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TOM TAT

Bai bao trinh bay két qua nghién ciru ban ddu vé viéc sir dung tro bay dé thay thé mot phan
Xi mang trong ché tao bé téng xi mang. Thi nghiém dugc thyc hién trén 3 cap phoz bé tong xi
mang dwoc thiét ké mac M250, M300, M350. Co 24 16 mau co thay thé xi mang bang tro bay,
2 16 mdu doz chiing dugc diic. Tét cd cdc mau dwoc xdc dinh cwong dé chiu nén & 7 ngdy va
28 ngay tuéi. Két qua nghién ciru cho thay, viéc thay thé 20% tro bay da cdi thién dang ké
cuong do chiu nén cua bé tong Cu thé, cwong dg chiu nén ¢ 7 ngay tang tir 2,7% dén 10,3%,
cuong do chiu nén ¢ 28 ngay tang tir 16,6% dén 22,4% so véi mau doi ching.

Tir khéa: tro bay, bé tong xi mang, ham lrong thay thé tro bay trong bé tong,
ABSTRACT

This article presents initial research results on using fly ash to partially replace cement
in making cement concrete. The experiment was carried out on 3 cement concrete mixes
designed as M250, M300, M350. Among them, 24 sample groups replaced cement with fly
ash, and 2 control sample groups. All samples had their compressive strength determined at 7
days and 28 days of age. Research results show that replacing 20% of fly ash has significantly
improved the compressive strength of concrete. Specifically, the compressive strength at 7
days increased from 2.7% to 10.3%. Compression resistance at 28 days increased from 16.6%
to 22.4% compared to the control sample.

Keywords: fly ash, cement concrete, fly ash replacement content in concrete.

1. GIOI THIEU dung dé thay thé c6t lidu trong ché tao bé tong
Trong qué trinh d6t chay than dé san xuat X! Mang la fl’l(,)t giai phap.

dién, khoang 20% chit vo co khong chay va CE’) nhiéu nghién ciru anh huong cQa tro
ca luong than chua chay hét bi dinh von thanh ~ bay dén bé tong ¢ trong nudc va trén the gioi
cac hat 16n va roi xudng day 10 goi 1a xi than ~ trong nhi€u linh vye vé gia tri kinh té, moi
hay tro day va 80% chat vo co khong chay con ~ truong, tinh cong tac cua bé tong.

lai s€ bay theo khoi 10 thoat ra ngoai thanh tro Trén thé gidi, tro bay da duoc nghién ciru
bay. Du bao tong lugng tro bay va xi than tich ~ va sir dung 1am phu gia khoang cho bé tong
trit tai Viét Nam s& 1én t6i hon 422 trigu tin  [2-11] gop phan quan trong vao giam 6 nhiém
vao nam 2030 [1]. Néu khong c6 bién phap mdi trudng va dic biét 1a giam luong khi thai
tai ché, tai st dung hop 1y, luong tro bay ndy  nha kinh do san xut xi mang. Sir dung tro bay
s& gdy anh hudng toi moi trudng va sirc khoe  thay thé mot phan xi mang trong bé tong lam
ngudi dan. Tai st dung nguyén liéu tro bay  ting tinh cong tic ctia hdn hgp bé tong, giam
nham giai quyét van dé chét thai ran dang 13 nhiét thiy hoa, nang cao cudng do ciia bé tong
van dé duoc quan tim. Trong do, tro bay st [3,5,7-11].
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O Viét Nam, ciing da c6 nhiéu nghién
ctru vé thanh phan, ham lugng tro bay tdi uu
trong cap phdi bé tong. Tro bay thay thé mot
phan xi ming da duoc sir dung cho bé tong
chat lugng siéu cao d3 mang lai hiéu qua tich
cuc. St dung tro bay thay thé 20% thé tich
xi ming da cai thién tinh cong tac cua hon
hop bé tong chat lugng siéu cao [12], hay cai
thién tinh cong tic va do hit nudc ciia mau
bé tong cucmg do cao khi ham luong tro bay
thay thé dén 40% xi ming trong cip phdi
[13]. Ngoal ra, anh huong cua ham luogng tro
bay dén mot s tinh chat cta bé tong cudng
dd cao hat min khong str dung xi mang cling
duogc nghién ctru [14].

