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Abstract. Nano silica is used in concrete to improve the mechanical properties and durability
of normal concrete as well as high performance concrete. The paper presents the results of
experimental research on the effect of nano silica on the evolution of compressive strength,
splitting tensile strength and modulus of elasticity at the age of 1, 3 and 7 days of high-
performance concrete with specific compressive strength is 70 MPa. The selected nano silica
content is 1.2%; 2.0% and 2.8% to replace cement in the control mix. The effect of nano silica
at the early age of concrete was evaluated through two criteria: The first one is the early age
mechanical property value of the nano-containing samples compared with the non-nano-
containing sample, and the second factor is the early age mechanical property value compared
with the 28-day age value. Research results show that nano silica significantly improves the
first criterion but insignificantly improves the second criterion. The most obvious
improvement corresponding to nano silica content was 2% compared with the control sample
at 1 day and 3 days of splitting tensile strength, of compressive strength and of elastic
modulus.
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Tom tat. Nano silic dugc st dung trong bé tdng nham cai thién dic trung co 1y va do bén caa
bé tong thuong cling nhu bé tong tinh ning cao. Bai béo trinh bay két qua nghién ctu thyc
nghiém anh huong cua nano silic dén dién bién cuong do chiu nén, cudng do chiu ép ché va
mo dun dan tai tudi 1, 3 va 7 ngay tudi cia bé tong tinh ning cao co cudng do nén dic trung
la 70MPa. Ham lwong nano silic duoc lya chon 1a 1,2%; 2,0% va 2,8% nham thay thé xi
ming trong cap phdi dbi chiing. Tac dung caa nano silic ¢ tudi sém cua nano silic duge danh
gia thong qua hai tiéu chi: mot 12 gid tri dic tinh co hoc ¢ tudi sém cua mau cé chira nano so
véi mau khdng chira nano va hai 1a gia tri dic tinh co hoc ¢ tudi s6m so Véi gia tri ¢ tudi 28
ngay. Két qua nghién ctu cho thay nano silic cai thién dang ké tiéu chi thi nhat nhung cai
thién khong dang ké tiéu chi thir hai. Mirc d6 cai thién rd nhat ung voéi ham luong nano silic 1a
2% s0 voi mau dbi ching tai 1 ngay va 3 ngay cua cia cudong do ép ché, cuong do nén va mod
dun dan hoi.

Tir khoa: Bé tong tinh ning cao; nano silic; tinh chit co hoc, tudi som.
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1. PAT VAN PE

Cac loai bé tong tinh ning cao ngay cang sir dung phd bién trén thé gisi néi chung va tai
Viét Nam noi riéng. Viéc dua vao sir dung cac loai bé tong c6 do bén cao nham muc tiéu kéo
dai tudi tho cho cdng trinh nham muc tiéu phét trién bén viing. Nano silic 1a vat liéu mai co
kich thudc nano mét cé tac dung chén vao cac 15 rdng vi ciu trac lam ting do dic, ting kha
nang chdng thim ngoai ra n6 cing véi mudi silic con ¢ tac dung kich thich va tao ra qua
trinh pouzzolan hda bang cach phan ng véi Ca(OH)2 dé tao ra CSH 1am ting cudng d6 va do
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bén cho bé tong [1,2]. Nano silic ¢ kich thudc rat nho, ty dién tich bé mat Ion nén khi nhao
tron s& hap thu va 1am giam luong nudéc tu do vi thé n6 khong chi lam thay ddi dac tinh caa bé
tong khi dong cing ma con lam giam tinh cong tac ciia hon hop bé tong twoi [3]. Nghién ctu
nay nham xéc dinh dién bién cuong do chiu nén, cuong do chiu ép che va md dun dan hdi & 1,
3, 7 ngay va so sanh véi gia tri tai thoi diém 28 ngay dé xem téc do phat trién cua ching. Cac
gia tri phan tram tai tudi SGM So Vai gia tri tai 28 ngay tudi s& cho biét hiéu qua ting toc do
phét trién caa nano silic theo thoi gian. Cac gia tri do cua cac mau chira nano silic s& duogc
dung dé so sanh véi két qua do ciia cac mau ddi chiing khéng chia nano silic dé tim hiéu anh
huong cua cac ham lugng nano silic khac nhau. B€ tong tinh nang cao su dung ham luong
chat két dinh 16n nén phai sir dung phu gia siéu déo giam nudc cao cip dé cai thién tinh cong
tac ma phu gia nay lai c6 thé kéo dai thoi gian dong két va anh hudng dén sy phat trién cuong
d6 sém nén trong nghién ctru nay di cb dinh ham luong phu gia siéu déo cua tat ca cac mau
thi nghiém. Cac thi nghiém dwoc tién hanh tai Phong thi nghiém Vat liéu xay dung truong Dai
hoc Giao théng van tai.

