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Abstract. By testing the resistance to chloride ion penetration and dry shrinkage
performance combined with microscopic analysis, the effects of different ma-
chine-made sand mud powder content, silica fume and nano-SiO2 content on the
long-term performance of machine-made sand high-performance concrete were
studied. The results show that the chloride ion penetration resistance of concrete
increases with the increase of stone powder content and mineral admixture con-
tent, and decreases with the increase of mud powder content. Stone powder and
mineral admixture can reduce the electric flux of concrete by 26.5 % and 50.1 %
respectively. Similarly, silica fume and nano-SiOz can effectively reduce the dry-
ing shrinkage of concrete, while stone powder and mud powder will increase the
drying shrinkage of concrete. From the microscopic analysis, it can be seen that
stone powder can reduce the porosity of concrete and improve the compactness,
while mud powder will increase the porosity of concrete. Silica fume and nano-
SiO2 can promote hydration to produce more products to effectively fill the in-
ternal structure and reduce the porosity of concrete, thus affecting the long-term
performance of concrete to varying degrees.

Keywords: manufacture sand; high performance concrete; mudstone powder;
silica fume; nano-SiOz; long-term performance; micro-analysis.

1 Introduction

In recent years, with the rapid increase in the demand for sand and gravel aggregates,
natural river sand resources have been in short supply [1]. Compared with natural sand,
mechanism sand has characteristics such as easy availability of raw materials, and has
been proven to be a large-scale alternative to natural sand for concrete preparation [2-
3]. The production of mechanism sand will be accompanied by the generation of a large
number of mud and stone powder particles, and adversely affect the performance of
concrete [4-10], which also puts forward a technical challenge to the high strength and
high performance of mechanism sand concrete. Existing studies have shown that the
various properties of concrete decrease with the increase of MB value of mechanism
sand, and the higher the strength grade of concrete is affected more [11, 12]. Concrete
workability does not change significantly with increasing stone dust content, while me-
chanical strength and durability show a trend of decreasing and then increasing [13].
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The concrete workability decreased and compressive strength and electrical flux in-
creased with increasing stone dust content [14, 15]. Therefore, the preparation of con-
crete from mechanism sand containing mud and stone dust will have different degrees
of impact, in order to prepare high performance concrete from mechanism sand existing
studies consider the addition of various active mineral admixtures and nanomaterials
[16-18]. Some studies have shown that compounding a variety of mineral admixtures
within a certain admixture range is beneficial to improve the mechanical properties of
concrete and reduce drying shrinkage [16]. Xiong et al. [19] experimentally concluded
that the addition of silica fume to high-performance concrete can improve the resistance
of concrete to chloride ion penetration. Zhou et al. [18] showed that nano-silica can
effectively improve the mechanical strength and volume stability of mechanism sand
concrete. In summary, the composition design of high-strength mechanized sand con-
crete and its long-term performance still need to be studied in depth.

In this paper, the effects of mudstone powder content in mechanism sand and high-
performance mineral admixture on the chlorine ion penetration resistance and drying
shrinkage performance of C80 mechanism sand high-performance concrete were inves-
tigated, and combined with thermogravimetric and pore structure analyses to explore
the role of mudstone powder and admixture on the long-term performance of this type
of concrete mechanism sand high-performance concrete.

2 Materials and Test Methods

2.1 Materials

The silicate cement used in the test is Huaxin P-052.5; the slag powder is S95 grade
blast furnace slag; the color of silica fume is light grey and the content of SiO2 is more
than 93%; the nano-silica adopts hydrophilic nano-silica powder with the particle size
range of 10-30nm; the stone powder adopts limestone powder; the kaolin clay is used
as the mud powder; and the polycarboxylic acid high-efficiency water reducer is used
as the water reducer with the water reducer rate of 25%. The fine aggregate was made
of II area mechanism sand with fineness modulus of 2.6~3.0, and continuous graded
gravel within the range of 5~20mm particle size was used as coarse aggregate. Table 1
shows the high-performance concrete mix ratio of C80 mechanism sand with different
admixtures.

