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Tém tit

Nghién cifu nay tip trung danh gia anh hudng ctia nhiét do dudng ho ban dau dén cudng do nén ctia hé nén xi
mang chia 0 va 40% tro bay dugc hoat hoa bﬁng natri sulfat (Na;SOy4). Ham lugng Na,;SO4 1a 0 va 4% theo
khéi luong chit két dinh. Sau 24 h, cac mau dudc dudng hd & cac nhiét do khac nhau (27+2 °C, 60 °C va 100 °C
trong 10 sdy) trong 6 h. Dudng hd ban dau & nhiét 6 cao di cai thién cudng do nén & 3 ngay tudi ctia mau chita
tro bay dugc hoat héa bang Na,SO4. Tuy nhién, cudng do nén & 7 ngay va 28 ngay tudi clia cic miu nay lai
thip hon khi so véi mau dugc dudng hd & 27+2 °C. Piéu nay chiing té rang dudng hd ban dau & nhiét do cao
da anh hudng bét 1i dén cudng do nén vé sau clia hé nén xi ming chiia tro bay dudc hoat héa biang Na,SOy.

Tir khod: chét hoat héa; cuong do nén; do linh dong; hé nén xi ming; natri sulfat; nhiét do dudng ho ban dau;
thdi gian ninh két; tro bay.

EFFECT OF INITIAL CURING TEMPERATURE ON COMPRESSIVE STRENGTH OF CEMENT PASTES
WITH FLY ASH ACTIVATED BY SODIUM SULFATE

Abstract

The present study focused on investigating effect of initial curing temperature on compressive strength of ce-
ment pastes with 0 and 40% replacements with fly ash activated by sodium sulfate (Na;SOy). The Na,SOy4
amounts were 0 and 4% by mass of binder. After 24 h, all specimens were cured at various temperatures
(27£2 °C, 60 °C, and 100 °C in a drying oven) for 6 h. Initial curing at high temperature improved the compres-
sive strength at 3 days of the cement paste containing fly ash activated by Na,SO,. However, the compressive
strength at the ages of 7 and 28 days of such paste was lower when compared with the paste cured at 27+2 °C. It
indicates that initial curing at high temperature adversely affected compressive strength at later ages of cement
paste containing fly ash activated by NaySOy.

Keywords: activator; compressive strength; flow diameter; cement paste; sodium sulfate; initial curing temper-
ature; setting time; fly ash.
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1. Gidi thiéu
Tro bay 1a phé thii tif cic nha mdy nhiét dién st dung than 1am ngudn nhién liéu chinh va hién

dang dudc ting dung rong rii nhu mot loai phu gia khoang hoat tinh thay thé mot phan xi ming trong
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viéc ché tao bé tong [1-3]. Viéc st dung tro bay dem lai nhiéu Igi ich nhu gidm lugng ding xi ming,
kéo theo gidm viéc khai thac d4 voi va dit sét va giam luong khi CO, thai ra tif qud trinh san xuét xi
miing; tin dung tdi da ngudn phé thai tro bay; gidm gia thanh xdy dung va gép phan ci thién mot sb
tinh chat co ly ciing nhu niang cao dd bén cho bé tong tro bay [2, 4-6]. Tuy nhién, bé tong xi ming
chia tro bay thinh thoéng c6 cudng do ban dau thip hon so vdi bé tong chita 100% xi ming [7-9],
dic biét khi sit dung ham luong tro bay 16n; diéu nay 14 do phan ing pozzolanic ctia tro bay xay ra rit
cham trong thdi gian ban dau [5, 10, 11]. Chinh vi thé, bé tong tro bay vin con han ché & mot s6 cac
ting dung thuc t& khi yéu cau cudng do ban diu cao nhu cac cong trinh can rit ngin tién do thi cong,
cdc cAu kién bé tong dic sin, bé tong cudng dd cao, . ..

Viéc st dung ty 18 nudc/chit két dinh (N/CKD) thap da duge dé xuit dé khiac phuc nhugc diém
trén cla tro bay ciing nhu mé rdng viéc tdn dung tro bay trong bé tong cudng do cao [11, 12]. Lam va
cs. [11] va Poon va cs. [12] da nghién ctiu 4nh hudng ctia ham lugng tro bay thay thé xi ming dén su
phat trién cudng dd ctia bé tong c6 ty 18 N/CKD thip va nhan thy ring tro bay da gép phan chi phi
déng k& dén viéc cai thién cudng do nén clia bé tong c6 ty 16 N/CKD thap. Tuy nhién, cudng do ban
dau ciia bé tong st dung tro bay va c6 ty 1¢ N/CKD thip van thip hon so véi cudng do ban dau ctia bé
tong st dung 100% xi mang va 0% tro bay.

