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TOM TAT

Gan day, tro bay dang ngay cang dugc sit dung nhu mét vat liéu thay thé mot phin xi ming trong viéc ché

TU KHOA
Cuong d6 nén

a A . =
HE nen xi ming tao bé téng. D& tan dung hiéu qua tro bay thay thé xi ming trong bé tong, hé sé hiéu qua (k) ciia tro bay dén

Hg 56 higu qui cwdng d6 nén theo thoi gian ctia hé nén xi ming-tro bay duge nghién cttu. Trong nghién citu niy, hé nén xi
Tro bay ming- tro bay vé6i ty 1& neée trén chét két dinh (bao gdm xi ming Portland va tro bay loai F) 14 0,40. Hai loai
xi ming duge Ita chon v tro bay loai F dugc st dung thay thé tir 0; 5; 10; 15; 20; 30; 40 va 50 % theo khéi
lwgng ctia xi ming. Két qua cho thiy ring tro bay di lam giam cudong d6 nén clia hé nén xi ming tro bay &
mdi d6 tudi cu thé, titc & d6 tudi 7; 14; 28 va 56 ngiy. Hé sb k ciia tro bay & d6 tudi 7 ngay nim trong
khoang tit 0,10 dén 0,59 va dan gia ting theo th&i gian. Gi tri k gia ting cang 16n khi ham lwgng tro bay

cang it.

KEYWORDS

Compressive strength

ABSTRACT

In recent years, fly ash is increasingly used as a partial replacement of cement for concrete production.

Cement paste Effect of effeciency factor (k) of fly ash on compressive strength of fly ash-cement paste was investigated in

Efficiency factor

order to effectively utilize fly ash. In the experiment, fly-ash cement paste with a water-to-cementitious
Fly ash

materials (including Portland cement and Class-F fly ash) ratio of 0.40. Two types of cement were
prepapred and the replacement ratios of Portland cement by Class-F fly ash were 0, 5, 10, 15, 20, 30, 40 va
50% by mass. Results show that fly ash reduced the compressive strength of the hardened fly-ash cement
paste at each age (i.e., at 7, 14, 28, and 56 days). The efficicency factor (k) of fly ash at the age of 7 days
was in the range from 0.10 to 0.59 and gradually increased with time. The lower the replacement of

cement by fly ash, the higher the value of the efficiency factor (k).

1. Gi&i thiéu tinh chét cta bé tong duge dinh nghia 13 mét phin tro bay thay thé xi

ming trong bé tong nhung vAn dam bao tinh chét twong dwong véi tinh

Gan day, tro bay dang dwgc Chinh phi Viét Nam khuyén khich dem
vao st dung nhi mot loai phu gia khoang hoat tinh thay thé mot phin
xi ming trong viéc ché tao bé téng. Viéc sit dung niy di mang lai mot
56 1gi ich v& mat méi trwdng, kinh té va k§ thudt, cu thé nhy 1am giam
ham lwong khi CO, thai ra tit cong nghiép san xuit xi ming; 1am giam
dién tich bai chtia tro bay phé thai tit cdc nha may nhiét dién; 1am giam
chi phi xay dung do gia thanh tro bay thip hon xi ming rat nhiéu; lam
nang cao mét sb tinh chét ctia hén hgp bé téng va cai thién d¢ bén cho
céc cbng trinh xdy dung & céc d6 tubi vé& sau [4]. Do d6, cin phai c6
tAm nhin bao quat va hidu biét sdu rong v& hiéu qua that sy clia tro bay
trong cong nghé bé tong dé c6 thé tan dung hiéu qua loai phu gia
khoéang nay.