2. THI NGHIEM

2.1. Vat ligu

a. Xi mang. Xi mang Podc lang Bat Son PC40, ¢6 cac chi tiéu ky thuat thoa man tiéu Chuén
TCVN 2682:2009 [4]. Cuong d6 nén cua cac loai xi mang nay dugc xac dinh theo tiéu chuan
cuaa TCVN 6016:2011 [5]. Gia tri thi nghiém thuc té dat cuong d6 nén 46,2 MPa.

b. Phy gia khoang. Mudi silic (silica fume SF) sir dung trong d¢é tai 1a Sikacrete PP1 cua hdng
Sika c6 thanh phan 1a dioxit silic, kich thudc hat < 0,1 [im va khéi lugng riéng 1a 2,2 glcm?.
Muoi silic dugc sir dung trong cac mau thi nghiém véi ham lugng ¢é dinh 1a 8% khéi luong
xi mang. Nano silic dugc diéu ché trong nudc ¢d nguon gbc tir tro trau o mau trang rat min,
ham luong SiO2 trén 99%; pH~7; dd 4m nhé hon 0,5%, kich thuéc hat 5nm-80nm [6].

c. Phu gia hoa hoc. Phu gif’:l héa hoc duoc s dungrlé loai phu gia siéu déo thuong hiéu Sika
Viscocrete 3000-20M c6 goc Polycarboxylate cai tién c6 kha nang giam nuéc cao, khoi lwong
riéng 1,06 g/cm?.

d. Cot liéu. Cét liéu thd dugc st dung trong thi nghiém 1a loai d4 bazan tir mé Sunway Hoa
Binh c6 duong kinh 16n nhat dat 9,5mm. Cat sir dung 1 loai cat ty nhién Séng Pa, kich thudc
hat 16n véi md dun Mk=2.8. Cét liéu duoc rira sach, phoi kho trude khi do bé tdng va cd cap
phéi thoa man ASTM C33 [7].

2.2. Hon hep thi nghiém

Nhom nghién ctu st dung phuong phép tinh toan thanh phan bé tong cuong do cao theo
ACI 211-4R-08 [8] két hop véi diéu chinh bang thuc nghiém. Sau khi tinh toan so bé thanh
phan thi luong nudc va phu gia siéu déo duge didu chinh sao cho dé sut cua miu déi ching
(0% nano silic) 1a 12+2cm. Thanh phan cap phéi bé tong dugc cho trong Bang 1. Céc cap
phéi ¢6 sir dung nano silic dwoc giit nguyén phu gia siéu déo, ham luong nano silic dugc dung
Vi ty 18 1,2%:; 2,0%; 2,8% thay thé cho xi mang.

Vi ham lugng nano silic rat thip va né cé kich thuéc nho nén khi tron sé kho khan dé
phan tan déu trong bé tong va tranh nano bi von tu thi can sir dung may tron cudng bic ¢d van
téc cao (toi thiéu 45 — 50 vong/phut) va thai gian tron Ion hon so véi bé tong truyén thong.
Trong nghién ctiu nay tac gia da thar nghiém va lwa chon quy trinh tron nhu sau: Dau tién tron
da, cat, mudi silic tron kho trong 3 phit sau d6 dung may quiy toc do cao phan tan nano silic
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vao 60% luong nudc va db vao tron trong 2 phut tiép tuc hoa 40% nudce con lai véi phu gia
siéu déo va do vao tron tiép 3 phut, hghi 1 pht roi tron tiép 2 phat. Sau khi tron xong cac cap
ph01 duoc do d6 sut rdi dem dac mau. Két qua thi nghiém do d6 sut duogc cho trong Bang 1.

Bang 1. Thanh phan cap phdi bé tong.

