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Abstract. In order to explore the influence of external environmental factors, the initial width of cracks and the
placement of glass fiber tubes on the repairing effect of self-repairing concrete, glass fiber tubes are built in
self-repairing concrete specimens, Self-repair test using repair adhesive. The repair rate α is characterized by
the ratio of the initial crack width l to the time t used for repair completion, and the effects of the above three
factors on the repair rate were analyzed. The results show that at –15~30 °C, the repair rate increases with
the increase of temperature; at 0~30 °C, the growth rate of repair rate is obviously less than the growth rate
of –15~0 °C. When the temperature is below 0 °C, the temperature plays a leading role in the improvement of
the repair rate; The repair rate increases first and then decreases with the increase of the initial crack width.
When the crack width is from 0.4to 0.6mm, the repair rate increases significantly faster than the crack width
from 0.6to 1.0mm. The rate of repair of the crack width from 1.0 to 1.5 mm is significantly higher than that of
the crack width from 1.5 mm to 2.0 mm. And when the initial crack width is about 1.0 mm, the repair rate
reaches the highest level. When the initial crack width and the repair temperature are between –15 and 30 °C,
the repair rate of the glass fiber tube is slightly better than that of the diamond when the inverted trapezoid is
placed. The initial width of the crack has the greatest influence on the repair rate. Followed by temperature
conditions and placement of fiberglass tubes. The corresponding factor levels at the maximum repair rate are
1.0mm, 30 °C and inverted trapezoids.

1. Introduction
Cement concrete pavement can adapt to the requirements of large-scale transportation, high speed,
large traffic flow, etc., which are necessary for the development of transportation, and has many advantages
such as high strength, good stability, long service life and low maintenance costs, etc. A non-homogeneous
brittle material can easily generate microcracks inside the component under the influence of the surrounding
environment. If these micro-cracks cannot be repaired in time, these irregular and inconsistent micro-cracks
will further develop under the influence of external factors. Macroscopic cracks that will greatly reduce the
durability and safety of cement pavements [1, 2]. Therefore, how to prevent cracks on cement pavement is
crucial. At present, the commonly used crack repair methods include surface repair method, grouting caulking
plugging method, structural reinforcement method, concrete replacement method, electrochemical protection
method and other passive repair methods, while bionic self-healing method is an active repair method, which
can be timely repair concrete cracks and restore their compactness and mechanical properties [3,4].
At present, the self-healing method to repair concrete cracks, that is, self-repairing concrete is still in the
primary stage of intelligent concrete [5, 6]. Many scholars have carried out various attempts and researches
on self-repairing concrete technology. Victor Li [7] and other fibers and quartz sand were incorporated into the
fiber-reinforced cementitious composite material to achieve control of crack dispersion. The maximum
distance between the cracks was 0.3 cm, and the average spacing was only 60 μm. Carolyn Dry [8] selected
a acetal polymer solution as a repairing agent, and the mechanical properties of the repaired test piece were
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improved and improved. Michelle Pelletier [9] used the reaction product of Ca(OH)2 and Na2SiO3 to fill the
cracks and achieve the purpose of repairing cracks. However, the research on the influencing factors of crack
repair ability is limited to the internal factors such as repair materials and mix ratio. However, there are few
studies on external factors such as temperature and load. Therefore, in order to achieve the best crack healing
effect, the internal factors affecting the repair rate will be affected. It is necessary to conduct research in
combination with external factors [10,11]. Self-repairing concrete with built-in fiberglass tube is a kind of selfrepairing concrete. The reason why it can repair the crack is the combination of the initial width of the crack,
the number and position of the fiberglass tube, the type of adhesive, and the external environment. In order to
explore how each factor affects the self-repairing effect, the initial width of the crack, the placement of the
fiberglass tube and the external environment (temperature) are selected as variables. The repair rate α is
characterized by the ratio of the initial crack width l to the time t used for repair completion. The research was
made in order to explore the influence of external environmental factors, the initial width of cracks and the
placement of glass fiber tubes on the repairing effect of self-repairing concrete [12].

