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Abstract: In this study, the dry—wet cycle test of chloride
salt was carried out on aeolian sand concrete with dif-
ferent contents, and the chloride ion content in aeolian
sand concrete was determined by taking powder from
different depths on one side of the test block. And then
combined with Monte Carlo stochastic statistical simula-
tion and Weibull probability distribution function, the
service life prediction model of aeolian sand concrete
against chloride ion erosion is established. The results
show that the free chloride ion content in aeolian sand
concrete decreases with the increase in the depth from
the surface of the specimen. At the same depth from the
surface of the specimen, the free chloride ion content
gradually increases with the increase in the number of
dry—wet cycles. Through the analysis of life prediction, it
is concluded that with the increase in aeolian sand con-
tent, the service life of aeolian sand concrete increases
first and then decreases. The service life value of concrete
with 75% aeolian sand content is the largest, and the
greater the thickness of the protective layer, the more
favorable the service life value.

Keywords: aeolian sand concrete, chlorine salt dry-wet
cycles, durability, chloride ions erosion, service life prediction

1 Introduction

Concrete is a widely used artificial stone, and as its con-
sumption increases year by year, the lack of concrete raw
material resources is gradually highlighted [1,2]. Regarding nat-
ural resources, China began to strengthen the environmental
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under dry—wet cycles

protection. Northern and northwestern China have abundant
desert resources, and aeolian sand often erodes roads and
fertile farmland there, which seriously damages the natural
environment and causes major economic losses [3,4]. Today,
it is advocated that “lucid waters and lush mountains are
invaluable assets.” If the aeolian sand resources can be ration-
ally utilized, it cannot only curb land desertification and protect
the natural environment, but also reduce the collection and
transportation costs of engineering sand [5].

Due to the particle characteristics of aeolian sand,
different content of aeolian sand can change the func-
tional properties of concrete. Several scholars [6-9] stu-
died the engineering characteristics of aeolian sand and
aeolian sand concrete. Yan et al. [10] provided an opti-
mization design method for desert sand concrete mixture
ratio based on a statistical model. Dong et al. [11] studied
the freeze-thaw cycle of aeolian sand lightweight aggre-
gate concrete and found that the optimal replacement
rate of aeolian sand is 20%. Al-Harthy et al. [12] has
shown that aeolian sand as a fine aggregate can change
the workability of concrete. With the increase in aeolian
sand content, the slump of concrete increases. Through
the study of aeolian sand concrete, Abu Seif et al. [13]
found that aeolian sand concrete can be used for normal
reinforcement work, with no vibration and effect of no
vibration and heavy vibration. Wu et al. [14] studied the
carbonation performance of aeolian sand concrete and
established a carbonation life prediction model. The research
shows that aeolian sand can improve the carbonation resis-
tance of concrete, and the increase is most obvious when the
content is 60%. Besides, Luo et al. [15] found that when the
sand—cement mass ratio is greater than 1.41, the workability
of aeolian sand concrete is not significantly different from
that of ordinary concrete. Although there are many studies
on aeolian sand concrete, the application research on aeolian
sand concrete mainly focuses on its macroscopic working
performance, mechanical properties, and damage perfor-
mance under freeze-thaw conditions, while there are few
studies on chloride salt erosion, which is now more valued.