N. T. Lam cung dong sy [15] nghién ciru
cho thay cuong do chiu nén ciia bé tong giam
nhe nhung van dat méc thiét ké khi thay thé
dén 30% va giam tir 31,4% dén 41,6% khi
thay thé dén 40% xi ming bang tro bay. N.V
Huong va cong su [16] nghién ctru cai thién
duoc kha ning chéng ntt sém cho bé tong khi
thay thé 15% va 25% xi ming bang tro bay.
N.C. Thang va cong sy [17] stt dung td hop
phu gia khoang silica fume va tro bay dé thay
thé mot phan xi mang nham cai thién tinh cong
tac va tang cuong do nén cua bé tong. Cuong
d6 nén 16n nhat ciia t6 hop nay dat duoc khi
lugng dung tro bay 1a 20%. Nhin chung, ham
luong tro bay thay thé xi mang c6 hiéu qua va
dam bao cudng d6 bé tong theo thiét ké ban
dau dao dong tir 15% dén 30% [15-21].

Phu gia dong ctrng nhanh st dung cho bé
tong c6 tac dung rat ngin thoi gian ninh két
cia hon hgp, ting nhanh cudng do bé tong
trong thoi gian ban dau, nhung c6 thé lam
giam cuong do lau dai cua bé tong. Trong thuc
té thi cong, loai phu gia nay di duoc sir dung
kha phd bién nham rit ngan thoi gian thi cong.
Tuy nhién, anh huéng cta phu gia ninh két
nhanh hau nhu it dugc quan tm. Bai bao nay
trinh bay nghién ctru thuc nghiém str dung tro
bay va phu gia dong két nhanh tham gia vao
cip phdi bé tong Thi nghi¢m dugc thyc hién
trén 3 thiét ké cip phdi bé tong méc 250, 300,
va 350, v6i ty 1¢ thay thé xi mang tir 15 dén
30% bang tro bay. Chi tiét thi nghiém va cac
két qua thi nghiém dugc thé hién ¢ phan sau.
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2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Vat lieu

Cac loai vat liéu: da 1x2 Tan Hoa An, cat
bé tong, xi mang PCB40 Ha Tién, tro bay cua
nha may nhié¢t di€n Duyén Hai 1 va phu gia
d6ng két nhanh Sikament® NN (Hinh 1) dugc
stt dung trong nghién ctru nay. Tat ca déu
duoc thuc hién cac thi nghiém vé thanh phén
hat, chi tiéu co 1y, o 4m, dam bao yéu cau ky
thuat dé sir dung cho bé tong xi mang. Két qua
thi nghiém mot s6 tinh chét co 1y cia vat liéu
dugc tong hop ¢ Bang 1.

(c) Phu gia

(b) Tro bay
Hinh 1. Vit liéu diic mau

Bang 1: Cac chi ti€u co ly cua vat ligu

Chi tiéu thi nghiém  Pon vi Két qua
Cét bé tong
Po 4m % 1,89
Khéi lugng thé tich xdp g/em® 1,419
Mb dun d6 16n 1,81
Khéi luong riéng g/em® 2,515
Pa 1x2
Po 4m % 0,33
Khéi lugng thé tichxép  g/em® 1,435
Khéi lugng riéng g/lem® 2,505
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Chi tiéu thi nghiém  Ponvi Két qua

Tro bay
Do am % 0,28
Khéi luong thé tich xp kg/m® 944
Ty trong g/lem® 224
Ham luong mat khi nung % 6,48
Ham luong SiO, % 56,02
Ham luong Fe,O, % 6,61
Ham luong AL O, % 22,47
Ham luong SO, % 0,22
Xi mang
Khéi lugng riéng g/lem® 3,00
Cuong do nén (28 ngay +£2h) MPa 40
Thoi gian dong két

- Bit dau dong két phat 135

- Két thuc dong két phut 240

Sikament® NN la mdt dung dich cé hai
tinh nang vira 1a chat siéu hoa déo duoc ding
dé san xuit bé tong chay long va 1a tac nhan
giam nudc dang ké dé dat cuong do ban dau
va cudi cung cao. Sikament® NN phu hop
tiéu chuan ASTM C494 loai F.

