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-e accelerated carbonation, natural carbonation, fast freeze-thaw test, and pore structure analysis of C30 and C50 concrete with
different proportions of iron tailings powder and slag powder were tested, respectively. -e results show that the accelerated
carbonation depth and natural carbonation depth of concrete increase with the increase of iron tailings powder content. -e
prediction model of carbonation depth of iron tailings powder concrete is established by introducing the iron tailings content
coefficient and strength influence coefficient. -e error between the calculated value of the model and the test value of 28 d curing
concrete natural carbonation depth is small, which proves that the model is completely feasible. When iron tailings powder
accounts for 50% of mineral admixture, it is helpful to improve the frost resistance of concrete. According to the pore structure
analysis, the introduction of iron tailings powder can optimize the pore structure, improve the porosity of harmless and less
harmful pores, and thus improve the frost resistance.

1. Introduction

Tailings are one of the largest solidwastes in theworld, which are
widely distributed all over the world. Iron tailings are waste
residue discharged from iron ore after beneficiation process, but
there is still a lot of space for these solid wastes to be utilized
[1, 2]. -e comprehensive utilization rate of tailings is not high,
which is limited by the development of beneficiation technology,
the restriction of production equipment, and other scientific and
technological factors, so the comprehensive utilization of tailings
has become a worldwide problem [3–7]. A large number of
tailings are piled up in the tailings pond and cannot be used,
resulting in a large number ofwaste resources.-e accumulation
of these wastes also seriously affects the ecological environment
and is amajor source of pollution and danger.-e consumption
of concrete is increasing year by year with the continuous ex-
pansion of infrastructure construction. -e large use of high-
performance concrete results in the huge consumption of
mineral admixture. In particular, the frequently used admixtures

such as fly ash and slag powder have been in short supply in
some areas, which leads to the increase of rawmaterial price and
the destruction of market balance. For the sake of economy and
environmental protection, it is a good strategy to use iron tailings
powder as admixture of concrete, which can not only realize the
reuse of iron tailings resources, but also alleviate the actual
problem of concrete admixture shortage.

Carbonation and freeze-thaw damage of concrete are
important reasons for durability deterioration of concrete
[8–12]; the research on carbonation and freeze-thaw of iron
tailings powder concrete is the necessary premise to ensure
its extensive application. At present, domestic and foreign
scholars have some research on the use of iron tailing
powder as concrete admixture, mainly focusing on the
mechanical properties of concrete [13–17]. -ere are few
reports on the long-term carbonation and frost resistance of
concrete mixed with iron tailings powder. It is an important
premise for the application of iron tailings powder concrete
in engineering practice to clarify the influence of iron
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tailings powder on the long-term carbonation and freeze-
thaw resistance of concrete. In this paper, the influence of
the composite admixture of iron tailings powder and slag
powder on the long-term carbonation and rapid freeze-thaw
is studied. -e long-term carbonation law and model of iron
tailings powder concrete are established, and the mechanism
of iron tailings powder on the concrete freeze-thaw is
revealed, which provides a scientific theoretical basis for the
extensive application of iron tailings concrete.

2. Experimental Materials and Methods

2.1. Raw Materials. -e reference cement is used in this
experiment, for eliminating experimental errors caused by
uncertain components in ordinary cement. -e main
properties of reference cement are shown in Table 1.

-e specific surface area of iron tailings powder is
450m2·kg−1, and water demand ratio is 90%, which contains
some metal elements such as Cu, Fe, Zn, and so on.
According to the method of fly ash, the activity index of iron
tailings powder is only 64%. Table 2 shows the main
chemical components of iron tailings powder.

-e slag powder used is S95 grade, the specific surface area is
485m2·kg−1, the water demand ratio is 96.2%, and the density is
2.8 g·cm−3. All indexes meet the national standards. -e particle
size distribution of iron tailings powder and slag powder is
shown in Figure 1. -e particle size of iron tailings powder is
slightly coarser than that of slag powder.

-e coarse aggregate is divided into big stones (particle
size is 10–20mm) and small stones (particle size is
5–10mm), and the mass ratio of big stones and small stones
is 8:2 in order to accumulate tightly. -e fine aggregate is
river sandmeeting the requirements, and themud content of
river sand is 5.2%. -e fineness modulus of river sand is 2.7,
which belongs to medium sand with good gradation. -e
additive is polycarboxylic acid water reducer with 20% solid
content produced by Sika company.

