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Tém tit

Bé tong thuong phim (BTTP) ngay cang dudc st dung phd bién do cé nhidu uu diém so vdi bé tong tron tai
cong trudng. Tuy nhién, d&€ dam bao tinh cong tic va kha ning bom tét, bé tong thuong phdm thudng phai st
dung lugng xi ming 16n hon. D& khic phuc van dé trén, viéc sit dung phu gia khodng thay thé mot phan xi
ming 12 can thiét. Trong nghién cidu nay, tro bay dugc st dung dé thay thé xi ming véi ty 1& tit 10-40% theo
khdi lugng trong bé tong thuong pham M300 va M600. Két qua nghién cifu cho thiy, khi thay thé mot phan xi
ming bing tro bay lam ting tinh cong tic ctia hdn hop bé tong (HHBT), ton thit tinh cong tac clia hdn hop bé
tong st dung tro bay khong khac nhiéu so véi bé tong khong st dung tro bay. Khi thay thé dén 20% xi ming
bing tro bay theo khi lugng, cudng do nén clia bé tong giam nhe va van dat méc thiét ké. Tuy nhién, khi st
dung 30% tro bay, cudng dd nén cia bé tong gidm mdt mac so v6i cudng do thiét ké. Khi st dung 40% tro bay
lam gidm dang k& cudng do clia bé tong & tit ca cdc tudi, mic gidm quan sat dudc tif 31,4% dén 41,6%.

Tir khod: bé tong thuong pham; tro bay; tinh cong tac; ton tht tinh cong tic; cuong do nén.

EFFECTS OF FLY ASH AS A PARTIAL REPLACEMENT OF CEMENT ON PROPERTIES OF READY-
MIXED CONCRETE

Abstract

Ready-mixed concrete has been steadily registering increased market share owing to many advantages com-
pared to site-mixed concrete. However, to ensure good workability and pumpability, ready-mixed concrete
often uses a higher amount of cement. To overcome this problem, it is necessary to use mineral admixtures to
partially replace cement. In this study, fly ash was used to replace cement with a ratio of 10-40% by weight in
ready-mixed concrete M300 and M600. The experimental results show that the partial replacement of cement
by fly ash improved the workability of fresh concrete, the loss of workability of fresh concrete using fly ash
was not much different from that of concrete without fly ash. When fly ash was used at 20 percent by weight of
the total cementitious, the compressive strength of the concrete reduced slightly but still achieved the designed
compressive strength. However, when 30 percent of fly ash was used to replace cement by weight, the compres-
sive strength of the concrete decreased by one grade in comparison to the design values. The use of 40% fly ash
resulted in serious reductions in the compressive strength of concrete at all ages, the decreases were observed
from 31.4% to 41.6%.

Keywords: ready-mixed concrete; fly ash; workability; loss of workability; compressive strength.
https://doi.org/10.31814/stce.nuce2020-14(4V)-09 © 2020 Trudng Pai hoc Xay dung (NUCE)

*Tac gia dai dién. Pia chi e-mail: lamnt@nuce.edu.vn (Lam, N. T.)

96


https://doi.org/10.31814/stce.nuce2020-14(4V)-09
mailto:lamnt@nuce.edu.vn

Lam, N. T, va cs. / Tap chi Khoa hoc Céng nghé Xay dung
1. Giéi thiéu

Bé tong thuong phdm la loai bé tong dugc ché tao tai tram tron tip trung va giao cho ngudi st
dung & trang thdi bé tong tuci [1, 2]. Vi dudc ché tao & cdc tram tron tip trung nén chit luong vat lidu
dau vao va qué trinh cong nghé dugc ki€ém soat tot, chat lugng BTTP n dinh, ddm bao ding yéu cau
clia ngudi sit dung. Bé tong thuong phim thudng dudc van chuyén dén cong trudng bang xe bdn va
két hop véi bom bé tong dé van chuyén dén vi tri thi cong. BSi vy, hén hop BTTP phai c6 tinh cong
tac tét va duy tri dudc tinh cong tic trong thdi gian nhit dinh.