Table 1. Test mix ratio (kg/m?)

kaolin Mechanized Coarse Aggre- Water Re-
No. Cement Slag Silica Fume Nano S0, stone powder Water
clay Sand gate ducer

SPOMPO 425.0 82.8 442 0 0 0 659.9

SP6MPO 425.0 82.8 442 0 39.6 0 620.3

SPOMPO 425.0 82.8 442 0 59.4 0 600.5 1095.7 1472 9.8

SPOMPI15 425.0 82.8 442 0 50.5 89 600.5

SPOMP60 425.0 82.8 8 0 238 35.6 600.5
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SFONSO 469.2 82.8 0 0 0 0 659.9

SF4NSO 447.1 82.8 221 0 0 0 659.9

SFSNSO 425.0 82.8 442 0 0 0 659.9

SFSNS1 419.5 82.8 442 55 0 0 659.9

SFSNS2 414.0 82.8 442 110 0 0 659.9

Note: SP stands for stone powder, MP stands for mud powder, SF stands for silica fume, NS stands for nano-SiOs, the first digit stands for stone powder or silica fume mixing amount, the second digit stands for

mud powder equal mass replacement of stone powder substitution rate or nano-SiO; mixing amount

2.2 Test Methods

Mechanical properties test was conducted according to the Standard Test Methods for
Physical and Mechanical Properties of Ordinary Concrete (GB/T50081-2019), the
long-term performance test was conducted with reference to the standard Test Methods
for Long-term and Durability Properties of Ordinary Concrete (GB/T50082-2009), and
the test of resistance to chlorine penetration was conducted by the electric flux method.
The thermogravimetric analysis (DTG) and pore structure analysis (MIP) were deter-
mined by thermal analyzer and fully automatic mercuric pressure meter, respectively.

3 Test results and discussion

3.1 Mechanical property

Figure 1 demonstrates the effect of different mud and stone powder contents on the
compressive strength of C80 mechanism sand high-performance concrete. As can be
seen from the figure, the cubic compressive strength of mechanism sand high-perfor-
mance concrete at 7d and 28d both increased and then decreased with the increase of
stone powder mixing, and showed a gradual decrease with the increase of mud powder
content. The compressive strength of the mechanism sand high-performance concrete
cube with 6% stone dust content increased by 8.21% and 10.70% at 7d and 28d, respec-
tively, compared with that of the concrete cube with 0 stone dust content, and the com-
pressive strength of the mechanism sand high-performance concrete cube with 9%
stone dust content decreased by 6.57% and 7.13% at 7d and 28d, respectively, com-
pared with that of the concrete cube with 6% stone dust content. 7.13%. 7d, mud pow-
der substitution rate of 15% and 60% of the concrete cubic compressive strength than
mud powder content of 0 concrete cubic compressive strength reduced by 3.52% and
9.58%. 28d, mud powder substitution rate of 15% and 60% of the concrete cubic com-
pressive strength than mud powder content of 0 concrete cubic compressive strength
reduced by 2.94% and 8.83%. The Figure 2 demonstrates the effect of single admixture
of silica fume and compound admixture of silica fume and nano-silica on the compres-
sive strength of mechanism sand concrete. The cubic compressive strength of concrete
at both 7d and 28d increased gradually with the increase in silica fume admixture, but
its growth rate gradually became slower. With the increase of nano-silica dosage first



298 Y. Hu

increased and then decreased, the dosage of 1.0% of the concrete 7d and 28d cubic

compressive strength reached the maximum value.
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Fig. 1. Effect of mud and stone powder content on compressive strength of
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Fig. 2. Effect of mineral admixture on compressive strength of concrete

