu cong trinh nhu cudng do va co tinh thip, do gion cao (kha ning chbng
lai niit gy duéi tac dong clia ngoai luc); ciu triic véi do x6p cao. Bén canh d6, san xuét cot liéu nhe
nhan tao ciing 1am tiéu tén ning lugng, khai thac tai nguyén va phat thdi lugng 16n CO,. Bé tong nhe
két cAu va bé tong nhe cuong do cao van dang 12 huéng nghién cifu dudc quan tdim dé st dung cho
cong trinh x4y dung hién dai nhu nha cao ting, két cAu ndi ngoai khoi, két ciu cau dudng [2].

Theo ACI 318-14 [3], bé tong nhe két cAu 12 loai bé tong cdt liéu nhe c¢6 cudng do tir 17 MPa trd
1én, tiéu chudn Chau Au (EN 1992 [4]) quy dinh bé tdng nhe két cau 1a loai tit LC 8/9 trd Ién, tifc
cudng do nén dic trung mau tru tdi thidu 1a 8 MPa va 9 MPa véi méu 1ap phuong. Ngoai ra theo ACI
213 [2] thi bé tong nhe cudng do cao 12 loai bé tong nhe két ciu c6 cudng dd nén khong thip hon 40
MPa. Cic loai cbt liéu st dung cho ché tao cdc loai bé tong nhe nay thudng 1a cbt liéu nhe nhan tao
dugc ché tao tir dit sét, da phién sét, phién sét dudc nung phong nd. Uu diém ctia loai cbt lidu nay 1a
c6 thé ché tao ra dugc hat cdt liéu véi kich thudc theo mong mubn tit cbt lidu 16n dén cbt lidu nhd.
Céc hat ¢t liéu nhe nung nd c6 ciu triic xbp 16n. Do hiit nude ciia chiing phu thudce nhiéu vao cac cau
tao clia hé thong 16 réng, va thudng c6 do hit nudc tuong ddi cao, tif 6-30% [5, 6]. Khi bé tong st
dung cic loai c6t liéu nhe, kha ning chong thim bi gidm, dic biét khi st dung ca cbt liéu nhe loai 16n
va cdt liéu nhé [7]. Chinh vi vy, loai bé tong cdt liéu nhe nay tuong d6i nhay cidm trong moi trudng
4m do su hiit &m 1am thay ddi khoi lugng thé tich, thé tich ctia bé tong. Ngoai ra, d€ san xuét dugc cot
liéu nhe phai trdi qua nhiéu cong doan, diéu nay 1am ting gia thanh va phét thai khi CO, trong qua
trinh sn xuét chiing. Cudng do clia bé tong cdt liéu nhe phu thudc nhiéu vao chit luong, khéi luong
thé tich ctia cbt lidu nhe, thong thudng phd bién trong khoang 20-55 MPa tuong ting vé6i khoi lugng
thé tich (KLTT) clia bé tong 1440-1920 kg/m? [8]. Cic két qua nghién ciiu v& bé tong nhe cudng do
cao c6 kha ning ché tao ciu kién chiu luc cho dén nay chii yéu dat ducc v6i khdi luong thé tich >
1800 kg/m*, néu giam khéi lugng thé tich dudi 1800 kg/m> thi cudng do nén bé tong thong thudng
chi dat khoang 30 MPa [9, 10]. Nhém nghién ctiu ciia Nhat [11] da phat trién loai bé tong nhe vdi
khéi lugng thé tich 1800-1850 kg/m® va cudng dd nén dat dudc 47-54 MPa, tucng ting véi cuong do
riéng (ty sb gitta cudng do nén véi KLTT) 1a 0,0275-0,030 MPa/kg.m~>. Nhém nghién citu ctia Brazil
[10] ciing nghién cttu dudc loai bé tdng nhe c6 cudng do riéng tuong tu st dung hat x6p: khdi lugng
thé tich trung binh 1450-1600 kg/m?, cudng do nén 40-50 MPa. P& ché tao dudc bé tong ¢ cudng do
trén 55 MPa véi cic tinh ning dap ting cho ché tao két cAu bé tong cbt thép van dang con nhiéu thach
thiic véi cdc loai cbt liéu nhe truyén thong [12].

Cic nghién ctiu vé bé tong cdt liéu nhe ciing da dugc thuc hién tir vai thap nién gan day & Viét
Nam nhu bé tong cbt liéu keramzit [13—15], bé tong cbt liéu tro bay vé vién [16], bé tong cdt lidu
porystyrene phong nd [17-19]. Nhin chung, cic nghién cifu da nghién ctiu ché tao loai bé tong ker-
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amzit ¢6 khdi luong thé tich 1200-1900 kg/m? va cudng do trong khodng 15-40 MPa. Tuy nhién, vin
dé san xuét cbt lidu keramzit trong nudc con dang kho khin, ngudn cung cép chii yéu tir nhap khdu,
do vAy gid thanh cho loai bé tong nay con cao (dic biét véi loai sit dung ca cot lidu 16n va cdt lidu
nhd), ngoai ra bé tong nay con ddi hdi nhitng yéu cau riéng vé mit thi cong, bao dudng so véi bé tong
thong thudng va vin dé gilf nudc va thoat 4m cham, do dong nhit vé cAu tric clia loai bé tdng nay
ciing can phai luu y khi st dung.