Trén thé gi6i, c6 rit nhidu nghién citu da duwa ra khai niém vé hé sb
hiéu qua (k) ctia tro bay dén tinh chit ctia bé tong tro bay bao gdm
cuong do ciing nhu do bén [1, 2, 3, 6, 7, 8, 9]. Hé s6 k cuaa tro bay dén
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chét ctia bé téng khi st dung 100 % xi ming [7, 10]. Hé sb k dic biét
con déng vai trd 12 mdt trong nhitng tham s dic trwng khi tinh toan
thiét ké cAp phéi bé tong tro bay theo tiéu chuin EN 206-1 [11]. Nhan
thiy ring hé sb k ctia tro bay dén cuwong do clia hé nén xi ming & Viét
Nam hiu nhv chuwa duge nghién ctiu nhiéu. Do d6, muc tiéu ctia d& tai
la dénh gi4 hé s6 hiéu qua k clia tro bay dén cuong d6 nén ctia hé nén xi
mang-tro bay theo thdi gian dé tit d6, ¢6 céi nhin toan dién vé hiéu qua
clia tro bay khi tan dung thay thé xi ming trong bé téng. D& thitc hién
muc tiéu trén, hé nén xi ming v&i ba ty 1& nuwdc trén xi ming (N/X)
dugc khao sat 1a 0,30, 0,40 va 0,50 nham tim dwgc mbi quan hé giita
cuwdng dd nén va ty 1& X/N. Hé nén xi ming-tro bay dwoc nghién citu
v6i ty 1é nue trén chét két dinh (bao gdm xi méng va tro bay) (N/CKD)
14 0,40; ddng thoi hai loai xi ming portland va mot tro bay loai F dugc
st dung. Tro bay dugc st dung thay thé tir 0, 5, 10, 15, 20, 30, 40 dén
50 % theo khéi Ivong ctia xi ming.
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2. Thuc nghiém
2.1 Nguyén vt liéu

Xi ming st dung trong d& tai nay bao gdm hai loai xi ming, dé
14 xi mang Portland Ha Tién (PC40) dap ting theo TCVN 2682:2009
[12] va xi méng Nghi Son loai I dép Gng theo ASTM C150 [5]. Dé danh
gia hé s6 hiéu qua cta tro bay dén cudng d6 nén ctia hé nén xi ming-
tro bay theo thoi gian, tro bay loai F dugc 14y tit nha may nhiét dién
Duyén Hai dap ting theo TCVN 10302:2014 [14]. Khéi lwong riéng cua
xi ming Ha Tién va Nghi Son lan lugt 13 2,93 va 2,96 g/cm? Do
nghién min theo phén trim con sét lai trén sang 0,09 mm cta xi ming
Ha Tién va Nghi Son 1an luot 13 0,93 va 0,75 %. Trong khi, tro bay
Duyén Hai c6 khéi lugng riéng 1a 2,56 g/cm? va d6 nghién min theo
phan trim con sét lai trén sing 0,09 mm 12 3,38 % va sang 0,045 mm
12 13,0 %. Thanh phin héa hoc ctia hai loai xi ming va tro bay dugc
thé hién & Bang 1. Nuéc st dung 1 nude khong chita cic thanh phin
héa hoc, tap chét giy anh hwong bét loi dén xi ming va tro bay, phit
hgp theo TCVN 4506:2012 [13].

Bang 1. Thanh phan héa ctia hai loai xi méng va tro bay loai F.

Thanh phin héa hoc (%) Xi mang Ha | Xi mang Nghi | Tro bay
Tién Son

Sio, 21,98 22,46 49,68
Al, 04 4,28 4,16 23,97
Fe,O4 2,53 1,98 10,63
CaO 62,57 64,05 8,50
Na,O 0,37 0,08 0,13
K,0 0,01 0,55 0,88
MgO 1,56 1,38 2,25
SO, 1,89 2,51 1,24
Mt khi nung 2,89 1,56 2,10

2.2. Ty ¢ thanh phdn hén hop xi mdng-tro bay

Pé khao sat anh hwong cia ty 18 X/N dén cwdng d6 nén cta hé
nén xi mang khong tro bay, ba ty 16 N/X 1a 0,30; 0,40 va 0,50 dugc
Ia chon va hai loai xi ming Ha Tién va Nghi Son dugc chun bi. béi
v6i hé nén xi mang-tro bay, mot ty 1€ N/CKD la 0,40 dugc chuén bi dé
tién hanh ddc miu. P& danh gid hé sé hiéu qua (k) cia tro bay dén
cwdng d6 nén ctia hé nén xi ming-tro bay, tro bay Duyén Hai dugc si?
dung thay thé tit 5, 10, 15, 20, 30, 40 dén 50 % theo khbi lwgng cua
hai loai xi ming Ha Tién va Nghi Son. Dya trén céc ty 1é thanh phin
trén, hai muoi cAp phéi dugc thiét ké cho qué trinh thyc nghiém.