Gan day, viéc st dung cic chat hoat hoa, dic biét chat hoat héa sulfat da dugce dé xuit dé thic ddy
phén ting pozzolanic ciia tro bay va khic phuc nhudc diém vé cudng do ban dau thip ciia bé tong tro
bay [4, 7, 13—15]. Shi va Day [4] da st dung chét hoat héa natri sulfat (Na,SO4) vao hé nén voi — tro
bay va nhén thiy rang viéc st dung nay da lam gia ting hoat tinh pozzolanic clia tro bay, dan dén lam
gia ting cudng do6 clia hé nén. Céc tac gia ciing két luan rang khi sit dung Na, SO, v6i ham lugng tir
3-5% theo khdi lugng chét két dinh thi viéc cai thién cudng do 6 tudi 90 va 180 ngay 1a ddng k€. Hiéu
qua ctia chit hoat héa NaySOy4 dén qud trinh thic ddy phan ing pozzolanic ctia tro bay trong hé nén xi
mang ciing dugc danh gia 3 cac nghién ciu cia Shi [13], Qian va cs. [7], Lee va cs. [14] va Bui va cs.
[15]. Lee va cs. [14] da tim thiy rang khi 4% Na,SO, dudc thém vao hé nén, cudng do ban dau ting
nhanh nhung gidm dan va dat gid tri tuong duong khi so véi hé nén khong c6 chit hoat héa sau 7 va 28
ngay. Trong khi d6, Bui va cs. [15] nhan thiy ring 4% Na,SOy4 di lam gia ting khong nhiing cudng
dd ban dau ma con vé sau clia hé nén xi ming chia 20 va 40% tro bay dudc dudng ho & 29+1 °C.
Diéu nay 1a do viéc thém chét hoat héa Na;SO, vao hé nén da gép phan thiic ddy su hinh thanh sém
cac khoang ettringite (3 CaO - Al,O3 - 3 CaSOy - 32 H,0) lap diy 16 rdng va ting do dic chic cho hé
nén theo cdc phuong trinh phan ting (1) va (2); dong thdi da thic ddy phan ting pozzolanic cla tro bay
theo c4c phuong trinh phan tng (3) va (4) thong qua ham lugng Ca(OH), trong hé nén giam va ham
lugng cic sdn phidm hydrat héa (bao gdm canxi silicat va aluminat) ting [15].

Na;SO4 + Ca(OH); + 2H,0 — CaSOyq - 2H,0 + 2NaOH (1
3Ca0O - Al,O3 +3CaS0Oy - 2H,0 + 30H,0 — 3CaO - Al,O3 - 3CaSOq4 - 32H,0 2)
3Ca(OH), + 2Si0; — 3CaO - 2Si0, - 3H,0 3)
4Ca(OH); + ALL,O3 + 9H,0 — 4Ca0 - A,O3 - 13H,0 “4)

[SiO; va Al,O5 la oxyt silic va oxyt nhom hoat tinh trong tro bay ]

Nhin chung, chét hoat héa Na,SOy4 gép phan dem lai hiéu qua thiic ddy phan ting pozzolanic clia
tro bay trong hé nén xi ming chi yéu dugc dudng ho & nhiét do thudng, dic biét khi hé nén v6i ham
lugng tro bay 16n. Trong khi do, viéc 4p dung nhiét do dudng ho cao cliing dang dudc xem la mot trong
nhitng phucng phap nhim cai thién tinh chét cia tro bay [16, 17].

Do d6, muc tiéu ctia nghién ctiu ndy 12 khio sit 4nh hudng ctia nhiét do dudng ho ban dau dén
cudng do nén ciia hé nén xi ming chita 40% tro bay dugc hoat héa bang Na,SO4 nhim danh gid viéc
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ap dung ché do6 dudng hd nhiét ban dau c6 that su phit hop va hiéu qua d€ cai thién cic tinh chit clia
hé nén xi ming chita ham lugng 16n tro bay dudc hoat héa bang Na,;SOy4, gép phan huéng dén nén
cong nghiép xiy dung mang tinh bén viing. Khi viéc 4p dung ché do dudng ho nhiét ban dau c6 thé
g6p phan nang cao tinh chit ctia hé nén xi ming chita ham lugng 16n tro bay thi dnh huéng ctia t& hop
bao géom ché do dudng ho nhiét ban dau va viéc hoat héa bﬁng Na,SOy4 dén cic tinh chét ciia bé tong
sé dudc can nhic trong qué trinh thiét ké cip phdi bé tong ciing nhu ing dung trong thuc té tai cac
nha mdy ciu kién bé tong diic sdn. Bén canh d6, 4nh hudng clia chit hoat héa Na;SO4 dén do linh
dong, thai gian ninh két va cudng do nén clia hé nén xi ming chia va khong chiia tro bay ciing dudc
nghién cdu.

