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Tém tit. Bai bao trinh bay két qua nghién ciru thuc nghiém danh gia anh huong ctia ham luong tro bay va
ti 1¢ phu gia hoa déo dén tinh chat cudng d6 va do luu dong cia vira xay dung. Trong nghién ctru nay, tro
bay thay thé mot phan xi mang v6i ham luong thay thé 12 0%, 5%, 10% va 15%; cdt liéu nho 1 cét ty nhién;
ti 1& nudc trén chat két dinh 12 0.3; phu gia hoa déo dugc thém vao vira véi cac ti 16 12 1.0%, 1.5% va 2.0%.
Mau dugc bao dudng trong didu kién phong (nhiét do 27+2°C, d6 4m 95+5%) cho dén ngay thi nghiém.
Két qua nghién ciru cho thiy, cuong d6 chiu nén cia mau 7 ngay ti 1& nghich v&i ham lugng tro bay thay
thé xi mang. Sau 56 ngay bao dudng, mau chtra 5%, 10% va 15% tro bay thay thé xi ming ¢ cuong do
chiu nén cao hon so v6i miu ddi ching. Ti 16 phu gia hoa déo ciing anh hudng dén d6 luu dong cua vita,
khi tang ti 1€ phu gia héa déo thi d6 Iuvu dong cua vira tang Ién.

T khoa. Vira xay dung, xi mang, tro bay, phu gia hda déo, cuong do chiu nén.

1 GIOI THIEU

Vita xay dung duogc sir dung rong rai trong nhiéu hoat dong xay dung khac nhau nhu dung dé xay trat, két
dinh cac loai vat liéu xay dung (gach, d4), stra chita cac vét nurt trén két cu cong trinh, gia cd nén dét yéu,...
Vita thuong duge ché tao truc tiép tai cong truong bang cach phdi tron hdn hop cdt liéu min, chat két dinh,
nude va phu gia theo mot ti 1 nhét dinh. Vira tuoi c6 tinh luu dong (con dugc goi 1a tinh déo), tinh luu
dong cua vira anh hudng tryc tiép dén ning suit thi cong xay dung. Vira sau khi dong ran sé& co tinh chiu
luc, tinh chit cudng d6 cua vira anh huong dén chi phi bao tri va tudi tho thiét ké cua cong trinh [1], [2].

O Viét Nam hién nay, tro bay dugc sir dung pho bién dé thay thé mot phan xi mang trong san xuét bé tong
va vira xdy dung nham giup giam chi phi xay dung cong trinh [3], [4], [5], [6], [7], [8]. Tro bay chita ham
luong khoang vat silicate (SiO; vo dinh hinh) tham gia phan trng hoa hoc vai khoang portlandite (Ca(OH)2)
sinh ra tir qué trinh thily hoa xi ming, goi 1a phan tmg pozzolanic, két qua tao ra gel calcium silicates
hydrates (C-S-H). Theo Ngo Si Huy [9], khi cho thém mét lwong tro bay thay thé xi méng tir 10% dén 20%
vao hdn hop vita bé tong s& gilp cai thién lugng gel C-S-H so véi chi sir dung chat két dinh xi mang. Gel
C-S-H c6 tac dung dinh két cac hat c¢bt liéu lai voi nhau, khi lugng gel C-H-S ting 1én thi cudng d6 cua bé
téng ciing ting 1én. Qua trinh tao gel C-S-H khi thém tro bay vao hdn hop vita duoc thé hién & cong thic
(1) va (2).

Xi mang + Nudc — C-S-H + Ca(OH); @
Ca(OH); + Tro bay (SiO2) + Nugc — C-S-H  (2)

Nguyén Vin Chinh va Trén Quang Hung [10] nghién ctru anh huo‘ng clia tro bay dén tinh chét co hoc ctia
vita xi méang da ch1 ra rang, tro bay lam ting do luu dong cua hdn hop vita nhung dong thoi ciing lam giam
cuong do chiu udn va chju nén cua vira & giai doan tudi sém va mirc do suy giam nay phu thudc vao ham
luong tro bay thay thé xi mang. Nguyén Van Vinh [11] nghién ciru mdi quan hé giita ham luong tro bay va
su phat trién cuong d6 cua vira xi mang cho biét, do luu dong cua vira tang 1én khi str dung tro bay thay thé
mot phan xi mang nhung ti 16 nudc trén chit két dinh cao hon mau dbi ching, cudng do chiu nén va cuong
d6 chiu udn cia vira & tudi trude 28 ngay thip hon so v6i mau ddi ching. Cuong d6 cia mau chira 10% tro
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bay sau 90 ngay bao dudng 16n hon cudng d6 cia mau dbi chimg. Tro bay anh huéng dén qua trinh dong
rin cla vira, lam giam cudng do cua vita trude 28 ngay tudi.