Cap X SF | Nano | Nwéc Cét Pa | SD | Posut
phoi | (kg) | (kg) | (kg) (kg) (kg) | (ko) | (ko) (cm)

ONS 567 | 49,3 0 160 585 1047 | 7,40 12,6

12NS | 560 | 49,3 6,8 160 583 1047 | 7,40 9,3

2,0NS | 556 | 49,3 11,3 160 581 1047 | 7,40 8,4

2,8NS 551 | 49,3 15,9 160 580 1047 | 7,40 7,8

Cac mau thi nghiém nén va mé dun dan hoi dwoc thi nghiém trén miu tru tron
150x300mm theo tiéu chuan ASTM C39 [9] va ASTM C469 [10]. Cac mau thir duoc théo
khuén sau 24h va dugc bao dudng ¢ diéu kién nhiét d6 23°C, d6 4m twong dbi >95% cho dén
ngay thi nghiém. MAau sau khi tron xong duoc tién hanh do do sut. Trudc khi thi nghiém nén
30 phut cac mau duoc lau khd bé mat va dem capping bé mat bang thach cao dé tao phang.
Céc két qua do cudng do nén, cuong do ép ché va md dun dan hoi duoc trinh bay & muc 3.

3. KET QUA VA THAO LUAN

3.1. Tinh cbng tac

Do sut cua cac cap phdi giam dan khi ting ham luong nano silic. Po sut giam tir 12,6 cm
xudng con 7,8cm twong ¢ng Vi muc giam 38,1% khi ham luong nano sir dung tir 0% dén
3%. Diéu nay duoc giai thich bai kich thudc hat cua nano silic bé hon hat xi mang nén khi
thay thé xi mang thi tong dién tich bé mat ting, luong nudc tu do bi hap thu trén bé mat cac
hat nano nhiéu hon 1am giam luong nude boi tron bé mat cac hat ran nén 1am ting ndi ma séat
gitra cac hat va tir do lam giam tinh c6ng tac cua bé téng. Cac tac gia khac khi sir dung nano
silic trong bé tong ciing thu duoc két qua twong tu, do sut cua bé tong cd sir dung nano silic
déu giam so voi mau ddi chimg nhu trong céc bai bao [11-13].

3.2. Cwong do nén

Cuong do chiu nén duoc xac dinh tai 1, 3, 7, 28 ngay tudi. Két qua thi nghiém cuong do
nén trung binh tai cac ngay tudi khac nhau cia cac mau bé tong dugc cho trong Bang 2.
Cuong d6 chiu nén ciia cac mau tang dan theo thoi gian, mirc ting manh nhét tai 1 ngay va 3
ngay cho ca mau c6 va khong c6 nano silic. Cap phdi ddi chirmg mic du khéng chira nano silic
nhung do ciing chira 8% mudi silic két hop voi ham lugng xi mang cao va ty 18 N/CKD thap
nén ty sd cuong do nén trung binh & tudi sém so v6i cudng do nén trung binh tai tudi 28
Ri"™®/R2s"™ cao dan t6i sy chénh léch cua né véi cdp phdi cé nano 1a thip. Cu thé ty sb
Ri"B/R2s"® tai tudi 1 ngay khong c6 su khac biét nhiéu giita cac mau dbi chimg (17,54%) va
trung binh cc mau c6 nano silic (18,06%) ng v&i muc chénh 0,52%. Tai tudi 3 ngay thi ty 16
nay tang lén la 65,47% va 68,41% tuong ung véi mic chénh khodng 3%. Su khac biét lai
giam xudng tai 7 ngay tudi tmg v6i mirc chénh 1,9%. C6 thé noi rang véi ham lugng 1,2% -
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2,8% nano silic khong 1am ting nhiéu ty sé cudng do & tudi sém voi cudng do tudi 28 cua bé
tong tinh nang cao.
Bang 2. Cudng d chiu nén trung binh tai cac ngay tudi.

