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Bai bdo nay nhdm muc dich danh gi4 anh huéng ctia ham lwong tro bay (FA) dén cuwdong do va do bén ctia
bé tong xi mang. Trong nghién citu thue nghiém nay, cic tinh chét dwgc kidm tra 13 cwdng d6 chiu nén
(CPCN), d6 chéng thidm nuéc va d6 co ngét ctia bé téng. V&i muc dich nay, mot hdn hop bé tong FA loai F
da duogc thiét k& v&i nam mic FA thay thé xi ming PCB40 (0%, 20%, 25, 30% va 35%). Két qua thi?
nghiém cho thiy, & 28 ngay tudi CDCN ctia cic bé tong FA 20 - 35% déu giam so v&i mau dbi chitng 0%,
bé toéng c6 litu lugng FA 20% - 30% cé d6 chéng thdm cao hon méu d6i chiing, nhung ting 1én 35% thi
d6 chéng thdm bit dAu giam so v&i miu déi chitng. G 56 ngay tudi, mau FA 20% c6 CPCN cao hon miu
dbi chting khoang 1,5%, cic hdn hop con lai déu giam nhe so véi miu dbi chiing 1an lwot 14 -1,1%, -3,3%
va -6%, nhung tit ca cc hdn hop bé tdng FA déu cé kha ning chéng thim tét hon miu d6i chiing. V& do
co ngobt, qua két qua thi nghiém cho thy & 28 va 56 ngay tudi, bé téng ham luwong FA ting thi d6 co ngét

cang giam so v&i mau d6i chiing va giam gin nhu tuyén tinh.

ABSTRACT

Concrete shrinkage
Concrete waterproofing

Fly ash concrete

This paper aims to evaluate the effect of fly ash (FA) content on the strength and durability of cement
concrete. In this experimental study, the properties tested were compressive strength (CDCN), water
resistance and shrinkage of concrete. For this purpose, a type F FA concrete mix was designed with five
levels of FA replacing cement PCB40 (0%, 20%, 25, 30% and 35%). The test results showed that at 28
days, the CDCN of the FA 20 - 35% concretes decreased compared to the 0% control sample, the concrete
with FA dosage of 20% - 30% had higher water resistance than the control sample, but when it increased
to 35%, the water resistance began to decrease compared to the control sample. At 56 days old, the 20%
FA sample had a higher CDCN than the control sample by about 1,5%, the remaining mixtures were
slightly lower than the control sample by -1,1%, -3,3% and -6% respectively, but all FA concrete mixtures
had better waterproofing ability than the control sample. Regarding shrinkage, the experimental results
showed that at 28 and 56 days old, the concrete with increased FA content had a decrease in shrinkage

compared to the control sample and decreased almost linearly.

1. Gi6i thiéu

cho thiy FA c6 hoat tinh pozzolanic, phan ting v&i Ca(OH), sinh ra

trong qué trinh thity ho4 xi ming dé tao thém cac san phim C-S-H, 1am

Céc cong trinh giao théng nhuw dwdng bo, ciu cbng, bé mit bé
téng thuwong tiép xiic véi nwde, nhiét d6 thay dbi, héa chit, tic dong
o hoc, ... Do d6, ngoai cwdng dd, d6 chéng thdm va do co ngdt 1a
nhiing chi tiéu rit quan trong dé dam bao d6 bén l4u dai, han ché ndt,
st thdm thiu ctia nwéc va cic héa chit gy an mon cbt thép. Tro bay
(FA) duge st dung nhu phu gia khoang dé thay thé mot phin xi
miing, véi cic wu diém nhu giam nhiét thuy héa, cai thién do lam
viéc, t6i wu cAu triic mao mach, giam chi phi xi ming, giam phat thai
[1-7]. Tuy nhién, khi s dung tro bay thi c4c tic dong lén do thim va
co ngét van cdn nhiéu diém cin 1am rd, dic biét trong didu kién khi
hau nhiét d&i va nguyén vt liéu dia phwong ¢ Viét Nam.