Phu gia hoa déo c6 tac dung cai thién do luu dong, giam nudc, tang cuong do cho bé tdng va vira [12]. Do
vay, khi sir dung tro bay thay thé mot phan xi mang trong hdn hop vira, c¢6 thé thém phu gia hoa déo dé cai
thién tinh lvu dong va cudng d6 & tudi sém cua vira. Trong nghién ciru ndy, tro bay thay thé mot phan xi
mang véi cac ham lugng 0%, 5%, 10% va 15% va phu gia hoa déo dugc thém vao voi cac ti 1€ 1.0%, 1.5%
va 2.0% theo khdi luong cuia chat két dinh dé tim hiéu anh hudng ctia ham lugng tro bay va ti 1é phu gia
dén d6 luu dong va su phat trién cuong do cua vita theo thoi gian. Két qua nghién ctru gitip xac dinh dugc
ti 1& phu gia hoa déo t6i wru twong img véi ham lugng tro bay thay thé xi ming.

2 VAT LIEU VA PHUONG PHAP NGHIEN CUU

21  Vatligu

Tro bay sir dung trong nghién ctru ndy c¢6 ngudn gdc tir nha may nhiét dién Duyén Hai (Tra Vinh). Thanh
phan hoa hoc cua tro bay duge trinh bay trong Bang 1. Theo tiéu chuan TCVN 10302:2014 [8], tro bay c6
tong ham lugng oxit silic, Oxit nhom va 6xit sat 1én hon 70% thi dugc xép vao loai F. Tro bay c6 do min
trén sang 45 um chiém 12.1%, ty dién bé mat la 3822 cm?/g [13].

Bang 1: Thanh phan hoa hoc tro bay nhiét dién Duyén Hai [14].

Chi tiéu Két qua (%)
Ham luong mat khi nung (LOI) 8.3
Ham luong kiém c6 hai <0.01
Ham lugng canxi 6xit ty do (CaO) 0.02
Ham luong luu huynh, hop chét luu huynh (SOs) 0.03
T6ng ham luong SiO; + Al,Oz + Fe;0; 82.9

C6t lidu nho 1a cat séng, c6 mau vang nhat (Hinh 1). Thi nghiém tinh chét vat 1y cua cat cho két qua, ham
lugng bui bun sét chiém 2.32%, khdi lugng riéng 1a 2.64 g/cm® va khéi lugng thé tich tu nhién 1a 2.52
glcm?. Bo hut nude cua cat 1a 2.56%. Cat c6 md dun do 16n (Ma) 1a 2.6. Biéu dd phén tich thanh phan hat
cua cat dugc trinh bay ¢ Hinh 2.

@)

Hinh 1: Vit liéu nghién ciru (a) tro bay, (b) cat sdng.
Xi ming sir dung 1a PCB40 Ha Tién, cac tinh chit co Iy ctia xi ming théa man tiéu chuan TCVN 6260:2009
[15]. Phu gia hoa déo Sikament R-7N c6 khoi lugng thé tich 1.14 kg/l dugc su dung dé giam nudc va cai
thién do luu dong ctia hon hop vira (Hinh 3). Phu gia Sikament R-7N c6 céc thong s6 ki thuat dap ung yéu
cau tiéu chuan TCVN 8826:2011 [16].
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Hinh 2: Biéu d6 thanh phan hat cua cat.

A
Bwiérng kinh (mm}

/]

—i— Thanh phan hat cat
— — — Gi6si han trén va dudi (TCYN 7570 2006)
1 0 0.01

Hinh 3: (a) Xi mang PCB40 Ha Tién, (b) phu gia hoa déo Sikament R-7N.

