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Tém tat: Trong nghién ciru sir dung phu gia khodng tro bay dé thay thé xi mang véi ty 1é tir 10%
dén 40% theo khoi liwong, mdc bé tong thiét ké M30 (MPa). Két qua thi nghiém cho thdy, khi
thay thé mét phan xi mang bang tro bay sé lam tang tinh céng tac ciia hon hop bé tong, ton thdt
tinh cong tac cia hon hop bé téng sir dung tro bay gidm tir 63,64 dén 81,58% khi dé hon hop bé
téng sau 120 phit. Khi thay thé dén 20% xi médng bang tro bay theo khoi lwong, cuong do nén
cia bé tong giam nhe va van dat mdc thiét ké. Tuy nhién, khi sir dung 30+-40% tro bay, cuwong do
nén ciia bé tong giam 24,2% va 43,7% so véi cap phéi doi ching.

Tw khéa: Xi mang, tro bay; phu gia siéu deo.

Summary: In the study, using fly ash mineral admixture to replace cement with the rate from 10
to 40% by volume, concrete design grade M30 (MPa). The experimental results show that, when
replacing a part of cement with fly ash will increase the workability of the concrete mix, the loss
of workability of the concrete mix using fly ash decreases from 63,64 to 81,58% when leaving
the concrete mixture after 120 minutes. When replacing up to 20% of cement with fly ash by
weight, the compressive strength of concrete decreased slightly and still reached the design
mark. However, when using 30+40% fly ash, the compressive strength of concrete decreased by
24,2% and 43,7% compared to the control mix.

Keywords: Cement; Fly ash; Super-plasticizer.

1. PAT VAN DE luong 16n, diéu nay khong nhimg lam giam
hiéu qua kinh t& ma con gy ra mot s6 van dé
do viéc sir dung nhiéu xi ming gay nén nhu bé
tong bi co ngdt manh hay nhiét thuy héa 16n
[2, 3]. bé khic phuc van d@é trén, viéc st dung
phu gia khoang hoat tinh thay thé mot phan xi
ming 1a can thiét. Cac loai phu gia khoang co
thé st dung cho bé tong bao gdm: tro bay, xi
16 cao hoat tinh, silica fume, tro trau... trong do
tro bay 1a loai vét liéu c6 nhiéu tiém ning str
dung lam phu gia khoang cho bé tong ¢ nudc
ta hién nay, vi tro bay 1a phu pham cua cic nha

Bé tong c6 st dung cac phu pham cong nghiép
(céc loai phu gia khoang hoat tinh) ngay cang
dugc st dung phd bién do c6 nhiéu vu diém
vuot trdi so voi bé tong thong thuong (khong
c6 phu gia khoang) nhu giam nhiét cho cong
trinh bé tong khoi 16n, ting tinh bén cho bé
tong dung trong cac cong trinh Thuy lo1i, thuy
dién.... Tuy nhién, && dam béo tinh cong tac
va kha nang didm chit tot, bé tong thong
thuong trn tai cadc cong truong thi cong thuc
té phai str dung luong xi mang 16n hon dé ting ) DR i Lo
do déo ciia hon hop bé tong (HHBT) hodc pha  ™M3Y Anh1¢’t d1¢‘1’l d,Ot :thap: san p;harr{ ndy da dugc
tron phu gia siéu déo giagm nudc v6i ham nghién ctru va c6 cac ti€u chuan str dung.
Theo théng ké cua nganh dién lyc nudce ta,
N nhiéu dy 4n nhiét dién dét than da, dang xay
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Nam s& ngdy cang tang; dén nim 2025 luong
tro xi thai ra khoang 29,8 triéu tAn/nam va nam
2030 sé& 1a 38,5 triéu tan/nim (trong do, tro bay
chiém tir 80% dén 85%) [4, 6]. Pén nay, tong
luong tro, xi nhiét dién da tiéu thu trén ca nudc
khoang gan 40% tong luong phét thai qua cac
nam. Tro, xi dugc s dung nhiéu nhét 13 linh
vuc lam phu gia khoang cho xi mang, sau do la
dung 1am phu gia cho bé tong trong cac cong
trinh thuy loi thuy dién (dap bé tong trong luc),
cong trinh giao thong va cong trinh xay dung
dan dung; ngoai ra tro, xi ciing dugc dung dé
thay thé mot phan nguyén liéu san xuét gach
xay hay lam vat liéu san 14p nén [4, 5].