2. Thuc nghiém

2.1. Hé nguyén vt liéu

Xi mang Portland PC40 cia nha may Vicem Ha Tién théa man theo TCVN 2682:2009 [18] va tro
bay loai F ctia nha may Duyén Hai 1 théa man theo TCVN 10302:2014 [19] dugc st dung nhu chét
két dinh trong nghién cttu nay. Chi tiéu co ly va thanh phan héa hoc clia xi ming va tro bay dudc thé
hién & Bang 1 va 2.

Bang 1. Chi tiéu co ly ctia xi méng va tro bay

Chi tiéu Don vi Xi mang Tro bay
Khéi lugng riéng g/em’ 3,1 2,26
Ludng sot lai trén sang 0,09 mm % 0,1 -
Luong sot lai trén sang 0,045 mm % - 3,80
- : khoéng thi nghiém

Bang 2. Thanh phan héa ciia xi miing va tro bay

Thanh phan héa hoc Don vi Xi mang Tro bay
SiO, % 21,98 51,6
AL, O3 % 4,28 20,9
Fe,0; % 2,53 9,3
CaO % 62,57 04
Na,O % 0,37 -
K;0 % 0,01 -
MgO % 1,56 1,4
SO; % 1,89 -
Mit khi nung % 2,89 5,8

- : khoéng thi nghiém
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Nudc st dung trong nghién ctiu nay 1a nuée thiy cuc, khong chia vang dau md, khong cé tap
chét, khong mau, khong mui théa man theo TCVN 4506:2012 [20]. Chét hoat héa natri sulfat dudc
stt dung & dang rin khan, chita 99% Na, SOy va ¢ khéi lugng riéng 1a 2,66 g/cm?.

2.2. Thanh phan cdp phoi

Hé nén xi ming vdi ty 1& N/CKD thip 12 0,30 dudc chudn bi d€ cai thién mot phan cudng do ban
dau cho hé nén dong thdi tin dung mot ham Iuong 16n tro bay trong hé nén. Ham lugng tro bay thay
thé xi ming 12 0 va 40% theo khbi lugng chét két dinh. Ham ludng chét hoat héa Na,SO4 cho vao
trong hé nén 12 0 vi 4% theo khbi luong chét két dinh, dua trén nghién cifu ctia Bui va cs. [15]. Bang 3
thé hién thanh phan cip phdi theo ty 1¢ khdi lugng ctia hé nén xi ming trong nghién cifu nay.

Bang 3. Cip phbi theo ty 1& khdi lugng

Cép phdi Nudc Xi ming Tro bay Na,SOy
FaOONaO 0,30 1,00 0,00 0,00
Fa0OONa4 0,30 1,00 0,00 0,04
Fa40NaO 0,30 0,60 0,40 0,00
Fa40Na4 0,30 0,60 0,40 0,04

2.3. Quy trinh nhao tréon

Viéc nhao tron ho chit két dinh dugc thuc hién thong qua mdy tron vita tu dong theo TCVN
6016:2011 [21]. Pbi véi hé nén c6 chita chit hoat hda, nude va Na,SO4 dugc hoa tan v6i nhau dé tao
thanh dung dich kiém. Sau khi can dinh lugng tiing nguyén vat liéu thanh phan, xi ming va tro bay
dugc dua vao trong cbi tron va diing bay tron déu hdn hop kho. Sau do, tién hanh cho nuéc hoic dung
dich kiém (bao gdm nuéc va chat hoat héa Na,SO, da dudc chuin bi trude d6) vao cdi tron, va bat
dau tron trong 30 gidy. Sau khi diing mdy tron va tién hanh vét luong ho bam dinh & thanh cbi va tim
cbi, tiép tuc nhao tron hon hop trong 90 gidy. Sau khi nhao tron dong nhit, cic tinh chit ky thuét clia
hdn hop dudc tién hanh kiém tra theo muc 2.4.