2.2 Phuwong phap nghién cuu

Két hop phuong phap téng hop va phuong
phép thyc nghiém:

Phuong phap tong hop: Téng hop cac
nghién ctru vé anh hudng cua tro bay dén
cuong do cia BTXM tur do lya chon cép phéi
hop 1y. Tién hanh thyc nghiém dac mau va thi
nghiém hién trudng bao gom mau ddi ching.
Cudi cung, so sanh, danh gia két qua.

Phuong phéap thuc nghiém: Thi nghi¢m
vat liéu dau vao, dtic mau va xac dinh cuong
dd chiu nén cua bé tong thong thuong va bé
tong st dung tro bay theo ty I¢ % tai Trung
tam thi nghiém thudéc Truong DHXD
Mién Tay.
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2.3 Thiét ké thanh phan cdp phéi thir
nghiém

Bang 2: Thanh phan cip phdi cua cic
nhom t6 mau (tinh cho 1m* BTXM)

ba

Mic bé tong ((lj(;; 1x2
(kg)

1234 356,3

XM TB Nue Sika
(kg) (kg) (lit) (lit)

M250 513
M250TB15 513

0,0174,6 1,8

1234 302,8
1234 285,0

5341749 1,5
71,3 1750 14

M250TB20 513

M250TB25
M250TB30

513
513

1234 267,2 89,1 175,1 1,3

1234 249,4 106,9 175,2 1,2

M300 475 1225 408,5 0,0176,2 2,0

M300TB15 475 1225 3472 61,3 176,5 1,7

M300TB20 475

475

1225 326,8 81,7176,6 1,6

M300TB25 1225 306,4

1225 286,0

102,1 176,7
122,6 176,8

1,5
1,4

M300TB30 475
430
430
430
430

430

M350
M350TB15

1208 460,8 0,0 183,8 2,3

1208 391,6
1208 368,6

69,1 184,1
92,2 184,2

2,0
1,8

M350TB20

M350TB25
M350TB30

1208 345,6 115,2 1844 1,7

1208 322,5 138,2 184,5 1,6

2.4. Ché tao mau

C6 26 t6 mau duoc dic, mdi té6 mau co 3
mau. Trong d6, 12 t6 mau thi nghiém cuong
dd chiu nén ¢ 7 ngay, 12 6 mau thi nghi¢m
cudng do chiu nén & 28 ngay va 2 t6 mau dbi
chung.

Trude khi duc mau, tién hanh thiét ké cip
phéi bé tong. Co 3 mac bé tong duoc thiét ké
trong thi nghiém nay gom: M250, M300 va
M350. Tuong tng voi timg mac bé tong, xac
dinh ham lugng tro bay thay thé xi mang trong
cap phdi. Ham luong tro bay thay thé xi mang
co6 hiéu qua, dam bao cuong dd bé tong theo
thiét ké dao dong tir 15% dén 30% [11-13].
Ty 18 tro bay thay thé trong nghién ctru nay
la 15%, 20%, 25% va 30%. Ham lugng phu
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gia ninh két nhanh 13y theo chi dan ky thuat
trén bao bi ctia nha san xuat & mrc 0,5 lit cho
100kg xi mang. Thong ké mau bé tong thiét ké
duoc thé hién &