2.3. Chudn bi mdu

Hén hop hd xi ming dwoc nhio troén trong méay nhio tron vita
ELE theo trinh t¢ sau: (1) cho xi méng Ha Tién hodc Nghi Son vao
giita cbi tron va diing bay trén ddu hén hop khé, (2) cho nuwéc nhio
tron vao cbi trén va tron ciing véi hdn hop kho trong 30 gidy & tbe do

cham, (3) ditng may tron va vét hén hop dinh & thanh cbi trén va
canh trén trong 15 gidy, (4) trén tbc dé nhanh trong 90 gidy, (4) ditng
méy tron va tién hanh dic vao khuén dé thi nghiém cuwdng do nén.
H6n hop hd xi ming-tro bay ciing dugc nhiao trén theo quy trinh
twong tw nhu trén véi hdn hop hd xi ming trong may nhio trén vita
ELE sau khi trén khd hén hop xi ming Ha Tién hodc Nghi Son va tro

bay trong cbi tron.
2.4. Quy trinh thi nghiém

Sau khi nhao tron, hdn hop hd duge dia vio trong khuén ling
tru c6 kich thuéc 40x40x 160 mm ma dvoce lam sach va bdi diu
khuén. Sau d6, tién hanh dusng ho miu trong khudn & nhiét d6
29+1 °C vi d6 4m twong dbi 90+5 %. Sau 24 h trong khuén, cc
mAu 14n Ivot duge thdo khuén va dige dudng ho trong bé dudng hd
nuwée cho dén ngay tudi thi nghiém nén.

Cudng d6 nén ctia cac mAu sau khi gay tit cac miu 40 X 40 X 160 mm
tng v&i mbi cAp phdi dwoc tién hanh kiém tra bing méy nén thay luc &
titng d6 tudi quy dinh, cu thé & céc do tudi 7, 14, 28 va 56 ngay.

2.5 Hé s6 hiéu qud (k) ctia tro bay dén cuong do nén

Theo Huynh va céc cong su [6], hé s6 hiéu qua (k) ctia tro bay
dugce x4c dinh dia trén mébi quan hé giita cuong d6 ciia miu xi ming
khéng st dung tro bay va ty 1& X/N. Méi quan hé giita cwdng do cta
mAu xi ming khéng st dung tro bay va ty 18 X/N dugc thé hién trén
Hinh 1, gitip x4c dinh ty 1& xi méng trén nuwdc twong duong (X/Ny)

theo cud'ng d6 nén ctia miu cé st dung tro bay.

1 R,®: cudng do nén

clia mau c6 tro bay
_A

g |Ro <
- /A R, =a(X/N)+b
= -
£ A R, : cuong d¢ nén cua
= mau khong c6 tro bay
Q

Bl (X/N)q

Ty 1¢ xi ming trén nuwée (X/N)
Hinh 1. Méi quan hé giita cudng d6 nén va ty 1é X/N.

Khi d6, hé s6 hiéu qua (k) ctia tro bay dén cuwdng d6 nén duoc
xac dinh theo cong thic (1)

(&N 1-r
k_((X/N) 1)X(r) M
trong do:
(X/N)q la ty 1&€ X/N twong duong
X/Nl1atylé X/N

r: ham lwgng tro bay thay thé xi ming (%)
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+ k < 0 chitng to tro bay tro v& mit phan @ng.

+ 0 < k < 1 chiitng to tro bay bét diu phan tng nhung hiéu suit
thap hon xi ming.

+ k > 1 chitng to tro bay c6 hiéu suit phan tng cao hon xi ming.