2.2

Phuong phap nghién ctru

Dua theo cac tai liéu nghién ctru trude day [6], [7], [10], [11], [12], [14] va két hop diéu chinh bing thuc
nghiém, thanh phan cip phdi vita trong nghién ciru nay duoc trinh bay trong Bang 2. Chat két dinh (CKD)
1a hdn hop cta xi mang (X) va tro bay (FA), khdi luong chit két dinh 1a tong khéi lugng cua xi mang va
tro bay. Tro bay duoc sir dung dé thay thé mot phan xi ming véi ham luong thay thé (FA/X) 1a 0% (miu
dbi chung), 5%, 10% va 15%. Cét va nudc duoc thém vao hdn hop vira vai ti 18 khong doi 1a 1.5 va 0.3 so
v6i khdi lwong ciia CKD. Phu gia hoa déo duoc thém vao vita voi ti 16 (PG/CKD) 1a 1%, 1.5% va 2%.

Bang 2: Ky hiéu mau va ti 1& thanh phan cip phéi vira.

Ky hiéu mau Ximang Trobay Cat Nudc Phuy gia hoa déo
1A 1 0 15 03 0.01
1B 1 0 15 03 0.015
1C 1 0 15 03 0.02
2A 0.95 005 15 03 0.01
2B 0.95 005 15 03 0.015
2C 0.95 005 15 03 0.02
3A 0.9 0.1 15 03 0.01
3B 0.9 0.1 15 03 0.015
3C 0.9 0.1 15 03 0.02
4A 0.85 015 15 03 0.01
4B 0.85 015 15 03 0.015
4C 0.85 015 15 03 0.02
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bé dam bao su d?)ng nhét gitra CAC mé tron cép phéi vita, mdi mé tron duoc trén bﬁng may tron ty dong
theo quy trinh sau:

(1) Xac dinh cap phdi can tron, can chinh xac khdi lwong cdt lidu, CKD, nudc va phuy gia hoa déo.

(2) Tron kho hdn hop xi ming, tro bay va cat cho dén khi cac thanh phan phan bb dong déu, thoi gian tron
kho 1a 60 giay.

(3) Thém nude va phu gia héa déo vao hdn hop, tién hanh tron voi téc d6 cham trong thoi gian 30 gidy.
Sau dé, tron hon hop véi toc do cao trong thoi gian 90 gidy cho dén khi hdn hgp dong nhat.

(4) Sau khi tron, dua hon hop vira tuoi vao khudn kép ba, mau thi nghiém c6 kich thudc 40x40x160mm va
gilt mau trong khuon it nhat 24 gio (Hinh 4). Sau 24 gio, 1dy miu vira da dong ran ra khoi khudn, tién hanh
bao dudng miu & diéu kién khong khi (nhiét do 27+2°C va do am 95+5%) cho dén tudi mau thi nghiém.
Thoi gian bao dudng mau 1a 7 ngay, 28 ngay va 56 ngay. Tong sé mau thi nghiém trong nghién ctru ndy 1a
216 mau.

Hinh 4: (a) Tron mau bang may tron, (b) dua vira tuoi vao khuén, (c) miu vira dong rén.
Do luu dong cua vira duge xac dinh ngay sau khi tron vira bang phuong phap ban dan theo tiéu chuin
TCVN 3121-3:2022 [17], ket qua thi nghiém dugc lam tron dén 1 mm. Cuong d6 chiu nén (Rny va cuong
dd chiu uon (Ru) ctia vira dong ran duoc thuc hién theo tiéu chuan TCVN 3121-11:2022 [18] (Hinh 5). Mdi
to mau thi nghiém 1a 6 mau, két qua thi nghiém 1a gia tri trung binh cong clia 6 gia tri thu dugc.

3 KET QUA VA THAO LUAN

3.1 D9 luu dong cua vira tuoi

Hinh 6 trinh bay két qua thi nghiém do luu dong cua vira tuong tmg v6i cac ham lugng tro bay thay thé xi
méng va ti 1é phu gia hoa déo khac nhau. Két qua thi nghiém cho thay, khi ting ham lugng FA/X trong hdn
hop vira thi d¢ lwu dong cua vira tang 1én. D41 v6i cAC mau chira 1.0% PG/CKD (miu 1A, 24, 3A, 4A), khi
ham lugng FA/X tang thém mdi 5% thi d6 luu dong cua vira tang thém 7.0%. Tuy nhién, cic mau chira
1.5% PG/CKD (méau 1B, 2B, 3B, 4B) va cac miu chira 2.0% PG/CKD (mau 1C, 2C, 3C, 4C) thi khi ting
tr 10% FA/X 1&n 15% FA/X, d6 luu dong chi ting 1.5%. Theo Nguyén Trong Lam [3], tro bay c6 hinh
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dang hat cau va tron nhén nén co tac dung giam ma sat cta hén hop vira, tir d6 1am tang do luu dong cua
vira. Tuy nhién, khbi lwong riéng cia tro bay thip hon cua xi miang khoang 30% nén thé tich cua tro bay
thém vao 16n hon thé tich ctia xi ming giam, do vy khi ham lugng FA/X ting 1én nhung ti 1 nudc trén
CKD bi ¢b dinh thi s& lam tang ma sat cua hon hop vira.