The destruction of chlorine and salt erosion on the
concrete structure is increasingly valued by experts and
scholars, especially the concrete structure in the dry—wet
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alternation region [16-18]. Salt lakes, coastal cities, and
urban roads and bridges that are eroded with ice and salt
are often rusted by various erosive ions, thus resulting in
concrete structure service failure. Many researchers have
explored the transmission mechanism of chloride ions in
cement-based materials and used this to predict the ser-
vice life of cement-based materials in chlorine and salt
erosion, thereby achieving many research results. Liu
et al. [19] proposed that the diffusion of chloride ions in
concrete can be described by Fick’s law of diffusion when
the concrete is an isotropic homogeneous material and
the chloride ions that penetrate the concrete do not react
with the hydration products under ideal conditions. Mangat
and Molloy [20] studied the influence of aging on the con-
crete Cl-diffusion coefficient and established a modified
model when the chloride diffusion coefficient is in the
form of a power function. Many scholars [21-23] have con-
sidered the influence of various factors such as the concrete
surface environment on the binding chloride ion and
chloride ion diffusion coefficient and obtained the service
life prediction model of the concrete structure. Yu et al.
[24] derived a modified model of concrete chloride ion
diffusion theory considering the action of various factors
based on Fick’s second law and gave analytical solutions
for the one-, two-, and three-dimensional cases. Kang et al.
[25] studied the chloride ion transport properties in fiber-
recycled concrete under the action of dry—wet cycles. Their
results showed that the free chloride ion content first
increases, then decreases with the increase in sampling
depth after the action of dry-wet cycles, and the incor-
poration of fiber can improve the chloride ion erosion
resistance of concrete. An et al. [26] established a predic-
tion model for the service life of concrete structures against
chloride ion erosion damage by combining Monte Carlo
random simulation with Weibull distribution function
through the durability of reactive powder concrete under
seawater freeze-thaw action. In summary, the transport
and life prediction model of concrete chloride ions under
the action of dry—wet cycles have obtained certain research
results, yet the current life prediction model parameters
are not highly diversified, and there has been less research
on the life prediction of aeolian sand concrete. Based on
this, this study investigates the variation law of chloride ion
content in concrete under the action of dry—wet cycles of

Table 1: Basic physical properties of fly ash
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chloride salts, with different aeolian sand admixtures and at
different depths, and predicts the service life of aeolian sand
concrete under the action of chloride ion erosion.

2 Experimental program

2.1 Materials and methods

P-O 42.5 Portland cement produced by Inner Mongolia
Mengxi Cement Co. Ltd was used in this study. Fly ash
was selected from grade II fly ash of the Daqi power plant
in Inner Mongolia. The basic physical properties of fly ash
are shown in Table 1. Common river sand and aeolian
sand as fine aggregate were used to prepare the aeolian
sand concrete. Common river sand was taken from sand
factories near Baotou City. Aeolian sand was taken from
the middle of the Ordos Desert in Inner Mongolia, and the
main particle size was 0.075-0.25 mm. The main physical
properties of the fine aggregates are shown in Table 2.
The particle size distribution curve is shown in Figure 1.
The coarse aggregate was 5-25 mm continuously graded
common gravel. The apparent density was 2,580 kg/m>,
bulk density was 1,610 kg/m3, with a mud content of
2.5%, crushing index of 3.9%, and water content of
0.2%. The water was ordinary tap water from Baotou
City. The additive was a polycarboxylic acid composite
high-efficiency water-reducing and air-entraining agent
with a 23% water reduction rate.

2.2 Experimental matching ratio and
method

The concrete mix ratio design adopted in this test refers
to the “Ordinary concrete mix ratio design procedure”
(JGJ55-2011) [27]. Aggregate specifications were selected
according to the “standard for sand and stone quality and
inspection methods for ordinary concrete” (JGJ52-2006)
[28]. The strength grade of the C30 ordinary concrete
matching ratio was used as the reference group, and
10% fly ash was added to replace cement to ensure that

45 pm fineness (%)  Water requirement (%)

Loss on ignition (%)

Moisture content (%) Density (kg/m®)  Bead content (%)

18 100 6.5

1.0 2,435 94.0
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Table 2: Main physical performance indexes of fine aggregate
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Type Apparent density Bulk density Mud Moisture Fineness Chloride ion
(kg/m3) (kg/m3) content (%) content (%) modulus content (%)
River sand 2,610 1,550 0.9 2.0 2.6 0.25
Aeolian sand 2,660 1,570 0.3 0.2 0.8 0.02
100 was carried out. The test adopts a cycle of 4 days (dry—wet
—_ Acolian sand ratio of 1:3), and a dry—wet cycle test for a period of 100
S0t —e— Natural sand d 1 . .
5 ays. The chloride ion concentration was measured using
= a 100 mm x 100 mm x 100 mm cube. When the concrete
260 . .
o specimen was cured for 26 days, the specimen was
@ 20l removed, the moisture on the surface of the specimen
o
g was wiped off, and then it was placed in a drying oven at
Z 20} (80 + 5)°C for 2 days. Next it was placed in a 3.5% NaCl
S (mass concentration) solution for 3 days, then it was
OF T . removed, its surface was wiped, and it was placed in a
0.150.30.61.18 2.36 4.75