2.4. Kiém tra do chdy xoe va thoi gian ninh két

a. Do chay xoe

Do chay xoe ctia hdn hop dudc kiém tra v6i viéc tham khao TCVN 3121-3:2003 [22] va c6 diéu
chinh phit hdp cho hé nén xi ming, cu thé theo c4c buée sau: (1) hén hop duge cho vao trong con di
dudc lam 4m va dit & gilta ban dan, theo hai 16p, mdi 16p dam 10 cai bang que dam; (2) nhéc con 1én
theo phuong thang diing; (3) diin 15 cai trong 15 gidy; (4) dung thudc do hai dudng kinh 16n nhit ctia
hdn hop trén ban dian. P chay xoe ctia hdn hgp dugc xic dinh biang gid tri trung binh ciia hai dudng
kinh 16n nhAt.
b. Thai gian ninh két

Thoi gian ninh két bao gdm thai gian bat dau va két thiic ninh két ctia hdn hop dudc xic dinh theo
TCVN 6017:2015 [23]. Thoi gian bit dau ninh két 1a thoi gian tinh tif thoi di€ém chét két dinh nhao
tron v6i nudc hodc dung dich kiém, cho dén khi kim nhd Vicat cich ddy vanh khau tir 3 dén 9 mm.
Trong khi d6, thai gian két thiic ninh két 12 thoi gian tinh ti thai diém chét két dinh nhao tron véi nuée
hoic dung dich kiém, cho dén khi kim Vicat cim vao hd 12 0,5 mm.
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2.5. Chudn bi mdu va quy trinh duéng ho
a. Chuin bi mau

Sau khi nhao tron dong nht, hén hop dudc cho vao trong cac khudn thép c6 kich thuée 50x50x50
mm dé dudc vé sinh va bdi dau, theo hai 16p va mdi 16p dudc dian 60 céi biang ban din nham dam bao
cho hén hop 14p day khuon.
b. Quy trinh dudng hd

Sau khi tao hinh, cic miu dudc dudng ho trong khudn trong 24 h & diéu kién phong thi nghiém.
Sau 24 h, ciac miu dudc thao khuon va duge dudng ho & cc diéu kién sau: (1) 6 60 °C trong 6 h trong
10 sdy; va (2) 6 100 °C trong 6 h trong 10 siy. Sau 6 h dudng hd nhiét trong 10 siy, cidc miu dudc dudng
hd & 2742 °C cho dén ngay xdc dinh cudng do nén. Bén canh d6, cic mau ddi chiing dugce dudng ho &
27+2 °C cho dén ngay x4c dinh cudng dd nén ciing dudc chuin bi dé khao st dnh hudng ctia nhiét do
dudng ho ban ddu dén cudng dd nén ctia hé nén xi ming chiia tro bay dugc hoat héa bang natri sulfat.

2.6. Kiém tra cuong do nén

Cudng do nén cua cic miu dugce xac dinh & tudi 1, 3, 7 va 28 ngay thong qua may nén thuy luc
theo TCVN 6016:2011 [21]. Gia tri cudng dd nén ctia mdi cap phdi & tiing do tudi cu thé 1a gid tri
trung binh clia ba mu tuong tng.

3. Két qua va thao luén
3.1. Anh huéng ciia chdt hoat héa Na>SOy4 dén do chdy xoe

Hinh 1 thé hién anh hudng ctia chit hoat héa NaySO4 dén do chdy xoe clia hd xi ming c6 va
khong c6 tro bay. Nhin chung, viéc st dung tro bay lam ting tinh cong tac ctia ho xi ming hay hén
hop bé tong [8, 24, 25]. Xu hudng nay ciing dugc quan sat trong nghién ctiu ndy. Cu thé: dd chay xoe
ctia hd xi ming chita 40% tro bay (Fa40Na0 va Fa40Na4) 16n hon so v6i do chdy xoe ctia hd xi ming
chita 0% tro bay (FaOONa0 va FaO0Na4). Piéu nay 1a do cdc hat tro bay & dang hinh ciu va bé mit
tron nhin nén 1am giam ma sit kho trong hé nén, dan dén 1am ting tinh cong tac cho hdn hop [8].

Tit Hinh 1, nhan thiy ring viéc sit dung chét hoat héa da 1am gia ting do chay xoe ctia hd xi ming
c6 va khong c6 tro bay. Két qui nay ciing dudc bao cdo trong nghién citu ctia Bui va cs. [26]. Diéu
nay c6 thé 1a do ham lugng kiém gia ting trong hé nén sit dung Na, SOy [27].
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Hinh 1. Anh hudng ctia chit hoat héa Na;SO, dén do chay xoe ctia hd xi ming c6 va khong ¢ tro bay
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3.2. Anh huéng ciia chdt hoat héa Na>SOy4 dén thoi gian ninh két