3.2  Chloride permeation resistance

Figure 3 shows the effect of stone mud powder content on the resistance of mechanism
sand concrete to chloride ion penetration. When the content of stone mud powder is
0%, the electrical flux of concrete of SPONSO at 56d is lower than 1000C, which meets
the design criterion of 100 years. Compared to SPONSO, the electric flux of SPEMPO
decreased by 18.1% and 20.1% at 28d and 56d, respectively, and the electric flux of
SPIMPO decreased by 23.6% and 26.5% at 28d and 56d, respectively. It is shown that
when mechanism sand concrete contains a certain content of stone powder, it can im-
prove its resistance to chloride ion penetration, and it improves with the increase of
stone powder content within a certain range. Compared to SPO9MPO, the fluxes of
SPIOMP15 increased by 21.95% and 26.27% at 28d and 56d, respectively, and those of
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SPOMP60 increased by 41.55% and 51.27% at 28d and 56d, respectively, indicating
that mud powder has a deteriorating effect on the chloride ion permeation resistance of
the concrete, and decreases with the increase of the content of mud powder within a
certain range. Figure 4 demonstrates the effect of mineral admixtures on the chloride
ion permeation resistance of mechanism sand concrete. When the content of silica fume
and nano-silica is 0%, the electric flux at 56 d is lower than 1000 C. Compared with
SFONSO, SFANSO shows a decrease of 10.2% and 10.6% at 28 d and 56 d, respectively,
and SFENSO shows a decrease of 12.7% and 18.1% at 28 d and 56 d, respectively, so
there is a deterioration of the chloride ion permeation resistance of concrete in a certain
range. chloride ion permeability improves with increasing silica fume admixture. Com-
pared with SF8NSO, the electric flux of SFENS1 decreased by 48.8% and 49.1% at 28d
and 56d, respectively, and that of SFENS2 decreased by 49.4% and 50.1% at 28d and
56d, respectively, which can be proved that the anti-chlorine permeability of the mech-
anism sand is better than that of the single silica fume doping with silica fume and the
anti-chlorine permeability of the mechanism sand is better than that of the single silica
fume doping with silica fume and the anti-chlorine permeation performance of the
mechanism sand is better than the mechanism sand with silica fume doping with silica
fume doping with silica fume doping with silica fume doping with nanometer. silica
doping increases, but when the nano-silica doping exceeds 1%, the enhancement effect
is not significant.
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Fig. 3. Effect of mudstone powder content on the electrical flux of concrete
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Fig. 4. Effect of mineral admixtures on the electrical flux of concrete
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3.3  Drying Shrinkage Properties

Figure 5 shows the drying shrinkage change rule of mechanism sand high-performance
concrete with age under different mudstone powder content. Figure 5 shows that the
drying shrinkage of mechanism sand high-performance concrete under different silt and
stone powder content increases with the increase of age, and its drying shrinkage mainly
occurs before 28d, the concrete drying shrinkage growth rate is faster before 28d, and
the drying shrinkage growth rate gradually slows down after 28d. The dry shrinkage of
concrete under the same age increases with the increase of mud and stone powder con-
tent. SP6MPO and SPOMPO dry shrinkage than SPOMPO dry shrinkage increased by a
maximum of 29.17% and 48.33%. SPO9MPI15 and SPOMP60 dry shrinkage than
SPIMPO dry shrinkage can be increased by a maximum of 19.66% and 36.52% respec-
tively.
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Fig. 5. Effect of mud and stone powder content on drying and shrinking properties of
concrete

600 |

2

£ 50

2400 ‘//

)

S300f —=— SFONSO

E —o— SFANSO

“ 200 | —a— SF8NSO

—v— SF8NSI1

100 ¥ SF8NS2

0 10 20 30 40 50 60 70 80 90 100
Age (d)

Fig. 6. Effect of mineral admixtures on the drying and shrinking properties of concrete
Figure 6 shows the drying shrinkage rule of mechanism sand high-performance con-

crete with age under different mineral admixture mixing amount. For mechanism sand
high-performance concrete mixed with silica fume and nano-silica, different age under
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the law of change and mud and stone powder consistent, the same age, mixed with silica
fume and nano-silica will make the mechanism sand high-performance concrete dry
shrinkage rate is reduced, but mixed with 2.0% of the nano-silica when the mechanism
sand high-performance concrete dry shrinkage rate is not significantly reduced com-
pared to the amount of mixing for 1%. SFANSO and SFENS0 SF4ANSO and SFENSO dry
shrinkage rate than SFONSO dry shrinkage rate of the maximum reduction of 10.29%
and 31.43%, SF8NS1 and SF8NS2 dry shrinkage rate than SFSNSO dry shrinkage rate
of the maximum reduction of 15.56% and 16.89%, SF8NS2 dry shrinkage rate than
SFONSO dry shrinkage rate in the 3d, 7d, 14d, 28d, 60d and 90d, respectively, reduced
42.29%, 35.89%, 27.19%, 25.84%, 29.13% and 30.43% respectively.