Tro bay da dugc nghién ctru va st dung lam
phu gia khodng cho vira va bé tong tir nhiing
nam dau cua thé ky 19 [7, 8], gop phan quan
trong vao viéc nang cao gia tri kinh té, giam o6
nhiém moi truong dat va nudc ngam, dic biét
1a giam luong khi thai nha kinh do san xuét xi
ming [9]. St dung tro bay thay thé mot phan

xi mang trong bé tong lam tang tinh cong tac
cia hon hop bé tong, giam nhiét thiy hoa,
nang cao do bén cua bé tong [8, 10]. Mac du
dd c6 nhiéu nghién ctu, nhung viéc st dung
tro bay lam phu gia khoang cho bé tong trong
cac cong trinh con kha khiém ton va khéng st
dung thuong xuyén do chua danh gia dugc day
du su thay ddi tinh cong tac, cuong do nén,
cling nhu mot sb tinh chat ky thuat khac cia bé
téng khi thay d6i ham luwong tro bay sir dung
dé thay thé xi mang. Boi vdy, nghién cru anh
huong cia ham luong tro bay dén tinh cong
tac va cudng do nén cta bé tong nhim muc
dich cho viéc tang cuong st dung tro bay lam
phu gia khoang cho bé tong trong tat ca cac
cOng trinh thi cong trong thoi gian tdi.

2. VAT LIEU SUDUNG TRONG NGHIEN CUU
2.1. Xi ming: Dé tii sir dung xi miang PC40
Chinfon dé thiét ké, két qua thi nghiém mot sb
tinh chat ciia xi mang nhu trong bang 1. Xi méing
dat yéu cau ky thuat theo TCVN 6260:2009.

Bang 1: Tinh chit clia xi ming

TT | Chi ti¢u thi nghi¢m Pon vi Két qua

1 | Khéi lugng riéng glem?® 3.12
2 D6 min (lugng sot trén sang 0,09 mm) % 3.65
3 Lugng nudc tiéu chuan % 29.5
, | Thoigian b:f}t dau dong ké’g phut 115

Thoi gian két thuc dong ket phut 215
5 | Do 6n dinh thé tich mm 3.0
5 Gi6i han bén nén tudi 3 ngay N/mm? 325

Gioi han bén nén tudi 28 ngay N/mm? 46.8

2.2. Phu gia khoang hoat tinh: Phu gia
khoang tro bay ciia nha may nhiét di¢n Duyén
Hai 1 duogc sir dung trong nghién ciru. Két qua

thi nghiém mot s6 tinh chét cua tro bay dat yéu
cau theo TCVN1032:2014.

Bang 2: Tinh chit ciia tro bay Duyén Hai 1

TT _(Chi tiéu thi nghi¢m Pon vi Két qué thi nghiém
1 |Poam % 0.28
2 |Khbi luong thé tich x6p kg/m?® 944
3 Ty trong g/cm® 2.24
4 Ham lugng mat khi nung % 6.48
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TT [Chi tiéu thi nghiém Pon vi Két qué thi nghiém
5 Ham lugng SiO» % 56.02
6 Ham luong FeO3 % 6.61
7 Ham luong Al>Os3 % 22.47
8 Ham luong SO3 % 0.22

Hinh 1: Hinh anh chup SEM cua tro bay

Bang 3: Tinh chit clia d4 dim

2.3. C6t ligu thd (P4 diam): P4 dam lay & cong
trinh x4y dung va dugc dwa vé Phong nghién
ctru vat liéu, Vién Thuy cong, Vién Khoa hoc
Thay loi Viét Nam dé thi nghiém. Két qua thi
nghiém tinh chit co 1y va thanh phan hat cta d4
dam c& hat (5-20) mm trinh bay tai bang 3 dat
TCVN 7570-2006.