Bén canh cic loai bé tong cbt liéu nhe phd bién, bé tong nhe st dung hat vi cau réng tif tro bay
(fly ash cenospheres-FAC) dudc quan tim va phat trién trong khoang hon thap nién tré lai day. FAC
1a c4c hat nhe ¢6 trong tro bay nha mdy nhiét dién, khdi luong thé tich clia ching thudng trong khodng
0,4-0,9 g/em?, kich thudc hat trong khoang 1-300 um, véi céc hat chi yéu trong khoang 20-300 pm,
chiing 1a nhitng hat c6 kich thuée 16n trong tro bay so véi cac hat tro bay khac c6 kich thude hat chi
yéu duéi 20 um, chiéu day thanh véch trong khoang 1-18 um [20, 21]. Ngoai ra, cdc hat cenosphere c6
16p vo c6 kha ning chdng thim khi va nuée [22], kha ning khang nén dap cta hat khoang 15,6-17,5
MPa [23], cao hon kha nhiéu so véi ct liéu nhe phd bién 1a keramzit trong khoang 0,82-5,6 MPa [5].
Chinh vi viy, cdc nghién cifu vé st dung FAC lam vi c6t lidu nhe cho ché tao bé tong nhe 1a chii dé
dugc quan tim, thyc hién khd nhiéu trong nhiing nim gan day. Bé tong nhe st dung FAC (FAC LWC)
dugc ghi nhan c6 khdi lugng thé tich thip va cudng do cao hon so véi céc loai bé tong cdt lidu nhe
truyén thong. FAC LWC co ban ddp tng dudc tiéu chuan yéu cau vé cudng do véi bé tong nhe két cAu
v6i dai KLTT tit khoang 1100 kg/m? trd 1én.

Tuy nhién, d€ ché tao FAC LWC c6 mdt s6 khé khin can gidi quyét d6 1a thanh phan loai bé tong
nay chifa lugng 16n xi ming, cac hat min nhu FAC, cit, diéu niy din dén dién tich bé mit ctia cac hat
vat liéu trong hé 16n 1am ting Iudgng nudc tron va ty 16 N/XM. Ngoai ra, do do hip thu nudc clia cac
FAC ciing 16n hon cét nén ciing gép phan l1am ting lugng nudc tron. Cac hat FAC véi dic tinh bé mit
nham thip, do vy dan dén do bam dinh giita b& mit vi cau va d4 xi ming thip. Piéu nay lam giam
tinh lién két trong vi cAu triic bé tong din dén anh hudng d6 bén lau cta bé tong. FAC LWC ciing
dugc ghi nhan 12 c¢6 tinh gion, mo dun dan hoi thip, tuong tu nhu cac loai bé tong cbt lidu nhe khac.
Vin d& nay xuét phét tif nguyén nhan, FAC LWC khong c6 bo khung c6t liéu dic chic nhu bé tong
thong thudng, FAC c6 kich thue nhd va do réng 16n hon so véi cdt liéu thong thudng. Ngoai ra, st
dung ham luong xi ming 16n sé 1am ting lugng hd xi ming trong hé, dan dén ting tinh don va co ngét
cho bé tong. P& nang cao chit lugng ctia FAC-HSLWC, khic phuc cic nhuge diém do, viéc thiét ké
thanh phan cip phbi va ché tao loai bé tong nay thuong ap dung cac nguyén tac sau: Giam kich thudc
16n nhét cia cbt liéu d€ ting do dong nhét cAu tric bé tong, giam luong dung chét két dinh bing cach
t6i wu hoa thanh phan hat c6t liéu, ting do dic chac ciu tric va ving ITZ bang viéc sit dung PGK siéu
min, va giam co ngét, ting kha ning khang niit bang cach st dung cbt sgi phan tan. Ddi vé6i cot licu
cho FAC LWC, céc nghién citiu ché tao loai bé tong nay hién nay chii yéu khong sit dung c6t liéu kich
thudc 16n, dic chic. Diéu nay tdt cho viéc giam KLTT, tranh phan ting, ddng nhét ciu triic ctia bé
tong, nhung c6 nhude diém 1a ting tinh gion va kha ning bién dang dudi tai trong clia bé tong. Viéc
stt dung céc loai cdt lidu dic chic c6 kich thudc nhod (thudng 0,6 mm) tuong tu nhu loai sit dung cho
bé tong siéu tinh ning (UHPC) 1a giai phap can bing cho cic van dé vita néu. St dung cbt soi phan
tdn nhu s¢i polypropylene dé gidm co ngét, han ché nit cho bé tong da dugc nhiéu cic nghién ciu
thuc hién va danh gid 1a hiéu qua [24-26]. Ty 1¢ st dung soi polypropylene & mic 0,25 dén 0,5% theo
thé tich HHBT thuong dudc ghi nhan 1a hiéu qua trong giam co ngét, ting khang niit ctia bé tong. O
ham Iuong cao hon (0,5%) khong hiéu qua trong viéc gidm co ngét, dong thdi gidm tinh cong tic va
cuong do nén cua bé tong [27, 28].