2.2. Mix Proportion. Two kinds of commonly used concrete
(C30 and C50) are prepared in this paper. -e proportion of
cement in the mix proportion of C30 and C50 concrete is
only 30% and 40%, respectively. -is experiment is under
low-cement clinker system for the consideration of envi-
ronmental protection and economy. In order to study the
influence of iron tailings powder the content on the per-
formance of concrete, the proportion of iron tailings powder
and slag powder is designed as 0:10, 3:7, 5:5, 7:3, and 10:0,
respectively. After the preliminary concrete mixing, with the
increase of the iron tailings powder content, the water binder
ratio of concrete decreases accordingly to ensure that the
strength can meet the requirements. Table 3 shows the
concrete mix proportion.

2.3. Experimental Methods. Carbonation test is divided into
accelerated carbonation and natural carbonation. Accelerated
carbonation refers to the fact that the concrete blocks are in
standard curing (temperature 20±2°C, relative humidity ≥95%)
for 28 days after the concrete formwork is removed. After drying

in an oven at 60°C for 48 hours, the concrete blocks are put into
the carbonation box.-e CO2 concentration of the carbonation
box is controlled at (20±3)%, temperature (20±2)°C, and
relative humidity (70±5)%. -ere are two kinds of curing
conditions for natural carbonization: standard curing for 1 day
and standard curing for 28 days. -e size of the test block is
100mm× 100mm× 100mm cube. Split the test piece with a
press, drop 1% phenolphthalein alcohol solution, and measure
the depth of nondiscoloration from the edge, which is the
carbonation depth.

After the concrete is cured under the standard curing
condition (temperature 20±2°C, relative humidity ≥95%) for 24
days, soak the concrete in water (temperature 20±2°C) for 4
days, and put it into the fast freezing and thawing machine at 28
days. -e size of concrete quick freezing and thawing test block
is 100mm× 100mm× 400mm, and the size of compression
strength test block after freezing and thawing is
100mm× 100mm× 100mm. After a certain number of
freezing and thawing cycles, the quality, dynamic elastic mod-
ulus, and compression strength of the test piece are tested.

3. Results and Discussion

3.1. Compressive Strength of Concrete. According to the
design mix proportion, the concrete test blocks are formed,
and the slump of each group is between 200 and 230mm,
which has good workability. -e compressive strength of
C30 and C50 concrete for 3 d, 7 d, and 28 d is tested, re-
spectively, as shown in Table 4.

Table 4 shows that the concrete strength decreases with
the increase of iron tailings powder proportion. In C30
concrete, the 28 d compressive strength of A2 group with
70% slag powder in mineral admixtures is the highest and
that of A5 group with iron tailings powder is the lowest, only
28.6MPa, which cannot meet the C30 strength requirement.
-e strength of A2 and A3 groups is not much different from
that of A1 group. Among C50 concrete, the strength of B1
group is the highest at 28 d and that of B5 group with iron
tailings powder is the lowest, only 47.3MPa, which cannot
meet the strength requirements of C50. -ere is little dif-
ference between B2, B3, and B1 groups. Iron tailings powder
belongs to inert mineral admixture and does not participate
in hydration reaction, so a large amount of iron tailings
powder is harmful to the concrete strength, but adding iron
tailings powder properly can improve the particle grading
and produce microaggregate effect to meet the strength
requirements. From the strength point of view, the iron
tailings powder should not be mixed alone under the low-
cement clinker system. In terms of comprehensive economy
and environmental protection, the most reasonable mix
proportion is that the ratio of iron tailings powder and slag
powder is 5:5.

3.2. Carbonation Depth of Concrete

3.2.1. Carbonation Depth of Iron Tailings Powder Concrete.
-e carbonation depth of C30 and C50 concrete placed in
the carbonation box for 28 days is tested, respectively. -e
results are shown in Figure 2. -e content of iron tailings
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powder is the mass percentage of iron tailings in the total
mineral admixture.

It can be seen from Figure 1 that the accelerated car-
bonation depth of concrete decreases with the increase of
strength, and the carbonation depth of C50 concrete is far
less than that of C30 concrete. In the same strength grade,
the carbonation depth increases with the increase of the
content of iron tailings powder. -e carbonation depth of
groups A1 and B1 with single slag powder is the smallest, and
the difference of carbonation depth between the group with
iron tailings powder accounting for less than 50% of mineral
admixture and the group with single slag powder is small.
-e carbonation depth of A5 and B5 groups with single iron
tailings powder is the largest, which is 285% and 318% of that
of single slag powder group.

-ere are two curing conditions for the natural car-
bonation of concrete, the concrete is placed in the natural
environment after curing for 1 d and 28 d, and the car-
bonation depth at different ages is tested, as shown in
Table 5.