Phu gia hoa déo lam ting d6 luu dong cia vira bang cach thong qua chét hoat dong bé mat 1a Sodium
dodecylbenzenesulfonate (SDBS) bao phu cac hat xi ming, 1am céc hat xi mang ddy nhau, tir d6 giam ma
sat ciia hon hop vira. Phy gia héa déo gitip giam nude ma van duy tri dwgc do luu dong ctia hon hop. Khi
tang ham luong FA/X ma ti 1€ nude trén CKD ¢d dinh thi mirc d6 bao phu cua phuy gia hoa déo giam, dan
dén d¢ luu dong ctia hdn hop khong thay doi nhiéu [12].
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3.2 Cuwong do chiu nén cia vira

Két qua thi nghiém cuong do chiu nén theo thoi gian ciia vita véi cac ham luong tro bay thay thé xi miang
Va céc ti 1& phu gia hoa déo dugc trinh bay trong Hinh 7. C6 thé thiy rang, ¢ tudi sém (7 ngay), khi ting
ham lugng FA/X thi cuong dod chiu nén cua vira giam, mirc d6 giam ti 1€ thuan v4i ham lugng tro bay thay
thé. O cling mot ham luong FA/X thi cac méu chira 1.0% PG/CKD cho két qua cuong do chiu nén cao nht,
tiép theo la c4c méau chira 1.5% PG/CKD va cuong d6 chiu nén thap nhat quan sat thdy & cac mau chira
2.0% PG/CKD. Nguyén nhan gay ra sy suy giam cuong do ¢ tudi sém cua vita st dung tro bay thay thé xi
ming 14 phan tng pozzolanic phat trién chim trong giai doan dau dong ran [19]. Nhin chung, cac cip phbi
vira déu co cudng do chiu nén 7 ngay 16n hon 20 MPa.

O tudi miu 28 ngay, cudng do chiu nén cua tit ca c&c mau tro bay thay thé xi ming xap xi cuong d6 miu
doi chung (mau 1A, 1B, 1C). Cuong d6 chiu nén 16n nhat 1a 29.5 MPa (mau 2A), twong duong mac vira
M30 (TCVN 3121-11:2022).

Sau 56 ngay bao dudng, cudng do chiu nén cta cac mau tro bay thay thé xi ming 16n hon cudng do cua
mAu ddi chirng. Cac mau chira ham luong 10% FA/X c¢6 mirc ting cudng do 16n nhit, mau 3A, 3B va 3C
c¢6 cuong d6 chiu nén cao hon so véi mau déi chimg lan luot 1a 1.3%, 1.9% va 2.6%. Mau 3A cho két qua
cuong do chiu nén 16n nhét 12 31.7 MPa. Tuy nhién, khi ham lugng FA/X vugt qua 10% thi cuong do chiu
nén clia mau bi giam.

Theo N.T. Dung [6], khi ham lugng tro bay vuot qua gia tri toi wu thi lugng tro bay khong tham gia vao
phan tng pozzolanic dong vai tro lam cbt liéu min trong hdn hop thay vi 1am phuy gia. Piéu nay dan dén
viéc suy giam cudng do chiu nén ctia mau chira 15% FA/X. Phuy gia héa déo chira triethanolamine gitp
tang toc thiy hoa xi mang. Khi ti 16 PG/CKD tang sé& hinh thanh qua muc calcium hydroxide (C-H) va
calcium silicate hydrates (C-S-H), ngin chin qua trinh hydrat hoa cta xi ming lap ddy cac 15 hong, tir do
1am giam cuong do ctia mau [20].
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Hinh 7: Cuong d6 chiu nén cua vira theo thoi gian, ham lugng tro bay va ti 1¢ phu gia.
3.3 Mdi quan hé giira cwong dd chiu udn va chiu nén ciia vira
Hinh 8 trinh bay mbi quan hé gitta cudong dd chiu udn va cuong do chiu nén cia vira. Cuong do chiu udn
cua vira tang dan theo thoi gian. O giai doan tudi sém, khi taing ham lugng FA/X thi cudng d6 chiu udn cta
mau giam, ti 16 PG/CKD cang cao thi cuong d6 chiu udn cang tang, két qué nghién ctru nay tuong dong voi
cac nghién ctru da thuc hién trude day [6], [10], [11] Cudng d6 chiu uon dat gia tri cyc dai 1a 9.1 MPa

