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Tém tat - Tro bay loai F nha may nhiét dién Duyén Hai duoc ding
dé thay thé xi mang véi céc ti 1é khéi lwong 1a 0%, 10%, 20% va
40%, ti 1& nwdc/chét két dinh la khéng déi 0,3 va phu gia gidm nwéc
dwoc st dung & i 1& 0,8% khéi lwgng chét két dinh. Cwdng d6 chiu
nén va cap chéng thdm cla bé téng dwoc xac dinh tai cac thoi
diém 28, 56 va 90 ngay. Két qua cho thay, cudng d6 chiu nén bé
tébng co phu gia glam nwdce sau 28 ngay tang khi 10% va 20% tro
bay dwoc st dung dé thay thé xi mang so vé&i mau déi chirng trong
khi cwong do chiu nén cua bé tong 40% tro bay chi tdng hon so
véi mau dbi chirng sau 56 ngay. Tro bay gép phan tang kha
nangchdng thdm cla bé téng khi ti 1& thay thé xi mang tir 20% dén
40%. Trong giéi han nghién ctru clia bai bao, tac giad dé xuét st
dung 20% tro bay thay thé xi méng vi gép phan ting ca cwong do
chiu nén va kha nang chéng thdm clia bé téng sau 28 ngay tudi.

Tl khéa - tro bay; phu gia gidam nwéc; cuwong do chiu nén; cap
chong tham; do linh déng

1. Gi6i thiéu

Viéc sir dung tro bay thay thé mot phan xi ming trong
san xuit bé tong da duoc biét dén nhitng nim dau thé ki 19
tro bay da duogc sur dung dé thay thé xi mang trong bé tong
[1]. Tuy nhién dén gira thé ki 19 thi viéc thay thé xi ming
bang tro bay m&i that sy dugc phat trién manh mé trong dé
¢6 nhidu nghién ctru thuc hién tai Pai hoc California,
Berkeley [2]. Tai M, tro bay duoc su dung vao thanh phan
ctia bé tong da phat trién manh mé trong 50 ndm qua voi khi
lwong udc chimg khoang gan 15 triéu tén [3].

Ngay nay, viéc st dung tro bay thay thé mot phan xi
mang trong viéc san xuit bé tong da tré nén phd bién hon
trén toan thé gidi. Tro bay dugc su dung trong bé tong gop
phin nang cao gia tri kinh té va méi truong bang viéc giam
thai lugng khi CO2 [4-7]. Nhiéu nghién ctru chi ra rang, sir
dung tro bay thay thé mot phan xi mang cai thién kha ning
lam viéc cta bé tong tuoi, giam thai nhiét trong qua trinh
ngung két bé tong, nang cao kha ning chéng an mon cua
cot thép trong bé tong va nang cao do bén cla bé tong
[6, 8, 9]. Trung tdm k¥ thuat khoang san va nang lugng
Canada thyc hién viéc nghién ctru bé tong ham lugng 16n
tro bay chi ra rang, bé tong ham lugng 16n tro bay thé hién
ddc tinh co hoc tot va d¢ bén cao, vi du nhu do tham
chloride thap [10, 11]. Bé tong tro bay c6 kha ning chéng
xam thuc chloride va sulfate t6t hon bé tong sir dung hoan
toan bang xi ming Portland [12].

Céc nghién ctru trén thé giGi cho thdy, tro bay dugc sir
dung dé thay thé xi mang trong viéc san xuét bé tong véi
c4c thanh phn ti 1& khac nhau tir 15% dén 70%. Viéc chon
ti 1€ thanh phén thay thé phu thudc nhiéu vao ung dung cu
thé ctia san phim bé tong tro bay, dic tinh cua tro loai tro
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bay, gidi han va vi tri dia 1y cling nhu nhiét d6 tai khu vuc
ung dung loai bé tong tro bay [13].

Hang nam, khdi lugng tro bay thai ra tai cAc nha may
nhiét dién trén ca nudc vao khoang 1,3 triéu tan, va khoi
lwong 1a 2,3 triéu tin/ndm vao ndm 2010. Trong dé, nha
méy nhiét dién Pha Lai 2 (Hai Duong) thai ra 3.000 tén tro
xi hidng ngay véi 70% la tro bay rat min. Két hop véi khéi
lugng tro xi tir nha may nhiét dién Pha Lai 1, lugng chét
thai vao moi trudng hing ngay 1a rat 16n [14].