3.4  Thermogravimetric analysis

Figure 7 shows the DTG curves of the specimens with 0% stone powder doping and
0% mud powder substitution, 9% stone powder doping and 0% mud powder substitu-
tion, and 9% stone powder doping and 60% mud powder substitution, respectively,
after the age of 28d maintenance. All groups showed three heat absorption peaks around
90°C, 420°C and 660°C. The first heat absorption peak was mainly caused by the vo-
latilization of free water in the system by heat C-(A)-S-H gel removing water molecules
and the decomposition of calomel AFt caused by the second was due to the decompo-
sition of calcium hydroxide by heat, and the last was due to the decomposition of cal-
cite. With the addition of stone powder, the heat absorption peak of the gel was signif-
icantly enhanced, but after adding a certain proportion of mud powder to replace stone
powder, the heat absorption peak of the gel slightly decreased again, which further ver-
ified that mud powder was not favorable to the development of high-performance con-
crete with mechanism sand. Figure 8 shows the DTG curves of the baseline group and
the specimens with 8% silica fume admixture and 2% nano-silica admixture, respec-
tively, after 28d curing. After the addition of silica fume and nano-silica, the specimens
showed weight loss peaks near 420°C and 620°C, which corresponded to the heat-ab-
sorbing decomposition of Ca(OH), and CaCOs, respectively, and a certain degree of
reduction of the weight loss peak of Ca(OH), after the addition of admixtures, indicat-
ing that the secondary hydration reaction promotes the generation of hydration prod-
ucts, which in turn is conducive to the enhancement of the degree of matrix densifica-
tion.
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3.5

The pore structure of each group of specimens was determined by mercuric pressure
method, and the pore structure parameters of each group of specimens after 28 days of
curing are shown in Table 2. The porosity of mechanism sand high-performance con-
crete with 0% mud and stone powder substitution was 10.68% after 28d of curing, and
the porosity was 9.67% with 9% stone powder substitution, indicating that due to the
stone powder particles played the role of filling the pores. When the mud powder sub-
stitution rate was 60%, the porosity increased to 12.51%, indicating that the mud pow-
der increased the internal structural pores of the concrete, and therefore there was a
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certain deterioration of the concrete properties.
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Table 2. Pore structure parameters of each group of specimens after 28d of curing

NO. Porosity Average pore size ~ Maximum pore size Median pore size
(%) (nm) (nm) (nm)
SPOMPO 10.68 16.46 21.92 8.04
SPO9MPO 9.67 14.36 15.32 7.13
SPOMP60 12.51 15.55 20.19 7.40
SFONSO 23.98 23.56 30.84 18.78
SF8NS2 9.79 22.77 84.28 9.06

From Table 2, Figure 9 and Figure 10 it can be seen that the porosity of SFONSO is
23.98% and SF8NS2 is 9.79%, the porosity is reduced by 59.17%, which indicates that
the addition of silica fume and nano-silica makes the structure of high-performance
concrete with machine-made sand denser and fills up the internal structure of the ma-
terial, so that there is a better performance with the incorporation of the mineral admix-
tures. Due to the small size of nano-silica particles, the incorporation resulted in a de-
crease in the mean pore size and median pore size by 0.79 nm and 9.72 nm, respectively.
Silica fume, as a mineral additive, reacts to generate more hydration products thereby

altering the internal microstructure, which in turn affects the long-term performance.
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4 Conclusions

Based on the test results, the following conclusions were mainly obtained:

(1) Both stone powder and mineral admixture have an enhancing effect on the anti-
chlorine ion permeation performance of concrete within a certain range, while mud
powder is unfavorable to the anti-chlorine ion permeation performance. When the con-
tent of stone powder is 9%, the maximum reduction of electric flux is 26.5% compared
with the content of 0, and the maximum reduction of electric flux is 50.1% compared
with the group without any admixture when double mixing silica fume and nano-silica.

(2) Mud and stone powder are not conducive to the dry shrinkage performance of
concrete, when the content of stone powder is 9% compared to the content of 0 when
the dry shrinkage rate increased by 48.33%, mud powder substitution rate of 60% when
the dry shrinkage rate increased by 36.52%; silica fume and nano-silica can effectively
reduce the drying shrinkage, nano-mixed with 1% of the time to make the concrete dry
shrinkage performance to reach the optimum.

(3) A small amount of stone powder can reduce the porosity of concrete to make the
concrete system denser, while the addition of mud powder increases the porosity of
concrete, which in turn affects the dry shrinkage performance. The incorporation of
mineral admixtures facilitates the generation of hydration products and effectively fills
the internal structure of concrete, and the silica fume admixture of 8% and nano-silica
admixture of 2% can reduce the porosity by 59.17%, thus improving the long-term per-
formance of concrete.
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