Vé kha ning chdng thim, nhiéu tic gia nhw A. M. Rashad va cong
st [1], Chindaprasirt va cong su [2], Md. Moinul Islam va cdng su [3]
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giam d6 rng mao quan, cai thién vi ciu tric va tit d6 ting kha ning
chéng thdm ctia bé téng. Saha [4] d4 chting minh ring kha ning hip
phu ctia bé téng giam dang ké khi lidu Ivgng FA va thoi gian bao dudng
ting 1én. & mitc thay thé FA 10, 20, 30 va 40 %, kha ning hip phu ctia
bé tong tron 14 96, 87, 71 va 68 % so v&i bé téng dbi chitng.

Dbi v6i do co clia bé téng, két qua nghién citu cho thiy FA anh
huwéng dén ca d6 co ngét khé va co ngét do tit bién [1- 2]. Do phan
ttng pozzolanic dién ra cham, bé téng chita FA thudong cé tde do phat
trién cwong d6 cham hon & giai doan dAu nhwng bén vitng hon vé
sau. Sy thay thé FA c6 xu huwéng 1am giam nhiét thuy hoa va giam
itng suét nhiét, tit d6 han ché nguy co nitt sém. Tuy nhién, & mét sb
ty 1& thay thé cao (>40 %), néu khong kiém soét tét ty 1& nwde/ni

miing va diéu kién bao dudng, d6 co ngét kho cé thé ting nhe do sy
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hinh thanh 16 réng min. Theo Yang va cong su [5] chidu rong vét nitt
va co ngét tu do ctia bé téng gidm khi ham lugng FA tang. Theo Saha
[4], téc d6 thity héa thdp do ham lwong voi thip trong bé tong FA loai
F da khién d6 co ngét kho trong bé tong FA giam din.

Do d6, nghién ctiu cho thiy viéc st dung FA trong bé tong ¢
thé cai thién cdc dic tinh d6 bén, nhung mitc d6 cai thién phu thudce
vao ty 18 phéi liéu va tinh chit ctia FA. Muc tiéu ctia nghién cifu nay
14 so sanh cudng db nén, d6 co ngét va d6 chéng thAm nwée chia bé
tong FA loai F ¢6 d6 min khé thip thay thé xi ming ti¥ 20 % dén 35 %
v&i bé tong xi méng Portland PCB40 (1am mau d8i chiing).

2. Chuong trinh thi nghiém
2.1.Nguyén liéu thé

Céc vat liéu dugce stt dung trong thi nghiém nay bao gdm chét
két dinh 12 xi miing PCB40 Ha Tién, FA xudt s tif nha may Nhiét dién
Duyén Hai (Tra Vinh), c6t liéu min 13 cat song Tién, cbt liéu thé 1a da
dim ty nhién xuét xi? tif mo da Tradico (An Giang), nudc dugc léy tw
nuée sinh hoat. TAt ca déu duoc thi nghiém dat theo TCVN va duoc
thé hién Bang 1 va 2.

Bang 1. Tinh chét vat Iy co ban ctia cbt liéu tho va cbt liéu min.

Tinh chét vat Iy Pon vi Pa 5x20 | Cét vang
Kich thuée cbt lidu tbi da mm 5-20 0-2,5
Khéi luwgng riéng g/cm? 2,734 2,624
Khéi Iwvong thé tich xép g/cm® 1,505 1,545
Do Am vat liéu % 0,550 1,830
M6 dun d6 16n 1,960

Bang 2. Thanh phén héa hoc ctia xi miing va FA.
Chi tiéu thi nghiém Ponvi | Ximang FA

D6 min cm?/g | 4.180 3.050
Thoi gian déng két
- Bat dau Phiit 145
- Két thiic Phiit 235
Khéi lwong riéng g/cm? 3,10 2,28
Cuong d6 nén MPa
-3ngay *+ 2h 22,0
- 28 ngay = 2h 43,5
Ty 1é lvu dong 98,6
D6 4m % 0,21
Ham lugng MgO % 2.0 1,11
Ham luong CaO % 59,9 1,75
Ham lugng (SiO, + Al,05+Fe,05) % 33,2 85,15
Ham lugng SO, % 2,07 0,08
Ham lwgng mét khi nung % 1,92 6,46