Kha niang chong thim cta bé tong 1a mot trong nhitng
chi tiéu vat 1y quan trong. Kha ning chdng thim cua bé
tong phu thudc vao cac 16 rong bén trong bé tong duogc
quyét dinh boi ngudn cbt liéu, thanh phin cap phdi, moi
truong dudng hg,... Cac loai vat liéu khac nhau dugc
nghién ctu dé thay thé xi mang nhim ting cudng céc
dac tinh co 1y cia bé tong, trong d6 tro bay dugc nghién
ciru rong rii trong nude ciing nhu & cac nude trén thé
giGi. Bai bao nay, nghién ctru thyc nghiém vé anh hudng
ctia tro bay Duyén Hai (Tra Vinh) dén kha ning chéng
tham ctia bé tong vdi cac ti 1¢ tro bay thay thé xi mang
khéc nhau dén 40%. Cac thong s ki thuat dugc xem xét
bao gdbm do lwu dong cia bé tong w6t thong qua do sut,
cudng d6 chiu nén va cip chéng thim cua bé tong.

2. Chwong trinh thi nghiém
2.1. Vit ligu

Nguon vat li¢u st dung trong nghién ciru nay 1a cac loai
vt liéu dia phuong 6 san ¢ trong nude. Loai cat sir dung la
céat Song Cai (Dién Khanh, Nha Trang) trong khi d6 co‘t liéu
16n 1a da 1x2cm tai Hon Thi (Nha Trang) €6 thanh phan c&
hat dap ung yéu cau ky thuat theo TCVN 7570-2006 [15].
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Xi mang dugc st dung la loai Nghi Son PCB 40. Tro bay
ding cho bé tong va vita xay can dap tmg chi tiéu chat lugng
quy dinh theo TCVN 10302:2014 - Phu gia hoat tinh tro bay
dung cho bé tong, vira xay va xi mang [16]. Tro bay st dung
trong chuong trinh thi nghiém ndy la tro bay nha may nhiét
dién Duyén Hai (Tra Vinh) v6i cac thong s6 k¥ thuat thé hién
trong Bang 1. Theo tiéu chuan TCVN 10302:2014 [16] tro
bay Duyén Hai dugc xép vao loai F vi co tong ham lugng
oxit SiO, + Al,O3 + Fe,03>70%.

Bing 1. Théng sé kp thudt ciia tro bay Duyén Hai

Kétqua |, JCYN
Tén chi ticu (0/3 10302:2014

(%)
Tbng ham luong 6xit SiO2+ AlOs + Fe203| 82,9 >45
Ham luong luu puynh, hop chét luu 003 <6
huynh tinh quy ddi ra SO3 : =
Ham lugng canxi 6xit tu do CaO 0,02 <4
Ham luong mét khi nung MKN 8,3 <15
Ham luong kiém c6 hai (kiém hoa tan) | <0,01 <0,1

Trong chuwong trinh thi nghiém nay, tac gia st dung phu
gia giam nuéc Vinkems Poly 72NT véi cac thong s6 ki thuat
duogc trinh bay ¢ Bang 2 [17]. Vinkems® Poly 72NT phu
hop tiéu chudn TCVN 8826 - 2011 va ASTM C494/C494M,
QCVN 16:2014/BXD, va duoc xép vao loai G.

Bing 2. Thong sé kf thudt phu gia Vinkems Poly 72NT [17]

Chi tiéu Két qua

Dang Chét long

Mau sic Vang nhat/ hd phach
Ti trong 1,06 + 0,02kg/lit
Kha nang giam nudc 14 - 25%

Thoi gian déng két cua bé tong 5-10 gio

I;;igs;g tang cuong do nén tudi 3, 7, 125 - 160 %

Thoi gian duy tri 6 sut 2 -7 d6 sut sau 4 gio

2.2. Thanh phan cip phoi hén hop bé tong
Bing 3. Ti I¢ thanh phdn cdp phoi

Tén XM | FA 1?( a2 Cat | Nudc) 21:;1 D(gnil)lt
(oxg ay | L] 0] 2722 03 0008 8
(10"\’2|1:A) 09 [01| 27| 22| 03 [0008| 9
(ZOI‘\’Q;A) 08 |02 27 | 22| 03 |0008| 12
(4022)?:A) 06 |04 27 | 22| 03 |0008]| 15

Thanh phan ti 1¢ cép phdi bé tong duoc trinh bay trong
Béng 3 v6i hé s6 tong bot (chat két dinh) bang 1. C6 4 loai
cép phdi, trong d6 MO (0%FA) 1a mau ddi chimg khong sir
dung tro bay; M1 (10%FA) c6 su dung 10% tro bay thay
thé khdi lwong xi mang; M2 (20%FA) ¢6 st dung 20% tro
bay thay thé khdi lugng xi mang, va M3 (40%FA) c6 sir
dung 40% tro bay thay thé khdi lwong xi mang, trong khi
d6 cac thanh phan khac khong doi.