-e effect of curing conditions on the carbonation depth
of concrete is very significant. -e long-term carbonation
depth of concrete placed directly in the natural environment
after 1 d curing is far greater than that after 28 d standard
curing. -e activity of iron tailings is low, and the early
hydration products mainly come from the hydration of
cement and slag. With the introduction of nonactive ad-
mixture, the hydration products are less, and the structure is
loose, resulting in a large amount of CO2 entering into the
concrete, causing carbonation. -erefore, the necessary
maintenance is very important for the concrete with non-
active mineral admixture under the low-cement clinker
system. -e natural carbonation of concrete also shows the
rule that the carbonation depth increases with the increase of
the content of iron tailings powder.-e results show that the
carbonation depth of A1 and B1 group with slag powder is
the smallest and that of A5 and B5 group with iron tailings
powder is the largest. -e natural carbonation depth of 1080
days after 1d curing reaches 190% and 279% of A1 and B1
groups.

Based on the natural carbonation and accelerated car-
bonation of concrete, the iron tailings powder has a great
influence on the carbonation depth. Compared with high-
activity slag powder, the hydration products of iron tailings
powder concrete are less, and the microcompactness of
concrete will decrease with the increase of iron tailings
powder content. -e hydration products in the concrete are
less, which leads to structural looseness, and more carbon
dioxide is easy to enter into the concrete, resulting in the
increase of carbonation depth. -e amount of iron tailings
powder should not exceed 70% of the total mineral ad-
mixture amount; otherwise, it is very unfavorable to the
carbonation resistance of concrete.-e adverse effect of iron
tailings powder on the carbonation resistance of high
strength concrete (C50) is greater than that of low-strength
concrete (C30). -erefore, the amount of iron tailings
powder in high-strength concrete should be appropriately
reduced.

3.2.2. Carbonation Model of Iron Tailings Powder Concrete.
From the experimental results, the proportion of iron
tailings powder in mineral admixture and concrete strength
are two important factors affecting the carbonation depth of
iron tailings powder concrete. Referring to the durability
evaluation standard of concrete structure [18] and the re-
search of some scholars [19, 20], the coefficient of iron
tailings content and strength influence coefficient are in-
troduced, and the carbonation depth model is proposed:

Table 1: Main properties of reference cement.

Setting time
(min)

Compressive
strength (MPa)

Flexural
strength
(MPa)

Standard
consistency water
consumption (%)

Fineness
(mm)

Specific
surface

area (m2·kg−1)
Soundness

Initial Final 3 d 28 d 3 d 28 d
155 215 28.3 53.2 5.5 10.3 27.2 0.5 347 Qualified

Table 2: Main chemical composition of iron tailings powder.

Chemical
composition SiO2 Fe2O3 Al2O3 CaO MgO CuO ZnO

Mass fraction
(%) 67.59 10.88 4.57 4.02 1.18 0.23 0.11
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Figure 1: Particle size distribution of iron tailings powder and slag
powder.
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where X(t) represents the carbonation depth of t age, mm.
KCO2

represents the influence coefficient of CO2 concen-
tration. C0 is CO2 concentration, %.K1 is the influence factor
of location, taking 1.0. K2 is the influence coefficient of
curing and pouring, taking 1.2. K3 is the influence coefficient
of working stress, taking 1.0.KE is the influence coefficient of

environment. t is the ambient temperature, °C. RH is the
relative humidity, %. KT and KF represent the content co-
efficient and strength influence coefficient of iron tailings,
respectively.

KT and KF in formula (1) can be fitted according to the
test results of 28 d accelerated carbonization. Firstly, based
on the carbonation depth of group A1 and B1 with single
slag powder, and the ratio of the carbonation depth of
concrete with iron tailings powder different amount and that
of concrete with single slag powder as the relative carbon-
ation depth, the relationship between the amount of iron
tailings powder and the relative carbonation depth is
established, so that KT is determined. -en, KF is calculated
according to the experiment data, and the relationship
between KF and concrete compressive strength is
established.

Figure 3 shows the relationship between the content of
iron tailings powder and the relative carbonation depth.
-rough data fitting, the relationship between the iron
tailings content influence coefficient KT on carbonation and
the iron tailings proportion α in mineral admixture is as
follows:

KT � 0.775α2 + 1.27α + 0.987. (2)

After the iron tailings content coefficient KT was de-
termined, KF is calculated according to the experimental
value of carbonation depth, and then the relationship be-
tween the strength influence coefficient and the average 28 d
compressive strength of concrete is established. According
to Figure 4, KF can be calculated by the compressive strength
fcu, and the formula is

KF �
7.931
fcu

+ 0.226. (3)

Due to the retention of significant figures, the fitting
correlation shown in Figure 3 seems to be small, but its
correlation coefficient is 0.889, and the true correlation is
much larger than that shown in the figure. By substituting
formulae (2) and (3) into formula (1), the carbonation model
of iron tailings powder concrete is obtained. Combined with
the average temperature and average relative humidity of
Beijing in three years and the CO2 concentration under the
natural carbonization test conditions, the carbonization
depth of different ages is calculated according to the

Table 3: Concrete mix proportion (kg·m−3).

