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Abstract. In this paper, the effects of different wind-sand attack angle, wind speed, action time, concrete
strength, sand particle size, and sand content on the surface wind erosion of concrete structures are
experimentally studied. Wind erosion rate and strength loss rate are defined as the indexes to measure the
degree of wind erosion of concrete. According to the similarity theory, the actual situation is deduced based
on the wind erosion test, and the wind erosion time corresponding to the wind speed, the action time of wind
sand, and the simulation test in the case of sand content is obtained. it makes the experimental study of wind
erosion on concrete buildings to have more practical significance.

1 Introduction

The research on wind-sand flow began roughly from the
middle of the 19th century. At present, the research on
wind-sand flow tends to be more systematic, and has been
extended to the impact on agriculture, animal husbandry,
transportation, construction, and other fields. At present,
the research on erosion wear of concrete is mainly focused
on the erosion wear of hydraulic concrete caused by sand-
laden flow [1-4], while the research on wind erosion of
concrete is less. There are wind tunnel tests, simulation
tests and other methods to study the wind erosion of
concrete. The simulation test is a common method to
study the wind erosion of concrete in the wind-sand
environment, which can simply and efficiently simulate
the wind erosion of concrete in the wind-sand flow
environment.

In this paper, according to the actual environment of
the wind-sand area where the concrete structure is located,
the simulation test device of concrete under the action of
wind-sand is made, and the test is carried out by using the
air-sand-carrying injection method to study the effects of
different wind-sand attack angle, wind speed, action time,
concrete strength, sand particle size and sand content on
the wind erosion of concrete. At the same time, the wind
erosion time under the corresponding working conditions
is obtained by deducing the actual situation according to
the similarity theory.

*Correspondence: 19121091@bjtu.edu.cn (Y.P.);
Tel.: +18810820928 (Y.P.)

2 Experimental study on Wind erosion of
concrete in Wind-blown Sand
Environment

In this paper, wind erosion rate and strength loss rate are
defined to evaluate the degree of wind erosion of concrete
specimens. Wind erosion rate is defined as mass loss per
unit area:

Am
=7 (1)
¢ A

Where: (—wind erosion rate, unitis g/cm?;

Am—quality of the specimen is poor before and after
the aeolian action, that is, the quality loss, the unit is g;

A—windward surface area, the unit is cm?.

The strength loss rate is defined as the ratio of the
strength difference before and after wind-sand action to
the initial strength:

po'p
p=— ()
Py
Where: u——strength loss rate;
p, ——strength of concrete specimen

before action, unit is MPa;
p—strength of concrete specimen after
action, unit is MPa.

2.1 Wind erosion test under the change of wind-
sand angle of attack

The angle of attack of attack is defined as the angle
between the surface of the specimen and the trajectory of
incident sand particles. The test results are shown in the
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following figure. Figure 1 shows the curve of the
relationship between the wind erosion rate and the angle
of attack of wind and sand, and figure 2 shows the curve
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Figure 1. Relationship between erosion rate and
angle of attack.

It can be seen from figure 1 that the wind erosion rate
of concrete increases significantly with the increase of the
attack angle. As it can be seen from figure 2 the strength
loss rate increases with the increase of the wind sand angle
of attack. The analysis of the reason: the normal stress of
the wind-sand load acting on the concrete surface at the
low angle is small, and with the increase of the angle, the
normal stress component of the wind-sand load increases

gradually, so the wind erosion rate increases.
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Figure 3. Relationship between erosion rate and
wind speed.

It can be seen from figure 3 that the wind erosion rate
of concrete specimens increases with the increase of wind
speed. It can be seen from figure 4 that when the wind
speed increases, the strength loss rate of concrete
specimen increases. The reason is that when the wind
speed is small, the degree of wind erosion of the concrete
specimen is small and has little effect on the strength, but
when the wind speed increases, the kinetic energy of the
sand increases, and when the concrete specimen is
impacted, the damage degree of the sand to the surface of
the specimen also increases.
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Figure 5. Relationship between erosion rate and
action time.

of the relationship between the rate of strength loss and
the angle of attack.
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Figure 2. Relationship between strength loss

and angle of attack.

2.2 Wind erosion test under the change of wind
speed

Figure 3 shows the curve of the relationship between the
wind erosion rate and wind speed, and figure 4 shows the
curve of the relationship between the strength loss rate and
wind speed.
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Figure 4. Relationship between strength loss and
wind speed.

2.3 Wind erosion test with different action time
of wind-sand

Figure 5 shows the relationship curve of wind erosion rate
with wind-sand action time, and figure 6 shows the
relationship curve of strength loss rate with wind-sand
action time.
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Figure 6. Relationship between strength loss
and action time.
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As can be seen from figure 5, with the increase of
wind-sand action time, the wind erosion rate of concrete
increases, but the increasing trend gradually slows down.
The main reason is that the surface of the concrete is
mainly composed of cement mortar, its strength and
hardness are small, and it is easy to fall off under the
action of wind-sand in the early stage, while with the
shedding of cement mortar on the surface, the internal
coarse aggregate of concrete is exposed gradually. The
strength and hardness of coarse aggregate are larger and
not easy to fall off, so the increasing trend of wind erosion
rate slows down. As it can be seen from figure 6 the
strength loss of concrete increases with the increase of

wind-sand action time. In the early stage of wind-sand
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Figure 7. Relationship between erosion rate and
concrete strength.