3. Két qua va thao luan
3.1. Cuong dd nén cia hé nén xi mdng khong tro bay

Két qua anh huéng cta ty 16 X/N dén cuwdng do nén theo thoi
gian ctia hé nén xi ming Ha Tién khéng s dung tro bay dugc thé hién
& Hinh 2. Két qua cho thiy ring cudng d6 nén gia ting theo th&i gian
ttng v&i mbi ty 1& X/N. Hon thé, cwong d6 nén ctia hé nén xi ming Ha
Tién khong st dung tro bay ty 1& thuan véi ty 1& X/N Gng véi mbi do
tudi cu thé, titc d6 tudi 7, 14, 28, va 56 ngay. Mbi quan hé nay duogc
thé hién & dang phwong trinh bic nhét c6 dangy = ax + b theo titng
d6 tubi twong ng nhu dwgc nhin thiy trén Hinh 2. Xu huéng nay
ciing dwgc quan sat trén hé nén xi ming Nghi Son khéng st dung tro
bay va dugc thé hién trén Hinh 3.

— O 7 ngay ¢ 14 ngay

Ha Tién A 28 ngay X 56 ngay
——Linear (7 ngay) - — Linear (14 ngay)
... Linear (28 ngay) — - Linear (56 ngay)
y=16.83x + 18.42 : 52
= R2=10.99 s e BT Nesies
g 7 e .
2 |\ x--— K
= R T T
)
=
e 50 - mnetim oo e o — - === =
o0 y=24.21x -9.38
£ 40 R>=0.99
© 30 {y=24.74x - 15.64 |- c -
y=17.96x - 3.13 S i
R2=0.99 —
20
2.0 25 3.0 355
X/N

Hinh 2. Anh hwéng clia ty 1& X/N dén cuong d6 nén theo thoi gian

ctia hé nén xi ming Ha Tién khong sit dung tro bay.

3.2 Cudng d6 nén ctia hé nén xi mdng-tro bay

Két qua anh hudng ctia ham lwong tro bay thay thé xi ming
dén cuong d6 nén theo thoi gian ctia hé nén xi ming Ha Tién-tro
bay Duyén Hai c6 ty 1& N/CKD 14 0,40 dugc thé hién ¢ Hinh 4. Nhan
thdy ring cwdong do nén ciia tit ca cic miu st dung xi ming Ha
Tién phat trién theo thoi gian, khong phu thudc vio viée st dung tro
bay Duyén Hai. Tuy nhién, khi s& dung tro bay, cwdng d6 nén cua
mau thip hon so véi miu khéng st dung tro bay & tit ca do tudi
(titc 7, 14, 28, va 56 ngay), va gid tri cang thip khi ham lugng tro
bay thay thé xi ming cang 16n. bidu nay 14 do phan Gng pozzolan
ctia tro bay xay ra rit cham khi trong hé nén c6 ndéng do kiém OH-
thdp vi ham lvgng xi ming thip. Tuy nhién, quan st thiy ring
cudng d6 nén vé sau (¢ tudi 56 ngly) clia hé nén xi ming Ha Tién
st dung tit 5 dén 15 % tro bay thay thé ciing dwgc cai thién do phan
tng pozzolan ctia tro bay va dat gia tri xip xi gin bing vé&i gia tri

cuong dd nén ctia miu khoéng st dung tro bay (xem Hinh 4).

o s 0O 7 ngay ¢ 14 ngay
Nghi Son A 28 ngay X 56 ngay
——Linear (7 ngay) - — Linear (14 ngay)
i Linear (28 ngay) — - Linear (56 ngay)
y=14.17x +28.14 '
‘= RZ=1:000 |ewwowuwg
& 70 ; '
= L =X et
3 00 g T e
< 50 - - et T ATy =22 56x - 2.29
S fes L ! R2=1.00
g 40 T e L —————— =
'g 1 ly=2236x -5.46
o . 1 R® = 1.00
30 [y=20.57x - 7.02 A
R2=10.97
20 :
2.0 25 3.0 35
X/N

Hinh 3. Anh huéng ciia ty 1& X/N dén cudng d6 nén theo thoi gian

ctia hé nén xi ming Nghi Son khéng st dung tro bay.

S A A 856 ngay
Ha Tién - Duyén Hai 028 ngay
W 14 ngay
a5 .n7 ngéy
~ i ;
a 70 i
= i !
N’
= 60 R
;g 1 |
Qe 50 + _:____
< ' |
1 |
%" 40 NN
i 1 1
5 30 % *:' il
55 i i

0 5 10 15 20 30 40 50
Ham lwong tro bay thay the xi mang (%)
Hinh 4. Anh huéng ctia ham lvong tro bay dén cudng d6 nén theo
thoi gian ctia hé nén xi ming Ha Tién-tro bay Duyén Hai c6 ty 1&
N/CKD la 0,40.