(a) Tron va dic miu

(b) Thao khuon va ghi
tén mau

(d) Bao dudng mu

(c) Mau diic hoan thién

Hinh 2. Cac cong doan dic mau
va bao duong mau

Bang 3: Thong ké mau bé tong thiét ké

Nhém Mic thiét Ty 1 tro

Tenomau = = k& (MPa) bay (%)

TM250TBO 25 0
TM250TB15 25 15
TM250TB20 25 20
TM250TB25 25 25
7M250TB30 25 30
7M300TBO 30 0
TM300TB15 30 15
TM300TB20 7ngiy 30 20
TM300TB25 30 25
7M300TB30 30 30
TM350TB0 35 0
TM350TB15 35 15
TM350TB20 35 20
TM350TB25 35 25
TM350TB30 35 30
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Nhém Mac thiét Ty 1é tro

Tentomau = 2 k& (MPa) bay (%)

28M250TBO0 25 0
28M250TB15 25 15
28M250TB20 25 20
28M250TB25 25 25
28M250TB30 25 30
28M300TBO 30 0
28M300TB15 30 15
28M300TB20 nzzy 30 20
28M300TB25 30 25
28M350TB30 30 30
28M350TBO0 35 0
28M350TB15 35 15
28M350TB20 35 20
28M350TB25 35 25
28M350TB30 35 30

Cac miu duoc nén dé xac dinh cudng
d6 ¢ 7 ngay va 28 ngdy tudi. Qua trinh nén
mau duogc thyc hién tai Phong LAS — XD
1233 Trung tam Thi nghiém xay duyng va
mdi truong thude Truong PHXD Mién Tay
(Hinh 3).

Gia tri cuong dg chiu nén la gia tri trung
binh ctia 3 mau trong t6 mau. Néu so sanh cac
gia tri cudng d6 nén cac mau trong to véi vién
mau trung binh léch qua 15% thi loai bo gia
tri do.

\

R
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Hinh 3. Thi nghi¢m cuong do chiu nén
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3. KET QUA THi NGHIEM
3.1. Cuong do chiu nén ciia mau ¢ 7 ngay

Cuong do chiu nén

35.00
29.30 P 30.09
30.00 2823 21.55
\—N%
25.00
= 20.00
-
Z 1500
10.00
5.00
0.00
TM250TBO  7M250TBIS 7M250TB20 7M250TB25 7M250TB30
Té miu
(a) Bé tong M250
Cuong d6 chiu nén
35.00 3144
29.93 2933 29.55
30.00 25.87
25.00
- 20.00
E 15.00
10.00
5.00
0.00
TM300TBO TM300TB1S  7M300TB20  7M300TB25  7M300TB30
Té6 mau
(b) Bé tong M300
Cuong d6 chiu nén
36.00
34.86
35.00
34.00
33.00
- 3200

31.00

30.00

TM350TBO

TM350TBI1S

TM350TB20 TM350TB25 TM350TB30

Té mau

c¢) Bé tong M350
Hinh 4. Cwong do chiu nén ¢ 7 ngay tudi ciia t6 mau

Hinh 4 thé hién cac gia tri cuong do chiu
nén ctia mau & 7 ngay tudi. Hinh 4a 1a biéu
d6 thé hién gia tri cudng do chiu nén ciia mau
duoc thiét ké bé tong voi mac M250 ¢o ty 18
thay thé xi ming bang tro bay lan luot 1a 0%,
15%, 20%, 25% va 30%. Mau 7M250TB20
¢6 cuong do chiu nén 30,06 MPa, 16n nhat
trong nhom mau nay, ting 2,7% so véi mau
dbi chimg (7M250TBO0). Khi thay thé xi ming
bing tro bay & ty 1& cang 16n hon (25% va
30%) thi cuong d6 chiu nén cia miu cang
giam. Cu thé, mau 7M250TB25, 7M250TB30

92

S6 10 (09/2024)

1an luogt co cuong do chiu nén lan lugt 14 27,55
MPa va 24,26 MPa, giam tuong tng so voi
mau dbi chimg 13 6% va 17,2%.