2.2. Thiét ké hén hop thir nghiém

Dé phan tich anh hwdng ctia ham lwong FA dén CDCN, d6 thim
nudc va d6 co ngét cta bé tong. Mot hén hop bé téng duge thiét ké
theo tiéu chun Viét Nam TCVN 9340: 2012 [6], bao gdbm mét hén hop
dbi chitng va bén hdn hop véi FA chiém 20 %, 25 %, 30 % va 35 %
tbng chit két dinh (xi mang + FA), cac cbt liéu thd, cbt liéu min va
Iugng née khong thay dbi dutge thé hién trong Bang 3.

Bang 3. Thanh phén cip phéi cho bé téng (tinh cho 1m?).

Ky Xi mang FA Catvang | D4 (5x20)mm | Nuéc
hiéu (kg) (kg) (kg) (kg) (iv)
FAO 350 - 590 1.210 175
FA20 280 70 590 1.210 175
FA25 263 88 590 1.210 175
FA30 245 105 590 1.210 175
FA35 228 123 590 1.210 175

2.3. Chudn bi mdu thit, sé lwgng mdu va phitong phdp thiz nghiém

Bé tong sé dugc trén trong may tron bé tdong sau khi thi
nghiém cic chi tiéu co li ctia vat liéu tho. Téng cong c6 30 miu bé
tong hinh tru kich thuée 150 x 300 mm duge dic dé kiém tra cwong
d0 nén theo TCVN 3118:2022 [7] sau khi dugc bdo dudng bé tong
trong 28 ngay va 56 ngay. Péi v&i thit nghiém co ngét, 15 mau bé
tong hinh lang tru kich thuéce 100 x 100 x 400 mm dugc dic va sau
24 h duge thio khudn cin than va ngay lap titc duge dit vao thiét
bi kiém tra d6 co ngét ty nhién & giai doan diu. Cic miu vat co
ng6t khéng duge xit 1y bing niwée va duge bao quan trong budng cé
kiém soat nhiét d6 va do 4m, duy tri & nhiét d6 (27 + 2) °C va dd
4m twong déi (60 * 5) % theo TCVN 3117:2022 [8].

Tht nghiém d6 chéng thdm nuwdc ctia bé tong dudi &p luc
theo tiéu chuén TCVN 3116:2022 [9]. Sau 28 ngay bao dudng, mu
th¢ hinh tru 150 x 150 mm sé dugc dit trong phong thi nghiém
24 h treée khi thit. Bé mit trén va duéi ctia mau thi phai duge lam
sach 16p hd xi ming. M&i td miu c6 sau mAu. TAt ca hdn hop bé
tong dwoc thit véi cling mic d6 chéng thdm nuwéc W10 (chiu ap luc
1,0 MPa) dé so sanh tac dong ctia ham lwong FA dbi v&i kha ning
chéng thdm ctia bé tong. Ap luc nude ting 0,2 MPa mdi cip. Thoi
gian gii 4p luc & mdi cip 12 16 h, thoi gian ting 4p trong khoang tir

mot phit dén nim phit.
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Hinh 1. Biéu db téng quat chwvong trinh thi nghiém.

