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[ Abstract] To solve the problem of deterioration of concrete performance caused by low temperature in cold regions. Based on the
theory of nanomaterials to improve the properties of concrete, the effect of nano-silica on the properties of concrete was studied from the
macro and micro scales. The results of the compressive strength test show that the compressive strength of ordinary concrete is attenua-
ted by about 10% under low temperature curing. After being mixed with nano silica, the compressive strength of concrete is increased
by about 20% , and the optimal dosage is 2% . The improvement mechanism of nano-silica on concrete properties was explored through
microscopic test data such as mercury intrusion, X-ray diffraction and scanning electron microscopy. The results show that nano-silica
can promote cement hydration at room temperature and low temperature curing, consume calcium hydroxide generated by hydration,
and produce more hydrated calcium silicate and hydrated calcium aluminate gel, thereby reducing the porosity of concrete, optimizing
the microstructure of concrete, and improving the performance of concrete. Compared with the room temperature environment, the im-
provement effect of nano-silica on concrete at low temperature is slightly reduced, but it completely overcomes the adverse effects of low
temperatures on the performance of ordinary concrete.
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Table 1 Physical properties of cement
R/ Wkt 2t
(m?-kg™1) i ]/ min FF 7]/ min
345 178 224 1.2

4N/ %

x2 KEHLZERS

Table 2 Chemical component of cement

W5y J 5 HL %
Ca0 69. 89
Si0, 17.30
Al, 0, 3.14
Fe, 0, 3.76
MgO 2.09
K,0 0.64
Ti0, 0.18

R3 MARTHAENYERSE
Table 3 Physical properties of nano-SiO,
i/ % R/ (m?-g7') HAE/Mm  #E/(grem )

99.9 220 20 0.06

1.2 @&k
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Table 4 Mix proportions of concrete samples

. L/ (kg-m )

A G5 KK L - "

PR e K Ak Lk WA Ak R A
OPC * /OPC 0.4 440.0 0.0 4.4 678.0 1106.0

NSI * /NS1 0.4 435.6 4.4 4.4 678.0 1106.0

NS2 * /NS2 0.4 431.2 8.8 4.4 678.0 1106.0

NS3 * /NS3 0.4 426.8 13.2 4.4 678.0 1106.0

RS S, OPC RS %18 kE ;NST NS2 Al NS3 23551l Fe7m FH 40>k — AL REBUC K 8 i 1% 2% F1 3% BYAN KMot iR ; 4
FORIRHIELEMLIR 5 C T IRYMR, AN * Fa i R R TR P E SR R,
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T, PERIREE L IRAY . WK ATK i
F£ 10 min FRIFESVE W 9Kk ZEALREBIAB WL,
FHB S I HAC FE 30 min FRAFH IR (E 1) 48
RIF AR A ICE A I 0 FEAIL P © 4 LU B E 1 4 1)
KU FF R ARS8 AL FEL min, 3K
RRBETHEEY (B 2), HWR, BH A, 16
100 mm x 100 mm x 100 mm A4 o 2 IR 5E 1 F
AW, HIBGRFE T P05 BRI 7 50 mm x 60
mm’ FHEAR FR B 4. 75 em 08 i SR ORHAOTR
BEEFEE , HBGRFE T HOR Al il 5 78
40 mm x40 mm x 160 mm AP BEHUK IR FE 0. 4
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Fig. 1  Ultrasonic dispersion meter and dispersed suspension
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Fig. 2 Mixture stirring equipment
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Fig. 3 Low temperature curing box
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Fig. 4 The compressive strengths of concrete

samples at different curing ages

~
=3

[ e opC* e OPC 0.999
65| A NSI* A NSl 0,988 0599
mONS2F m NS2 $0.983 0.995
L O0F e NSz e Ns3 20956
S 5 0933 0200
:
% 50} §93
45 :
e 408
N
35p 0.8%6
3 7 1 28
EI/d
K5 AS[EFRD I DR R 1 B o B X L

Fig.5 Comparison of compressive strength of

concrete samples with different curing ages
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Fig. 6 Pore size distribution of the cement mortar samples
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Fig. 7 Cumulative pore volume distribution
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Fig. 8 Porosity of the cement mortar samples
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Fig. 9 XRD spectra of the cement paste specimens
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