Group Cement Slag powder Iron tailings powder Stone Sand Water W/B PC

C30

A1 113 264 0 1018 840 151 0.40 3.39
A2 113 185 79 1018 840 147 0.39 3.39
A3 113 132 132 1018 840 143 0.38 3.39
A4 113 79 185 1018 840 140 0.37 3.39
A5 113 0 264 1018 840 136 0.36 3.39

C50

B1 191 287 0 1071 725 139 0.29 6.69
B2 191 201 86 1071 725 134 0.28 6.69
B3 191 143.5 143.5 1071 725 129 0.27 6.69
B4 191 86 201 1071 725 124 0.26 6.69
B5 191 0 287 1071 725 119 0.25 6.69

Table 4: Compressive strength of C30 and C50 concrete (MPa).

3 d 7 d 28 d 3 d 7 d 28 d
A1 14.4 28.7 35.5 B1 24.9 50.2 71.4
A2 11.3 26.8 36.3 B2 22.1 48.7 64.4
A3 9.6 23.9 34.8 B3 19.8 44.9 64.1
A4 6.9 19.1 32.9 B4 15.7 34.5 53.8
A5 4.2 17.4 28.6 B5 8.1 29.9 47.3
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Figure 2: 28 d accelerated carbonization depth of concrete.
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carbonization model, and compared with the long-term
depth of the natural carbonization experiment after 28 days
of standard maintenance. -e results are shown in Table 6.

-rough the comparison between the calculated value of
the model and the measured value of the experiment, the
error between them is small. -rough the verification of
long-term natural carbonation experiment, the established
carbonation depth model has high reliability, which can

effectively predict the carbonation depth of iron tailings fine
powder concrete for a long time. -e prediction model is
suitable for the prediction of long-term carbonation depth of
concrete with iron tailings powder and slag powder as
compound admixture in low-cement clinker system.

3.2.3. Natural Carbonation Depth Law of Concrete after 1 d
Curing. -ere are great differences in the curing conditions
in the actual project, so it is necessary to study the long-term
carbonation law of concrete with poor curing conditions.
Figure 5 shows the development of natural carbonation
depth of C30 and C50 concrete with age after 1 d standard
curing. -e content of iron tailing powder has great influ-
ence on natural carbonation. -e larger the content of iron
tailing powder is, the greater the carbonation depth is. -e
influence of iron tailing powder content on the carbonation
depth of C50 concrete is greater than that of C30 concrete. In
order to better explore the long-term development law of
natural carbonation of iron tailing fine powder concrete, the
equation of carbonation depth of each group of concrete
with time is fitted with the test data, as shown in Table 7.

From the fitting results, the long-term carbonation depth
of concrete meets the equation X � atb. In the equation, the
coefficient “a” increases with the increase of the iron tailing
powder content, while the coefficient “a” and coefficient “b”
of C50 concrete mixed with slag powder and iron tailing
powder have little difference. -e equation coefficient “a” of
single mineral powder or iron tailing powder is quite dif-
ferent, but the coefficient “b” of C50 five groups equations is
between 0.54 and 0.59, which has a good correlation. -e
coefficient “b”of C30 concrete is between 0.42 and 0.57, and
the difference of coefficient “a” is large, which shows the law
of increasing with the increase of the iron tailings powder
content. -e “b”value of the equation is higher than that of
the normal cement system. -e reason may be that in the
low-cement clinker system, the cement consumption only
accounts for 30% of the cementitious materials, so a large
number of inactive admixtures makes the “b”value higher
than that of the cement system. -e law of long-term
concrete natural carbonation after 1 d curing can be ex-
plored by using the fitting equation, which lays a theoretical
foundation for engineering applications of iron tailing
powder in concrete.

Table 5: Natural carbonization depth of concrete (mm).

Group
Carbonation depth after 1 d curing Carbonation depth after 28d curing

28 d 90 d 180 d 360 d 720 d 1080 d 28 d 90 d 180 d 360 d 720 d 1080 d
A1 2.4 3.1 3.9 6.0 9.8 11.9 0 0.1 0.4 0.8 1.1 1.4
A2 2.5 3.6 5.1 7.4 12.2 13.6 0 0.2 0.8 1.1 1.6 1.9
A3 3.0 4.7 5.4 7.5 12.6 14.8 0.1 0.3 1.0 1.2 1.8 2.4
A4 4.5 6 6.6 9.1 14.8 17.1 0.3 0.5 1.2 1.5 2.5 2.9
A5 6.1 8.6 9.3 11.9 18.6 22.5 0.4 0.8 1.4 2.4 3.6 4.1
B1 1.1 1.9 2.2 3.5 5.6 6.8 0 0 0 0.3 0.8 0.9
B2 1.8 3.0 3.9 5.2 8.8 10.7 0 0 0.3 0.8 1.4 1.6
B3 2.6 3.5 4.2 5.5 10.1 12.6 0 0.1 0.5 0.9 1.6 1.8
B4 2.8 3.8 4.8 7.8 12.7 15.5 0 0.2 1.0 1.5 2.1 2.4
B5 3.3 5.4 6.5 9.4 15.6 18.8 0.2 0.6 1.1 2.1 2.9 3.3
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Figure 3: KT-α relationship.
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3.3. Frost Resistance of Iron Tailings Powder Concrete