3. Két qua va thao luan
3.1.Két qud thit nghiém cwong do chiu nén

Cudng d6 nén trung binh ctia ba miu bé téng hinh tru 150 x
300 mm trong cac thoi gian bao dudng khac nhau dugce trinh bay
trong Hinh 1. C6 thé thiy ring, cic miu dbi chiing khong c6 FA thé
hién cwong do nén cao, dat 34 MPa sau 28 ngay bao dudng. Cudng
d6 nén ting 5,8 % cho dén ngay tht 56 bao dudng va dat 36 MPa.
Tuy nhién, viéc bd sung FA 1am giam cwdng d6 nén ctia bé tong. Khi
tiang thé tich FA loai F, viéc thiéu ham lwong véi trong hén hop din
dén cuwong d6 nén thip. FA trong bé tong lam giam tc d6 thiy héa,
do d6 cudng db nén thip. Sau 28 ngay bao dudng, CDCN dat 1an lugt
1 32, 31,6, 30,2 va 28,9 MPa d6i v6i cdc miu c6 ham lugng FA 14n
luot 13 20 %, 25 %, 30 % va 35 %, giam 1n lugt dat 5,5 %, 7,8 %, 11
% va 14,8 % so v&i bé tong dbi chitng, riéng d6i v&i ham lwgng tro
bay 35 % CDCN da giam di mot cAp. Dang chd y 13, khi ham lugng FA
ting 1én, cwdong dd nén ban diu clia bé tong giam din, didu nay phi
hop v&i cac phat hién trude day [1-3],[10]. Viéc thay thé FA 1a phai
tra gia bing viéc st dung it xi ming hon. Sy giam cwdng do nén rd rét
hon khi sit dung ty 1& phin trim FA c6 d6 min thip (3.050 cm2/g) lam
chat thay thé xi ming ¢6 d min cao (4.180 cm?/g) [2]. Miic FA thay
thé cho thiy sy thay dbi dang ké v& tbc d6 ting trwdng cudng db clia
cdc mau. Cac mau FA 20 % cho thiy sy cai thién ré rét vé cuong do
nén ti ngay thit 28 dén ngay thi 56 bao dwdng, CDCN dat 36,8 MPa
ting 14,4 % va ting 1,5 % so v&i mau dbi chiétng dat 36,2 MPa. Mét
khéc, cic miu c¢6 25 %, 30 % va 35 % FA cho thiy cuong db ciing
tang nhanh tit 28 dén 56 ngay bao dudng, dat 35,8 MPa, 35 MPa, 34
MPa, ting 1an luot 1a 13,3 %, 15,7 %, 17,5 %. Tuy nhién, mic tdng
vén thip hon so véi mau dbi chiing & 56 ngay bao dudng, giam 1an
lvot 14 1,1 %, 3,3 %, 6 %. Didu nay 1i giai 12 khi ting ham luong FA
thuong din dén ting ham lugng cic hop chit nhu Si0,, ALO, va

Fe,0,. Do d6, khi thoi gian bao dudng ting 1én cic hop chit nhv vay
phan @ng v&i Ca(OH), dé tao ra nhidu canxi-silicat-hydrat (C-S-H) va
canxi hydrat (CH), gitip cai thién dang ké mat d6 cua ciu tric vi mé
bé téng bing cach giam ciu tric 18 rdng nhoé [1]. Tuy nhién, do phan
ttng pozzolanic, Ca(OH), dwoc chuyén thanh gel C-S-H thi cip khi FA
dugce thém vao hén hop nhuw mot chit thay thé cho xi ming. Ham
lwgng FA khong tham gia ddy du vao qué trinh phan @ng héa hoc
trong truong hop ham lugng FA dugce ting 1én qua mtc [1], [2].
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Hinh 3. Biéu dd so sénh CDCN ctia nhém t4 mau.

3.2.Két qud thit nghiém co ngét
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Hinh 4. Biéu dd thé hién khéi lwvgng mit nudc & cac ngay tudi.
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Hinh 5. Biéu dd thé hién co ngét ctia cac mAu bé tong FA

qua cac ngay tudi.

Hinh 4 ciing chi ra ring lidu lwong FA anh hwéng dang ké dén
d6 co ngét ty nhién phét trién. FA khéng chi 6 thé 1am giam sy co rit
ty nhién 1au dai, nhung ciing 1am giam hiéu qué sy co rit ty nhién &
tudi sém co ngét. Theo két qua thi nghiém, gin 5 %, 7,5 %, 9 % va 12
% cua ty sinh ba ngay, g?m 7 %, 9,5 %, 12 % va 14,6 % cua ty sinh
bay ngiy, d6 co ngét duge giam bét nhey viée bd sung 1an lwgt 20 %,
25 %, 30 % va 35 % FA.