Bai bdo nay trinh bay két qua nghién ciiu ché tao bé tong nhe cudng do cao trén co s st dung
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vi cau réng tif tro bay (FAC-HSLWC) va hé chit két dinh da ciu ti (xi ming két hop véi phu gia
khoang) dugc phat trién cho két cdu bé tong nhe chiu luc véi khbi lugng thé tich trong khoang 1300-
1600 kg/m?, cudng do nén 16n hon 40 MPa va so sanh véi bé tong thong thudng thong qua thong sb
cudng do riéng. Ngoai ra, cdc tinh chit khac ciia FAC-HSLWC nhu dd hit nudc va hé sb dan nhiét
cling dudc nghién ciu va so sanh véi bé tong thong thudng.

2. Vit liéu stt dung va phueng phap nghién ciru

2.1. Vit liéu si dung trong nghién ciiu

C6t lieu gom cat song c¢d hat 0,15-0,63 mm, 100
cenospheres (FAC) tu tro bay nha may nhiét dién. S g0 - _
Chit két dinh gém xi ming poée ling (OPC) loai gn 6 *
PC50 theo TCVN 2682:2009 cua Cong ty xi mang = 1| [
Nghi Son, silica fume (SF) dang hat rdi cia hang T%D 0
Elkem va xi hat 10 cao nghién min (GGBFS) loai 3 20 1 i g
S95 cta Cong ty CHC Viét Nam. Phu gia siéu 0 fietl g : .
séo (PGSD) gbc polycarboxylate PCE loai F theo 0.01 01 o sing (m‘n?) 100~ 1000
ASTM C494 dugc st dung dé diéu chinh tinh cong .
tdc cia HHBT. Sdi poly propylene (PP) dang sdi to Hinh 1. Thanh phan hat cla vat liéu

manh bé cum véi chiéu dai 12-20 mm, khéi lugng

riéng 0,91 g/em?, cudng d6 kéo 450 MPa, mé dun dan hdi 3500 MPa dudc st dung cho nghién ctu.
Céc tinh chit co 1y va thanh phan héa vt liéu st dung dudc trinh bay trong Bang 1 va Bang 2 tuong
ting. Thanh phan hat ctia vat liéu thé hién trong Hinh 1. Hinh dang cic hat FAC khi d6 déng va khi
phong dai thé hién trong Hinh 2.

Bang 1. Tinh chit co ly clia xi ming, silica fume, GGBFS, FAC, cat

Tinh chét OPC  GGBFS SF FAC  Cit
Khéi lugng riéng, g/cm3 3,10 2,90 2,16 0,786 2,62
Do hiit nudc (trang thdi bio hoa kho bé mit), % - - - 10,3 3,2
Dién tich bé miit, cmz/g 3820 5090 29900 - -
Kich thudc hat trung binh, pm 16,68 7,84 0,15 116 225

Béng 2. Thanh phan héa cta vat lidu st dung trong nghién cifu

Vé.t liéu Si02 CaO A1203 FCQO3 MgO SO3 KzO NagO Ti02 MKN

OPC 19,40 63,50 5,22 3,40 1.1 207 091 0,00 045 1,23
GGBFS 33,02 3920 14,02 0,17 816 005 021 028 0,12 -049
FAC 61,40 0,28 26,61 2,79 1,s81 0,01 391 082 - 0,27

MKN ctia GGBFS c¢6 gi4 tri am (—0,49%) dudgc cho 1a do trong thanh phin GGBFS con chiia lugng luu huynh
nhét dinh khi nung bi oxy héa 1am ting khdi luong mau (miic di theo phuong phép phan tich da hiéu chinh theo
ham lugng SO3).
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Hinh 2. Hinh dang hat cenosphere stt dung trong nghién citu

2.2. Cdp phoi bé téng

Téng cong c6 8 cip phdi dugc thiét ké st dung trong nghién ctiu nay. Céc cip phdi dudc chia ra
thanh 2 nhém: (1) nhém thay thé cit bang FAC véi ty 1&é FAC/(cat+FAC) 1a 0, 50, 70 va 100% tinh
theo thé tich; va (2) nhém st dung phu gia khodng (PGK) 1a SF vd GGBFS. Cic cip phdi c6 ty 1&
N/CKD va ham lugng CKD dugc cb dinh tuong tng 1a 0,4 va 750 kg/m>. Cbt s¢i PP sit dung & ty 18
0,5% theo thé tich hon hop bé tong (HHBT). D€ khio st anh hudng ctia PGK dén tinh chit bé tong,
cap phbi dbi ching st dung CKD la OPC, cic cip phdi stt dung PGK gom SF véi ty 1& 10% va két
hop v6i GGBFS véi ty 1€ 0, 20, 40 va 60%. Cac cip phdi FAC-HSLWC khong ché do chay ctia HHBT
trong khoang 160-180 mm bing cach sit dung PGSD dé diéu chinh. Chi tiét thanh phan cip phbi thé
hién trong Bang 3.