3.3.1. Fast Freeze-4aw Test of Concrete. When the concrete
is damaged by freeze-thaw, its most remarkable feature is
that the concrete surface will produce erosion phenomenon,
so the quality of concrete will be lost. -e mass loss rate of
concrete shall be calculated according to the following
formula:

ΔWn �
W0 − Wn

W0
× 100%, (4)

where W0 represents the quality of concrete before rapid
freeze-thaw, Wn represents the quality of concrete after fast
freeze-thaw n cycle, andΔWn represents the mass loss rate of
concrete after fast freeze-thaw n cycle.

With the increase of freeze-thaw cycles, the cement paste
on the concrete surface began to fall off and the aggregate
gradually exposed.-is phenomenonmainly occurred at the
end of the concrete specimen. -e surface erosion of con-
crete groups A5 and B5 mixed with iron tailing powder was
the most serious. -e quality of each group concrete de-
creases with the increase of freeze-thaw cycles. -e mass loss
of C30 and C50 concrete along with the freeze-thaw times is
shown in Table 8.

Proper addition of iron tailing powder can reduce the
mass loss rate of concrete after rapid freeze-thaw. In C30 and
C50 concrete, the mass loss rate of concrete is less than 5%
before the cycle of freeze-thaw damage. Group A5 and group
B5 with single iron tailings powder have the largest mass loss
rate and the worst frost resistance.-e reason is that the iron
tailing powder is a kind of inactive mineral admixture, which

Table 6: Comparison between calculated value of carbonization model and natural carbonation experiment value (mm).

Group
360 d carbonization depth 720 d carbonization depth 1080 d carbonization depth

Calculated Experiment Calculated Experiment Calculated Experiment
A1 0.8 0.69 1.1 0.97 1.4 1.19
A2 1.1 0.99 1.6 1.40 1.9 1.72
A3 1.2 1.28 1.8 1.81 2.4 2.21
A4 1.5 1.63 2.5 2.31 2.9 2.83
A5 2.4 2.37 3.6 3.35 4.1 4.10
B1 0.3 0.52 0.8 0.73 0.9 0.90
B2 0.8 0.78 1.4 1.10 1.6 1.35
B3 0.9 0.98 1.6 1.39 1.8 1.71
B4 1.5 1.31 2.1 1.85 2.4 2.26
B5 2.1 1.85 2.9 2.62 3.3 3.21
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Figure 5: Natural carbonation depth of iron tailings powder concrete after 1 d curing. (a) C30. (b) C50.

Table 7: Time-carbonation depth fitting equation for iron tailings
concrete.

Group Equation Group Equation
A1 X � 0.243t0.556 B1 X � 0.134t0.562

A2 X � 0.341t0.532 B2 X � 0.231t0.548

A3 X � 0.418t0.510 B3 X � 0.238t0.566

A4 X � 0.712t0.453 B4 X � 0.263t0.584

A5 X � 1.148t0.421 B5 X � 0.412t0.547
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does not participate in the hydration reaction at the age of 28
days, and there are less cementitious substances in the
hydration products of concrete. After the freeze-thaw cycle,
a large amount of iron tailing powder will fall off at the edge
of the test piece, resulting in a large loss of quality. In C30
concrete, when the ratio of iron tailings powder and slag
powder is 5:5, 7:3, the mass loss of concrete is lower than that
of single slag powder, and when the ratio of iron tailings
powder and slag powder is 3:7, the mass loss of pure slag
powder is closer. In C50 concrete, when the ratio of iron
tailings powder and slag powder is 3:7, 5:5, and 7:3, the mass
loss of the same freeze-thaw cycle times is lower than that of
B1 group. For example, after 250 freeze-thaw cycles, the
mass loss of group B1 concrete mixed with slag powder is
4.5%. -e concrete shows obvious erosion phenomenon,
and the aggregate is exposed. -e mass loss rate of group B3
concrete with the ratio 5:5 of iron tailings powder and slag
powder is only 1.9%, which is far lower than that of group
B1. -e concrete shows that there is no obvious shedding
phenomenon, as shown in Figure 6.-e results show that the
quality loss of concrete after rapid freeze-thaw can be re-
duced by adding iron tailing powder properly. When the
proportion of iron tailing powder and slag powder is 5:5, the
quality loss of concrete is the smallest and the frost resistance
is the best.