Hinh 4b 13 biéu dd thé hién gia tri cuong
d6 chiu nén ctia mau ¢ 7 ngay tudi, dugc thiét
ké bé tong voi mac M300. Mau ddi chimg
c6 cuong do chiu nén 1a 29,93 MPa. Mau
TM300TB20 (ty 1¢ thay thé tro bay 1a 20%)
c6 cuong do chiu nén 31,44 MPatang 5,2%
so v6i mau ddi chimg. Khi thay thé tro bay ¢
ty 1€ cang lon hon (25% va 30%) thi cuong
do chiu nén cua mau cang glam cu thé, mau
7M300TB25, 7M300TB30 lan lugt c6 cudng
do chiunén 1a 29,55 va 25,87 MPa, gidm tuong
g so véi mau déi chimg 13 1,3% va 13,8%.

Tuong tu, & hinh 4c, voi thiét ké bé tong
mac M350, cuong do chiu nén cua mau dat
gia tri 10n nhét khi thay thé 20% tro bay trong
cAp phéi bé tong, voi cudong do chiu nén & 7
ngiy tudi 1a 34,86 MPa (mau 7M350TB20)
tang dén 10,3% so voi mau ddi chung (mau
TM350TBO c6 cuong do chiu nén la 31,84
MPa. Véi ty 18 thay thé tro bay 30% mau bé
tong 7M350TB30 c6 cuong dg chiu nén giam
6,2% so véi mau ddi ching.

3.2. Cuong dé chiu nén ciia mau & 28 ngay

Cudng d6 chiu nén

38.61 38.63

40.00

3472
35.00
30.00
25.00

20.00

=
15.00
10.00
5.00
0.00
28M250TBO  28M250TBIS 28M250TB20 28M250TB25 28M250TB30
Té mau
A LA
(a) Bé tong M250
Cudmg d6 chiu nén
45.00 41.60
39.00
40.00 36.65 36.26
34.25
35.00
30.00
= 25.00
-
=

20.00
15.00
10.00

5.00

0.00

28M300TBO  28M300TB15 28M300TB20 28M300TB25 28M350TB30

T6 mau

(b) Bé& tong M300
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Cudng d6 chiu nén
49.40

47.12

44.52 42.90
39.71

50.00
45.00
40.00
35.00
30.00

& 2500
20.00
15.00
10.00
5.00

0.00
28M350TBO  28M350TB1S5 28M350TB20 28M350TB25 28M350TB30

Té mau

¢) Bé tong M350

Hinh 5. Cuong dé chiu nén & 28 ngay tudi
clia t6 mau

Hinh 5a 12 biéu d0 thé hién gia tri cudong
d6 chiu nén & 28 ngay cua mau dugc thiét
ké bé tong véi mac M250 c6 ty 1é thay thé
xi ming bang tro bay lan lugt 1a 0%, 15%,
20%, 25% va 30%. Mau 28M250TB25,
28M250TB25 c6 cuong do chiu nén lan luot
38,61 va 38,63 MPa, 16n nhit trong nhom
mau nay, ting trung binh 22,4% so véi mau
dbi chung (mau 28M250TBO c6 cudng do
chiu nén 32,04 MPa). Khi thay thé tro bay
& ty 18 30% thi cuong do chiu nén ctia mau
giam, cu thé, mau 28M250TB30 c6 cudong do
chiu nén 1a 34,06 MPa giam 6,9% so véi mau
dbi chimg.

Hinh 5b 14 biéu d6 thé hién gia tri cudng
d6 chiu nén cua miu ¢ 28 ngay duoc thiét
ké bé tong v6i mac M300. Mau d6i chimg
28M300TBO c6 cuong do chiu nén la 36,65
MPa. Mau thay thé tro bay 20% cé cudng
d6 16n nhat. Cu thé, mau 28M300TB20 c6
cuong do chiu nén 41,60 MPating 16,9%
so v6i miu ddi ching. Mau 28M300TB25
c6 cuong do chiu nén 39,0 MPatang 8% so
v6i mau doi chimg. Khi thay thé tro bay ¢
ty 18 30% thi cuong do chiu nén ciia mau
giam. Mau 28M300TB30 c6 cuong do chiu
nén 1a 34,25 MPa, giam so v6i mau ddi
chirng 1a 8,2%.