C6t lidu trude khi dic miu duoc phoi kho, dam bao cac

mé dugce tron cung mot diéu kién. V&i mdi thanh phﬁn cép
phéi, 9 mau try kich thuéec D150xH150 mm va 9 mau lap
phuong kich thude 150x150x150 mm duoc duc dé 1an lugt
thi nghiém xéc dinh cap chong thim va cuong do chiu nén
clia mau bé tong tai thoi diém 28 ngay, 56 ngay va 90 ngay.
Sau khi diic mau, cac miu dugc bao dudng trong nude dén
thoi diém thi nghiém [18].
2.3. Thi nghiém xdc dinh d¢ sut

Do sut cia bé tong dugc thi nghiém dya theo tiéu chuin
TCVN TCVN 3106:1993 [19]. P9 sut ctia hdn hop bé tong
uot duge xac dinh ngay sau khi trdn bé tong. S6 liéu do
duoc 1am tron dén 0,5 cm.
2.4. Thi nghiém xdc dinh cwong dp chiu nén ciia bé tong

Cuong d6 chiu nén cta bé tong dugc thi nghiém theo
TCVN 3118:1993 [20]. Mau 1ap phuong kich thudc
150x150x150mm dugc duc va dudng ho trong nudce trudc
khi dugc nén dé xac dinh cudng d6 chiu nén. May nén miu
dién to¢r TYE 2000 dugc st dung. Tbc do gia tai duoc su
dung tir 4 daN/cm?/s dén 6 daN/cm?/s.
2.5. Thi nghiém xdc dinh cdp chong tham ciia bé tong

Thi nghiép cip chdng thim ciia bé tong dugc thuc hién
theo TCVN 3116:1993 [21]. Thiét bi dwoc sir dung 1a may
thir thim xudt xit Trung Qudc model HS4. Thi nghiém dugc
thuc hién tai Phong Las-XD 1059, Nha Trang, Khanh Hoa.
Tt ca cac mau thir chong tham déu duoc thi nghiém & nhiét
d6 bang nhiét d6 ctia phong thi nghiém. Cap 4 ap lyc timg cap
duoc ap dung la 2daN/cm? va thoi gian gilt mau ¢ mot cap
ap luc tbi thicu 12 16 gio. Cap chdng thim nudc ctia bé tong
duoc xac dinh bang cap ap luc nudc tdi da ma & d6 bon trong
sau vién mau thir chua bi nudc xuyén qua. Theo két qua thi
d6 chinh 1a cap ap luc xac dinh khi c¢6 4 trong 6 vién bj thim
qua trir di 2. Cap do chong thim ciia bé tong ky hiéu bang
B2, B4, B6, B8, B10, B12,.. (Hinh 1).

Hinh 1. Thi nghiém xdc dinh cdp chéng tham bé tong

3. Két qua va thao luin
3.1. P§ sut ciia cdc hon hop bé tong

Do sut cua cac hdn hop bé tong uét duge do va trinh bay
& Bang 3. Do sut clia hon hop bé tong thay doi ty 18 thuan
v6i ham luong tro bay thay thé xi mang trong thanh phan cap
phdi, thé hién 15 nhat khi thay thé khoi lugng xi ming bang
20% va 40% tro bay. P9 sut ctia hdn hop bé tong udt ting tir
8mm dén 9mm; 12mm va 15mm khi tro bay duoc st dung
dé thay thé xi ming tang tir 0% dén 10%; 20% va 40%. Hon
hop bé tong khi cé tro bay s€ linh dong hon so vdi bé tong
thong thuong khéng c6 tro bay thay thé xi ‘mang. Nguyen
nhan cta viée nay c6 thé 1a do sy sai khac vé hinh dang cu
cua tro bay va hinh dang goc canh cua xi mang [22].
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3.2. Anh hwéng ciia tro bay dén cwong dp chiu nén ciia
bé tbng co phu gia

Cudng d6 chiu nén ciia hdn hop bé tong cac mau thir va
sai khac cudng do chiu nén cua cac mau bé tong c6 tro bay
so v&i mau doi ching khong c6 tro bay tai 28, 56, 90 ngay
duogc trinh bay ¢ Bang 4 va Hinh 2.