D& dam bao BTTP c6 tinh cong tic va kha ning bom tot, BTTP thudng phai st dung lugng xi
miing 16n hon bé tong tron tai cong trudng, diéu ndy khong nhitng 1Am gidm hiéu qua kinh t& ma con
gdy ra mot s6 vin dé do viéc st dung nhiéu xi ming gy ra nhu co ngét hay nhiét thiiy héa 16n [3, 4].
D€ khic phuc van dé trén, viéc st dung phu gia khoang thay thé mot phan xi ming 1a can thiét. Cac
loai phu gia khodng c6 thé st dung cho BTTP & Viét Nam gém c6: tro bay, xi 10 cao, bot da voi,
Vv.v..., trong d6 tro bay 1 loai vat liéu c6 nhiéu tiém ning st dung 1am phu gia khoang cho BTTP &
Viét Nam.

Dén nim 2019, Viét Nam c¢6 25 nha mdy nhiét dién dot than dang hoat dong, phat thai ra tdng
lugng tro, xi khoang hon 19,5 triéu tin/nim (trong dé, tro bay chiém tir 80% dén 85%). Ngoai ra,
nhiéu du 4n nhiét dién d6t than dang xay dung hoic da dudc phé duyét, cho nén lugng tro xi thai ra tir
cdc nha may nhiét dién & Viét Nam sé ngay cang ting; dén nim 2025 lugng tro xi thai ra khoang 29,4
triéu tAn/nam va nam 2030 sé 1a 38,3 triéu tAin/nim [5-7].

Dén nay, téng lugng tro, xi nhiét dién da tiéu thu trén ca nudc khodng 38% téng lugng phat thai
qua cdc niam. Tro, xi dudc st dung nhiéu nhét 12 linh vuc lam phu gia khodng cho xi ming, sau d6 1a
dung lam phu gia bé tdng cho céac cong trinh thdy 1¢i, cong trinh giao thong (dudng bé tong xi mang
viing nong thon) va cong trinh xay dung dan dung (két cAu méng khdi 16n it tda nhiét), ngoai ra tro, xi
cling dugc dung dé thay thé mot phan nguyén liéu sdn xuét gach xiy (nung va khong nung) hay 1am
vat liéu san l4p [5, 6].

Tro bay da dudc nghién ctiu va st dung 1am phu gia khoang cho vita va bé tong tif nhitng nim dau
ctia thé ky 19 [8, 9], gép phan quan trong vao viéc ning cao gi4 tri kinh té, gidm 6 nhiém moi trudng,
va dic biét 1a giam lugng khi thai nha kinh do san xuét xi ming [10—17]. St dung tro bay thay thé mot
phan xi ming trong bé tong 1am ting tinh cong tic ctia hdn hop bé tong, gidm nhiét thiy héa, nang
cao do bén ctia bé tong [9, 11, 13, 14, 18-20]. O Viét Nam ciing di c6 nhidu nghién citu ting dung tro
bay dé san xuat vat liéu xay dung, nhu san xuét bé tong nhe [15, 16], d€ ché tao xi ming bén sun phat
[14], hay dé ché tao bé tong cudng do siéu cao [17], v.v...

Mic di da c6 nhiéu nghién ciiu, viéc st dung tro bay 1am phu gia khodng cho bé tong trong céc
cong trinh dan dung néi chung va BTTP néi riéng & Viét Nam con it. Mot s6 tram tron BTTP da st
dung tro bay 1am phu gia khoang thay thé mot phan xi ming, tuy nhién ty 1& sif dung con rat it va
khong st dung thudng xuyén do chua danh gia dugc day di su thay ddi tinh cong tic va cudng do nén
ctia bé tong khi thay déi ty 1€ tro bay st dung. B&i vay, viéc nghién ctiu anh hudng ctlia tro bay & Viét
Nam dén tinh cong tic va cudng do nén ctia BTTP Ia tién dé quan trong cho viéc ting cudng st dung
tro bay lam phu gia khoang cho bé tong néi chung va BTTP ndi riéng.