Két qua anh hwdng ctia ham lwong tro bay thay thé xi ming
dén cudng d6 nén theo thoi gian ctia hé nén xi mang Nghi Son-tro
bay Duyén Hai c6 ty 1é N/CKD la 0,40 dugc thé hién & Hinh 5.
Tuwong ty xi ming Ha Tién, cudng d6 nén cia tit ca cic miu si
dung xi ming Nghi Son ciing phat trién theo thoi gian, khéng phu
thudc vao viéc st dung tro bay Duyén Hai. Tuy nhién, khi st dung
tro bay, cwdng d6 nén ctia miu thdp hon so véi miu khong s
dung tro bay & cac d6 tudi ban dau (titc & do tudi 7 va 14 ngay),
va gia tri cang thip khi ham lwgng tro bay thay thé xi ming cang
16n. Piéu nay ciing duoc giai thich 14 do phan @ng pozzolan ctia
tro bay trong hé nén xay ra cham. Tuy nhién, & d6 tudi 28 ngay,
cudng d6 nén ctia mau Nghi Son st dung 5 % tro bay cé cudng do
x4p xi cudng d6 nén ctia miu khéng st dung tro bay. Khéng
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nhitng thé, cudng d6 cua cidc miu Nghi Son st dung tit 5-40% tro
bay thay thé c¢6 gia tri 1én hon cudng d6 ctia miu khéng sit dung
tro bay & d6 tudi 56 ngay (xem Hinh 5). Didu nay cé thé 1a do
phan t#ng pozzolan ctia tro bay da gép phin cai thién hé nén xi
ming Nghi Son, 1am gia ting cudng d6 vé sau cho hé nén xi ming
Nghi Son.

. ) X B 56 ngay
Nghi Son - Duyén Hai 028 ngay
M 14 ngay
A7 ngay
80 O
~ i I
a 70 i
1 1
% 60 P
= : :
\g 1 I
@ 50 NN
k= I I
°D 1 1
g 40 TN
v ! :
5 30 7 RE &
20 E i

0 5 10 15 20 30 40 50
Ham lwgng tro bay thay the xi mang (%)
Hinh 5. Anh hwong ctia ham lwong tro bay dén cuwdng do nén theo
thoi gian ctia hé nén xi ming Nghi Son-tro bay Duyén Hai c6 ty 1é
N/CKD la 0,40.

So sanh hai két qua cuwdng d6 nén ctia Hinh 4 va 5, nhén thiy
ring mic dil cdng d6 ban dau ctia ca hai hé nén xi ming Ha Tién va
Nghi Son déu thip nhung cuong do vé sau ctia hé nén Nghi Son dugc
cai thién déng ké khi st dung tro bay Duyén Hai thay thé mét phin xi
ming. Két luan tro bay Duyén Hai d4 lam giam cudng dd ban dau cia

hé nén ¢4 xi ming nhung di cai thién cudng d6 vé sau.
3.3. Hé s6 hiéu qud (k) ctia tro bay dén cueong d nén

Bang 2 thé hién két qua hé s hiéu qua (k) dwgc xac dinh dwa
trén cong thic (1) nhu d3 trinh bay trong phin 2.5. Mbi quan hé giita
hé s6 hiéu qua (k) va ham lwgng tro bay thay thé hai loai xi ming Ha
Tién va Nghi Son dugc thiét 14p trén Hinh 6. Nhén thiy ring hé s
hiéu qua (k) ctia tro bay & d6 tudi 7 ngay nim trong khoang tir 0.10
dén 0,59; xem thém Bang 2. Piéu d6 chitng t6 ring tro bay di bit diu
phan tGng & tudi 7 ngay nhung hiéu sut phan tng thdp hon qua trinh
hydrat héa cta xi ming. Hon thé, hé s hiéu qua (k) khong cb dinh 13
mot hing sb ma thay dbi, titc gia ting din theo thdi gian. Ngoai ra,
gia tri k cang 1én khi ham lwgng tro bay thay thé xi ming cang it.
Nguoc lai, gia tri k cang thap khi ham lwgng tro bay thay thé xi ming
cang nhiéu. Gia tri k 16n hon 1 trong mét s trudng hop & tudi 56
ngay nhu duge nhin thiy & Bang 2 va Hinh 6, chiing té ring tro bay

¢6 hiéu suét phan ng cao hon qua trinh hydrat héa cta xi ming.