Particle size/(mm)

Figure 1: Aeolian sand and river sand particle size distribution.

the slump was >120 mm. The admixture was 1% of cemen-
titious material, the sand rate was 0.42, and the water-
cement ratio was 0.55. The aeolian sand was prepared by
replacing the ordinary river sand of equal quality with
aeolian sand of mass ratios of 0, 25, 50, 75, and 100%,
as shown in Table 3.

The preparation of concrete is based on the “Ordinary
concrete mixture performance test method standard”
(GB/T50080-2016) [29]. A forced mixer was used to mix
the aeolian sand concrete, then the concrete mixture was
injected into the test mold, and covered with plastic wrap
to prevent the moisture of the test mold concrete from
evaporating. The mixture was then cured for 28 days in
a standard curing room with (20 + 2)°C and humidity
above 95%. According to the relevant norms and stan-
dards [30], the artificial simulated dry—wet cycles test

Table 3: Mixture ratio of aeolian sand concrete (kg/m>)

drying box to dry for 1 day, which is counted as a
dry-wet cycle. When the dry-wet cycle was 0, 5, 10, 15,
20, and 25 times, drill holes were made on one side of
the test block to collect powder, and the drilling depths
were (0-5), (5-10), (10-15), (15-20), and (20-25) mm, the
experiment refers to “Technical Specifications for Testing
and Testing of Concrete in Water Transport Engineering”
(JTST 236-2019) [31] to measure the chloride ion concen-
tration in concrete powder and record the relevant data.

3 Experimental results

3.1 Influence of dry-wet cycles times on free
chloride ion content

Figure 2 shows the regular curves of the change in free
chloride ion content with the amount of aeolian sand at
different depths from the surface of the concrete in the

Group Cement Fly ash River sand Aeolian sand Coarse aggregate Water Admixture
AO 297 33 800 0 1,090 180 3.3
A25 297 33 600 200 1,090 180 3.3
A50 297 33 400 400 1,090 180 3.3
A75 297 33 200 600 1,090 180 3.3
A100 297 33 0 800 1,090 180 3.3

Note: For example, A50 represents the concrete with 50% of aeolian sand.
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Figure 2: Free chloride ion content on different dry—wet cycles. (a) A0, (b) A25, (c) A50, (d) A75, and (e) A100.

concrete under the action of the dry—wet cycles. It can be
seen from Figure 2 that, with the increase in the number
of dry—wet cycles, the content of free chloride ions at the
same depth increases with the number of dry—wet cycles,
and the increase is most obvious between 0-5 mm on the
concrete surface. In order to facilitate the representation,
the intermediate value of each borehole depth is selected
for drawing. In addition, with the increase in depth, the

increase in free chloride ion content showed a downward
trend. During the dry—wet cycles, the concrete specimen
often comes into contact with the salt solution in an
unsaturated state. The solution is adsorbed by the open
pores in the concrete surface through capillary absorp-
tion, and then the chloride ions gradually diffuse into
the concrete through the concentration gradient. When
the surrounding environment is dry, the water in the
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open pores of the concrete gradually evaporates to the
outside, until the internal humidity and the external envir-
onmental humidity reach a balance. However, during the
migration process, due to the viscous resistance of the
concrete pore walls and the inherent “ink bottle-bundle
tube” shape of the concrete pore structure [32], chloride
ions will accumulate on the surface of the concrete. This
will gradually form a salt-supersaturated solution and salt
crystals will be precipitated. The continuous accumulation
and expansion of crystals will first cause damage to the
concrete surface, in turn causing the dry-wet cycles to
have a greater impact on the free chloride ions on the
concrete surface.