2. Methods
2.1. Repair materials and their carriers
The performance of the repair material is critical to the repair rate. The advantage of the adhesive is
high bonding strength and good fluidity [13–16]. Select resin-based end isocyanate-based polyether-type
single-liquid polyurethane as an adhesive, such as No. 717 adhesive produced by Great Wall manufacturers.
The structural characteristics make it have the characteristics of normal temperature curing, temperature
resistance, oil resistance, acid and alkali resistance. Therefore, test selected it as a repair material.
It is important to repair the effect of repairing the number of carriers and whether the mechanical
properties of the repair carrier and the concrete matrix match. Since the coefficient of linear expansion of glass
and concrete is very close, when the temperature changes, the glass and concrete will not break the bond
between them due to the relative temperature deformation; and the glass is composed of various oxides, the
calculation shows that the compressive strength is generally 500–2000 MPa, which is much higher than the
compressive strength of concrete, which avoids the problem that the glass tube is broken before the concrete
due to the load [17, 18]; in addition, the tensile strength of the glass is usually around 1/15 of compressive
strength, in order to crack the glass tube while the specimen is cracked, a suitable glass tube size was
calculated [19, 20]. In summary, the carrier used in this paper is an insulating glass fiber tube with a length of
25 cm, an inner diameter of 5 mm and a wall thickness of 0.5 mm.

2.2. Matrix materials and their mix ratio
The repaired fiber with a length of 25 cm, an inner diameter of 5 mm and a wall thickness of 0.5 mm
was used for the test. The test substrate is a concrete anti-folding test piece with a size of
400 mm×100 mm×100 mm, and the tension zone is provided with 2 √ 8 fixtures. The cement is 42.5 grade
ordinary portland cement; the fineness modulus of sand is 2.7; the gravel is 5–20 mm continuous gradation;
the apparent density of concrete is 2406 kg/m3; the water is tap water; the admixture is naphthalene efficient
water reducing agent (FDN-C), water-to-binder ratio is 0.41. The concrete mix ratio is shown in Table 1.
Table 1. Concrete mix ratio.
Cement（kg/m3）
440

Sand（kg/m3）
712

Gravel（kg/m3）
1068

Water（kg/m3）
180

Water Reducer（kg/m3）
6.6

2.3. Factors affecting repair capacity and evaluation indicators
Self-repairing concrete with built-in fiberglass tube is a kind of self-repairing concrete. The reason why
it can repair the crack is the combination of the initial width of the crack, the number and position of the
fiberglass tube, the type of adhesive, and the external environment. The factors affecting the repair rate can
be generally divided into internal and external factors. The internal factors mainly include the content of various
minerals (such as the amount of fly ash and silica fume), mix ratio, repair materials, repair carriers, etc. The
external factors mainly include repair time, repair environment, initial crack width, external load, etc. Through
the comparison of many internal and external factors, the initial crack size, the position of the glass fiber tube
and the external environment (temperature) were taken as the influencing factors, and the internal and external
factors were combined to study.

2.4. Influencingfactors
The initial width of the crack has a great influence on the repair rate. Studies have shown that selfrepairing concrete can only repair micro-cracks within a certain width range, but does not explain the effect of
the initial crack size on the repair rate and repair time of the repaired specimens. Therefore, it is very important
to study the effect of the initial crack width on the repair rate. In order to make the initial crack have the same
characteristics as the actual crack, referring to the crack prefabrication method in the existing research, the
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crack is obtained by applying a specific load to the test piece. The test shows that when the applied load is
respectively 50, 55, 60, 65, 70 % of the failure load, the corresponding main crack width observed by the
PTS-C10 intelligent crack width observer is about 0.4mm, 0.6 mm, 1.0 mm, 1.5 mm and 2.0 mm.
The PTS-C10 intelligent crack width observer is shown in Figure 1. The reading view of the crack width is
shown in Figure 2, the unit in Figure 2 is mm, the maximum range is 2 mm, and the minimum scale is 0.02 mm.

Figure 1. PTS-C10 intelligent crack
width observer.

Figure 2. Crack width observation
reading viewport.