Bang 2. Hé s6 hiéu qua (k) ctia tro bay Duyén Hai.

Ham lugng Hé s hiéu qua (k) & d6 tudi
tro bay tha
P .y < lxw 5
thé xi méng 7 ngay | 14 ngay 28 ngay 56 ngay
(%)
Xi mdng
Ha Tién
5 2,38 0,34 0,60 0,69 1,28
10 2,25 0,45 0,41 0,51 1,10
1s 2,13 0,45 0,39 0,32 0,88
20 2,00 0,42 0,29 0,35 0,69
30 1,75 0,32 0,29 0,35 0,49
40 1,50 0,41 0,31 0,26 0,42
1,25 0,20 0,32 0,31 0,27
50
Ximdng
Nghi Son
5 2,38 0,59 0,52 0,51 1,32
10 2,25 0,29 0,43 0,49 1,46
15 2,13 0,35 0,46 0,50 1,12
2 2,00 0,10 0,44 0,36 0,95
30 1,75 0,40 0,43 0,33 0,85
40 1,50 0,46 0,37 0,49 0,75
1,25 0,27 0,29 0,19 0,48
50
O 7 ngay & 14 ngay
A 28 ngay X 56 ngay
——Log. (7 ngay) - - Log. (14 ngay)
B e Log. (28 ngay) — -Log. (56 ngay)
a0
I~
N
o
510
=
2
=
“Q 1 1 T
. 00 T
= i | | i i
I 1 I 1 1
1 I 1 1 1
I I 1 1 1
-1.0 ‘ ‘ - .
0 10 20 30 40 50 60

Ham hrong tro bay thay thé xi ming (%)
Hinh 6. M6i quan hé giita hé sé hiéu qua (k) va ham lwong tro bay
thay thé hai loai xi mang Ha Tién va Nghi Son.

4. Két luan

Tit nhitng két qua thuc nghiém, nhitng két ludn sau c6 thé duoc
rit ra:
- Cuong d6 nén phu thudc vio ty 16 X/N va phat trién theo
thoi gian.
- Tro bay d lam giam cuong d6 ban diu cta hé nén xi ming-
tro bay. Pidu nay 14 do phan Gng pozzolan ctia tro bay xay ra cham.

Mic dit cwdong do ban diu clia ca hai hé nén xi ming Ha Tién va
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Nghi Son d&u thip nhung cudng d6 vé sau ctia hé nén xi ming Nghi
Son duge cai thién dang ké khi st dung tro bay Duyén Hai thay thé
mot phin xi ming.

- Hé sé hiéu qua (k) cta tro bay & d6 tudi 7 ngay ndm trong
khoang tit 0,10 dén 0,59; ching to tro bay da bit diu phan tng
nhung hiéu sudt thip hon qua trinh hydrat héa ctia xi ming. Hé s
hiéu qua (k) gia ting din theo thoi gian. Gia tri k cang 16n khi ham
lwgng tro bay thay thé xi ming cang it, va tham chi 16n hon 1 & d6
tudi 56 ngay trong mot sé trwdng hop tro bay thay thé xi ming tit 5
dén 15 % theo khéi lvong.

Loi cam on

Chtng t6i xin cAm on Trwdng DPai hoc Bach Khoa - PHQG-HCM da
hd trg thoi gian, phuong tién va co s¢ vét chét cho nghién citu nay.
Chiing t6i ciing xin gtti 15i cdm on siu séc dén Ong Lé Pai Thanh
thudc cong ty xi miang Ha Tién 1, Ong TrAn Qubc Tho thudc nha may
xi ming Nghi Son va Ong Lam Quan Bitu Loc thude Cong ty xi ming

Sai Gon d3 hd trg nguyén vat liéu.
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