3.2 Concrete chloride diffusion coefficient

Aeolian sand concrete is a porous cement-based material,
and the diffusion of chloride ions in it obeys Fick’s second
law, the analytical solution is as follows [19]:

X
, 1
zdﬁ] W

where t represents the diffusion time, s and x represents
the depth from the concrete surface, mm. D represents
the chloride ion diffusion coefficient, mm?/s. C represents
the chloride ion concentration, which is a function based
on x and time ¢, %. C represents the surface chloride ion
concentration, %. C, represents the initial chloride ion
content of the concrete, %. And the erf is the Gaussian
error function.

Based on the measured concentration of chloride
ions in the diffusion zone of concrete at different depths
of the test, the value of chloride ion diffusion coefficient D
for concrete with a different number of wet-dry cycles
can be obtained according to equation (1). Figure 3 shows
the line chart of the variation in chloride diffusion coeffi-
cient for each group of concrete. It can be seen from the
curve trend in Figure 3 that with the continuous dry-wet
cycles of concrete, the chloride ion diffusion coefficients
show a decreasing trend with the increase in dry-wet
cycles. The reason for the above analysis results are as
follows: Aeolian sand bleeds into the concrete, resulting
in the existence of many small internal pores [4].

To study the mechanism of chloride ion on aeolian
sand concrete more completely, the nuclear magnetic
resonance pore structure analysis test of aeolian sand
concrete was carried out [33]. The test showed that the
addition of aeolian sand had a great influence on the
internal pores of the concrete. When the amount of aeo-
lian sand is 25%, the peak points of the T, spectrum curve

Cx,t) =Co+ (Cs — Co)[l - erf
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Figure 3: Spline curve diagram of chloride ion diffusion coefficient.

of the concrete show a significant decrease compared
with the AO benchmark group. And the pore size of
A100 group concrete increases obviously. A small amount
of aeolian sand is incorporated into the concrete, which
has a positive effect on the dense concrete. With the
increase in the amount of aeolian sand, the excess pore
structure inside the concrete begins to increase. In the
dry—wet cycles, in the early stage, the water and chloride
ions intrusion are greater, with the surrounding environ-
ment of dry water gradually evaporating to the outside.
Furthermore, due to the existence of the pore wall on its
“retention” effect, most chloride ions remain in the con-
crete pores. This was obtained by the electron microscope
test of aeolian sand concrete in the study by Iv [3]. Aeolian
sand and cement stone are closely wrapped in one. There
are a large number of network C-S—H gels and the pre-
cipitated needle-like AFt crystals are filled between the
pores. The two are closely intertwined to build a stable
overall structure. As the dry—wet cycles proceed, the
internal water continues to evaporate, and the excess
salt solution forms a salt-saturated solution, which pre-
cipitates excess salt crystals, and is stored in the pores to
block the pores and chloride ion transport channels,
which in turn leads to a rapid decrease in the D value
of A0 and A75 group concrete in the early stage of the
dry—wet cycles. The concrete of the A25 and A50 groups
with a small amount of aeolian sand admixture showed
a relatively slow decreasing trend in the early stage due
to fewer internal pores [4] and less water and chloride
ions absorbed in the early stage, while due to the con-
tinuous dry—-wet cycles, the chloride salt solution con-
tinuously invaded the concrete interior, and the gradual
accumulation of salt crystals led to a rapidly decreasing
trend of D value in the middle stage.

When describing chloride ion diffusion by Fick’s
second law, diffusion is a more steady-state diffusion
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process. However, from the curves shown in Figure 3, it
is clear that the D value is a temporal function, and the
D value shows an exponential relationship with time.
The research model is shown in equation (2) as follows
[20,34]:

D = Do(t?")m, )

where Dy is the chloride diffusion coefficient at time ¢,
and D; is the chloride diffusion coefficient at time t. m
represents the time dependence constant.

The time dependence coefficient m of the D value is
obtained by substituting the D value of each group in
formula (2), as shown in Table 4.

