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Tém tit

Bai bdo trinh bay két qua nghién citu thuc nghiém anh hudng ctia tro bay, silicafume va mdi trudng dudng ho
dén cudng do chiu nén clia bé tong. Trong d6, xi ming dudc thay thé béi tro bay va silicafume 1an lugt theo cic
ti 1& khac nhau t6i da 20%. Cac méu bé tong dudc dudng ho trong hai moi truong khong khi va nuée. Tién hanh
khao sat do sut, khdi lugng thé tich va cudng do chiu nén ctia bé tong trong thdi gian 90 ngay, két qua chi ra
rang tro bay lam ting trong khi silicafume 1am giam dd sut ctia hdn hop bé tong. Ngoai ra silicafume con gép
phan gidm khdi luong thé tich clia bé tong. Trong ca hai mdi trusng dudng ho thi 20% xi ming dudc thay thé
béi tro bay va silicafume gidm cudng do chiu nén ctia bé tong va dat t6i da 93% cudng do chiu nén so véi mau
dbi chiing tai 90 ngay, trong khi d6 5% silicafume lam ting cudng do chiu nén clia bé tong. Cudng do chiu nén
ctia bé tong c6 va khong c6 tro bay hay silicafume thay thé xi ming khi dugc dudng ho trong nuéc 16n hon so
v6i cdc miu bé tdng tuong ing dudng hd trong moi trudng khong khi, ti 1 cudng do gitta hai moi trudng dudng
ho dao dong trong khoang tir 1,2 dén 1,7. Sai léch 16n nhit vé cudng do chiu nén giita hai méi trusng dudng ho
12 khi st dung 20% tro bay d€ thay thé xi ming, trong khi d6 su khéc biét 12 nhé nhét khi 10% silicafume dugc
st dung dé thay thé xi ming.

Tir khod: tro bay; silicafume; moéi truong dudng hd; cudng do chiu nén; do sut; khdi luong riéng.

EFFECT OF FLY ASH, SILICAFUME AND CURING ENVIRONMENTS ON THE COMPRESSIVE
STRENGTH OF CONCRETE

Abstract

The paper studied the effect of fly ash, silicafume and curing environments on the compressive strength of
concrete. Portland cement was replaced by fly ash and silicafume at different proportions of up to 20%. Samples
were cured in water and in the laboratory conditions. Slump, density, and compressive strengths up to 90 days
were investigated. The results show that fly ash increases, but silicafume reduced the workability of fresh
concrete. In addition, silicafume decreases the density of hardened concrete. Both curing environments, 20%
of Portland cement replaced by fly ash and silicafume reduces the compressive strength as it was up to 93% of
the control samples at 90 days, while 5% of silicafume improved the compressive strength. The compressive
strength of concrete with or without fly ash and silicafume cured in water are higher than that cured in laboratory
condition. The ratio of compressive strength cured in both environments are in the range of 1.2 to 1.7. The
biggest variation of compressive strength of concrete in two curing environments is obtained when 20% fly ash
was used to replace Portland cement whereas the smallest difference is found when 10% silicafume was used
to replace Portland cement.
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1. Giéi thiéu

Bé tong 1a vay liéu xdy dung thong dung phd bién trén toan thé gidi. Tuy nhién cong nghé san
xuét xi ming san sinh ra lugng 16n khi thai CO, gay 6 nhiém mai truong. Do d6, xu huéng phat trién
va st dung vat liéu thai thay thé xi ming dang phét trién manh. Nhiing loai vat liéu thay thé thong
dung dudc st dung nhu tro bay va silica fume dang tré nén cang phd bién bdi vi né khong chi sit dung
trong nganh cong nghé san xuit bé tdbng ma con gép phan gidm cac tic dong c6 hai cho mdi trudng.

Silicafume 1a vat liéu siéu min, chiia SiO, vo dinh hinh, thu dudc trong qua trinh san xut silic va
hop kim silic bang hd quang. Silicafume 12 phu gia khoang hoat tinh cao. Trong bé tong, silicafume
c6 thé phan bd & khoang tréng gilta cdc hat xi ming va tham gia phan ing v6i cdc sdn phidm thiiy héa
xi ming hinh thanh cic khodng méi. Nho d6 c6 thé cai thién dudc ciu triic, do chéng thim, cuong do,
dd bén 1au va kha ning bio vé cbt thép clia bé tdng trong cic mdi trudng xam thuc [1, 2].