2. Chuong trinh thi nghiém

2.1. Vdt liéu su dung

Vit liéu st dung trong nghién cifu gdm c6, tro tuyén Pha Lai; Xi ming PC40 Biit Son; cét vang
¢4 hat trung binh; d4 dim Dy, = 20 mm va phu gia siéu déo Sika ViscoCrete-3168. Biéu dd thanh
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phan hat clia cat va d4 dugc thé hién trén Hinh 1 va 2. Tinh chét va thanh phan héa cda cic vat liéu
stt dung dugc trinh bay trong cic Bang 1-4, qua ddnh gid, cac loai vat liéu st dung déu phu hop véi
yéu cau ctia TCVN va cho phép st dung dé ché tao bé tong. Hinh dang v tinh chit bé mit hat tro bay
dugc thé hién qua anh SEM trén Hinh 3, cic hat tro bay chd yéu 13 hinh cau va bé mit hat tron nhin.

Luong sot tich luy, %
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Hinh 1. Pudng biéu dién thanh phan hat cla cat

Luong sot tich Iy, %
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Hinh 2. Pudng biéu dién thanh phan hat ctia da

Hinh 3. Anh SEM véi d6 phéng dai 600 14n cita tro bay

Bang 1. Thanh phan héa va tinh chit cta tro bay

Thanh phan héa, %

Khéi lugng ~ S6t sang
Si0, ALO; Fe,O;3 CaO Na,O K,O SO; MKN Khic riéng 45 um, %
5726 2290 6,75 1,69 020 3,09 0,15 486 3,10 2,47 253
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Bang 2. Tinh chit ctia Xi ming PC40 Biit son

Thai gian dong két, phit ~ Cudng dd nén, MPa

Khéi lugng riéng  Lugng nude tiéu chuin T —— - -
Bat dau Keét thuc 3 ngay 28 ngay

3,12 29,5 90 215 32,6 46,4

Bang 3. Tinh chit ctia da dim D, = 20 mm

TT Tén chi tiéu Pon vi Két qua Phuong phép thir
1 Khéi lugng riéng kg/m? 2710 TCVN 7572-4:2006 [21]
2 Khbi luong thé tich xdp kg/m? 1560 TCVN 7572-6:2006 [21]
3 Khéi lugng thé tich choc chit kg/m? 1660 ASTM C29/C29M-97 [22]
4 Do hit nude % 0,75 TCVN 7572-4:2006 [21]
5 Do rong xép %0 47,2 TCVN 7572-6:2006 [21]
6 Do rong choc chit % 38,4 ASTM C29/C29M-97 [22]
7 Ham lugng bui, bun, sét %o 0,18 TCVN 7572-8:2006 [21]
8 Thanh phan hat - Phu hgp TCVN 7572-2:2006 [21]
Bang 4. Tinh chit clia cét vang
STT Tén chi tiéu Don vi Két qua Phuong phap thi
1 Khbi lugng riéng kg/m> 2630 TCVN 7572-4:2006 [21]
2 Khbi lugng thé tich xbp kg/m® 1590 TCVN 7572-6:2006 [21]
3 Khéi lugng thé tich choc chit kg/m® 1690 ASTM C29/C29M-97 [22]
4 Do hat nude % 1,32 TCVN 7572-4:2006 [21]
5 Do 4m % 0,70 TCVN 7572-7:2006 [21]
6 Do rong x6p % 374 TCVN 7572-6:2006 [21]
7 Do rdng choc chit % 33,5 ASTM C29/C29M-97 [22]
8 Ham lugng bui, bun, sét % 2,29 TCVN 7572-8:2006 [21]
9 Modun do 16n - 2,80 TCVN 7572-2:2006 [21]
10 Ham lugng tap chit hitu co So mau Sang hon TCVN 7572-9:2006 [21]
11 Thanh phan hat: - Phu hgp TCVN 7572-2:2006 [21]

2.2. Cdp phoi thi nghiém

BTTP dudc sit dung ngay cang phd bién, céc tram tron 6 thé cung cip bé tong thudng va bé tong
cudng do cao. Trong nghién ciu nay, tac gia nghién ciu véi hai loai bé tdng & cac tram trdn hién nay
1a bé tong thudng (M300) va bé tong cudng do cao (M600). Ddi véi cip phdi bé tong M300, do sut
thiét ké tir 120-180 mm, cip phdi bé tong cudng do cao M600, tinh cong tic theo do chdy loang tir
600 — 800 mm.