3.3 Service life prediction of aeolian sand
concrete damaged by chloride ion
erosion

The chloride ion permeability performance is a key index
for evaluating the durability of concrete structures in
the marine environment. According to the specification
“Concrete Structure Durability Design and Construction
Guide,” when the thickness of the protective layer of a
concrete structure is more than 95% or equal to the
minimum thickness of the protective layer, then the
allowable deviation of the concrete protective layer is
taken to be +10 mm, and its parameters obey the normal
distribution N[X,(AX/1.645)%]. Using equation (1) as the
basis for life prediction of marine concrete, when the
chloride ion concentration on the surface of the reinfor-
cement inside the aeolian sand concrete reaches the

Table 4: Time dependence coefficient m of different contents of
aeolian sand concrete

Aeolian sand content (%) O 25 50 75 100

m 0.77 0.62 0.73 0.98 0.64

DE GRUYTER

critical chloride ion content C., for reinforcement corro-
sion, the concrete structure is considered to be damaged,
then equation (1) can be rewritten as follows [39]:

= - RV 3)
4D[erf*1(1 - C—C:)]

To determine the value of service life ¢ of concrete
under the action of different protective layer thicknesses
X, it is necessary to determine the values of each para-
meter (D, Cs, Cop, and C,,) in the equation. According to
the previous studies [35-37], C., is taken to be 0.4% and
obeys a normal distribution of N[0.4%, (0.04%)?]; according
to the literature [38] and equation (2), taking the coefficient
of variation of chloride ion diffusion coefficient as 5.31%, the
distribution of chloride ion diffusion coefficient for different
admixtures of aeolian sand concrete can be obtained, as
shown in Table 5. According to the literature [39], C; was
taken as 3.5% with a standard deviation of 0.8%, obeying a
normal distribution N[3.5%, (0.8%)?].

During the concrete construction and service pro-
cess, the material surface chloride ion content changes,
non-homogeneous material concrete diffusion coefficient
of chloride ions at various places also exhibit differences
in the construction and placement process of water, and
the material chloride ion content control is not the same,
thus the molding concrete protective layer thickness
cannot be very accurate. The presence of errors in each
factor leads to the parameters in the service life predic-
tion model for concrete structures being random vari-
ables, in turn requiring a probabilistic statistical analysis
of each parameter. The random parameters generated by
the simulated random variables are added to equation (3)
to determine their lifetime values, while the lifetime
values are later analyzed to determine their distribution
characteristics and other characteristic quantities.

The protective layer in concrete can avoid the rein-
forcement from being exposed directly, thereby effec-
tively protecting the reinforced concrete from rust
damage. According to the “Concrete Structure Durability
Design and Construction Guide,” the minimum concrete

Table 5: Distribution of chloride ion diffusion coefficient of concrete with various aeolian sand contents

Group Mean (mm?a™?) Variance (mma~2) Coefficient of variation (%) Normal distribution
A0 30.39 2.605 5.31 N[30.39, 2.605]
A25 36.51 3.758 5.31 N[36.51, 3.758]
A50 27.53 2.137 5.31 N[27.53, 2.137]
A75 17.43 0.857 5.31 N[17.43, 0.857]
A100 46.97 6.220 5.31 N[46.97, 6.220]
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Table 6: Distribution characteristics of each parameter
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Parameter Group Mean (mm2 a’i) Variance (mm a’z) Coefficient of variation (%) Normal distribution
D (mm?a™) A0 30.39 2.605 5.31 N[30.39, 2.604]
A25 36.51 3.758 5.31 N[36.51, 3.758]
A50 27.53 2.137 5.31 N[27.53, 2.137]
A75 17.43 0.857 5.31 N[17.43, 0.857]
A100 46.97 6.220 5.31 N[46.97, 6.221]
Cer (%) 0.4 0.0016 10 N[0.4, 0.0016]
Cs (%) 3.5 0.64 22.86 N[3.5, 0.64]
X (mm) 30 30 36 20 N[30, 36]
40 40 36 15 N[40, 36]
cover thicknesses of 30 and 40 mm of walls and beams are F(t)=1- exp[—( t ) B], )
selected for the life prediction calculation. The distribution a
characteristics of the various parameters are shown in
Table 6. E(t) = ay[l + %], (6)

The Monte Carlo statistical simulation analysis
method is introduced in the systematic analysis of the
test data, where the frequency of events is used instead
of the probability of events, and the random numbers of
various parameters required for the life prediction model
are generated by several thousands of Monte Carlo simula-
tions. Then, the parameters are added to equation (3) to
obtain the service life prediction values of concrete struc-
tures. The classical two-parameter Weibull distribution
was obtained by fitting the Weibull distribution to the
service life values generated above, and the Weibull dis-
tribution probability density function f(t), cumulative dis-
tribution function F(t), and its expectation E(t) are as
follows [39]:

f(t):g-(é)ﬁl-exp[—(é)ﬂ], 20, (&)

0 A75-30mm
R?>=0.918

'
—_
T

Ielg[1-F(O)] !