Tro bay 1a san phdm bui khi dang hat min thu dudc tif qué trinh dbt than d4 & cic nha mdy nhiét
dién. N6 dugc thu gom tif budn ddt qua dng khéi nha mdy, trong d6 cac thanh phan tap chit bi loai bo.
Tro bay 1a mdt loai pozzolan nhén tao véi thanh phan chinh tao hiéu ing pozzolan 1a cac silic oxit,
nhom oxit. Ngay nay tro bay dudc st dung rong rai lam vat liéu thay thé mot phan xi ming trong bé
tong, gop phan 16n vao viéc nang cao gi4 tri kinh t& va moi trudng, dic biét giam luong khi thai CO,
[3-7]. Tro bay st dung thay thé mot phan xi ming 1am ting d6 linh dong bé tong tuoci, gidm nhiét thiy
héa xi ming, nang cao kha ning chéng xam thuc axit, xam thuc sulfat va kha ning chéng An mon cbt
thép trong bé tong [5, 8—12]. Ngoai ra viéc st dung tro bay lam gidm do rong cta bé tong va ting kha
ning chong tham [13, 14].

Moi trudng dudng ho 12 mot trong nhitng nhan té quan trong dnh huéng dén cudng dd chiu nén
clia bé tong. Viéc dudng ho dudc tién hanh ngay sau khi diic mau, n6 lién quan dén qua trinh ddm bio
diéu kién nhiét d6 va d6 4m mai trudng can thiét nhdm han ché viéc mit nude trong qua trinh thiy
hoa clia xi ming. Viéc dudng hd phi hop gitip bdo ddm do 4m mdi trudng thuin 16i cho qua trinh
thiy héa xi ming, vi thé sé giam do rdng vita xi ming [15-17]. Nhiéu nghién ciu truéc day chi ra
rang hiéu qua cia viéc dudng ho phu thudc vao cach thiic dudng ho, do dic chic cia loai bé tong,
mdi truong va thdi gian dudng hd [18-21].

Bai bdo nghién ctiu su anh hudng tdng hop clia thanh phan cip phdi bé tong trong d6 xi ming
dugc thay thé bdi tro bay va silicafume 14n ludt theo cic ti 1& khac nhau t6i da 20% va mdi trudng
dudng hd dén cudng do6 chiu nén lau dai clia bé tdng. Cac miu bé tong dudc dudng hd trong hai moi
truong khong khong khi va nuée. Cac thong sd ki thuat dude khao st bao gdm do sut bé tong, khoi
lugng thé tich va cudng do chiu nén dén 90 ngay.

2. Chuong trinh thi nghiém
2.1. Vit liéu

Cac loai vat liéu dia phuong dudc st dung trong nghién citu nay. Loai cat su dung la cat Dién
Khénh, Nha Trang c6 thanh phan ¢ hat nhu trinh bay & Hinh 1 ddp tng yéu cau k§ thuit theo TCVN
7570:2006 [22]. Céc dac tinh cd ly cta cat song Duyén Khanh dudc trinh bay tai Bang 1, so v6i TCVN
7570-2006 thi loai cat dugc sit dung c6 mo dun do 16n nam trong khoang 2,0 dén 3,3 nén dudc xép
vao loai cat tho.

C6t liéu 16n 12 d4 1-2 cm tai Hon Ngang (Nha Trang) c6 thanh phan c¢d hat dugc trinh bay & Hinh
2 dap dng yéu cau ky thuat theo TCVN 7570:2006 [22]. C4c chi tiéu co 1y cia d4 Hon Ngang ciing
dugc trinh bay & Bang 2 ddp ting cic yéu cau ky thuat theo TCVN 7570:2006 [22].
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Hinh 1. Thanh phan cd hat c4t Dién Khanh
Bang 1. Pidc tinh co ly cat Dién Khanh, Nha Trang
Chi tiéu thi nghiém Don vi Két qua
Mo dun d6 16n cua cat Mdl - 3,04
Tong ham ludng bui sét % 1,13
Khbi lugng thé tich x6p kg/m? 1493,87
Khbi lugng thé tich bio hoa glem® 2,58
Khéi lugng thé tich kho g/em’ 2,54
Khbi lugng riéng glem® 2,65
D6 hut nuée % 1,61
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Hinh 2. Thanh phan cd hat ¢4 Hon Ngang (Nha Trang)

Xi ming dudc st dung 12 loai Nghi Son PCB40 c6 céac thong sb ky thuit dugc trinh bay & Bang 3,
dap ung TCVN 6260:2009 [23].
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Bang 2. Cac chi tiéu cd ly ciia da Hon Ngang (Nha Trang)