Hinh 2 thé hién dnh hudng ctia chit hoat héa Na,SO4 dén thdi gian bat dau va két thic ninh két
clia hd xi ming c6 va khdng c6 tro bay. Khi so sdnh hé nén FaOONa0 va Fa40Na0, nhan thiy ring tro
bay da kéo dai thdi gian bit dau ninh két ctia hd xi ming chita 0% Na,SOy4 1a 20 phiit va thdi gian
két thic ninh két 1a 120 phiit. Khi so sanh hé nén FaO0ONa4 va Fa40Na4, tro bay da kéo dai thdi gian
bt dau ninh két ctia hd xi ming chiia 4% Na, SOy 1a 45 phiit va thoi gian két thic ninh két 1a 115
phiit. Su kéo dai thdi gian ninh két do viéc st dung tro bay ciing da dudc bao cdo trong mot sd nghién
cifu di trude [8, 15, 24]. Diéu nay dudc gidi thich 1a do hé nén chifa 60% xi ming va 40% tro bay
(Fa40) c6 ham lugng xi ming thip hon va ham Iugng tro bay nhiéu hon khi so véi hé nén chia 100%
xi ming va 0% tro bay (Fa00). Ham lugng xi ming trong hé nén Fa40 thip din dén ham lugng céc
khoang chinh (C3S, C,S, C3A va C4AF) ciia xi ming ciing thép; trong khi dé, tro bay chi & dang tro,
dong vai tro chit 1ap day, va khong tham gia phan ting pozzolanic & giai doan nay. Ngoai ra, su kéo
dai thai gian bat diu ninh két do tro bay trong hd xi ming chita 4% Na,SO4 cao hon 25 phuit so véi hd
Xi ming chita 0% Na,SOy. Piéu nay c6 thé 1a do thdi gian bit diu ninh két cdia hd xi ming FaOONa4
(130 phut) dugc rit ng:fm dang ké do viéc stt dung 4% Na, SOy, xem Hinh 2.
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Hinh 2. Anh hudng ctia chit hoat héa Na;SO, dén thai gian ninh két ctia hd xi méng c6 va khong c6 tro bay

Mt khac, viéc st dung chit hoat héa Na,SO, da riit ngin thoi gian ninh két clia hd xi ming
khong c6 tro bay (Fa00). Cu thé: khi so sanh hé nén FaOONa0 va FaO0ONa4, chit hoat héa Na, SO, da
rit ngan thdi gian bat dau ninh két ctia hd xi ming chita 0% tro bay 1a 50 phiit va thdi gian két thiic
ninh két 1a 30 phiit. Xu hudng rit ngan thdi gian ninh két do st dung chét hoat héa Na,SO, ciing
dugc quan st trong hd xi ming c6 tro bay (Fa40). Cu thé: khi so sanh hé nén Fa40Na0 va Fa40Na4,
chét hoat héa Na,SO4 da rit ngan thdi gian bat dau ninh két ctia hd xi ming chita 40% tro bay 1a 25
phiit va thdi gian két thic ninh két 1a 35 phiit. Xu huéng rit ngin thdi gian ninh két béi chét hoat héa
Na, SOy ciing dudc tim thay trong nghién ctiu ctia Bui va cs. [15]. Kumar va Kameswara Rao [28] da
két luan rang loai va ndng do ctia ion sulfat (SO?{) c6 anh hudng dang k€ dén thdi gian ninh két clia
hd xi ming do chiing chi phdi dén su hoa tan ctia cac hop chét trong xi ming. Do d6, viéc rit ngan
thdi gian ninh két do chat hoat héa Nap; SOy c6 kha ning 1a do su thic ddy viéc hoa tan cic ion canxi
trong hé nén xi ming [15]. Viéc riit ngan thai gian ninh két do chét hoat héa NaySOy4 c6 thé sé anh
hudng bét 10i dén qua trinh thi cong that t& nhung néu ting dung cho cic nha may ciu kién bé tong
dic sin, diéu ndy gép phan ning cao ning suit san xut.
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3.3. Anh huéng ciia chdt hoat héa Na>SOy4 dén su phiit trién cuong do nén

Hinh 3(a), 3(b), va 3(c) thé hién anh hudng ctia chit hoat héa Na,SO4 dén su phat trién cudng do
nén ctia hé nén xi ming c6 va khong c6 tro bay dudc dudng ho 1an lugt & 27+2 °C, 60 °C va 100 °C
trong 6 h trong 10 siy va sau d6 dudng hd & 27+2 °C. Nhin chung, tit cd cac mau déu c6 cudng do
phit trién theo thdi gian, bao gdm mau c6 va khdng c6 tro bay, c6 va khdng ¢ chit hoat héa cling nhu
c6 va khong c6 ap dung nhiét dd dudng ho ban dau. Piéu nay chiing td ring qué trinh hydrat héa ciia
xi ming va phan ting pozzolanic clia tro bay van tiép tuc dién ra theo thdi gian. Thong thudng, viéc
stt dung tro bay 1am gidm cudng do ctia hé nén [7-9]. Xu huéng nay ciing dugc tim thiy trong nghién
clfu nay, cu thé: cudng dd nén ciia cic mau c6 st dung tro bay (Fa40Na0 va Fa40Na4) ludn thip hon
khi so v6i cdc miu tuong ing khong c6 st dung tro bay (FaOONaO va FaOONa4) & tit ci cac do tudi
va § cdc diéu kién dudng ho khac nhau. Cuong d6 nén thip ctia hé nén xi ming tro bay 1a do (1) phan
ling pozzolanic clia tro bay x4y ra chim va (2) ham lugng xi miing trong hé nén thip [5, 8, 10, 11].