TT | Chi tiéu thi nghiém Don vi Két qua thi nghiém
1 | Khdi lugng riéng g/cm® 2,73
2 | Khéi luong thé tich xp glcm?® 1,65
3 Ham luong bui, bun, sét % 0,12
4 Ham lugng thoi det % 2,8
5 | Ham lugng hat mém yéu % 1,12
6 Do hat nuéce % 0,57
7 Thanh phan hat - Dat

2.4. C6t liéu min (Cat): Trong thi nghiém sir
dung cat tu nhién 1a cat song Lo, cat dugc 1ay
tir cong trinh va dua vé tai phong thi nghiém
vat liéu - Vién Thuay cong - Vién khoa hoc

Thuy lgi Viét Nam dé kiém tra. Két qué thi
nghiém cat dung ché tao bé tong c6 thanh phan
hat va cac chi tiéu co ly phu hop TCVN 7570-
2006 trinh bay trong bang 4 va 5.

Bang 4: Tinh chit ctia cat

TT Chi ti¢u Pon vi Két qua thi nghi¢m

1 | Khéi luong riéng glem® 2,66

2 | Khéi lugng thé tich xdp glem?® 1,62

3 | Po hdng % 39,1

4 Ham lugng bui, bun, sét % 1,65

5 M6 dun @0 16n - 2,85

6 Tap chét hitu co - Pat

7 | Thanh phan hat - Dat

Bang 5: Thanh phéin hat cia cat

Kich thudc mit sang, mm 5,0 25 1,25 0,63 0,315 0,14
Luong sot tich liy, % 0 19,6 28,3 65,6 76,5 95,0

2.5. Nwdc: Nudc su dung dé tron va bao

dudng bé téng 1a nude sinh hoat 13y tai phong
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thi nghiém vat li¢u - Vién Thuy cong, nudc su
dung trong thi nghiém phu hop tiéu chuan
TCVN 4506: 2012.

2.6. Phu gia héa hoc: Dé hdn hop bé téng cd
tinh cong tac va kha ning dam chat tot thi hdn
hop bé tong thiét ké khong duoc phép xay ra
hién twong phan ting va tich nudc. Trong
nghién ctru ché tao bé tong st dung phu gia
khoang hoat tinh tro bay da st dung phu gia
situ  déo giam nudc bic cao  gbc
Polycacboxylate (PC) pht hop véi tiéu chuan
ASTM C494 (phu gia thudc thé hé 3) véi luong
ding theo huéng dan cia nha cung cip. Tuy
nhién can phai thi nghiém dé xac dinh ty 1 pha
tron hop 1y, dam bao tinh cong tac yéu cau cua
hdn hop bé tong va mac bé tong thiét ké.

3. KET QUA THI NGHIEM VA NHAN XET
3.1. Thiét ké cap phoi thi nghiém

Céac budc thiét ké so bo thanh phan vt liéu
cho 1m?3 bé tong:

Buéc 1: Chon dd sut ciia hon hop bé tong

Buée 2: Xac dinh lrong nuée Iy thuyét ban
diu cho 1m3bé tong.

Budc 3: Tinh ty 18 X/N'.
Rn=A.Rx(X/N"-0,5)

Trong do:
mang, MPa.

(MPa)

Rx - Cuong d6 thuc té cua xi

Rn - Cuong do nén cta bé tong, MPa.

A - Hé s chét luong vat li¢u.

X, N - La khdi lwong xi ming va nuéc Iy
thuyét cua 1m®bé tong.

Budrc 4: Tinh lwgng xi mang.

X = N.(X/N™ (ko)
Buérc 5: Xac dinh lwong cdt liéu 16n.