Chi tiéu thi nghiém Don vi Két qua
Ty 1€ hat thoi det % 9,8
Khéi lugng thé tich xbp kg/m? 1371,6
Khéi lugng thé tich bio hoa g/em’ 2,7
Khéi lugng thé tich kho g/em’ 2,7
Khébi lugng riéng g/lem® 2,7
D6 hiit nude % 0,6
Do hong % 49.2
Do ép vo trong xy lanh % 7,4

Bang 3. Céc chi tiéu cd ly xi mang Nghi Son PCB40

Chi tiéu cg ly DPon vi Két qua TCVN 6260:2009

D6 min % 1,3 <10
Luong nudc tiéu chuin % 30,0 -

Thoi gian bat diu dong két phuit 95 > 45
Thai gian két thiic dong két phiit 155 <420
Do &n dinh thé tich theo pp Le Chaterlier mm <1 <10
Cudng do nén mau thit lic 3 ngay MPa 29,6 > 18
Cudng dd nén mau thi lic 28 ngay MPa 44.4 > 40
Ham lugng SO3 % 1,72 <35

Tro bay dung cho bé tong va vita xdy dung can dap ting chi tiéu chit luong quy dinh theo TCVN
10302:2014 - Phu gia hoat tinh tro bay dung cho bé tong, vita xay va xi mang [24]. Tro bay st dung
trong chudng trinh thi nghiém nay la tro bay nha mdy nhiét dién Vinh Tan (Binh Thuén) v6i cac thong
s6 ky thut thé hién trong Bang 4 ddp ting cc yéu cau ky thuat theo TCVN 10302:2014 [24] va dudc
xép vao loai F vi c6 tdng ham lugng oxit SiO; + Al,O3 + Fer 03 > 70%.

Bang 4. Pic tinh vat ly va thanh phan héa hoc ctia tro bay Vinh Tan

Chi tiéu ky thuat Két qua TCVN 10302:2014
D6 min (%) 23,5 <25
Do mét khi nung (%) 5.9 <12
Do 4m (%) 0,04 <3
Si0, (%) 48,1
Fe,0; (%) 17,1
ALO;3 (%) 15,8
SO; (%) 0,15
Ca0 12,2
MgO 2,18
ZnO 0,01
MnO 0,08
TiO, 0,69
Na,O 0,93
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Silica fume dang bot do Cong ty TNHH Xuét nhap khau Tong hop Vi Khanh cung cip c6 céc dic
tinh ly héa nhu Bang 5, dap ting cc yéu cau ky thuat theo TCVN 8827:2011 [25].

Bang 5. Pic tinh vat ly va thanh phin héa hoc ctia Silicafume

Chi tiéu Don vi Két qua TCVN 8827:2011
Ham lugng SiO; % 92,2 > 85,0
Do 4m % 0,80 <30
Do mét khi nung % 4,1 <6,0
Do min (sang 45 pm) % 1,2 <10
Bé& miit riéng m?/g 15,27 > 12

2.2. Thanh phan cdp phdi ciia cdc hon hop bé tong

Thanh phan ti 1& cAp phdi bé tong dudc trinh bay trong Bang 6 véi hé sd tdng bot (chit két dinh)
bing 1. C6 6 loai cip phdi, trong d6 M1 1a mau ddi chiing khong st dung tro bay va silicafume. Tro
bay va silicafume dudc st dung d€ thay thé mot phan xi ming theo céc ti 1& khdi lugng tuong ing 1a
20%, 10% va 5%. Céc ti 1& khdi luong thay thé nay dudc Iva chon dua trén cic nghién ciiu trude d6
vé tro bay va silicafume da dudc thuc hién [1, 11-13, 20, 26].

Bang 6. Thanh phan cp phbi ctia cic hdn hop bé tong

Thanh phan vit liéu theo xi ming

Tén mau ba1-2 Cat Nudc/XM
Xi mang Tro bay Silicafume
M1 (100,0,0) 1 0 0 3 2 0,55
M2 (80,20,0) 0,8 0,2 0 3 2 0,55
M3 (80,10,10) 0,8 0,1 0,1 3 2 0,55
M4 (80,0,20) 0,8 0 0,2 3 2 0,55
M5 (90,0,10) 0.9 0 0,1 3 2 0,55
M6 (95,0,5) 0,95 0 0,05 3 2 0,55