Y=

3k

4}

0.0 04 0.8 1.2 1.6 2.0
X=lgt

(a)

where a is the scale parameter, and S is the shape para-
meter (a, B are greater than 0). The identity transforma-
tion of equation (5) can be obtained as follows:

ab
=B lgt- lg— @)

lgand Ig[1 - F(¢)]! I
g e

Using y = 1glg[1 — F(t)]™! as the vertical coordinate on
the left side of the equation, the right side x = Ig t of the
equation is the horizontal coordinate, which is constant.
Then, equation (7) is transformed as follows:

y=pBx+b. (8)

The Weibull distribution can be represented by trans-
forming it into a linear distribution.

To determine whether the concrete life values comply
with the Weibull distribution, the data generated by the

A75-40mm
R?=0.929

4t
0.4 0.8 1.2 1.6 2.0
X=lgt
(b)

Figure 4: Weibull distribution fitting of 75% concrete with aeolian sand. (a) Protective layer thickness 30 mm. (b) Protective layer thick-

ness 40 mm.
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Table 7: Average lifetime value of each group of aeolian sand con-
crete under different protective layer thicknesses

Thickness of the Group « B Average life

protective layer span a/min

30 mm A0 9.68 1.43 8.8/5.6 x 107
A25 751 193 6.7/4.2 x 107
A50 10.41 1.83 9.3/5.9 x 107
A75 15.53 2.08 13.8/8.7 x 107
A100 6.15  1.43 5.6/3.5 x 107

40 mm A0 17.46 231 15.5/9.8 x 107
A25 12.8 237 11.34/7.2 x 107
A50 19.47 2.5  17.3/11x 107
A75 26.28 3.08 23.5/14.8 x 107
A100 1152 1.67 10.3/6.5 x 107

aeolian sand concrete are linearly fitted. Figure 4 shows
the graph of the Weibull distribution fitted for the aeolian
sand admixture with 75% concrete at the protective layer
thickness of 30 and 40 mm, respectively, with the corre-
lation coefficients R?> of 0.918 and 0.929, respectively.
From the curve situation in the graph and the size of
the correlation coefficient, it can be seen from the curve
situation and the magnitude of the correlation coefficient
in the figure that the service life of the aeolian sand con-
crete better obeys the Weibull distribution.

The values of linear coefficients  and b of each group
of concrete are obtained by fitting. According to the rela-
tionship between b, 8, and a, the proportional parameter
a of each group of concrete can be obtained, and the two
parameters of Weibull distribution are obtained. The two
parameters are shown in Table 7. The Weibull distribu-
tion probability density function and cumulative distri-
bution failure probability function of each group of
aeolian sand concrete can be obtained by substituting

0.06 - 30mm
— — -40mm
2 0.05F
&
A 0.04} /\\
2 / \
E 0.03f / \
<
£ / \
£ 0.02f h ‘\
/ \
/ \
o -// \\\
0 20 40 60 80
Life/a
(a)
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Figure 6: The life value changes with the amount of aeolian sand.

the values of parameters a and § in equations (4) and
(5). Figure 5 shows the distribution probability function
and cumulative distribution failure probability function
of concrete with 75% aeolian sand content. It can be
seen from Figure 5 that as the thickness of the protective
layer increases, the probability density function shifts to
the right as a whole, indicating that the service life of the
concrete tends to increase. According to the cumulative
distribution failure probability function of concrete under
different thicknesses, the service life values of each
group of concrete under specific failure probability can
be obtained.