Bang 3. Ty 1& thanh phan vat liéu FAC-HSLWC trong nghién ctiu

. Ty 1& Ty 1& Y 16 Ham Thanh phan Ham lugng

Cap phoi FAC/ FAC  N/cKD luong CKD (%) soi PP

(cat+FAC), (% theo CKD OPC SF GGBES (% theo

(%) thé tich) (kg/m?) thé tich)
FACO 0 0 0,4 750 90 10 0 0,5
FAC20 50 20 0,4 750 90 10 0 0,5
FAC30 70 30 0,4 750 90 10 0 0,5
FAC40 100 40 0,4 750 90 10 0 0,5
OPC100 100 40 0,4 750 100 0 0 0,5
SF10GS0" 100 40 0,4 750 920 10 0 0,5
SF10GS20 100 40 0,4 750 70 10 20 0,5
SF10GS40 100 40 0,4 750 50 10 40 0,5
SF10GS60 100 40 0,4 750 30 10 60 0,5

Chii thich: FAC, OPC, SF, GS trong ky hiéu cip phdi tuong ting 1 ky hiéu cenospheres, xi ming podc ling, SF
va GGBFS; ! cip phdi SF10GSO0 ciing chinh Ia cip phbi FAC100.

2.3. Quy trinh trén

May tron st dung trong nghién ctiu 1a mdy tron hanh tinh 20L. Quy trinh cp vat liéu tron vao
may nhu sau: cit, cenospheres, xi ming va phu gia khodng dudc dua vao mdy tron khd déu trong
khoang 2 phit, sau d6 cho khoéng 70% nudc tron déu trong khoang 2 phit, lam sach c¢bi tron va cho
phu gia siéu déo +30% nudc con lai tron khoang 2 phiit, tiép d6 cho dan sgi PP vao hdn hop tron déu
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trong vong 2 phit. Liéu lugng PGSD dugc diéu chinh d€ hdn hgp bé tong dam bao tinh cong tac nhu
mong mudn.

2.4. Phuong phdp thi nghiém

Do chay ctia HHBT dugc xdc dinh theo tiéu chuin BS EN 1015-3:1999. Gia tri d6 chay dudgc iy
bing trung binh dudng kinh ctda hai 1an do vudng géc. Cac miu thit dugc diic trong khudn thép, dAm
chit trén ban rung va bao dudng 4m & do 4m tuong dbi trén 95%, nhiét d6 27+2 °C. Cudng d6 nén
dugc xac dinh véi mau 1ap phuong 100x100x100 mm theo tiéu chudn BS EN 12390-3:2009. Khdi
lugng thé tich kho va do hiit nuée dugc xdc dinh v6i mau kich thude 40x40x 160 mm theo tiéu chuin
BS EN 1015-10:1999. MAiu bé tong dudc siy khd dén khdi lugng khong d6i & 105+5 °C va can dugc
khdi luong mau kho, sau dé ngdm bio hoa nudc trong 48 h dé can khéi lugng 4m. Do hit nudc 1a
phén trim chénh léch khdi Iuong miu 4m va miu kho ctia 3 méu thi nghiém song song. Hé s6 din
nhiét dudc xac dinh theo tiéu chudn ASTM C518-04. MAu thit nghiém dudgc diic trong khuon hinh
ling tru 300x300x55,3 mm, va dudc bao dudng diéu kién tiéu chuin dén 28 ngay. Sau d6 dudc siy
kho & nhiét d6 105+5 °C dén khbi lugng khong ddi trudc khi tién hanh thi nghiém.

3. Két qua va ban luin
3.1. Tinh céng tdc ciia hon hop bé tong

Do chay cia HHBT FAC-HSLWC véi ty 16 N/CKD = 0,4 va ham lugng PGSD dugc cb dinh 0,6%
theo khéi lugng CKD thé hién trong Hinh 3(a) cho théy, khi ham luong FAC ting thi HHBT c6 xu
huéng gidm tinh cong tac khi ddnh gid thong qua do chay xoe. Cu thé, do chdy xoe cia HHBT clia
mau ddi ching 12 215 mm giam xubng con 190 mm va 165 mm, tuong tng gidm khoang 11,6 dén
22,3% so v6i mau dbi ching khi FAC thay thé cét & ty 1& 50 dén 100%. Hién tugng giam tinh linh
dong ctia HHBT c6 thé gidi thich 13 do kich thudc cac hat FAC nhd hon cit nén khi thay thé cit bsi
FAC thi t8ng dién tich bé mit trong hé ting 1én do d6 lam giam lugng nudc tu do trong hé dan dén
tinh linh dong ctia HHBT gidm. Ngoai ra, do dic tinh ctia cdc hat FAC nén do hit nudc ctiia FAC dé
dat do 4m bao hoa cao hon kha nhiéu so vé6i cat nhu thé hién trong Bang 1 ciing 12 nguyén nhan quan
trong lam gidm lugng nudc tu do trong hdn hop. Véi cac cip phdi st dung OPC két hop vé6i SF va
GGBFS, do6 chay xoe cia HHBT giam khi st dung SF 10%, tinh lvu dong cia HHBT dudc cai thién
hon khi st dung két hop SF véi GGBFS & céc ty 1& 20, 40 va 60% (Hinh 3(b)).