Hién nay 6 mot s tram tron BTTP da st dung mot phan tro bay 1am phu gia khoang cho bé tong.
Tuy nhién, lugng st dung con chua nhiéu va chua thudng xuyén. Trong nghién ctiu nay, ty 1& tro bay
thay thé xi ming tit 10% dén 40% theo khdi lugng dudc nghién ciu, cip phdi thi nghiém dugc trinh
bay trong Bang 5 va 6.
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Bang 5. Cép phbi bé tong M300

CKD, kg C6t ligu, kg
STT Ty 1€ tro bay, % — - - N, lit Phu gia, lit
Xi mang Tro bay Cat ba
1 0 410 0 890 965 203 3,1
2 10 369 41 890 965 203 3,1
3 20 328 82 890 965 203 3,1
4 30 287 123 890 965 203 3,1
5 40 246 164 890 965 203 3,1
Bang 6. Cp phdi bé tong M600
CKD, kg C6t liéu, kg
STT Ty 1€ tro bay, % — 5 5 N, lit Phu gia, lit
Xi mang Tro bay Ciét ba
1 0 590 0 950 877 175 6,2
2 10 531 59 950 877 175 6,2
3 20 472 118 950 877 175 6,2
4 30 413 177 950 877 175 6,2
5 40 354 236 950 877 175 6,2

2.3. Phuong phdp nghién ciiu

- B4 sut caia HHBT M300 dugc xac dinh theo TCVN 3106:1993 [23], d0 chay loang cia HHBT
M600 dudc xac dinh theo TCVN 12209:2018 [24]. Hinh anh xdc dinh d6 sut cia HHBT M300 va
dd chay loang ctia HHBT M600 dudc trinh bay trén Hinh 4 va 5. D€ x4c dinh t6n thit tinh cong tac,
HHBT dudgc bao quan dé tranh bi mét nudc va dudc tron lai trude khi thit tinh cong tic sau mdi 30
phut, khi thdi gian qua 90 phit, do HHBT mét tinh cong tac nhanh nén thoi gian thi tinh cong tic
dudc riit ngan hon.

Hinh 4. Xac dinh d6 sut cia HHBT M300 Hinh 5. Xéc dinh d chay loang cia HHBT M600

100



Lam, N. T, va cs. / Tap chi Khoa hoc Céng nghé Xay dung
- Cudng dd nén ctia bé tong dudc xac dinh trén miu 14p phuong tiéu chuin 150x150x150 mm &
tudi 3, 7 va 28 ngay theo TCVN 3118:1993 [25].
3. Két qua nghién citu va thao luin

3.1. Anh huéng ciia 1 1¢ tro bay dén tinh cong tdc ciia hén hop bé tong

Tinh cong tac cia HHBT (d6 sut cia HHBT M300 va do chay loang ctia HHBT M600) dudc thé
hién trén Bang 7 va 8, Hinh 6 va 7.

Bang 7. D6 sut va tdn thit d6 sut ctia hdn hop bé tong M300

Thoi gian, phut 0 30 60 90 110 125
Tro bay = 0% 145 130 80 55 35 25
Tro bay = 10% 160 140 95 70 45 30
Tro bay = 20% 175 135 85 65 40 30
Tro bay = 30% 180 130 80 55 40 30
Tro bay = 40% 185 140 80 45 30 25

Bang 8. Do chay loang va tdn thit do chay loang ctia hdn hop bé tong M600

Thai gian, phut 0 30 60 90 110 125
Tro bay = 0% 700 650 600 540 435 345
Tro bay = 10% 750 715 645 560 460 390
Tro bay = 20% 790 725 650 565 445 355
Tro bay = 30% 785 655 600 495 365 315
Tro bay = 40% 780 645 595 480 355 310
200 1000
’__’4—0—"—“'
160 £ 800
E, — |
£ 120 £ 600
- =]
7 80 % 400
) 3
40 200
0 0
0 10 20 30 40 0 10 20 30 40
Ty 1€ tro bay, % Ty 1§ tro bay, %

Hinh 6. Anh hudng ciia ty 1é tro bay dén d6 sut cia  Hinh 7. Anh hudng cla ty 1& tro bay dén do chay
HHBT M300 loang cia HHBT M600