2.3. Diic mdu va dudng hé mdu

C6t ligu trudc khi diic mau dude phoi kho, ddm bao cidc mé dudc tron cing mot diéu kién. Céc
loai xi ming, tro bay, silicafume, da, cat dugc tron trong vong 10 phiit dé€ céc loai vat liéu phan b
déu, sau d6 nudc dugc d6 dan dan vao thanh phan hon hop va tron déu trong vong 10 phiit tiép theo
nhim dam bao su dong déu ctia hdn hgp bé tong. V6i mdi thanh phan cip phdi, 39 miu hinh lap
phuong canh 100 mm dugc diic. Trong d6 9 mau dudc dung dé x4c dinh khdi luong thé tich bé tong &
céc trang thdi bao hoa nudc (ky hiéu SAT), sau khi diic mau 24h (AR), 1am kho trong 10 séy (DR); 15
mau 100 x 100 x 100 mm dugc dic va ngdm nudc sau 24h dic mau dé€ xac dinh cudng do chiu nén
tai cac thai diém 1, 7, 28, 56, 90 ngay (Hinh 3(a)); 15 mau dudc dudng ho trong phong thi nghiém
(T = 30°C) dé xac dinh cudng do chiu nén tai cic thdi diém 1, 7, 28, 56, va 90 ngay (Hinh 3(b)).
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(a) Moi trudng nuée (b) Moi truong khong khi

Hinh 3. Dudng ho bé tong

2.4. Thi nghiém xdc dinh dj sut

D0 sut cta bé tong dudgc thi nghiém dua theo tiéu chudn TCVN 3106:1993 [27]. D sut clia hon
hop bé tong dudc xic dinh ngay sau khi tron bé tong. S6 liéu do dugc 1am tron dén 0,5 cm.

2.5. Thi nghiém xdc dinh khoi luong thé'tich cia bé tong

Thi nghiém xéc dinh khéi lugng thé tich dudc thuc hién theo tiéu chuan BS EN 12390-7:2009:
Thi nghiém bé tong - Phan 7: Khdi lugng thé tich ctia bé tong [28]. Khdi lugng thé tich clia bé tong
dugc xdc dinh 3 loai bao gdm khbi lugng thé tich ctia bé tong ngay sau khi thdo miu & 1 ngay tudi
(AR) va khdi lugng thé tich bio hoa nudc sau khi ngdm mau trong nudc 28 ngay (SAT) va miu dudng
ho kho trong 10 siy (DR) tai thoi diém 28 ngay.

2.6. Thi nghiém xdc dinh cuong do chiu nén cua bé tong

Cudng do chiu nén clia bé tong dudc xdc dinh theo tiéu chuin Viét Nam TCVN 3118:1993 - Bé
tong nang — Phuong phdp xéac dinh cudng do chiu nén [29]. Cudng do nén tiing vién mau bé tong (R)
dugc tinh bang MPa. Mdy nén mau dién tit TYA-300 dudc sit dung. Toc do gia tai dudc st dung tir
4 daN/cm?/s dén 6 daN/cm?/s.

3. Két qua va thao ludn
3.1. Dé sut hén hop bé tong

D0 sut ctia cdc hdn hgp bé tdng dugc do va thé hién & Hinh 4. Nhin chung, dd sut ting khi tro bay
dugc st dung dé thé xi ming nhung gidm khi c6 silicafume dugc sit dung dé thay thé xi ming. Trong
khi d6 sut ctia hdn hgp bé tong mau dbi chitng M1 12 5,5 cm, do sut ctia 20% tro bay thay thé xi ming
(M2) 12 6 cm. D9 sut ctia cac hdn hgp bé tdng c6 silicafume thay thé xi ming theo céc ti 1& 20%, 10%,
5% lan ludt 1a 3,5 cm, 4,0 cm va 5,5 cm. Su ting do sut do tro bay thay thé xi ming dudc giai thich
bdi su sai khac vé hinh dang cau ctia tro bay va hinh dang géc canh cia xi ming 1am viéc hiit nudc
ctia tro bay thip hon xi ming [30]. Ngudc lai dién tich bé mit ctia silicafume 16n hon xi ming do d6
tdng viéc hit nude lam gidm do sut ctia bé tong. Ngoai ra, hon hgp bé tdng c6 silicafume thudng it bi
phan tach hon hon hdp bé tong khong c6 silicafume [1].
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Hinh 4. D9 sut ctia cic hon hgp bé tdng