Viéc bd sung FA 1am giam r6 rét d6 co ngét khd ciia bé tong FA
thiy héa gitta ngay thi¢ 28 va ngay th& 56, va d6 co ngét kho giam ro
rét khi ting lidu lvong FA. Cu thé, viéc bd sung 20 %, 25 %, 30 % va
35 % FA da 1am giam dd co ngét khé & ngay thd 28 1an luot khoang
10 %, 13 %, 16 % va 19 % so v&i bé tdng mau ddi chitng. Dén ngay
thit 56 mitc giam 1in luot 1a 12 %, 16 %, 19,5 % va 22,5 %. Két qua
nay cling pht hgp véi cic nghién ctu trude day [21, [4], [11], [12],
[13]. Nghién ctu ctia Khatib [14] cho théy c6 sy giam co ngét kho
mot cach c6 hé théng khi ham lvgng FA tang 1én va mbi quan hé gita
co ngét khé & ngay thit 56 va ham lwong FA 14 tuyén tinh.

Tuwong ty nhi d6 co ngét, mit mat khéi lvong nudce ty 1& thuin
v6éi d6 co ngét, khi d6 co ngét cang nhidu thi mit mat khéi luong
nudc cang nhiéu (Hinh 5).

Hiéu ¢ng giam co ngét ty nhién do bd sung FA ¢6 thé duoc giai
thich bdi hai 1y do sau. Mot 1a hiéu ¢ng pha lodng ctia FA. Xem xét
tinh tro ban chét clia FA & d6 tudi sém, ciing nhw khéng c6 sy mét
nudce trong qué trinh ty sinh thit nghiém co ng6t, ham lwgng xi ming
trong bé tong déng vai trd cha yéu trong viée xac dinh co ngét t sinh
[1], [15], [16]-[17]. Viéc bd sung FA lam giam ham lugng xi méng
theo ty 18, din dén lugng nude tiéu thu it hon trong qué trinh hydrat
héa qué trinh. Két qua 13, 4p sudt mao din va kha ning tu kho ctia bé
téng c6 thé dwgc cai thién hiéu qua sau khi bd sung FA, 1am giam sy
co ng6t ty nhién [17]. Ly do khéic 1a phan &¢ng puzzolan cta FA, c6
thé cai thién cu tric 16 rdng clia bé tong, dic biét 1a & d6 tudi dai
han. Lwu ¥ ring phan ¢ng puzzolan ctia FA sé tinh chinh cAu tric 16
réng va giam kich thuéce 16 réng ctia bé téng va do d6 lam giam su co
ng6t ty nhién cta bé téng. Dya trén nhitng 1y do di dé cip & trén, bé
tong c6 lidu luwgng FA cao hon cho thdy kha ning giam co ngét tu
nhién 16n hon [15].

3.3.Két qud thit nghiém d6 chdng thdm nuéc
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Hinh 6. Anh huéng ctia ham lugng FA dén d6 thdm va tinh chét

o hoc clia bé téng thim.

Hinh 6 cho thy céc gi4 tri trung binh ctia d6 sau thim nuée
du6i ap sut d6i v6i titng hdn hop. Bé tong tham chiéu - khong c6 FA,
dugce dic tring boi d6 sdu thAm nwde dudi dp sudt - trung binh 1a
20,3 mm sdu vio miu & 28 ngay tudi, chiém 0,59 % theo khéi lwgng
(ty 1& % dugce tinh bing cach iy khéi Ivgng miu sau thi nghiém trir
di khéi lwvong miu truée thi nghiém va chia cho khéi luong trude thi
nghiém). P6 sau thim trong bé téng FA 20 %, 25 %, 30 % va 35 %
trung binh 1an lwot 1a 21,5 mm, 22,3 mm, 23,1 mm va 23,9 mm. Két
qua thit nghiém cho thiy bé téng FA c6 kha ning chéng thim nuéc
thdp hon so v&i bé tong PCB40 & tudi 28 ngay. Cu thé, cac miu bé
tong FA 20 %, 25 %, 30 % va 35 % & tubi 28 ngay, d6 thAm ting so
v6i miu dbi ching 1an Iwgt 13 5,9 %, 9,9 %, 13,8 % va 17,7 %.
Nguyén nhén la do lvgng xi méng giam va phan ¥ng pozzolanic chuwa
phat huy hét nén lam giam kha ning khang thim (téc ting do
thém/dé xam nhap nudc) so véi d6i chiing [18].