Cf’lp phéi RanB RanB/ Rn3TB RsTB/ RmTB Rn7TB/ ansTB angTB/
B B B B
(MPa) Rn2s (MPa) Rn2s Rn2s Rn2s
(%0) (%) | (MPa) | (%) | (MPa) | (%)
PC-0NS 14,54 | 17,54% 54,29 | 6547% | 68,39 | 82,48% 82,92 100%
C1-1,2NS 15,98 | 18,05% 60,63 | 68,47% | 75,09 | 84,80% 88,55 100%
C2-2,0NS 16,74 | 18,15% 63,27 | 68,61% | 78,45 | 85,06% 92,22 100%
C3-2,8NS 15,54 | 17,99% 58,85 | 68,14% | 71,87 | 83,21% 86,38 100%
Rn ™ C1-C3 16,08 | 18,06% 60,92 | 68,41% | 75,14 | 84,36% 89,05 100%

Vai trd ndi bat ciia nano chi thay khi ta so sanh gia tri cuong do nén & cing ngay tudi cua
cac mau c6 chira nano silic va cac mau ddi chimg. Trong Bang 3 thi gia tri AR la Chenh
léch cuong do tinh theo % gitra cuwong do nen cua cac mau c6 chira nano s111c va méu ddi
chimg ¢ cung ngay tudi thi nghiém. ARniBc1-c3 gla tri trung binh ctia cac mau c6 sir dung
nano ¢ tudi (i) ngay. Su khac biét 16n nhat Gmg voi ham luong nano silic 12 2 % tai thoi diém
3 ngay 1a 16,54% tiép theo 14 tai 1 ngay va 7 ngay véi mirc ting 1an luot 1a 15,08% va 14,7%.
O tudi 28 thi mirc ting nho nhét Gtmg véi ca ba ham lwong nano silic. Anh huéng cta ham
luong nano 1,2% cao hon so v4i ham lugng nano 1a 2,8%. Gia tri cai thi¢n 16n nhat ung voi
ham lugng 1,2% va 2,0% tai thoi diém 3 ngay lan luot 1a 11,7% va 8,4%. Muc anh hudng
trung binh ctia ca ba ham luong nano silic tai thoi diém 3 ngay 16n nhét va dat gia tri 1a 12,2%
con tai thoi diém 28 ngay 1a nho nhat va gia tri 1a 7,39%. Két qua dugc biéu dién nhu trén
Hinh 1 va Hinh 2. Gopinath va cong su [14] cling c6 két qua tuong tu khi két luan nano silic
lam tang cuong d6 & tudi sém ciia bé tong. Tuy nhién tac gia Justin va cong su [15] dua ra két
qua thi nghiém vi mé SEM cho thdy ham lugng nano silic ting lam tang sy hinh thanh CSH
nhung két cudng do nén ciing ting nhung khong ting ty 1 voi sy hinh thanh CSH trong giai
doan thuy hoa xi mang.

Bang 3. Mirc ting cudng d6 nén so véi mau déi chang tai cac ngay tudi.

Cip phdi AR.™®, %
1 ngay 3 ngay 7 ngay 28 ngay
C1-1,2NS 9,9% 11,7% 9,8% 6,8%
C2-2,0NS 15,08% 16,54% 14,7% 11,2%
C3-2,8NS 6,8% 8,4% 5,1% 4,2%
ARG ™8 cics 10,59% 12,20% 9,86% 7,39%
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Hinh 2. Muc ting cuong do nén theo thoi gian.

Bang 4. Cuong do chiu ép ché trung binh tai cac ngay tudi.

Cép phéi Rect™ | Reet™® | Reca™ | Recs™ | Rect™ | Rect'™/ | Rec2s™ | Recos'®/
ReCZBTB Rec28TB Rec28TB RecZSTB
(MPa) | (%) | (MPa) | (%) | (MPa) | (%) | (MPa) | (%)
DC-ONS 121 | 220% | 379 | 689% | 452 | 821% | 550 | 100%
C1-1,2NS 136 | 226% | 448 | 745% | 506 | 841% | 601 | 100%
C2-2,0NS 142 | 229% | 465 | 749% | 524 | 844% | 621 | 100%
C3-2,8NS 136 | 232% | 441 | 756% | 497 | 852% | 584 | 100%
Rec ® C1-C3 138 | 229% | 451 | 750% | 509 | 846% | 602 | 100%

Bang 5. Mrc ting cudng do ép ché so véi miu ddi chimng tai cac ngay tudi.

Céap phbi OReci ®/ReciPC, %
1 ngay 3 ngay 7 ngay 28 ngay
C1-1,2NS 12,22% 18,24% 11,99% 9,3%
C2-2,0NS 17,58% 22,76% 16,02% 12,93%
C3-2,8NS 12,12% 16,52% 10,14% 6,20%
IRec ™8 c1c3 13,97% 19,17% 12,72% 9,48%
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Hinh 3. Cuong d6 ép ché theo thoi gian. Hinh 4. Muc tang cuong do ep ché theo thoi gian.