3.2. Khéi lugng thé'tich ciia bé tong

Khbi lugng thé tich clia cdc mau bé tong dudgc trinh bay & Hinh 5. Khbi lugng thé tich cla tt ca
céc mau bé tong ngay sau khi thdo miu & 1 ngay tudi (AR) thay ddi khong ddng ké, dao dong trong
khoang tit 2334 kg/m® dén 2476 kg/m>. Khéi lugng thé tich clia miu bé tong khi thay thé xi ming
bing 20% silicafume 1a thip nhit v6i gid tri 1a 2334 kg/m>. Hinh 5 ciing chi ra riing, khéi lugng thé
tich clia tit ¢4 cdc mau kho (dudng ho trong 10 siy dén khdi lugng khong d6i) sau 28 ngay tudi (DR)
thay ddi tir 2287 kg/m> dén 2772 kg/m?. Silicafume va tro bay gép phin lam giam khéi lugng thé tich
ctia bé tong, khi ham lugng silicafume ting thi khoi lugng thé tich khd (DR) giam va dat gid tri nhd
nhét khi 20% silicafume dudc st dung dé thay thé xi ming véi gid tri 1a 2287 kg/m>. Khéi lugng thé
tich clia tit ca cac mau bao hoa nudc (ngdim nuéc dén khoi luong khong ddi) tai 28 ngay tudi (SAT)
gan nhu chénh léch rat bé. Trong khi khoi luong thé tich bé nhit ctia AR va DR 1a miu M4 c6 20%
silicafume dugc dung thay thé xi ming, thi khdi lugng thé tich nhé nhét ctia mau bao hoa nudc (SAT)
tuong ing mau M3 c6 10% silicafume va 10% tro bay. So sanh véi mau bé tdng bao hoa nudc c6 20%
silicafume (M4), mau M3 (10% tro bay va 10% silicafume) c6 khéi lugng thé tich bao hoa nudc nhod
hon chiing t6 hiit nue it hon hay néi cach khéc 1 ting kha ning chdng thAm nudc hon. Nguyén nhan
c6 thé 1a do 10% tro bay c6 trong mau bé tdng M3. Diéu nay phi hop vé6i cac nghién ciiu trudc d6 khi
tro bay gép phan ting kh ning chdng thAm nuéc cla bé tong [13].
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Hinh 5. Khdi lugng thé tich clia bé tong
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Trong c4 ba trudng hop thi silicafume 1am gidm khéi lugng thé tich ctia bé tong. Diéu nay phu hop
véi nghién cttu trude d6 [31]. Khdi luong thé tich clia cac mau bé tong c6 20%, 10% va 5% silicafume
thay thé xi ming 1an lugt 1a 2334 kg/m3, 2461 kg/m?, 2476 kg/m> cho miu AR va 2287 kg/m?, 2379
kg/m?, 2438 kg/m® cho mAu DR va 2445 kg/m?, 2453 kg/m?, 2481 kg/m> cho mau hoa nudc SAT.
Su giam khéi lugng thé tich do silicafume dudgc cho 1a do khdi lugng thé tich cta silicafume nhé hon
péc-ling xi ming. Trong khi khéi lugng thé tich ciia silicafume 1a tir 2,2 g/cm® dén 2,5 g/em? thi khéi
lugng thé tich clia xi ming péc lang 1a 3,15 g/em? [26].

3.3. Anh huéng silicafume, tro bay va méi truong duéng hé dén cuong do chiu nén ciia bé tong

a. Anh hudng cia silicafume va tro bay dén cudng do chiu nén ctia bé tong khi duge dudng ho trong
nudc