Bdng 4. Cuong do chiu nén cua hon hop bé tong va
sai khdc cuwong dp so véi mau déi chimg

Cuong do ch;y nén (MPa)
Tén mau (Sai khac so véi mau doi chung (%))
28 ngay 56 ngay 90 ngay
MO 45,6 46,6 48,0
(0%FA) ©) ) )
M1 47,6 51,9 53,1
(10%FA) (4,5) (11,39) (10,65)
M2 48,8 51,9 54,9
(20%FA) (7,05) (11,39) (14,45)
M3 42,7 48,5 51,1
(40%FA) (-6,21) (4,07) (6,45)
0 EMO(O%FA) MZ1(10%FA)
0 M2(20%FA) @ M3(40%FA)
= 50 _ - F=]
Gl o
2
= 40
E
2 30
<9
('g.
g 20
S 10
28 , .56 90
Tudi (ngay)

Hinh 2. Cuong dé chiu nén ciia cic hén hop bé tong

Bang 4 va Hinh 2 cho thiy, cudng d6 chiu nén ctia mau
M1 (10% FA) & 28, 56, 90 ngay tudi cao hon cuong do
chiu nén ciia mau dbi chimg MO cung thoi diém lan luot
4,52%, 11,39%, 10,65%. Cuong do chiu nén cua mau M2
(20% FA) ¢ 28, 56, 90 ngay tudi cao hon cuong do chiu
nén cua mau ddi chimng MO ciing thoi diém lan luogt 7,05%,
11,39%, 14,45%. Cudng dd chiu nén cia mau M3 (40%
FA) so v6i miu chuin MO & thoi diém 28 ngay tudi thap
hon 6,21%, nhung & thdi diém 56, 90 ngay tudi lai cao hon
1an luot 1a 4,07%, 6,45%. Nhu vy, hon hop bé tong sir
dung thanh phan tro bay thay thé xi mang s& lam ting
cuong dd chiu nén. Tuy nhién, néu sir dung véi ti 18 40%
tro bay thi cudong do chiu nén & 28 ngay tudi s& phat trién
cham hon so véi mau dbi chimg MO. Sy phat trién cudng
d6 chiu nén theo thoi gian cia hon hop bé tong c6 sir dung
tro bay sau 28 ngay nhanh hon so véi cap phdi ddi chimg
MO0 khong c6 tro bay. Piéu nay c6 thé do phan tng thiry
hoa giita hop chat Ca(OH) tir phan tng thuy hoa xi mang
tiép tuc phan tng vdi tro bay dé tao gel C-S-H [23].

3.3. Anh huéng ciia tro bay dén khd ning chong thim
cuia bé tong

Cép chdéng thim cia hdn hop bé tong thé hién trong
Bang 5 va Hinh 3. Tt Bang 5 va Hinh 3 ¢6 thé thay, hon

hop bé tong str dung 10% tro bay (M1) ¢ cip chdng thim
(B12) khéng tang thém so véi mau ddi ching 0% tro bay
(MO0) & 28, 56, 90 ngay tudi. Hon hop bé tong sir dung 20%
tro bay (M2) ¢6 cip d6 chéng tham cao hon so véi mau déi
ching ¢ 28, 56 va 90 ngay tudi (B14 so voi B12). Hon hop
bé tong sur dung 40% tro bay (M3) co cép do chéng tham
cao hon so v&i mau d6i ching 6 28 ngay tudi (B14 so véi
B12), va & 56, 90 ngay tudi (B16 so v4i B12). Tir d6 co thé
thay, cap chéng thim ctia hon hop bé tong sir dung 10%,
20% tro bay thay thé xi mang khong thay d6i dang ké theo
thoi gian déu 1a B12 va B14 cho miu bé tong c6 10% va
20% tro bay thay thé xi mang tuong tmg. Tuy nhién hdn
hop st dung 40% tro bay & 56 va 90 ngay tudi c6 kha ning
chéng thim 6t hon so véi thoi diém 28 ngay tudi (B16 so
v6i B14). Noi tom lai tro bay gop phan néng cao kha nang
chéng tham clia bé tong va cap chong tham s& duoc tang
theo thoi gian khi 40% tro bay dugc sir dung dé thay thé xi
mang. Viéc ting cuong kha ning chdng thim ciia bé tong
¢6 tro bay Duyén Hai c6 thé do cac hat tro bay min len 16i
1ap céc 16 rdng trong bé tong.
Bing 5. Cdp chéng tham cdc hén hop bé tong