As can be seen from figure 7, the wind erosion rate of
concrete decreased from 0.063g/cm? to 0.023g/cm?;
from figure 8, the strength loss rate decreased from 7.39%
to 5.51%. The analysis and test results showed that, in a
certain range, the ability of high-strength concrete to resist
wind erosion is stronger than that of low-strength concrete;
with the improvement of concrete strength grade, the
strength loss of concrete specimens decreases after wind
erosion. The reason is that the water-cement of high
strength concrete is relatively small, the combination of

cement mortar on the surface of the concrete specimen and
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Figure 9. Relationship between erosion rate and
sand particle size.

It can be seen from figure 9 that the wind erosion rate
of concrete specimens increases significantly with the
increase of sand particle size. Also, experiments on the
mixed gradation of sand with 50% 0.1mm and 50%
0.3mm sand were carried out, and the wind erosion rate
was 0.039g/cm?. Based on the comprehensive analysis of
the above results, the reason for the above results is that at
the same wind speed, the larger sand particles have greater
kinetic energy, and the energy carried by the sand particles
is the only source of energy needed to remove the surface

action, the strength loss is not obvious, the reason is that
cement mortar mainly plays a cementing role and has little
effect on the strength; with the wear of coarse aggregate
in the later stage, the strength loss increases.

2.4 Wind erosion test with different concrete
strength

Figure 7 shows the curve of the relationship between the
wind erosion rate and the strength grade of concrete, and
figure 8 shows the curve of the relationship between
strength loss rate and the strength grade of concrete.
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Figure 8. Relationship between strength loss and
concrete strength.

internal aggregate is relatively dense, and the degree of
wind erosion is small and not easy to fall off when
subjected to the action of wind and sand.

2.5 Wind erosion test under the change of sand
particle size

Figure 9 shows the relationship between wind erosion rate
and sand particle size, and figure 10 shows the
relationship between strength loss rate and sand particle
size.
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Figure 10. Relationship between strength loss and
sand particle size.

materials of the specimen. As a result, the wind erosion
rate and strength loss of concrete specimens are increased.

2.6 Wind erosion test with the change of
sediment content

Figure 11 shows the relationship between erosion rate and
sand content, and figure 12 shows the relationship
between strength loss rate and sand content.
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Figure 11. Relationship between erosion rate and
sand content.

It can be seen from figure 11 that the wind erosion rate
of concrete specimens increases with the increase of sand
content. Similarly, as can be seen from figure 12, the
strength loss rate increases with the increase of sediment
content. When the sand content is 50.88g/min, the strength
loss rate is 5.57%. When the sand content increases to
127.2g/min, the strength loss rate increases to 7.23%. The
reason is that under the condition of certain parameters
such as wind angle of attack, wind speed and sand particle
size, the greater the sand content is, the more sand
impinges on the surface of concrete specimen per unit
time, and the more impact times the specimen is subjected
to. As a result, the wind erosion rate and strength loss of
concrete specimens increase.

Where, W, m, v,are the kinetic energy, mass, and
velocity of the prototype; W, my» v_are the Kinetic
energy, mass, and velocity of the simulation test.

According to meteorological statistics, when the wind
speed of three or more measuring stations reaches 20m/s,
the regional sand load reaches 7.8 mg/m?-s, and the
duration of high wind speed is within 30min, it is the sign
of severe sandstorm on a large scale [5]. When the
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Figure 12. Relationship between strength loss
and sand content.

3 Deduction of test results based on
similarity theory

Similarity theory is a theory that explains the degree of
similarity between the actual situation and the theoretical
model or model test. It is mainly used to guide the model
test to determine the degree and grade of similarity
between the "model" and the "prototype"”. In this paper,
the test results are deduced according to the similar third
theorem. The similarity ratio of wind-sand flow energy is
obtained as follows:

S Vp? 3)

influence of wind-sand flow in the range of 100m? on
concrete structures is considered, the sediment content in
this range is 46.8g/min. Therefore, the speed of the
prototype is v, =20m/s, the sediment content of the
prototype is 46.8g/min.

For example, under the condition of wind speed, first,
calculate the similarity ratio of wind-sand flow energy
when the acting time 1min wind speed is 18m/s:

32

CW:__
1

Wo vy
When the actual frequency of sandstorms is 15 times a
year, the wind-blown sand action time of the simulation
test is 3min, and the actual action time of 15 sandstorms

WmIS

=
W, 450

Therefore, the wind erosion damage effect of a 3min
simulation test on concrete is equivalent to that of concrete
structures subjected to wind erosion for 3 days when
sandstorms occur 15 times a year.

Based on the time relationship between the test results
and the actual situation calculated by the above kinetic

2 46.8x20° (4)

is 450min, the kinetic energy similarity ratio between the
simulation test and the prototype is:

Cyw=0.0087 )

energy similarity ratio, the actual wind erosion time
deduced by the simulation test under different wind speed,
sand action time, and sediment concentration is obtained,
as shown in figures 13, 14 and 15.
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Figure 13. Correspondence between the wind speed test and the actual situation.
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Figure 14. Correspondence between the action
time test and the actual situation.

4 Conclusions

In this paper, the simulation test of wind erosion on the
surface of a concrete building under wind-sand
environment is carried out, and the similarity theory is
applied to study the similarity between the simulation test
and the actual situation based on wind speed, wind-sand
action time and sand content. The results are as follows:
under the action of wind and sand, the wind erosion rate
and strength loss of concrete increase significantly with
the increase of attack angle, wind speed, action time,
particle size, and sand content. In a certain range, the
resistance to wind erosion of high-strength grade concrete
is stronger than that of low strength grade concrete, and
the strength loss is also reduced.

The research conclusions can provide a reference for
the maintenance of existing concrete buildings in wind-
sand areas, as well as for the construction of roads, bridges,
and railways in wind-sand areas.
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