100 100
2742 °C 60°C & 6h

> 80 A o 80 1
g g
& 60 1 Z 60 -
5 3
< 40 < 40
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o <--Fa00Na0 ";J --¢--Fa00Na0
£ —e—Fa00Na4 g —e—TFa00Nad
= 20 = 20 A1
&) --O--Fa40Na0 © --O--Fa40Na0

o —e—Fa40Na4 —e—Fa40Na4

‘ : ‘ 0 ’ - ‘
0 7 14 21 28 0 g 14 21 28
Tuéi (ngay) Tubi (ngay)
(a) Dudng ho 6 27+2 °C (b) Dudng ho 6 60 °C trong 6 h
100
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]
(=]
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(=]

--&--Fa00Na0
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—e—Fa40Na4
T

Cuong d6 nén (N/mm?)

(8]
(=]

0 75 14 21 28
Tudi (ngay)

(c) Dudng ho 100 °C trong 6 h

Hinh 3. Anh hudng ctia chit hoat héa Na;SO,4 dén su phit trién cudng do nén ciia hé nén xi ming
c6 va khong co tro bay

Bang 4 thé hién phan trim gia ting cuong do nén giita hé nén c6 st dung chit hoat héa NaySO4
khi so v6i hé nén khong st dung chit hoat héa dudc tinh todn theo cong thiic (5). Khi st dung chét
hoat héa NaySOy, hau hét déu c6 su gia ting ding ké cuong do nén ctia hé nén xi ming c6 va khong
c6 tro bay, khong phu thudc vao nhiét d6 dudng ho. Diéu niy 1a do viéc thém chéit hoat héa Na,SO4
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vao hé nén da gép phan thic diy su hinh thanh sém céc khoang ettringite 14p day 16 rong va ting do
dic chic cho hé nén, dong thai di thic ddy phan tng pozzolanic ctia tro bay [15]. Tit Bang 4, nhan
thiy quy lut gia ting cudng do clia cac cap phdi khong rd rang. Diéu nay c6 thé phu thude vao cudng
do nén clia mdi cap phéi stt dung 0% NaySO4 & ting d0 tudi khdc nhau (R%,, v.0)-

t _ pt
(RF axxNad RF axxN. aO)

% gia ting cudng do nén cia R, n.u = x 100% (5)

13
RF axxNa(0

trong d6 RY., v, 1a cudng dd nén clia hé nén st dung 4% NaySO4 & t ngay tudi (N/mm?); RY, o

1a cudng do nén ctia hé nén st dung 0% Na, SO, & t ngay tudi (N/mm?); Faxx 12 hé nén chia 0% tro
bay (Fa00) hodic hé nén chita 40% tro bay (Fa40); 12 ngay tudi (tic 1, 3, 7 hoic 28 ngay tudi).

Bang 4. Phan trim gia ting cudng do nén giita hé nén c6 st dung chit hoat héa Na, SO,
khi so véi hé nén khong st dung chit hoat héa (%)

Tudi (ngay)
Nhiét do dudng ho Cép phbi

1 3 7 28
27+2 °C FaOONa4 22,8 3,0 14,6 13,2
Fa40Na4 6,0 4,0 20,6 14,4

60 °C FaOONa4 22,8 35,7 6,5 1,1
Fa40Na4 6,0 14,3 17,1 16,1

100 °C FaOONa4 22,8 13,6 16,4 7,3
Fa40Na4 6,0 242 20,9 333

Bang 5 thé hién phan trim gia ting cudng do nén & 3, 7 va 28 ngay tudi so vdi 1 ngay tudi clia tit
c4 hé nén c6 va khong c6 tro bay, c6 va khong c6 st dung chit hoat héa Na;SO4 dudc tinh todn theo
cong thiic (6). Viéc st dung tro bay két hop chét hoat héa Nay SOy, di 1am ci thién ddng ké phan trim
gia ting cudng do nén & 28 ngay so v6i 1 ngay ctia hé nén. Diéu nay 1a do phan tng pozzolanic ctia
tro bay da dugc thiic ddy ding ké & tudi 28 ngay bdi chit hoat héa NapSOy.