Another important index of concrete freeze-thaw cycle is
the relative dynamic elastic modulus of concrete. -e dy-
namic elastic modulus of concrete with different amounts of
iron tailing powder after different freeze-thaw cycles is
tested, respectively. Compared with the initial dynamic
elastic modulus, the relative dynamic elastic modulus is
calculated.When the relative dynamic elastic modulus drops
below 60% of the initial modulus, the test is terminated.
Table 9 shows the residual dynamic elastic modulus of
concrete with different freeze-thaw cycles.

Appropriate addition of iron tailings powder is helpful to
improve the residual relative dynamic elasticity modulus of
the concrete after rapid freeze-thaw cycles. -e influence of
freeze-thaw cycles on the relative dynamic elasticity mod-
ulus is greater than the mass loss in the iron tailings powder
concrete. -e residual relative dynamic elasticity modulus of
A5 and B5 groups with single iron tailings powder mixed is
the smallest, and the ability to resist freeze-thaw damage is
the worst. In C30 and C50 concrete, when the ratio of iron

tailings powder and slag powder is 3:7, 5:5, and 7:3, the
residual relative dynamic elasticity modulus of concrete is
much larger than that of single slag powder group. For
example, in C50 concrete, after 250 cycles of rapid freeze-
thaw, the residual relative dynamic elasticity modulus of B1
group concrete mixed with slag powder is 53.6%, and the
concrete has been damaged by freeze-thaw. -e mass loss
rate of B3 group is 67.1% when the ratio of iron tailings
powder to slag powder is 5:5, which is much higher than that
of B1 group. -e results show that the residual relative
dynamic elasticity modulus of concrete can be increased by
adding iron tailings powder properly. When the proportion
of iron tailings powder and slag powder is 5:5, the relative
dynamic elasticity modulus of concrete decreases the least
and the frost resistance is the best.

According to GBT 50082-2009 standard for test method
of long-term performance and durability of ordinary con-
crete, if the mass loss of concrete is more than 5% or the
residual dynamic elasticity modulus is less than 60%, it can
be regarded as the failure state of concrete during rapid
freezing and thawing. -e frost resistance of C30 and C50
concrete mixed with single slag powder is F100 and F200,
while that of C30 and C50 concrete mixed with single iron
tailings powder is the worst, only F50 and F150. When the
ratio of tailings powder and slag powder is 5:5, the frost
resistance of concrete is the best: C30 concrete reaches F150,
and C50 concrete reaches F300; adding iron tailings powder
properly is beneficial to improve the frost resistance of
concrete.

3.3.2. Compressive Strength of Concrete after Fast Freeze-
4aw. In order to explore the influence of fast freeze-thaw
on the compressive strength of concrete, the concrete
specimen with the size of 100mm× 100mm× 100mm was
put into the fast freeze-thaw test machine. After a certain
number of freeze-thaw cycles, take the test piece out of the
freeze-thaw box and test the compressive strength of the
concrete, as shown in Table 10.

-e compressive strength of concrete decreases with the
increase of freeze-thaw cycles. -e compressive strength of
concrete mixed with slag powder is the highest before freeze-
thaw cycles, but the compressive strength of concrete mixed
with slag powder decreases rapidly after freeze-thaw cycles.
In C30 concrete, the compressive strength of A1 group
concrete is lower than that of A2, A3, and A4 group after 50
freeze-thaw cycles. In C50 concrete, the compressive
strength of B1 concrete is lower than that of B2 and B3
concrete after 150 freeze-thaw cycles. -is shows that the
proper addition of iron tailings powder can not only im-
prove the frost resistance of concrete, but also improve the
bearing capacity of concrete after freeze-thaw.

Based on the compressive strength before freeze-thaw,
the loss rate of compressive strength after the specified
freeze-thaw times and before freeze-thaw is calculated, and
the influence of iron tailing powder on the loss rate of
concrete freeze-thaw strength is studied, as shown in
Figure 7.

Table 8: Mass loss rate of iron tailings powder concrete in different
freeze-thaw cycles.