Hinh 6 thé hién cudng do chiu nén clia miu bé tong ddi chiing M1 va cdc miu bé tdng c6 tro bay
va/ hoic silicafume thay thé mot phan xi ming khi dudc dudng hd trong nudc. Nhin chung 20% xi
miing dugc thay thé bdi tro bay va silicafume 1am gidm cudng do chiu nén ctia bé tong. Dén thai diém
28 ngay tudi, cudng dd chiu nén ctia miu bé tong c6 20% tro bay thay thé xi ming (M2) 1a nhé nhit
(33,79 MPa) bang 79% cudng do chiu nén mau dbi ching M1 (42,52 MPa). Viéc gidm cudng do ctia
bé tong c6 20% tro bay Vinh Tan thay thé xi ming (M2) so v6i mau dbi chiing phit hop véi cac nghién
ctiu truée d6 vi tro bay lam gidm cudng do sém clia bé tong nhung bé tong cé tro bay tiép tuc gia
ting cuong do theo thdi gian do cdc phan ting héa hoc tiép tuc dién ra dén 6 thang hodc tham chi lau
hon va vi thé bé tong c6 tro bay c6 cudng dd cudi ciing cao hon so v6i mau dbi chiing khong cé tro
bay [32]. Piéu nay phu hdp véi két qua nghién ciiu trong bai bdo nay khi cudng do bé tong c6 tro bay
tiép tuc ting dan dén thoi diém khao sat 90 ngay, mic du con thap hon mau dbi chiting nhung du dodn
cudng do bé tong ¢6 20% tro bay (M2) tiép tuc ting sau thdi gian dudng ho 16n hon 90 ngay. Su ting
cudng do l1au dai theo thoi gian ctia bé tong co tro bay la do phan Gng pozzolanic gitta Ca(OH), sinh
ra tif phan dng thly héa xi ming péc ling tiép tuc phan ting véi silica oxide (SiO,) c6 trong tro bay
dé tao gel C—S—H gbp phan gia ting cudng do nhu dugc thé hién trong phuong trinh (1), (2) [33].
Ngoai ra, tbc do gia ting cudng do lau dai clia bé tong c6 tro bay phu thudc vao loai tro bay, thanh
phan héa hoc, dd min va ti 1¢ tro bay thay thé xi ming [32] va ti 1é nuSc/chat két dinh [12].
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Hinh 6. Cutng do chiu nén bé tong khi dudng hd trong nuéc
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2C5S + 6H — C3S,H; =3CH  va 2C,S + 4H — C3S,H; + CH (1)
Ca(OH), + Si0, » H,O+C—-S—-H (2)

Trong khi d6 tai 28 ngiy cudng do chiu nén ciia bé tong c6 20% xi ming thay thé bdi 20%
silica fume (M4), 10% silica fume (M5) va 5% silica fume (M6) lan lugt 1a 35,76 MPa, 38,6 MPa va
43,76 MPa tuong ting 84%, 91%, 103% cudng d6 chiu nén ctia mau ddi chiing M1. Véi ham lugng
silicafume thay thé xi ming hop ly thong thudng 5%-10% theo khéi lugng xi ming [26] thi silicafume
g6p phan ting cudng do bé tong vi SiO, trong silicafume thém vao sé phan ting v6i Ca(OH), tif phan
ting thily héa xi miang dé€ tao thém gel C—S—H tuong tu nhu phuong trinh (1), (2) [1, 34].

Diéu nay 1y giai vi sao so v4i mau dbi chiing M1, cudng d6 chiu nén ctia miu bé tong c6 5%
silicafume thay thé xi ming (M6) ting, trong khi cudng do chiu nén ctia mau bé tong c6 10% sili-
cafume (M5) va 20% silicafume (M4) giam. Khi ham luong silicafume dugc st dung dé thay thé xi
ming qué nhiéu thi lugng xi ming bi gidm din dén C—S—H tao ra tif phuong trinh (1) gidm lam suy
gidm cudng do. Tuy nhién so v6i cdc nghién ctiu da dugc thuc hién trudc d6 [34] thi c6 thé chat lugng
ctia nguon silicafume dudc st dung trong thi nghiém nay chua cao dan dén viéc ting rat it cudng do
chiu nén khi 5% thay thé xi ming va thAm chi 12 gidm cudng do6 chiu nén khi 10% va 20% silicafume
dudc st dung dé thay thé xi miang. Pidu d6 cho thiy rang tucng tu nhu tro bay thi sy &nh hudng ciia
silicafume trong viéc thay thé xi ming d6i véi cudng do chiu nén bé tong con phu thudc 16n vao loai
silicafume trong d6 cac thong s6 nhu ham luong SiO,, do min, déng vai trd quan trong va can dudc
tién hanh nghién cifu siu hon véi cac loai silicafume tir cdc ngudn khéc nhau.

Co ché 1am viéc cta silicafume va tro bay trong viéc thay thé xi ming gan tuong tu nhau nhu thé
hién & cdc phuong trinh (1), (2). Tuy nhién silicafume dudc cho 12 ting cudng dd ban dau nhanh hon
tro bay khi dugc st dung d€ thay thé xi ming [1, 34]. Do do, tai 28 ngay cudng do chiu nén ctia bé
tong c6 20% xi ming thay thé bdi 10% tro bay va 10% silicafume (M3) 1a 37,75 MPa tuong tng 89%
cudng do chiu nén ctia miu dbi ching M1, ting hon so v6i mau bé tdng c6 20% tro bay (M2) hoic
20% silicafume (M4). Co ché 1am viéc chung ctia tro bay va silicafume trong viéc thay thé xi ming
cho dén nay van chua c6 thong tin cu thé [1]. Tuy nhién cic nghién citu di c6 chi ra rang viéc két hop
giifa silicafume va tro bay gép phan ting téc do phan ing pozzolan hon so véi viéc st dung chi mot
minh tro bay [35] va su phat trién cudng do lau dai khong bi anh hudng vi ham lugng CaOH tu do
van di cho cic phan dng s6 (2) dién ra [36].