Mat khdc, két qua thi nghiém ciing cho thiy, sau 56 ngay bao
duéng, d6 sau thim cua bé tong khong st dung FA trung binh 13 18,3
mm, giam khoang 10 % so v6i bé téng & 28 ngay tudi. Bén canh d6,
sau thoi gian bao dudng 56 ngly, bé tong FA cho thdy kha ning
chéng thAm nuwéc cao hon so véi bé tong PCB40, céc gia tri db sau
thdm thép 16,8 mm, 16,1 mm, 15,3 mm va 14,8 mm giam 1an luot 1a
8 %, 12 %, 16 %, va 19 % dbi véi bé tong FA 20 %, 25 %, 30 % va 35
% so véi mau dbi ching. Két qua nay twong dbi phit hop véi cac
nghién ciu trudc day [18]-[20]. Thong qua hoat dong puzzolan, FA
két hop héa hoc v6i niéc va canxi hydroxit, né tao thanh gel C-S-H
thit cAp 14p day tit ca céc 18 rdng bén trong miu bé téng, 1am cho bé
tong diic va chit, ctdng d6 cao hon. Canxi hydroxit két hop héa hoc
v6i FA khong bi rita trdi, do d6 gitp duy tri mat db cao. Két qua 1a cac
16 rbéng siéu nho trong bé tong tiép tuc bi chia nhé thanh céc 16 réng
mao din c6 kich thude ngly cang nho hon. Nhiéu 16 rdng siéu nhé
mét két ndi theo thoi gian. Viéc giam kich thude 16 réng ciing véi viée

mét két ndi 16 réng din dén sy giam din dang ké do thim [5, 14].
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4. Kétluan

Nim hdn hop bé tong di dugc nghién citu dé danh gid anh
hwéng ctia ham lwgng FA loai F thay thé xi ming dén cuwong d6 va do
bén ctia bé tong cho dén 56 ngay tudi. K&t qua thit nghiém rit ra
nhitng két luan sau:

v Sau 28 ngay bao dudng, CDCN giam khi xi méng dugc thay
thé mét phin bing FA ma khong didu chinh ty 18 khéi Iwgng/chét rin.
Sau 56 ngay bao dudng thi CDCN ctia bé tong FA 20 % cao hon miu
dbi chiing, cic hdn hop con lai vin thdp hon so véi miu dbi chiing.

v' Tro bay trong bé tong lam giam d6 co ngét khi kho c6 sy
giam co ngét kho mot cach cé hé théng khi ham lwong FA ting 1én va
mdi quan hé gifta co ngét khd & ngay thd 56 va ham lugng FA la
tuyén tinh.

v Viéc bd sung tro bay lam giam kha ning chéng thdm ctia bé
téng & giai doan dAu 28 ngay tudi nhung 1am ting kha ning chéng
thim sau 56 ngay tudi.

v Theo quy dinh ctia TCVN nghiém thu bé tong & 28 ngay tudi,
do d6 viéc vira dam bao cudng do, vira ddm bao d6 co ngét va kha nang
chéng thdm nuéc it. Kién nghi nén s dung liéu lvong FA < 30 % dé
thay thé xi ming 12 thich hop.

L&i cam on

Bai bdo nay trinh bay céc két qua nghién citu thudc nhiém vu
khoa hoc nim 2024-2025 do Trudng Pai hoc Xay ding Mién T4y chi
trl. Nhém tac gia xin trn trong cam on nha Trudng di tao didu kién

thuén 1¢i &é nhém hoan thanh nghién ctu nay.
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