Cycle index 50 100 150 200 250 300 350
A1 0.5% 2.1% 4.4%
A2 0.6% 2.2% 4.1%
A3 0.1% 0.7% 1.4% 1.8%
A4 0.4% 1.1% 1.7% 2.3%
A5 1.1% 4.5%
B1 0.3% 1.1% 1.5% 2.8% 4.5%
B2 0.2% 0.8% 1.3% 1.9% 2.7% 4.1%
B3 0.1% 0.4% 0.9% 1.2% 1.9% 3.2% 3.5%
B4 0.1% 0.8% 1.1% 1.6% 2.6% 3.8%
B5 1.0% 1.8% 2.5% 4.2%
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From the view of strength loss rate, the loss rate of
strength concrete mixed with iron tailings powder is the
largest with the increase of freeze-thaw cycles. -e com-
pressive strength of concrete mixed with slag powder is
higher before freeze-thaw cycle, but the strength loss rate
with freeze-thaw failure is also higher. -e strength loss rate

of the concrete with 30%, 50%, and 70% iron tailings powder
is less than that of concrete with slag powder alone. -e
strength loss rate of C30 and C50 concrete after freeze-thaw
cycle is almost the same. When the concrete is only mixed
with slag powder, the strength loss rate is about 30%, while
the concrete with slag powder and iron tailings powder ratio
of 5:5 is only about 20%. When the ratio of iron tailings
powder and slag powder is 5:5, the concrete has the highest
freeze-thaw resistance and the lowest strength loss rate.

3.3.3. Pore Structure Analysis of Iron Tailings Powder Con-
crete before and after Freezing and 4awing. In order to
explore the mechanism of iron tailings powder to improve
the frost resistance, the pore structure distribution in con-
crete was tested by NMR, and the total porosity and different
pore size distribution were analyzed. -e nuclear magnetic
resonance was measured by the MesoMR23-060H-type
nuclear magnetic resonance tester with the resonance fre-
quency of 23MHz. Firstly, the concrete samples were sat-
urated with water for more than 24 hours in vacuum; then
the samples were taken out, and the porosity and pore size
distribution of the concrete samples were measured by 1H
NMR analysis. -e porosity before freeze-thaw and the
porosity after freeze-thaw failure of each group of concrete
were tested, respectively; that is, after 150 freeze-thaw cycles
for groups A1 and A2, 200 freeze-thaw cycles for groups A3
and A4, 100 freeze-thaw cycles for group A5, 250 freeze-
thaw cycles for group B1, 300 freeze-thaw cycles for groups
B2 and B4, 350 freeze-thaw cycles for group B3, and 200
freeze-thaw cycles for group B5.-ere are four types of holes
in concrete.-e holes with the aperture less than 0.02 μm are
harmless holes, the holes with the aperture of 0.02-0.1 μm are
less harmful holes, the holes with the aperture of 0.1–0.2 μm
are harmful holes, and the holes with the aperture greater
than 0.2 μm are multiharmful holes. -e porosity of
harmless holes, less harmful holes, harmful holes, and more
harmful holes in different groups of concrete is calculated by

Table 10: Compressive strength of concrete after different freeze-
thaw cycles.

Group 0 50 100 150 200 250 300 350
A1 35.5 32.3 26.5 24.8
A2 36.3 34.8 31.1 28.1
A3 34.8 32.7 31.5 29.6 27.4
A4 32.9 30.5 29.6 27.5 24.1
A5 28.6 24.3 20.9
B1 71.4 68.8 64.1 59.3 54.1 50.8
B2 64.4 61.5 59.3 57.5 55.9 54.3 51.5
B3 64.1 63.9 62.5 61.1 59.3 56.5 55.0 51.9
B4 53.8 51.5 49.1 47.6 44.4 42.9 41.2
B5 47.3 43.4 37.6 33.1 29.5

(a) (b)

Figure 6: Appearance of C50 concrete after 250 freeze-thaw cycles. (a) B1. (b) B3.

Table 9: Residual dynamic elastic modulus of concrete with dif-
ferent freeze-thaw cycles.

Cycle
index 50 100 150 200 250 300 350

A1 85.4% 66.1% 55.2%
A2 86.5% 70.5% 58.4%
A3 88.2% 75.4% 62.2% 57.7%
A4 88% 73.7% 66.1% 58.9%
A5 77.2% 58.0%
B1 93.2% 86.1% 73.2% 64.7% 53.6%
B2 94.3% 87.2% 76.8% 69.1% 63.7% 55.8%
B3 96.8% 90.5% 82.9% 72.2% 67.1% 64.3% 57.5%
B4 95.4% 89.1% 79.5% 71.3% 64.5% 58.1%
B5 90.4% 84.5% 70.3% 59.3%
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using the NMR pore size distribution curve of each group of
concrete, as shown in Table 11.