=3 D¢ chay-nhom thay cat D¢ chay-nhom PGK
- -0 - -0,
750 - 0 =% so BC 0 200 __QD % so DC _ 0
—~ \ —_ \
£200 { [ < £ 190 f S
X0 B Cs EM W
QO
2150 A - 10 ® L 180 1 ‘\ . Lm)
B o # \ fa) - -8 o
Z 100 4 N -15.2 2 170 A \ 2
S z S ‘ L1202
o 4 Ol -20 '3 o - es
2 50 -4 03 2 160 M’ =3
0 -25 150 -16

FACO FAC50 FAC70 FACI100
Cap phoi &

Cép phdi
(2) (b)

Hinh 3. Tinh cong tac cia HHBT FAC-HSLWC st dung (a) FAC, (b) hén hgp SF va GGBFS
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Trong trudng hop gitt cb dinh do chay xoe clia os E===I1PGSD -0-%so0DC 100
HHBT trong khoang 180+5 mm thi lugng PGSD 9 o] ol
cin didu chinh ting tit 0,41% dén 0,76% khi ty 16~ 5 06 2 N S
FAC thay thé cat tir 0 dén 100%. V6i cac cip phdi £ 04 4 B/ N 60 ¥
sit dung PGK, sit dung SF10% thi lugng PGSD & ’ o N
ting tit 0,5% (OPC100) 1én 0,76% (SF10GS0), 210, i ol 20 3
lugng PGSD giam khi stt dung két hop SF véi GG- 00 0

2% L7 1A A Q Q Q N \ Q Q Q N}
BFS ¢ ty 1€ 20 dén 60%. T LT NEFFTSE S
7T Y TSNS
RS

3.2. Khéi lugng thé tich kho va cuong dé nén Cap phoi

KLTT céia FAC-HSLWC thé hién trong Hinh 4. Lugng PGSD dé "dat cung do chay xoe
Hinh 5(a) cho théy, khi t 18 FAC thay thé cdt trong 180+5 mm cua HHBT
HHBT ting tir 0 (miu FACO - ddi chiing) dén 50,
70 va 100% thi KLTT kho ciia bé tong tuong ting tir 2180 kg/m® gidm xubng con 1656, 1505 va 1322
kg/m?>, tuong ting véi mitc giam 1a 24, 30,9 va 39,4%. Trong khi d6, khi thay thé cét bi FAC thi cudng
dd nén clia bé tong gidm khi ting ham luong thé tich ctia FAC & cic tudi khio sit 7, 28 va 91 ngay.
Cudng do nén tudi 28 ngay clia giam tli 74,1 MPa (mau dbi chiing) xuéng con 69,3, 68,6 va 63,3 MPa
tuong ung v6i muc giam 6,7, 7,4 va 14,6% khi ty 1€ FAC/(FAC+C) tuong tng 1a 50, 70 va 100%. Su
giam cudng dd khi thay thé cat bdi FAC c6 thé gidi thich 1a do cac hat FAC c6 bé mit tron nhén va
dd réng cao nén anh hudng dén cudng do nén cia hé. Hién tuong giam cudng do ciia FAC-HSLWC
khi st dung FAC thay thé mot phan cat tu nhién ciing da dugc mot sé nghién citu chi ra [29-32] va
dugc giai thich do mot s& nguyén nhan chd yéu sau. Pau tién phai ké dén dé6 1a cac hat FAC c6 chu tao
dang hinh cau c6 16p v6 c6 thanh phan chinh 1a khodng aluminosilicate & dang pha thity tinh tuong
dbi tron nhan nén vung tiép gidp gilta da xi ming va cic hat FAC (vang ITZ) sé kém hon so véi cic
hat cit tu nhién, nhu trong mot s6 nghién ciu da chi ra [33]. Kha ning lién két giita cac hat FAC va
d4 xi miing sé phu thudc nhiéu vao phan ting puzolanic gilta cic khodng silica v6 dinh hinh ctia FAC
v6i canxi hydroxyt (CH) sinh tit phan ting thiy héa cua xi mang tao nén khoang hydro canxi silicate
(C-S-H) va lam giam luong CH diéu nay sé gitp cai thién tot hon vung ITZ. Tuy nhién, tbc do phan
ung puzolanic xay ra chim so véi phan ting thuy hoéa ctia xi mang va khi lugng FAC trong hé tang qua
cao sé du thira so v6i ndng do6 CH trong hé dé cic phan ting puzolanic c6 thé tiép tuc xay ra. Mot ly