Tém lai c6 thé thiy tai thdi di€ém 28 ngay, 20% tro bay hoic silicafume hoic c hai dugc dung dé
thay thé xi ming thi cudng do chiu nén giam, nhung 5% silicafume thay thé xi ming gép phan gia ting
it cudng do chiu nén cia bé tdng. Xu huéng nay cling dién ra tuong tu tai thoi di€ém 56 va 90 ngay. Tai
90 ngay cudng do chiu nén ctia cdc mau M2 (20% tro bay); M3 (10% tro bay va 10% silicafume), M4
(20% silicafume), M5 (10% silicafume) va M6 (5% silicafume) 1an ludt 1a 40,05 MPa, 43,39 MPa,
40,34 MPa, 44,14 MPa, 46,74 MPa dat tuong tng 86%, 93%, 86%, 94% va 100% so v6i mau d6i
chiitng M1 (46,73 MPa). Ngoai ra cudng do chiu nén ctia cic mau bé tong tiép tuc ting sau 28 ngiy
dén 90 ngay.

b. Anh hudng ciia silicafume va tro bay dén cutng do chiu nén ciia bé tong khi dugc dudng ho trong
moi truong khong khi

Hinh 7 thé hién cudng dd chiu nén cia mau bé tong ddi chiing M1 va cdc mau bé tdng cé tro
bay va/hoic silicafume thay thé mot phan xi ming khi dugc dudng ho trong khong khi. Tuong tu nhu
nhém mau dudng hd trong mdi trudng nuéc, ddi véi cac mau bé tong dudng ho trong moi trudng
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khong khi, 20% xi ming dugc thay thé bdi tro bay hoic silicafume 1am suy gidm cudng do chiu nén
ctia bé tong. Tai thoi diém 28 ngay, cudng do6 chiu nén clia mau bé tdng c6 20% tro bay thay thé xi
miing 12 thAp nhét (22,24 MPa), dat 74% so v6i mau dbi chitng M 1. Trong khi d6 cudng do chiu nén
ctia mau M3 (10% tro bay, 10% silicafume) va M4 (20% silicafume) tuong dng 1an lugt 1a 25,1 MPa
va 23,48 MPa, dat 83% va 78% so véi méau dbi chiing M1. Nguyén nhan sy suy gidm cudng do nay
c6 co ché hoan toan tuong tu nhu trudng hop dudng hod trong nudc dudc trinh bay & muc 3.3a. Tuy
nhién 10% va 5% silicafume gép phan ting cudng do chiu nén bé tong tai 28 ngay, véi cudng do lan
luot 1a 31,85 MPa va 33,13 MPa dat 106% va 110% cudng d6 mau ddi chiing M1 (30,12 MPa). Co
ché cia sy gia ting cudng do khi silicafume dugc st dung thay thé xi ming & trudng hop nay tuong
tu nhu dudc gidi thich & Muc 3.3a va phi hop véi céc nghién ctiu trude d6 [26, 34]. Miic du tit ca cac
mau bé tong dudng hd moi trudng khong khi c¢6 cudng do chiu nén gidm so v6i dudng hd trong moi
trudng nudc nhung xét cac miu cing moi trudng dudng hd khong khi, 10% silicafume gép phan ting
cudng do chiu nén so v6i mau dbi chitng. Do d6 c6 thé thay moéi trusng dudng ho c¢6 dnh hudng nhiéu
dén su phat trién cudng do chiu nén clia bé tong c6 silicafume trong thanh phan cip phbi.
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Hinh 7. Cutng d6 chiu nén bé tong khi dudng ho trong khong khi