+ X4c dinh thé tich ho xi mang:

Vh = (X/pax) + NI (lit)

+ Xéc dinh hé s6 du vita hop 1y: K
+ Xac dinh luong cdt lidu 16n:

1000 (kg)

Dv=rxs 1
T a
Pok Pa

Bude 6: Xac dinh luwgng cat.
= (XL BN
Cic= [1000 (Pax + Pad + pan)].paC (kg)

Dé tai nghién ciru voi bé tong mac thiét ké
M30 (MPa) st dung cho cac cong trinh xdy
dung dugc thi cong bang phuong phép tron
may, chon do sut yéu cau SN = 12 dén 20cm.

Sau khi tinh toan duoc khdi luong cac loai vat
liéu cho 1m° bé tong voi chét két dinh chua c6
phu gia khodng tro bay (CP0); ham lugng PGK
Tro bay (TB) thay thé xi mang lan luot 1a 10%,
20%, 30% va 40%. Ham luong phu gia siéu
déo (PGSD) 1a 1,2 1it/100 kg chat két dinh
(CKD). Thanh phan vat liéu cho cac cap phdi
bé tong thiét ké nhu trong bang 6.

Bang 6: Thanh phan vt li¢u cho 1m3 bé tong thiét ké

P . XM B Nudc Cat L. PGSD
Capphdl | ) | (kg) (iit (ko) | PadamE®) [
CPO 412 0 206 840 936 4.94
CP1 370.8 41.2 206 840 936 4.94
CP2 329.6 82.4 206 840 936 494
CP3 288.4 123.6 206 840 936 4.94
CP4 247.2 164.8 206 840 936 494

Sau khi thiét k& thanh phan vat liéu cho 1m® bé
tong nhu bang 6, phoi tron vat li¢u dung ti€u
chuén va thi nghiém xac dinh do sut ctia cac hdn

hop bé tong (HHBT) theo TCVN 3106:2007.
Pé xac dinh ton thét tinh cong tac (do sut, SN,
cm) cua cac HHBT, thi cac HHBT duoc bao
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quan dé tranh bi mat nuéc va duoc tron lai
trudce khi thi nghiém d6 sut sau moi 30 phat.

Sau d6 duc cac t6 mau thi nghiém tiéu chuin
kich thude (15x15x15) cm, kiém tra cuong do
nén cua bé tong & tudi 3, 7 va 28 ngdy theo
TCVN 3118:2012.

3.2. Két qua thi nghiém dj sut

Tién hanh tron vat liéu cac cip phbi bé tong da
thiét ké nhu bang 6, thi nghiém xac dinh do sut
ctia cic HHBT theo tiéu chuan, sau do giir hdn
hop bé tong sau 30, 60, 90 va 120 phuat dé
kiém tra lai do sut. Két qua kiém tra do sut va
ton that do sut cia cac HHBT thé hién nhu
trong bang 7.

Bang 7: Két qua thi nghiém dd sut va ton
that do sut ciia cac hdn hop bé tong

Céap | Do sut, SN (cm)/Thoi gian (phut)

phdi 0 30 60 | 90 | 120
CPO | 150 | 135 | 85 | 6.0 | 45
CP1 | 165 | 150 | 105 | 9.0 | 6.0
CP2 | 180 | 140 | 95 | 75 | 55
CP3 | 185 | 135 | 85 | 6.0 | 5.0
CP4 | 190 | 145 | 80 | 50 | 35