Két qua nghién ciu cho thiy, khi ting ty 1¢ tro bay thay thé xi ming thi tinh cong tiac cia HHBT
ting, két qua nay c6 dugc do hat tro bay sit dung trong nghién cifu c6 dang hinh ciu va bé miit tron
nhén (Hinh 3), nén lam gidm ma st khd trong HHBT do d6 lam ting tinh cong tac [26-28]. Khi ty
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1€ tro bay ting tir 0% 1én 20%, do sut cia HHBT M300 tang manh, khoang 20,6%; d$ chay loang
ctia HHBT M600 ting khoang 13%. Tuy nhién, khi ty 1€ tro bay tang tit 20% 1én 40% thi d6 sut cla
HHBT M300 chi ting khoing 5,7%; d6 chay loang cia HHBT M600 thim chi con gidm nhe. Két qua
nay c6 thé giai thich, do ty 1& tro bay thay thé xi ming trong nghién citu 1a thay thé theo khéi luong,
do d6 thé tich ctia tro bay dua vio sé 16n hon thé tich clia xi ming giam (do khéi luong riéng cia tro
bay nho hon xi mang khoang 30%), nhu vay s€ lam ting do nhét cia HHBT va lam giam mic do ting
tinh cong tac khi st dung ty 1€ tro bay cao (30 va 40%).

3.2. Anh huéng ciia 1y 1¢ tro bay dén tén thdt tinh céng tdc ciia hdn hop bé tong

Tén tht tinh cong tac cia HHBT dudgc thir dén khi HHBT gan nhu khong con tinh cong tac. Két
qué thi nghiém vé t6n thét tinh cong tic ctia HHBT (dd sut cia HHBT M300 va do chay loang clia
HHBT M600) dudc thé hién trén Bang 7 va 8 va Hinh 8 va 9.

200 1000
"\
160 & 800
Q < g ST
. CR e iy

o | TR S an p———

= N g = N

7 i I = aaN \

2 80 | {O"FA=0% — £ 400 |{——FA=0% = \;v
-©-FA=10% \Q\ < -©-FA=10% 3
——FA=20% ‘~\\§z\5 s . —a—FA = 20%

40— —FA=30% R = 200 [—| ——FA =30%
--x--FA=40% =R - X-FA =40%
0 [ | 0 | |
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Thoi gian, phat Thoi gian, phit
Hinh 8. T6n thét d6 sut cia HHBT M300 Hinh 9. T6n thét d6 chay loang cia HHBT M600

Két qua thi nghiém cho thiy, sau 125 phut ké tit khi tron hén hgp bé tong, tinh cong tac cia HHBT
giam manh, d6 sut cda HHBT M300 giam trén 80%; d6 chay loang cia HHBT M600 giam trén 50%,
HHBT c6 tinh cong tic kém va rat khé thi cong. Toc do mét tinh cong tic ctia HHBT thudng va
HHBT tro bay khong khac nhau nhiéu.

Thi cong HHBT khi tinh cong tic da kém c6 thé lam giam cudng dd va kha ning chdng thim cta
bé tong do HHBT rét khé dam chit. BSi vy, trong trudng hogp bat budc phai bao quan HHBT trong
thoi gian dai sau khi tron, cAn phai c6 bién phap d€ duy tri tinh cong tac nhu st dung phu gia chim
dong két va duy tri ddo tron HHBT. Trong pham vi nghién ctiu nay, tic gid khong danh gia mic do
suy giam cudng do ctia bé tong khi thi cong HHBT da gidm tinh cong tac, két qua nay sé dudc danh
gia & cac nghién cuiu sau.

3.3. Anh huéng ciia 1y 1¢ tro bay dén cuing dé nén ciia bé tong

Két qua cudng do nén ciia bé tong M300 va M600 & tudi 3 ngay, 7 ngay va 28 dudc trinh bay trén
Bang 9 va Hinh 10 va 11. Quy luat 4nh hudng cla ty 1€ tro bay thay thé xi ming dén cudng do nén
ctia bé tong M300 va M600 tuong dong véi nhau.