100 0.06 ~ 2500
£ £ —~- - 2000 £
S = - 2
e 5 T ~os o 1500 2
e 2 -- [P
< g o
?D on —0o—Rn7 - 1000 ®
£ 5 —0—Rn28 et
3 3 —2—Rn91 - 500 5

= & =KLTT (28 ngay) v
0 0.000 AP 0

0 25 50 75 100 25 50 75 100
Ty 1& FAC/(FAC+C) Ty 16 FAC/FAC+C)

(a) (b)

Hinh 5. Anh hudng ctia ty 18 FAC/(FAC+C) dén cudng do nén véi (a) KLTT & tudi 28 ngay
va véi (b) cudng do riéng cia FAC-HSLWC
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do nita lién quan dén d6 réng trong bé tong khi st dung FAC. Khi st dung hat FAC thi lugng khi cuén
vao HHBT ting 1én, hinh thanh nén cic 16 réng bot khi diéu nay 1a do cac hat FAC c6 kich thudc nho,
lam ting dang ké dién tich bé mit trong hé, diéu nay lam gidm kha ning thim uét vat liéu cta dung
dich trong hé din dén ting ham lugng bot khi. Hién tuong nay nay ciing dudc chi ra trong nghién citu
clia Wang [34]. Céc hat 16 rong kich thudc 16n ciing 12 nguyén nhan lam gidm cudng do clia bé tong.

Mot thong sb nita dé ddnh gid phdm chat cta vt lidu thudng dudc st dung cho bé tong nhe 12
cudng do riéng, d6 1a ty sb gilta cudng do nén va khdi luong thé tich kho clia bé tong. Dbi vé6i cac
cip phbi FAC-HSLWC nghién ciiu, két qua thé hién trong Hinh 5(b) cho thiy, cudng do riéng cia céc
mau bé tong nhe ting ty 1& véi thé tich ctia FAC trong HHBT, cu thé cudng do riéng ctia mau FACO tur
0,034 MPa/kg.m ™ ting 1én 0,418, 0,0456 va 0,0479 MPa/kg.m > tuong ting v4i muc ting 12,3, 34,1,
40,9% khi ty 1& FAC thay thé ct 1a 50, 70 va 100%.

Anh hudng clia loai PGK trong CKD dén = Ro7 FE==Rn28

> s Rn91 ==/x=-% so PC-Rn7
cuong do nér} cua FAC—HSLWC thé hién trong g0 0= s0PCRA2S - O %50 DC-RA9L
Hinh 6 cho thay, khi SF thay thé OPC 6 ty 1& 10% s 3
thi cudng do cla bé tong ting & cac tudi khio sat Z 60 A S
la 7,28 va 91 ngay, ml’Ic/d(f) tang tuong ung la 6,6, % 40 - 0 g
5,6 va 6,8%. Khi thay th¢ mot phan OPC véi PGK = -4 2
Ia SF va GGBFS &ty 1¢ GGBFS 20,40 va 60% thi £ 20 83
cudng do 7, 28, 91 ngay déu gidm so v6i mau chifa 0 L
10% SF (mﬁu 1OSFGSO) Tuy nhién khl SO Sénh OPC100 SF10GSO SF)OGSZB SF10GS40 SF10GS60
cdc mAu chita GGBFS véi miu OPC (OPC100) thi Cop phoi
4 ty 16 GGBFS tir 20-40%, cudng do nén & tudi 28 Hinh 6. Cutng do nén ciia FAC-HSLWC khi st
va 91 ngay la tuong duong, trong khi & ty 1€ 60% dung OPC va hon hgp PGK

GGBFS cudng d6 thip hon véi mau OPC khoang

8,7 va 4,4% & tudi 28 va 91 ngay tuong ting. Cudng do riéng ctia cdc cip phdi st dung 20-60% GG-
BES trong khoang 0,0423-0,046 MPa/kg.m™>, khong chénh 1éch nhidu so véi 0,0444 MPa/kg.m™> ctia
cip phdi OPC100.

3.3. D¢ huit nudc

b6 hit nuée (H,) cia FAC-HSLWC véi khi thay thé cét béi FAC & cic ty 1é khac nhau thé hién
trong Hinh 7(a) cho thiy, do hit nudc ting khi ting ham lugng FAC. D¢ hiit nuéc tudi 28 ngay tit
3,61% ctia mau dbi chiing (FACO) ting 1én 28,0, 39,9 va 71,7% tucng ting véi ty 18 FAC thay thé cat
50, 70 va 100%. Hién tugng tdng do huit nudc cia FAC-HSLWC khi khi ting ham lugng FAC c¢6 thé
giai thich 13 do cac hat FAC c6 kha ning hip thu nudc 16n hon cic hat cat. Két qua thi nghiém cho
thiy do hit nuéc ctia FAC 1a 10,3% so vé6i 3,2% cia cat. Chinh vi vy, bé tong chifa FAC sé hép thu
lugng nude 16n hon so vé6i bé tong thong thudng. Piéu nay sé 1am ting hé thdng 16 rdng trong d4 xi
miing khi mot phan lugng nuéc tron bay hoi dé lai. Mot nguyén nhin nita ciing c¢6 thé dnh hudng dén
dd hit nudc ctia bé tong 13 kha ning cubn khi cia HHBT ting 1én khi FAC thay thé cat, do cic hat
FAC c6 kich thudc nhd hon cat, 1am ting tdng dién tich bé mit trong hé, diéu nay cling dudc mot sb
nghién ciiu chi ra thong qua xdc dinh do xdp ctia bé tong FAC. Hién tuong ting lugng nudc hip thu
khi ham lugng FAC ting ciing dudc mdt s6 nghién ciiu khac chi ra [35, 36].