Tuong tu nhu nhém mau dudng ho trong nudc, xu hudng tuong tu ciing dién ra cho cudng do chiu
nén clia cdc mau bé tong tai 56 va 90 ngay. Tai 90 ngay cudng do chiu nén ctia cac mau M2 (20% tro
bay); M3 (10% tro bay va 10% silicafume), M4 (20% silicafume), M5 (10% silicafume) va M6 (5%
silicafume) 1an lugt 1a 23,63MPa, 26,1 MPa, 24,48 MPa, 34,2 MPa, 35,53 MPa dat tuong tung 71%,
79%, 74%, 103% va 107% so v6i mau dbi chitng M1 (33,08 MPa). So véi viéc dudng ho trong nude
thi cudng do chiu nén cac mau bé tong dudng hd trong khong khi chi ting dén 28 ngay, sau d6 dudng
nhu ting rat bé hodc khong ddi dén 90 ngay tudi.
¢. Quan hé gilta mo6i truong dudng hd va cusng do chiu nén ctia bé tong

Heé s6 ti 1¢ k gilta cudng do chiu nén ctia bé tong dudng ho trong nudc va bé tong dudng ho trong
khong khi tai cc thdi diém thi nghiém dén 90 ngay dudc trinh bay tai Hinh 8. Tong thé, cudng do
clia tAt cd cdc mau bé tong c6 va khong c6 tro bay hay silicafume thay thé xi ming khi dudc dudng ho
trong nudc 16n hon so véi cac mau bé tong tuong dng dudng hod trong méi trudng khong khi. Trong
tit c4 cdc trudng hop, hé s6 k dao dong trong khoang tir 1,2 dén 1,7 ngoai trit mau M5 tai 7 ngdy. Su
khéc biét 16n nhét gitta hai moi trudng dudng ho 1a d6i v6i mau M2 khi 20% tro bay thay thé xi ming,
v6i k tlr 1,36 dén 1,69 tuong ting & tudi 7 ngay dén 90 ngay. Su khic biét nhé nhat thude mau M5 khi
10% silicafume dudc st dung dé thay thé xi ming, véi k tit 1,1 dén 1,29. Hinh 8 ciing cho thiy ring
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su khéc biét cudng do chiu nén gitta hai moi trudng dudng hd k ting theo tudi clia bé tong dic biét
sau 28 ngay, diéu d6 c6 nghia 1 v6i bé tong dudng ho trong moi trudng nudc, cudng do sé tiép tuc
phit trién & tudi 1au dai trong khi bé tong dudng ho trong khong khi su phét trién cudng do rit bé sau
28 ngay.
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Hinh 8. Ti 1€ cutng dd chiu nén cua bé tong dudng ho trong hai méi trudng nudc va khong khi

4. Két luan

Céc két luan chinh dugc rit ra tir cac két qua nghién cifu trong bai bo niy bao gdm:

- Tro bay lam tdng d6 sut trong khi silicafume lam giam d6 sut cua bé tong.

- Silicafume 1am gidm khdi lugng thé tich clia bé tong.

- Trong c4 hai méi trudng dudng ho thi 20% tro bay thay thé xi ming 1Am gidm cudng do chiu
nén clia bé tong tai thoi diém khio sit & 90 ngay, tuy nhién cudng dd van tiép tuc phat trién theo thdi
gian. Silicafume gép phan ting cudng do chiu nén bé tong khi dugc thay thé xi ming & mot ti 1& khoi
lugng thich hop tit 5-10% va phu thudc vao mdi trudng dudng ho. Su két hop giita silicafume va tro
bay gép phan ting cudng dd chiu nén so v6i bé tong chi c6 tro bay va silicafume riéng 1é thay thé xi
mang.

- C4c miu bé tong du c6 hay khong c6 tro bay, silicafume déu c6 cudng do chiu nén tiép tuc ting
sau 28 ngay dén thdi diém khio sat 90 ngay khi dudc dudng ho trong nude. Ngugc lai, cudng do chiu
nén cic mau bé tong dudng ho trong khong khi chi ting dén 28 ngay, sau d6 ting khong dang ké.

- Cudng do ctia bé tong c6 va khong c6 tro bay hay silicafume thay thé xi ming khi dugc dudng
ho trong nudc 16n hon so v6i cac mau bé tdng tuong ting dudng hd trong mdi trudng khong khi. Hé
s6 ti 1& k gitta cudng do chiu nén khi dudng ho trong nude va trong khong khi dao dong trong khoang
tr1,2dén 1,7.

- Su khic biét vé cudng dd chiu nén 16n nhét giita hai méi trudng dudng ho 1a khi 20% tro bay
thay thé xi ming, v6i k = 1,36-1,69. Su khdc biét nhoé nhit khi 10% silicafume dudc st dung dé thay
thé xi mang, v6i k = 1,1-1,29.
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