Tuong tu, & Hinh 5c, voi thiét ké bé tong
M350, cudng d6 chiu nén cua mau dat gia
tri 16n nhat khi thay thé 20% tro bay trong
cip phdi bé tong, voi cuong do chiu nén &
28 ngay la 49,40 MPa (mau 28M350TB20)
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ting 16,6% so v6i miu ddi chimg (mau
28M350TBO c6 cuong dd chiu nén la 44,52
MPa. Véi ty 18 thay thé tro bay 25%, 30%
mau bé tong 28M350TB25 va 28M350TB30
c6 cuong do chiu nén giam lan luot 1a 5,6%,
va 16,4%

Két qua & hinh 4 va 5 cho thdy, khi thay
thé tro bay & mirc 15%, gia tri cuong do chiu
nén thay doi ting giam & mic nho so v6i mau
d6i chimg, murc giam cao nhét 13 3,6% (mau
7M250TB15), muc ting cao nhat 1a 9,1%
(mau 28M250TB15). Khi thay thé tro bay
20% cudng d6 chiu nén cia mau ting, cu thé
cudng do chiu nén & 7 ngay tang tir 2,7% dén
10,3%, cuong do chiu nén ¢ 28 ngay tang tu
16,6% dén 22,4% so v6i mau dbi chung. Khi
thay thé tro bay tir 30% thi cudng do chiu
nén cila cac miu giam so voi mau dbi ching,
cu thé cuong do chiu nén & 7 ngdy giam tur
6,2%% dén 17,2%, cuong do chiu nén ¢ 28
ngay giam tir 8,2% dén 16,4%.

Mic khac, mau bé tong c6 mac M250 &
28 ngay tudi, khi thay thé 25% va 30% tro bay
cuodng do ting & murc tir 22,5% va 6,9%. Mau
28M300TB25 co thiét ké M300 & 28 ngay
tudi, thay thé 25% tro bay, cuong do ting &
mirc tr 8% so véi mau ddi chimg. Sy ting
giam cuong do cla cdc mau nay co su khac
biét nho so véi phan tich & trén cho thay ring,
gia tri cuong do chiu nén tang giam khong chi
phu thudc vao ty 18 tro bay thay thé ma con
chiu anh huéng cia ngay tudi ciia bé tong va
mac bé tong thiét ké.

4. KET LUAN

Céc két qua nghién ctru thi nghiém di chi
ra mot s6 anh hudng cua tro bay dén cuong do
chiu nén cua bé tong cod su dung phu gia ninh
két nhanh nhu sau:

Khi thay thé tro bay ¢ mirc 15%, gia tri
cuong do chiu nén thay doi ting giam & mirc
nho (tir giam 3,6% dén ting 9,1%) so voi mau
d6i chimg.

Khi thay thé tro bay 20% cuong d6 chiu
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nén clia mau tang, cu thé cuong do chiu nén
& 7 ngay tudi tang tir 2,7% dén 10,3%, cuong
d6 chiu nén ¢ 28 ngay tudi tang tir 16,6% dén
22,4% so v6i mau ddi ching.

Khi thay thé tro bay tir 30% thi cuong do
chiu nén cua cac miu giam so v6i mau dbi
chtng, cu thé cudng do chiu nén ¢ 7 ngay tudi
giam tir 6,2%% dén 17,2%, cuong do chiu nén
& 28 ngay tudi giam tir 8,2% dén 16,4%.

Gia tri cuong do chiu nén tang gidm khong
chi phu thudc vao ty 1 tro bay thay thé ma con
chiu anh huodng cta ngdy tudi cua bé tong va
mac bé tong thiét ké.
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