Khi st dung SF thay thé OPC, d6 hit nu6c & tudi 7 va 28 ngay déu giam, mic giam 8,9 va 13,1%
tuong ing & tudi 7 va 28 ngay so v6i mau OPC100. Khi st dung tiép tuc GGBFS thay thé OPC, d6
hut nuée cia FAC-HSLWC giam tang thém tuong ung véi mic tang ham lugng GGBFS tuir 20-60%
& ca tudi 7 va 28 ngay. Mic do giam do hit nudc dat dudc tét nhit & ty 18 GGBFS 60%, do hiit
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nudc giam ti 7,15% ctia mau dbi chiing (OPC100) xudng con 5,35% tuong dng véi mic gidm 25,2%
(Hinh 7(b)).

C— Hp (7 ngay) C— Hp (7 ngay)

=3 Hp (28 ngay) =3 Hp (28 ngay)

= O =% so DC-Hp (7 ngay) = O =% so BC-Hp (7 ngay)

—0— % so DC-Hp (28 ngay) —— % so DC-Hp (28 ngay)

8 80 8

S S Sedl N S
o O > F-10 o
i @ 2 o
g 2 2 4 A - -15 ¢
= “Q s L 20 g
- = <2 < 5
@ % Q F-25 »n

(=)
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o

(=)

FACO FAC50 FAC70 FACI100 S S D © N
Cép phéi QO \“0 BC’% Qo% QO%
S , & &S
Cap phoi
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Hinh 7. Mdi quan hé giita do hit nu6c toan phan ctia FAC-HSLWC véi cac mau chia (a) FAC
va (b) hén hop SF va GGBFS

3.4. Hé sé dan nhiét

Céc cong trinh xay dung ngay cang dugc chi trong dén hiéu qua tiét kiém ning lugng. Mot trong
cac thong s6 quan trong anh hudng dén truyén nhiét ctia cong trinh xiy dung 12 hé sb truyén nhiét clia
cdc vat liéu bao che. Déi véi bé tong nhe, mot trong uu diém ndi bat ctia n6 1 kha ning din nhiét thap
do chtia céc 16 réng khi. Tuy nhién, do d4n nhiét clia céc loai bé tong nhe 1a khong gidng nhau, ngoai
phu thuodc vao khi lugng thé tich ctia né, con phu thude vao cic yéu td khac nhu loai va ham lugng
cbt liéu, tinh chét clia d4 xi ming, kich thudc va phan bd 16 réng. D6i véi FAC-HSLWC, két qué x4c
dinh hé s6 din nhiét thé hién trong Hinh 8(a) cho thiy, hé sb din nhiét gidm dang ké tir 1,236 W/m.K
ctia mdi dbi ching (FAC0) xubng con 0,685, 0,530 va 0,363 W/m.K, tuong duong v6i mic gidm 44,6,

== Hé 56 dan nhiét (28 ngay) == 14¢ 56 dn nhiét (28 ngay)
_ 16 -—_QD =% so DC (28 ngay) 0 _ 039 = 0 =% so DC (28 ngay) 10
N \ G
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2 ' it 2 0.37 - , &
D \\ 8 : ' o L6 8
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£ 081 r-40 o 2 0.36 A , 2
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3 @ & 0.35 - 3
g 0.4 1 SIS - -60 3 fg 5
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Cap phdi g S K §
QRN & , é‘\,, &
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Hinh 8. Méi quan hé giita hé sb dan nhiét ctia FAC-HSLWC véi c4c mau chia (a) FAC,
va (b) hdn hop SF va GGBFS
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57,1 va 70,6% khi thay thé cat bdi FAC & ty 1& 50, 70 va 100%. Luu y ring, miu déi chiing FACO &
day 12 mau bé tong cbt lidu 1a cat, v6i bé tong co cbt liéu gdm ci da va cat thi hé s6 din nhiét khoang
1,98 W/m.K, hoic c6 thé thé cao hon tir 2,6-2,7 nhu vé6i cbt liéu d4 granit [8]. PO din nhiét cia d4 xi
ming da dudc mot s6 nghién citu chi ra trong khoang 0,6-0,73 véi ty 18 N/XM trong khoang 0,36-0,84
[37] hay 0,8-0,84 khi két hgp OPC véi SF [8]. Diéu nay ciing gidi thich vi sao khi ting ham lugng cac
hat vi cau réng FAC, KLTT ctia bé tong giam thi hé s6 dan nhiét ciing giam.