t _pl
(RFaxxNax RFaxxNax)

% gia tang cudng Ao nén G ¢ = : X 100% (6)
RFaxxNax
trong d6 RY, v, 12 cudng do nén clia hé nén & t ngay tudi (N/mm?); R}, v, 12 cudng do nén ciia

hé nén 6 1 ngay tudi (N/mm?); Faxx 1a hé nén chita 0% tro bay (Fa00) hoic hé nén chita 40% tro bay
(Fa40); Nax 12 hé nén chita 0% Na,SO4 (Na0) hoic hé nén chita 4% Na, SO, (Na4); ¢ 1a ngay tudi (tic
3,7 va 28 ngay tudi).
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Bang 5. Phan trim gia ting cudng do nén & 3, 7 va 28 ngay tudi so véi 1 ngay tudi (%)

S Tudi (ngay)
Nhiét do dudng ho Cap phoi
3 7 28

27+2 °C Fa0ONaO 34,5 42,1 75,6
FaOONa4 12,8 32,6 61,9

Fa40Na0 43,8 71,9 146,8

Fa40Na4 41,0 95,6 166,2

60 °C Fa0OONa0 20,4 55,3 83,0
FaOONa4 33,0 34,6 50,6

Fa40Na0 47,8 67,9 125,8

Fa40Na4 59,3 85,5 147,3

100 °C FaO0ONa0 32,0 49,7 66,0
Fa0ONa4 22,0 41,9 45,0

Fa40Na0 40,8 58,5 75,6

Fa40Na4 65,0 80,8 120,8

3.4. Anh hudng ciia nhiét do dudng ho ban ddu dén cuong do nén

Hinh 4(a), 4(b) va 4(c) thé hién 4nh hudng ctia nhiét do dudng ho ban dau dén cudng do nén & 3,
7 va 28 ngay tudi ctia hé nén xi ming c6 va khdng c6 tro bay. Tit Hinh 4(a), nhan thiy rang & 3 ngay
tudi, tit ca cudng do nén clia hé nén c6 chita chit hoat héa (FaO0ONa4 va Fa40Nad) dugc dudng ho &
nhiét do cao da dudgc céi thién hon khi so v6i mau tuong ting dudc dudng hd & 27+2 °C. Viéc cai thién
cudng do ban dau ciing da dudc bdo cdo trong cc nghién ciu trude [29, 30]. Nhiét do dudng hd cao
da chi phdi dén sy hinh thanh ctia bd khung bén trong bé tong va su hinh thanh cic san phdm hydrat
héa [29-31]. Piéu nay chiing té ring nhiét d6 dudng hd cao da gép phan thiic ddy phan ting hydrat
héa bao gdm phan ting hinh thanh ettringite sém trong hé nén c6 chiia chit hoat hoa, din dén viéc gia
tdng cudng do trong nghién ctiu nay. Trong khi d6, cdc miu khong c6 chida chit hoat héa (FaOONa0
va Fad40Na0) dugc dudng hd & nhiét dd cao c6 cudng dd nén thap hon hoic tuong duong khi so véi
mau tuong dng dudc dudng hd & 27+2 °C, xem Hinh 4(a). Nguyén nhan c6 thé 1a do vét niit da xut
hién bén trong cidc mau khi dugc dudng hd & nhiét do cao [31]. Nguyén nhan khéc cling ¢6 thé 1a do
nhiét do dudng ho cao da 1am gia ting tdc d6 hydrat héa, din dén hinh thanh mot 16p bao phid bé miit
céc hat xi ming day dic va ngin can qua trinh hydrat héa [31]. Tir Hinh 4(a), nhan thiy cudng do
nén ctia mau FaOONa0 dudc dudng ho & 100 °C cao hon khi so v6i mau tuong ing dudc dudng hd &
60 °C. biéu nay c6 thé 1a do hiéu qua thic ddy phan ting hydrat héa duéi tic dung nhiét do dudng ho
100 °C c6 phan vuot trdi hon tic dong bét 10i tir su xuét hién cac vét niit. Phan tich cAu tric cic mau
nay can dudc thuc hién trong tuong lai d€ khang dinh nguyén nhén trén mot cach chinh xac hon.