Cac mau thi nghiém ép ché co kich thuéc try tron dxh = 100x200mm ciing duoc thi
nghiém tai 1, 3, 7, 28 ngay theo tiéu chuan ASTM C496 [16]. Két qua cuong do ép che dugc
trinh bay trong Bang 4 va biéu dién trén Hinh 3. Ty sb gia tri ép cheé tai tudi s6m so voi gié tri
tai 28 ngay ting nhanh hon so vdi ty s6 cua cudng do nén tai thoi diém 1 ngay va 3 ngay.
Mtic ting twong ng cua cudng do nén cua cap phdi dbi ching tai 1 ngay va 3 ngay 1a 17,5%;
65,4%, xem trong Bang 2 con cua cudng do €p che la 22,0; 68,9%. Tai thoi diém 7 ngay thi
hai gla tri nay xap Xi nhau la 82,4% va 82,1% nhu trong Bang 4. Quy luét nay cling tuong tu
nhu dbi voi cac cip phdi cd dung nano silic. Su khéc biét giira cip ph01 dbi ching Vi cap
phéi c6 six dung nano silic trung binh ciing nho, gia tri khac bi¢t Ion nhét tai thoi diém 3 ngay
1a 4,1%. C6 thé néi ty I¢ cuo‘ng d6 ép ché tai tudi sém so véi cuong do ép che tai tudi 28 ngay
khong khac biét nhiéu khi c6 sir dung nano silic. Ta thay co ché 1am ting cudong do ép ché
ciing giéng nhu co ché lam ting cudng d6 nén. Bang 5 va Hinh 4 so sanh cudng do ép ché
ctia mau chira nano va mau khong chira nano tai ciing tudi ta thdy muc ting cao nhat tng véi
ham luong nano 2% sau 1, 3, 7 ngay lan luot 1a 17,58%; 22,76%:; 16,02%. Gia tri trung binh
[JRec ™ c1.c3 cua cac cap phdi chira nano silic sau 1, 3, 7 ngay 1a 13,97%:; 19,17%:; 12,72%,
gia tri ndy giam tai tudi 28 ung véi mic ting trung binh 13 9,48%. Su cai thién cuong do ép
ché c6 thé giai thich 1a phan wng thuy hda ciia xi mang tao ra Ca(OH), hinh thanh chua yéu trén
bé mat cua hat cét lidu, dudi tac dung cua nano silic va muoi silic s& chuyén thanh CSH va
lam tang cudng d6 dinh bam & viing bé mat gitra vira xi mang va cot liéu [17].

3.4. M6 dun dan hoi

Két qua trong Bang 6 va Hinh 5 cho thdy mé dun dan hoi theo thoi gian cua tat ca céc
mau ddi chung bién dong trong khoang tir 17GPa — 43GPa, con cua cac mau ¢6 nano silic tir
18GPa — 46GPa. Ty I¢ gitra gia tri m6 dun dan hoi & tudi tir 1 — 7 ngay so véi gid tri ¢ tudi 28
ngay khoang 40% - 92%. Tuong tu nhu két qua cudng do chiu nén, khong thiy khac biét
nhiéu gitra c&c mau c6 chira nano silic va cac mau doi ching néu so sanh gia tri ¢ tudi som va
gia tri sau 28 ngay. Muc ting mé dun dan hoi cia cdc mau chira nano silic so véi mau dbi
chtng duoc cho trong Bang 7. Mic ting I6n nhat cua cac mau chtra nano ¢ng voi ham lwong
nano silic 1a 2,0%, gié tri twong &ng tai 1, 3, 7 va 28 ngay lan luot 1a 10,7%; 12,2%:; 9,6% va
6,3%. Co ché 1am ting mo dun dan hdi 1a do nano silic chén vao 15 rong vi mé dé 1am ting do
dic ciu tric, ting cudng do chiu nén, gop phan lam ting tbc d6 va hiéu qua cua phan tng
thity hda tir d6 1am ting mo dun dan hoi tuy nhién hiéu qua thap khi ham luwong nano silic nho
hon 3% [18]. Nano silic thém vao con anh huong dén qua trinh thity hoa xi ming. N6 day
nhanh sy hinh thanh gel CSH va chén vao cu tric rong caa da xi mang & tudi sém. Theo tac
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gia, do thanh phan bé tong cd ca mudi silic va nano silic nén nhung do nano silic ¢6 kich
thuéc nho hon nén no sé tham gia phan tmg truéc véi Ca(OH), dong vai tro 1a “mam” gitp
cho su phaét trién nhanh hon céc soi gel CSH. Nano silic va mudi silic déu gop phan lam ting
d6 dic cau trac, ting mé dun dan hoi caa bé tdng tir d6 1am ting do bén cua loai bé téng nay.