Két qua nghién citu cho thiy, khi st dung 10% cudng dd nén clia bé tong & cac tudi déu cao hon
cip phbi dbi chiing, tuy nhién mic ting cudng do chi khoang duéi 5%. Khi ty 1é tro bay thay thé
xi ming dén 20%, cudng do bé tong & cdc tudi van tuong duong hoic gidm nhe so vdi cip phdi dbi
chiing. Khi ty 1& tro bay thay thé xi ming 16n hon 20%, cudng do nén ctia bé tong bat dau gizm manh,
cudng do nén ciia bé tong M300 va M600 déu khong dat mac thiét ké.
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Béang 9. Cudng do nén cua bé tong

Bé tong M300, MPa Bé tong M600, MPa
Ty 1€ tro bay
R3 R7 R28 R3 R7 R28
0 18,9 243 35,5 38,0 48,8 65,6
10 19,7 25,6 35,6 40,0 51,0 66,3
20 19,5 24.5 31,9 38,4 50,2 64,9
30 18,7 23,8 28,4 37,6 48.4 56,0
40 12,0 16,0 20,8 26,1 29,0 38,3
40 80
35 I BR3 @BR7 ER28 |» 70 @R3 @8R7 stk
< 30 § 60
Eﬁ 25 g 50
g 20 3 =
& % )
=15 é £ 30
o 7 E
£ 10 é
3 .g 20
3 é 10
0 .%// 2 3 N
0 10 20 30 40 C o 2 S 1o
Ty 1€ tro bay, % Ty 1é tro bay, %
Hinh 10. Cudng do nén cua bé tong M300 Hinh 11. Cudng do6 nén cua bé tong M600

Déi véi cap phdi sit dung 30% tro bay, cudng do bé tong gidm mot mac so véi thiét ké, chi dat
M250 va M500 tuong ting so v6i thiét ké ban dau 1a M300 va M600. Khi st dung dén 40% tro bay
thay thé xi miing, cudng do nén ctia bé tong & cac tudi c6 thé gidm dén trén 40%. Két qua trén ciing di
dugc nhiéu tic gid nghién ctiu va két luan [27, 29-31]. Céc san phdm chinh ctia qu4 trinh thiy héa xi
ming la gel canxi silicat hydrat (C-S-H) va canxi hydroxit (Ca(OH);). Trong khi C-S-H Ia sdn phim
tao nén cudng do chinh trong bé tong da rin chiac, Ca(OH), ¢ anh hudng tiéu cuc dén chét lugng bé
tong da ran chac vi kha ning hoa tan trong nudc tao thanh cac hoc va do bén thip. Tuy nhién, khi tro
bay dudc thém vao hén hop nhu mot chét thay thé xi ming, Ca(OH), dugc chuyén thanh gel C-S-H
thit cAp do phén ing pozzolanic, néu ham lugng tro bay dudc thém vao qua gia tri tdi uu thi lugng tro
bay d6 khong tham gia dy di vio qua trinh phan tng héa hoc, trong trudng hgp nay, tro bay chi yéu
dong vai tro 1a chat don trong hdn hop chii khong phai 1a chat két dinh. Bdi vay, khi ham lugng tro
bay st dung qua cao s€ lam giam manh cudng do cua bé tong.

4. Két luan

Trén co s6 vat lidu st dung va diéu kién thi nghiém da thuc hién, tic gid dua ra mot s6 két luan
sau:

- Khi st dung tro bay lam ting tinh cong tac ctia hon hop bé tong, khi sit dung dén 20% tro bay
thay thé xi ming theo khdi lugng, tinh cong tac cia HHBT ting manh; khi st dung trén 20% tro bay,
muc ting tinh cong tic cia HHBT chim lai hoédc khong tang.

- Anh hudng ctia tro bay dén ton thit tinh cong tic cia HHBT khong r6 rang, téc do giam tinh
cong tac ctia HHBT st dung ham lugng tro bay khac nhau gin nhu nhau. V6i HHBT M300, sau 60
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phiit d6 sut cia HHBT gidm khoang 50%. V6i HHBT M600, do chdy loang cia HHBT c6 thé duy tri
dén 90 phiit (gidm khodng 20-30%), sau 90 phit do chay loang giam nhanh.

- Ddi véi ca bé tong M300 va M600, khi sit dung dén 20% tro bay thay thé xi ming theo khdi
luong, cudng do bé tong & tudi 28 ngay c6 giam nhung van dat mac thiét ké.

- Khi st dung 30% tro bay thay thé xi ming, cudng do nén clia bé tong gidm mot clp so véi thiét
ké, tuong ting dat mac M250 va M500.

- Khi st dung dén 40% tro bay, cudng do nén clia bé tong gidm manh, mic gidm c6 thé 16n hon
40%.
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