Tit Hinh 4(b), nhén thiy rang & 7 ngay tudi, nhiét do dudng ho cao chi gop phan cai thién cudng
dd nén ctia hé nén khong chifa tro bay (FaOONa0 va FaOONa4) va 1am giam nhe cudng do nén ctia hé
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100 100

= 3 ngay = 7 ngay
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Fa00Na0 Fa00Na4 Fa40Na0 Fa40Na4
027+2 °C 78.5 88.9 73.8 84.4
@60 °C 81.8 82,7 67.5 78.4
100 °C 74.2 79.6 52.5 70,0

(c) O 28 ngay tudi

Hinh 4. Anh hudng ctia nhiét 46 dudng ho ban dau dén cudng do nén & 3, 7 va 28 ngay tudi
ctia hé nén xi ming c6 va khong c6 tro bay

nén chifa tro bay (Fa40Na0 va Fa40Na4). Viéc 1am gidm cudng d6 nén ciia tit ca hé nén ciing dudc
quan sit & 28 ngay tudi, xem Hinh 4(c). Nhiét d6 cang cao cang lam gidm cudng do vé sau ctia hé
nén. Xu hudng nay ciing da dugc bdo cdo trong nghién cifu ctia Wang va cs. [31]. Diéu nay c6 thé 1a
do cudng do vé sau ctia hé nén chi yéu phu thudc vao diéu kién dudng ho nhiét ban dau ma da tic
dong dén qua trinh hydrat héa ban dau ctia hé nén [31]. Nhiét dd dudng ho ban diu cao di gy ra su
phan b6 khong dong déu clia qu4 trinh hydrat héa, din dén sy xuét hién ctia mot s6 khu vuc yéu kém
trong hé nén. Thém vao d6, trong sudt qua trinh hydrat héa, dng suit nhiét ciing di tao ra ham luong
16n céc 16 rdng vi mo do su xuAt hién vét nit, sy gidn nd nhiét, su chuyén dich do 4m bén trong hé
nén [31]. Do d6, ciu tric cia hé nén xi ming cin dudc phan tich chi tiét hon & nghién ciu tiép theo
dé€ kiém chiing. Tém lai, nhiét do dudng ho cao da lam gidm cudng do nén & 28 ngay tudi clia tat ci
hé nén xi ming c6 va khdng c6 tro bay, ¢ va khong c6 chifa chit hoat héa. Do d6, can thém nhiing
nghién ctiu chuyén sau hon vé viéc 4p dung ché do dudng hd nhiét ban dau két hop véi cac ché do
dudng ho khac phu hop hon d€ cai thién cac tinh chit ctia hé nén xi ming chifa tro bay dudc hoat héa
bing Na,SOy.
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4. Két luan

Dua trén céc két qua thuc nghiém, c6 thé dua ra mot s6 két luan sau:

- Viéc stt dung Na, SO, da lam gia ting do chiy xoe va riit ngan thdi gian ninh két ctia hd xi ming
chiia 40% tro bay. Khi hé nén dugc dudng ho & 27+2 °C, viéc st dung Nap, SOy di cii thién cudng do
nén ctia hé nén xi ming chiia va khong chiia tro bay & tit ca cdc do tudi. Hiéu qua cai thién cudng do
nén do viéc stt dung Nay SO, ciing dudc quan sat trong hé nén dugc dudng hd & 60 va 100 °C.

- Dudng ho ban dau & nhiét d6 cao (60 va 100 °C) da ci thién cudng do nén ban dau (& 3 ngay
tudi) ctia mau xi ming chia tro bay dudc hoat héa bang Na,SOy. Tuy nhién, dudng ho ban dau & nhiét
dd cao da 4nh hudng bt 10i dén cudng do nén vé sau clia hé nén xi ming chifa tro bay dudc hoat héa
bing Na, SO, khi so véi viéc dudng hd & 27+2 °C. Do d6, dé xuét viéc ap dung ché do dudng ho nhiét
ban dau két hop véi cac ché do dudng ho khic phit hop hon dé cii thién cdc tinh chét clia hé nén xi
ming chia tro bay dudc hoat héa bang Na, SOy, dé tit d6 can nhic viéc dudng hd nhiét ban dau két
hop véi céc ché do dudng ho khic cho bé tong chita ham lugng tro bay tdi thi€u 40% dudc hoat héa
bing Na,SOy4 trong qua trinh san xudt cic cAu kién bé tong diic sin tai cdc nha may.

Ldi cam on

Nghién ciiu dudgc tai trg bdi Trudng Pai hoc Bach Khoa - PHQG-HCM trong khuon khd dé tai
mi s& T-KTXD-2020-22. Chiing tdi xin cAm on Trudng Dai hoc Bach Khoa - DHQG-HCM d hé trg
thdi gian, phuong tién va co s vat chit cho nghién cifu nay.
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