By calculating the expected value of the probability
density function in equation (6), the two-parameter values
are added to obtain the average service life values for each
group of concrete, as shown in Table 7. From the service
life values of each group of concrete in the table, it can be
seen that the admixture of aeolian sand bears a significant
effect on the concrete life. In the case where concrete pro-
tection layer thickness is certain, the service life of A75

LoF
2
< o8}
£
[=}
a
E 0.6 30mm
8 S - -+ - 40mm
B o04f ‘
=
O
E
A 02F

0 20 40 60 80

Life/a
(®)

Figure 5: Weibull distribution function diagram of A75. (a) Probability density plot. (b) Cumulative distribution failure probability plot.
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(concrete with 75% of aeolian sand) is the greatest, and the
service life reaches the minimum value at A100 (100% of
the aeolian sand).

To better visualize the effect of the amount of sand on
the life of concrete at a certain thickness of the protective
layer, a sample plot of the variation in the life value with
the amount of sand is shown in Figure 6. As shown in
Figure 6, with the change in the amount of sand, the
service life of the concrete appears to first decrease,
then increase, and the peak of the life value is near
75% of the sand. With the increase in the thickness of
the protective layer, the difference between the two peaks
gradually increases, indicating that the greater the thick-
ness of the protective layer is, the greater the impact of
the change in the amount of sand on the service life value
of concrete will be. The analysis of the reason for this
shows that the protective layer thickness is small, and
each group of aeolian sand concrete in the chloride
ions more easily enters the internal area, thus weakening
the aeolian sand admixture on the concrete life value.
From the curve trend in Figure 6 combined with Table 7,
it can be seen that the service lifetime value of concrete
can be improved with 75% of aeolian sand admixture,
and that of concrete with 100% of aeolian sand admixture
is most greatly reduced. The service life value of A75 is
2.28 times that of A100 and 1.52 times that of AO when the
concrete protection layer thickness is 40 mm. At 75% of
aeolian sand, the protective layer thickness increased
from 30 to 40 mm, and the concrete life value increased
by 70.29%. This shows that one of the main ways to
increase the service life of concrete structures is to increase
the protective layer thickness of concrete.

4 Conclusion

In this study, five types of aeolian sand concrete with
different substitution rates were tested for 100 days under
the condition of drying for 1 day and wetting for 3 days.
After measuring the chloride ion content at different
depths of concrete, and combining Monte Carlo random
statistical simulation and Weibull probability distribu-
tion function, the influence of chloride ion diffusion on
the life of aeolian sand concrete structure under dry—wet
cycle conditions were studied. Based on the results of this
study, the following conclusions are drawn.

e Through the study of the change in free chloride ion
content with the amount of aeolian sand at different
depths of the surface of the concrete under the condi-
tion of the dry—wet cycles, it is found that the effect of
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the dry-wet cycles on different amounts of aeolian
sand concrete is consistent. The free chloride ion con-
tent at the same depth from the surface of the specimen
increases with the increase in the number of dry—wet
cycles, and the increase in free chloride ion content
decreases with the increase in depth.

¢ Based on the measured concentration of chloride ions

in the diffusion zone of concrete at different depths of
the test, the chloride ion diffusion coefficient decreases
with the increase in dry and wet times as per Fick’s
second law. In the early stage of the dry and wet cycle,
the amount of water and chloride ion intrusion is large,
and the dry water of the surrounding environment eva-
porates to the outside, while the pore wall retains
chloride ions. As the dry-wet cycle progresses, the
internal water continues to evaporate, and the excess
salt solution forms a saturated salt solution, which pre-
cipitates excess salt crystals and stores them in pores to
block pores and chloride ion transport channels.

¢ Based on Monte Carlo stochastic simulation and Weibull

distribution theory, a service life prediction model of
aeolian sand concrete structure based on chloride ion
erosion failure as the control factor is established. The
analysis of the service life prediction of aeolian sand
concrete shows that with the increase in aeolian sand
content, the service life of aeolian sand concrete
increases first and then decreases. When the thickness
of the concrete cover is 30 mm, the service life of the
aeolian sand concrete structure is more than 3.2 x
10’ min. When the thickness of the concrete cover is
40 mm, the service life of the aeolian sand concrete
structure is more than 6.3 x 10’ min.
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