(mdu 3C). Cudng do chiu nén va cudng d6 chiu udn cia vita ¢6 mdi quan hé tuyén tinh chit ché, phuong
trinh twong quan dugc trinh bay trong cong thuce (3), (4) va (5).

Mau 1.0% PG/CKD: Ry = 7.246xRy - 33.131 (R? = 0.9926) (3)
Mau 1.5% PG/CKD: Ry = 7.6733xRy - 37.912 (R = 0.9959)  (4)
Mau 2.0% PG/CKD: Ry = 8.0285xRy - 41.841 (R?=0.9969)  (5)
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Hinh 8: Méi quan hé gitta cuong do chiu udn va cuong do chiu nén cua vira.
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4 KET LUAN
Dua vao céc két qua thi nghiém thu duoc, mét s6 két luan duoc rit ra nhu sau:

- Do luu dong cla vita sir dung tro bay thay thé mot phan Xi mang 16n hon so véi mau ddi chung. Déi véi
ham lugng FA/X nhé hon 10%, ham lugng tro bay thay thé xi mang tang 5% thi d6 luu dong cua vira ting
7%. Khi tang ti 1¢ PG/CKD thi 6 luu dong cta viia cling tang Ién.

- Cudng dd chju nén cia mu tro bay thay thé xi ming nho hon & tudi mau 7 ngay, dat cuong do chiu nén
tuong duong ¢ tudi mau 28 ngiy va cd cuong do chiu nén 16n hon & tudi mau 56 ngay so vi mau ddi
chimg. Mau chita 1% PG/CKD va 10% FA/X cho gia tri cudng d§ chiu nén 16n nhat sau 56 ngay bao
dudng, cao hon 1.3% so véi mau déi chimg. Cuong d6 chiu nén cua tat ca mau vira déu 16n hon 20 MPa
sau 7 ngay, 28 MPa sau 28 ngay va 30 MPa sau 56 ngay.

- Cuong d6 chiu udn ctia vira ting dan theo thoi gian. Khi ting ham lugng FA/X thi cuong do chiu udn cua
vira giam. Cuong d9 chiu udn va chiu nén ctia vira c6 moi quan hé tuyén tinh chat che.
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RESEARCH ON THE EFFECT OF FLY ASH CONTENT AND PLASTICIZER
ADDITIVE ON THE STRENGTH CHARACTERISTICS OF
CEMENT-FLY ASH MORTAR

DINH HAI ANH, NGUYEN TRI NHAN, TRAN HOANG MAI,
NGUYEN THI HONG, PHAM GIA BAO, DUONG VINH NHIEU*
Faculty of Civil Engineering, Industrial University of Ho Chi Minh City
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Abstract. This paper presents the results of an experimental investigation assessing the impact of fly ash
content and plasticizer additives on the strength and flowability characteristics of mortar. In this study, fly
ash was used to partially replace cement, with replacement contents of 0%, 5%, 10%, and 15%. The fine
aggregate was natural sand, and the water-to-binder ratio was specified as 0.3. The mortar was
supplemented with plasticizer at a rate of 1.0%, 1.5%, and 2.0%. The samples were cured in room
conditions (temperature 27+2°C, humidity 95+5%) until the day of testing. The results indicated that the
compressive strength of the 7-day samples was inversely proportional to the amount of fly ash that replaced
cement. After 56 days of curing, the samples containing 5%, 10%, and 15% fly ash replacing cement have
higher compressive strength than the control sample without fly ash. The ratio of plasticizers also affects
the fluidity of the fresh mortar. When the ratio of plasticizers increases, the fluidity of mortar increases.

Keywords. Mortar, cement, fly ash, plasticizer additive, compressive strength.
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