Khi so sanh ty 18 cac tri & tudi sém cia cudng d6 nén, cuong do ép ché va mé dun dan
hoi véi gid tri & tudi 28 cua cac mau trong Bang 2, Bang 4 va Bang 6 ta thdy téc do phat trién
tai tudi sém tai 1; 3 ngay ciia mo dun dan hoi 1a nhanh nhét, tiép theo 1a cudng d6 chiu ép ché
va cubi cung 1a cuong do nén. Tai 7 ngay mé dun dan hdi van ting nhanh nhét con cudng do
nén va cuong do ép ché ting twong ty nhau. Quy luat nay ding cho ca mau mau chira nano
silic va miu ddi ching va duoc vi du cho mau chira 2% nano silic nhu trén Hinh 6.

Bang 6. M6 dun dan hdi trung binh tai cac ngay tuoi.

(MPa) (%) (MPa) (%) (MPa) (%) (MPa) (%)
DBC-0NS 17648 | 40.3% | 37166 | 84,9% | 39084 | 89,3% | 43753 | 100%
C1-1,2NS 19037 | 41,7% | 40555 | 88,8% | 41703 | 91,3% | 45665 | 100%
C2-2,0NS 19529 | 42,0% | 41691 | 89,6% | 42841 | 92,1% | 46505 | 100%
C3-2,8NS 18837 | 42,2% | 40047 | 89,8% | 40939 | 91,8% | 44607 | 100%
E™ cics 19135 | 42,0% | 40764 | 89,4% | 41828 | 91,7% | 45592 | 100%

Bang 7. Mirc ting mo dun dan hoi so vi mau dbi ching tai cac ngay tudi.

Cf'ip phéi OEi"8/Ei™PC | %
1 ngay 3 ngay 7 ngay 28 ngay
C1-1,2NS 7,9% 9,1% 6,7% 4,4%
C2-2,0NS 10,7% 12,2% 9,6% 6,3%
C3-2,8NS 6,7% 7,8% 4,7% 2,0%
E ™ cics 8,4% 9,7% 7,0% 4.2%
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Hinh 5. M6 dun dan héi theo thoi gian.
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Hinh 6. Tdc do phat trién dic tinh co hoc cua
mau bé téng véi ham lugng nano silic 2%.
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4. KET LUAN

Nano silic cai thién Ion nhét gié tri cudong do nén, cudng do ép ché va mé dun dan hoi cua
bé tng tai tudi 3 ngay, mirc d6 cai thién tiép theo Ia tai 1 ngay va 7 ngay. Tai tudi 28 ngay thi
muc cai thién dic tinh co hoc 1a nhé nhat. Mac do cai thién tot nhat 1a cudong do ép ché roi
dén cuong d6 nén va cudi cing 1a mé dun dan hoi lan luot 1a 22,8%:; 16,5%; 12,2%. Ham
lwong nano silic 2% cho két qua cai thién dic tinh co hoc tét hon tai 1,2% va 2,8%. Ty sd
giita cudng d6 nén, cudong do ép ché va mé dun dan hoi ¢ tudi s6m véi gid tri & tudi muon cua
bé tong chat lugng cao sir dung nano silic thu dugc co két qua cao hon nhiéu so véi bé tong
thuong nhung khong khac biét nhiéu so véi bé téng chat luong cao khdng sir dung nano. Téc
do6 phat trién mé dun dan hoéi 1a nhanh nhét sau d6 dén cuong do ép ché rdi cudi cung 1a
cuong d6 nén khi so sanh cac gia tri ¢ tudi sém voi gia tri sau 28 ngay, két qua nay ciing duoc
tim thay ddi véi ca mau sir dung nano silic va mau d6i ching. Gia tri cuong do ép ché cao tai
tudi sém cho thay kha ning chong nit cua bé tong c6 st dung phu gia nano silic 1a rat tot va
¢6 ¥ nghia thuc té néu dua vao st dung loai bé tong nay.
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