Véi céc chp phdi stt dung OPC két hop véi phu gia khodng SF va GGBFS trong Hinh 8(b) cho
thiy, hé s6 dan nhiét c6 xu hudng giam ting nhe khi st dung hai loai phu gia khoang nay, tuy nhién
mic do ting khong 16n, mifc do ting 16n nhit dat 8,8% vé6i phu gia khodng 1a SF10% vi GGBFS
60%. PO dan nhiét clia bé tong ting khi st dung SF, GGBFS c6 thé giai thich 1a do anh hudng cla
cic loai PGK nay l1am dic chac hon céu triic ctia d4 xi ming.

MGi quan hé gifta KLTT va hé s6 dan nhiét O KLTT-He sb dinnhigt (28 nghy)
cla bé tong da dugc nhiéu nghién ciu dua ra. Hé - — —Expon. (KLTT-H¢ s6 dan nhiét (28 ngay))
s6 din nhiét bé tong c6 thé du dodn theo KLTT 1,60 (- Lxpon (Valord)
kho clia bé tong cuing véi 4nh hudng cta loai cot
liéu [38]. ACI 213-14 dua ra cong thiic du doan hé
s6 dan nhiét ctia bé tong tir két qua nghién ctiu clia
Vahore [39]:

1.20 y = 0.0576¢0-0014x 70
R2=09835 .7 -8
s -
-7
0.80 - \,‘f’.»"‘\
o_-.-" 3
’,Z\’ . N :0.0726'“”13“

040 { =% R*=0.1

Hé sb dan nhiét (W/m.K)

k = 0,07260’00125WC (1)

271N 1A LA R N N 0.00 +——"——r————
trong do, k la hé s6 dan nhiét (W/m.K), W, la 1200 1600 2000 2400

KLTT kho ctia bé tong (kg/m?). KLTT (kg/m?3)

Khi so sanh két qua thi nghiém hé s6 dan nhiét
FAC-HSLWC trong nghién citu nay véi két qua
tinh toan hé sd din nhiét theo cong thic (1) cho
thiy, cong thiic du doan hé sd dan nhiét (1) ctia Vahore cho két qua thap hon so véi thuc té. Phuong
trinh hdi quy ti két qua thi nghiém dua trén cong thiic clia Vahore gitta hé s& din nhiét va KLTT ctia
FAC-HSLWC nhu trong cdng thidc (2) cho hé sb tuong quan R? = 0,9835 (Hinh 9).

Hinh 9. Quan hé KLTT va hé s6 din nhiét cla
FAC-HSLWC

k = 0,0567%0014We (2)

4. Két luan

Nghién citu phat trién hé bé tdng nhe cudng do cao st dung cenosphere (FAC-HSLWC) vdi cic
bién gom ty 1é FAC thay thé cat tu nhién tir O dén 100%; st dung xi ming OPC két hop cac loai PGK
khac nhau gdm SF va SF két hop véi GGBFS da dudc thuc hién. Thong qua nghién ctiu x4c dinh mot
s6 tinh chat ctia FAC-HSLWC, mdt sb két luan cho phép riit ra nhu sau:

- Thay thé cat bdi FAC lam gidm ddng ké KLTT, 1am giam cudng d6 nén, nhung cudng do riéng
ctia FAC-HSLWC ting. Véi ty 16 N/CKD = 0,4 va CKD =750 kg/m?® trong nghién cttu nay, khi thay
thé cat bdi FAC tir 50 dén 100% 1am giam KLTT tuong ting tit 24 dén 39,4%, cudng d6 nén tudi 28
ngay giam 6,7 dén 14,6%, nhung cudng do riéng ctiia FAC-HSLWC ting ti 12,3 dén 40,9%.

- St dung 10% SF, 10% SF két hop v6i GGBFS 4§ ty 1 20-40% thay thé OPC lam ting hoic cho
cudng do tuong duong, trong khi ting ty 16 GGBFS dén 60% lam giam khoang 8,7% cudng do 28
ngay ctia FAC-HSLWC so v6i miu ddi chiing OPC.
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- b6 hiit nuée ctia FAC-HSLWC ting khi FAC thay thé cat, sit dung OPC két hop véi céc loai

PGK 1a SF va GGBFS lam gidm dd hiit nudc, trong d6 st dung PGK gdm 10% SF két hop véi 60%
GGBFS cho hiéu qua cai thién tot nhit, mic gidm khoang 25,2% so mau dbi chitng OPC.

- Hé s6 dan nhiét ctia bé tong giam dang ké khi st dung FAC thay thé cét, mic do giam dén 70,6%

khi thay thé hoan toan cét bing FAC trong nghién ctiu nay. Hé sb dan nhiét ty 1& thuin véi ham lugng
FAC, ciing nhu KLTT. C6 thé du dodn hé s6 dan nhiét tit KLTT ctia FAC-HSLWC v6i hé sb tuong
dong kha cao.
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