Nhdn xét: Két qua thi nghiém trong bang 7 cho
thdy: Khi ham luong tro bay thay thé xi mang
tang lén, thi tinh cong tdc cia HHBT tang, do
hat tro bay c6 dang hinh cu va bé mit tron
nhén (Hinh 1), nén lam gidm ma sat kho trong
HHBT dén dén lam ting tinh cong tac (ting do
sut) cua cac HHBT. Khi ty ¢ tro bay tang tir
0% lén 20%, d6 sut caia HHBT tang manh, tang
khoang 20%. Tuy nhién, khi ty 1€ tro bay tang
tr 20% lén 40% thi d6 sut cua HHBT chi tang
tir 18 cm 1én 19cm (khoang 5,6%). Két qua nay
c6 thé giai thich 1a do ty 1¢ tro bay thay thé xi
ming trong nghién ctru 13 thay thé theo khéi
luong, do do thé tich cua tro bay dua vao s€ 16n
hon, con thé tich ciia xi mang giam di, nhu vay
s€ lam tdng do nhdét cua HHBT va lam giam
muc do tang tinh cong tac khi stir dung ty 1€ tro
bay cao (ham lugng TB = 30 va 40%). Ngoai

[ KHOA HOC
ra, ham luong tro bay ting 1én din dén kha
nang hut nudc va can mot lugng nude 16n dé
cho cac phan ng hoat tinh cua tro bay tang lén,
vi viy néu giit nguyén luong nudc tron ban
dau, thi tinh cong tic cia HHBT voi ham luong
tro bay cao s& giam di rat nhanh.

Két qué thi nghi¢m tdn that do sut cho théy,
sau 120 phut ké tir khi tron HHBT, tinh cong
tac cua HHBT giam rAt manh, do sut cua
HHBT giam tir 63,64 dén 81,58%; din dén
HHBT c6 tinh cong tac kém va rat kho thi
cong. Néu trong qua trinh thi cong HHBT ma
tinh cong tac khong dat yéu cau thiét ké c6 thé
lam giam cudng d6 va kha ning chdng tham,
cling nhu tinh bén cta bé tong rin chic, boi vi
HHBT rat kho dim chat, 1am cho bé tong kém
dic chic, o rong cla bé tong ting 1én. Vi vay,
trong truong hop bét budc phai bao quan va
van chuyén HHBT trong thoi gian dai sau khi
tron, can phai co6 bién phap dé duy tri tinh
cong tac cua HHBT nhu stir dung phu gia cham
dong két, duy tri dao tron HHBT trong qua
trinh van chuyén va thi cong.

3.2. Két qua thi nghiém

Pé thi nghiém cuong do nén, duc cac t6 mau
thi nghiém hinh 18p phuong c6 kich thudce
(15x15x15) cm, mau duc thi nghiém dugc ché
tao va bao dudng theo TCVN 3105:1993. Két
qua thi nghiém cuong dd nén ¢ 3, 7 va 28 ngay
tudi cua cac cAp phdi bé tong thiét ké nhu
trong bang 8 va biéu d6 hinh 2.

Bang 8: Két qua thi nghiém cwong dd nén
¢ 3, 7 va 28 ngay tudi

Cip phdi Rn (MPa

3ngay | 7ngay | 28 ngay
CPO 18.9 24.6 36.4
CP1 19.8 25.8 37.5
CP2 19.2 24.3 32.1
CP3 18.6 23.7 27.6
CP4 13.5 16.5 20.5
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Hinh 2: Biéu dé so sanh Rn ciia
cdc cap phoi bé tong