L x Cép chéng thdm
Tén mau N N R
28 ngay 56 ngay 90 ngay
MO (0%FA) B12 B12 B12
M1 (10%FA) B12 B12 B12
M2 (20%FA) B14 B14 B14
M3 (40%FA) B14 B16 B16
= MO(0%FA) BM1(10%FA)
o 18 OM2(20%FA) O M3(40%FA)
g 16
Z 16 —
g 1414 14f:
e 14 = i
R 12 12|(|IF: 1212 1212
o 12 e - - -
3 ZIllE Z 7
. A Il )
t=28 t=56 t=90

Tudi (ngay)
Hinh 3. Cdp chéng thiam ciia cdc hén hop bé téng

3.4. Moi quan hé giivra cwong dj chiu nén va cap chong
thim

Méi quan hé gitra cuong d6 chiu nén va cap chong thim
cta h5n hop bé tong dugc thé hién trong Hinh 4. Hinh 4
chi ra rang hon hop bé tong s dung 10% tro bay thay thé
Xi mang gop phan ting cudng do chiu nén so véi mau ddi
chimg MO nhung khong cai thién dugc kha nang chong
thAm. Hdn hop bé tong st dung 20% tro bay thay thé xi
mang cudng d6 chiu nén va kha nang chéng tham cao hon
s0 véi mau ddi ching MO. Hn hop bé tong st dung 40%
tro bay thay thé xi mang kha nang chbng thim tot hon mau
d6i chimg MO, miu str dung 10% tro bay M1, miu sir dung
20% tro bay M2 nhung cuong d6 chiu nén thi thép nhit &
thoi diém 28 ngay tudi va chi cao hon mau MO ¢ cac thoi
diém 56, 90 ngay tubi. Ngoai ra, c6 thé thay tai 28 ngay
tudi, du cudong do chiu nén ctia mau bé tong c6 40% tro bay
nho hon so véi mau ddi chimg, nhung cip chong thim 16n
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hon so véi mau dbi chimg khdng c6 tro bay. Nhu vay, co
thé thay ring nim trong gi6i han cac ti 1¢ tro bay thay thé
xi mang 1a 10%, 20% va 40% thi dé dam bao vira ting
cuong do chiu nén va kha nang chong tham ctia bé tong, ti
16 20% tro bay thay thé xi ming dugc khuyén céo nén ding.

——t— MO(0%FA - R) ==l M1(L0%FA - R) === M2(20%FA - R
b M3(40%FA - R) el MO(O%FA - B) @ M1(10%FA - B
b M2(20%FA - B) M3(40%FA - B)

60

£ <
& o
e 25 :
5 ? /(/< 8
z . —" 203
S 45 —

= ~— £
2 40 g
= p— : : Pg
O 35 g
Z * * x £
8 30 10°

T=28 T=56 T=90

TUOI (NGAY)

Hinh 4. Quan h¢é giita cwong do chiu nén va
cap chong tham cia bé tdng

4. Két luan

Dua vao cac két qua thu duogc tir cac thi nghiém trén,
trong gidi han nghién ctru cia bai bao ching toi c6 mot so
két luan nhu sau:

. Tro b,ay nha méy nhiét dién Duyén Hé,i duoc str dung
dé thay thé mét phan xi mang vdi ti 1€ khoi luong tuong
umng la 10%, 20% va 40% g6p phan lam tang d6 sut cua
hon hop bé tong uét.

® Méc du ham luong 16n tro bay duge sir dung thay thé
xi mang (40%), cuong do chiu nén va cap chong thim tang
sau 56 ngay tuodi.

D6 v6i cac cong trinh yéu gﬁu tang cudng do chiu
nén cua bé tong thi tro bay c6 th¢ duoc sir dung d€ thay
the xi mang ¢ mirc 10%, 20% trong cac hon hop bé tong
c6 thém phu gia giam nude Vinkems Poly 72NT.

e Tro bay khi duoc thay thé xi ming ¢ ti 1¢ 20% va
40% g6p phan ting kha nang chong tham cua bé téng.

* Vi céc ti 1€ tro bay dugce st dung thay thé xi mang
dugc khao sat thi ti 16 20% 1a tot nhat vi gop phan tang cuong
dong thoi cuong do chiu nén va kha nang chong tham cua bé
tong sau 28 ngay.

¢ Trong twong lai dé tai can tiép tyc thuc hién nghién clru
& nhi€u ti 1¢ tro bay khac nhau va vdi céc loai tro bay tir nhicu
ngudn khac nhau tai Viét Nam.

Loi cdm on: Nghién ctiru nay dugc tai tro boi Quy Phat

trién Khoa hoc va Cong nghé Dai hoc Da Ning trong dé tai
c6 ma s0 B2017-bN02-21
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