From the analysis of pore size results, after freeze-thaw
damage, the proportion of harmless holes and less harmful
holes decreased sharply, and the number of harmful holes
and more harmful holes increased significantly, resulting in
the decline of concrete quality, relative dynamic elastic
modulus, and compressive strength. -e freeze-thaw
damage of concrete is caused by the water in the internal
pores forming ice, causing volume expansion and damage.
When the water in the pore freezes, the ice pressure and
water migration pressure increase continuously. When the
pressure exceeds the tensile strength of the concrete, the
internal damage of the concrete occurs. With the continuous
development of pore volume expansion and the increase of
pore diameter, the ratio of harmless pore and less harmful
pore space decreases sharply after freeze-thaw damage, and
the number of more harmful pores above 0.2 μm increases.
-is kind of damage is from the surface to the inside. -e
pore water is frozen layer by layer, which causes the surface
concrete to peel off and the quality loss. -e continuous
development of pores causes the internal structure damage
of concrete, which affects the dynamic elastic modulus and
compressive strength of concrete. -e internal expansion
stress of concrete is increasing and the internal cracks are
expanding continuously, which leads to the decrease of
concrete bearing capacity. -e macroscopic reaction is that
the compressive strength of concrete decreases with the
increase of freeze-thaw cycles.

Proper addition of iron tailings powder can increase the
harmless pore under 0.02 μm in concrete. -e frost resis-
tance of concrete is directly related to the porosity of
harmless holes and multiple harmful holes before freezing
and thawing, that is, the more harmless holes, the less
harmful holes, the stronger the frost resistance of concrete.

-e freezing point of capillary water is related to the pore
size. -e smaller the pore size is, the lower the freezing point
of water is. -e introduction of innocuous holes can play a
good buffer role in the freezing expansion of water in the
pores, thus reducing the expansion pressure and slowing
down the damage of the internal structure of the concrete.
With the increase of harmless and less harmful holes in
concrete, the expansion stress in freeze-thaw process is
significantly reduced, and the crack development speed is
slow, which can alleviate the damage rate and degree of
concrete quality, dynamic elastic modulus, and compressive
strength with freeze-thaw cycle. Although the total porosity
of group A3 and B3 is slightly higher than that of groups A1
and B1, the porosity of less harmful holes is significantly
increased, which effectively improves the internal pore
structure of concrete, thus increasing the frost resistance of
concrete. For example, the total porosity of group A1
concrete before freezing and thawing is 15.47%, the porosity
of harmless holes less than 0.02 μm is 13.68%, and the
porosity of multiple harmful holes greater than 0.2 μm is
0.57%. However, the total porosity of group A3 is 16.03%,
which is slightly higher than that of group A1. -e harmless
porosity is 15.24%, which is higher than that of group A1,
and the multiple harmful porosity is only 0.10%, which was
lower than that of group A1. -is is also the reason that the
frost resistance and strength of group A3 is better than that
of group A1.-e number of harmless holes and less harmful
holes determines the freeze-thaw resistance of concrete.
Groups A3 and B3 with the ratio of iron tailings powder to
slag powder of 5:5 have the highest porosity of less harmful
holes and harmless holes below 0.1 μm, so their frost re-
sistance is the best.

-e frost resistance of concrete with single iron tailing
powder is the worst, because the addition of nonactive iron
tailing powder increases the porosity of concrete, and the
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Figure 7: Strength loss rate of concrete after different freeze-thaw cycles. (a) C30. (b) C50.
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number of harmful holes and multiple harmful holes is
greatly increased compared with other concrete, especially
the increase of multiple harmful holes is several times. In the
case of small increase of harmless holes, a large number of
multiple harmful holes accelerate the freezing failure rate of
concrete. After freeze-thaw, the number of large holes larger
than 0.2 μmdetermines the compressive strength of concrete
after freeze-thaw damage. It is explained that the com-
pressive strength of A3 and B3 has the smallest loss rate with
freeze-thaw damage, and A5 and B5 strength loss rate with
single iron tailings powder is the largest.

4. Conclusions

(1) -e concrete strength decreases with the increase of
iron tailings powder content, and the carbonation
depth increases with the increase of iron tailings
powder content. -e strength and carbonation re-
sistance of concrete with single iron tailing powder
are poor, so the iron tailings powder should not be
used alone.

(2) -e prediction model of carbonation of iron tailings
concrete is established by using the proportion of
iron tailings powder in mineral admixture and 28 d
compressive strength. -e error between the calcu-
lated value and the test value of 360 d, 720 d, and
1080 d concrete carbonation depth is small, and the
model is completely feasible, which can predict the
long-term carbonation depth.

(3) Adding a certain amount of iron tailings powder can
improve the frost resistance. When the ratio of iron
tailing powder to slag powder is 5:5, the frost re-
sistance of concrete is the best, C30 concrete reaches
F150, C50 concrete reaches F300, and the residual
compressive strength of concrete after freeze-thaw
cycle is effectively improved.

(4) -e mechanism of improving the concrete frost
resistance by adding appropriate amount of iron
tailings powder is to improve the pore structure
characteristics, increase the number of harmless
holes and less harmful holes, and reduce the number
of more harmful holes and harmful holes, so as to
improve the frost resistance of concrete.
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