Nhdn xét: T két qua thi nghiém cudng do nén
ctia cac cdp phdi bé tong & bang 8 va hinh 2
cho thdy, khi ham luong tro bay sir dung
10%CKD thi cuong do nén cua bé tong & cac
tudi déu cao hon cip phdi dbi chimg (CPO),
tuy nhién muc tdng cuong do chi khoang dudi
5%. Khi ty 1& tro bay thay thé xi ming dén
20%, cuong do bé tong & cac tudi van tuong
duong hodc giam nhe so vo&i cip phdi déi
chimg. Khi ty 1¢ tro bay thay thé xi mang 20%
(CP2), cudng dd nén cia bé tong bat dau
giam, giam 11,8% so véi cap phdi dbi chimg
(CPO0). Béi voi cap phdi sir dung 30% va 40%
tro bay (CP3 va CP4), cuong d¢ bé tong giam
tuong ung 24,2% va 43,7% so v6i cap phdi d6i
chimg (CP0). Piéu nay duogc giai thich nhu
sau: Khi xi mang thuy phan thuy héa véi nude,
thi cdc san pham chinh ctia qua trinh nay 1a gel
canxi silicat hydrat (CaO.SiO..mH20: C-S-
Hm) va canxi hydroxit (Ca(OH)2) do CsS thuy
phan ra. Trong khi C-S-H 1a san pham chinh
tao nén cuong do trong bé tong da rin chic, thi
Ca(OH)2 c6 anh hudng dén chit luong bé tong
da ran chic vi Ca(OH)2c6 kha ning hoa tan
trong nudc tao thanh cac hoc va d6 bén thép.
Tuy nhién, khi tro bay (thanh phan hoat tinh
chu yéu 1a Si0,YP! va Al,03) duoc thém vao
hén hop nhu mot chét thay thé xi mang, thi
Ca(OH)2 duoc chuyén thanh gel C-S-H va C-
A-H tht cdp do phan tmg pozzolanic. Néu
ham lugng tro bay dugc thém vao qua gia tri

t6i wu thi lugng tro bay d6 khong tham gia day
du vao qua trinh phan img héa hoc, khi do6 tro
bay chu yéu dong vai tro 13 “phuy gia tro” (chat
d6n) trong hdn hop chir khong phai 1a chat két
dinh. Boi vay, khi ham lugng tro bay st dung
qua cao s€ lam giam manh cuong do cua bé
tong. Trong thiét ké thanh phan bé tong, ham
luong tro bay thay thé xi mang can thiét phai
lya chon theo cac yéu cAu k¥ thuat cua bé tong
(tinh cong tac, cudng do, tinh bén) dé ra cho
phu hop.

4. KET LUAN VA KIEN NGHI

Bé tong st dung phu gia khoang tro bay lam
ting tinh cong tac cua hon hop bé tong, khi
ham luong tro bay thay thé xi mang dén 20%,
thi tinh cong tdc cia HHBT tdng manh; tuy
nhién, khi ty 1€ tro bay tang tir 20% lén 40%
thi d¢ sut cuia HHBT chi tang khoing 5,6%.
Anh huédng cua tro bay dén ton that do sut cia
cac HHBT khong 10 rang, tde do giam dg sut
cua HHBT st dung ham luong tro bay khac
nhau gan nhu nhau. Sau 120 phut ké tir khi
tron hon hop bé tong, tinh cong tac cia HHBT
giam rat manh, d0 sut cia HHBT giam tu
khoang 60 dén 82%; khi d6 HHBT c6 tinh
cong tac kém va rat kho thi cong. Vi vay can
phai nghién ctru ham luong tro bay hop 1y véi
qué trinh thi céng bé tong.

Khi ham lugng tro bay thay thé xi mang nho
hon 20% thi cuong do nén cua bé tong & 28
ngdy tudi tang, nhung khi ham lugng tro bay
tang tir 30 dén 40% CKD thi cuong do cia bé
tong lai gidm di. Vi vay, can thiét phai lya
chon ham lugng tro bay hop 1y vdi cac mac bé
tong thiét ké khac nhau, dam bao céc yéu cau
vé kinh té va k¥ thuat.

Tan dung ngudn phy phdm cong nghiép cua
céc nha may nhiét dién ddt than (tro bay) 1a tan
dung dugc ngudn nguyén lidu sin co, gia
thanh thap, dong thoi giam thiéu duoc 6 nhidm
moi truong khong khi (khéi bui min) va gidm
thiéu 6 nhiém ngudn nudc ngadm. Bén canh do,
bé tong co6 st dung phu gia khodng hoat tinh s&

6 TAP CHi KHOA HOC VA CONG NGHE THUY LQ1 SO 78 - 2023



|  KHOAHOC CONG NGHE

giam thiéu ham luong Ca(OH)2trong da xi  dung, dic biét 1a bé tong sir dung cho cic cong
mang, tu do lam tang tinh bén cho bé tong st trinh Thuy loi, thay dién.
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