The position of the fiberglass tube has a significant impact on the repair capacity. The hollow glass
tube is added inside the test piece, and the flexural strength of the test piece will inevitably decrease. The
test shows that the bending strength caused by placing four glass tubes is significantly lower than that when
six pieces are placed. The placement is in the form of diamond and trapezoidal, where the reduction was
the smallest compared with other placement methods, and the flexural strength decreased respectively by
5.7 % and 6.1 %, which was much lower than the lowest flexural strength recovery rate of 38.4 % in the
test. In addition, the setting position is too low, the adhesive cannot repair the crack above the set position,
the setting position is too high, and the adhesive capacity may not be enough to flow to the bottom of the
crack. Therefore, it is important to properly set the position of the fiberglass tube. Studies have shown that
the cracks are mainly produced in the longitudinal middle position of the test piece, and the development
trend from bottom to top appears, so the position of the fiberglass tube in the test is selected in the middle
to the lower position. In summary, the glass fiber tube is placed in the test in the form of a diamond and an
inverted trapezoid as shown in Figure 3, the unit of measurement in Figure 3 is mm.

(a)

(b)

Figure 3. How to place the glass fiber tube in the test piece:(a) the glass tube is placed
in a diamond shape (b) the glass tube is placed in an invertedtrapezoid.
The external environmental conditions are one of the important factors affecting the self-repairing effect
of cracks. China has a vast territory and a large difference in environmental conditions. In order to understand
the repair rate of cracks under different environmental conditions, five different self-healing conditions are
selected to represent the environmental conditions in different regions of China. The test data obtained can
provides theoretical guidance on appropriate environmental conditions or areas for self-repairing concrete. In
addition, for cement concrete pavement, at a certain moment, the road surface temperature is affected by
three basic heat transfer modes of radiation, convection and heat conduction. It can be seen that the
temperature of the road panel changes continuously with the temperature of the air. And cement concrete
pavement as a pavement structure with specific thickness, the temperature along the thickness direction is
also a certain regularity and constantly changing. The prediction model of temperature field of various cement
pavement panels shows that the 22 cm thick cement road panel is taken as an example. The temperature of
the pavement surface is nearly 15 °C higher than the temperature at the bottom of the pavement. At the same
pavement depth, the highest temperature and the lowest temperature in the same day differ by about 20 °C.
Zhao, Q., Cheng, P., Wei, Y., Wang, J.
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Therefore, in order to make the temperature conditions of the test conditions coincide with the actual middle
panel temperature conditions, it is very important to choose the temperature conditions reasonably. The
meteorological statistics show that the temperature in Harbin is generally rising from February to June, and
the humidity is decreasing. Based on the analysis of temperature and humidity data of various months in
Harbin in recent years, and considering the environmental conditions must to a certain extent represent the
average temperature conditions in various regions of China as well as the temperature conditions at different
panel thicknesses in different seasons in Harbin. Finally, five environmental conditions as shown in Table 2
were selected.
Table 2. Crack self-healing environmental conditions.
Environmental
condition number
1
2
3
4
5

Corresponding monthly average
temperature (°C)
–15
0
10
20
30

Description of environmental conditions in the test
Outdoor environmental conditions in Harbin in February
Outdoor environmental conditions in Harbin in March
Outdoor environmental conditions in Harbin in April
Outdoor environmental conditions in Harbin from May to June
30 °C constanttemperatureoven

2.5. Evaluationindicators
Through the monitoring of the cracks during the repair of each test piece, it can be found that the repair
of the crack mainly occurs in the first two days, that is, with the repair carrier breaks, the adhesive flows out
from the flow and flows to the crack generating portion, and then gradually solidifies, and finally the crack Was
fixed. Therefore, the crack monitoring results of the first two days of repair rate are the basis for calculation.
The calculation formula of the time α used for the repair rate is as shown in Equation 1.

α = 1,
t

(1)

where α is repair rate (mm/d);

l is initial crack width (mm);
t is the time taken to complete the crack repair (d).

3. Results and Discussion
3.1. Preparation of test pieces
The filling and sealing of the adhesive in the glass fiber tube is carried out as follows: First, the end of
the glass fiber tube is closed. Use GLUE GUN GT-10 hot melt glue gun to inject about 3 mm hot melt adhesive
into the glass tube to seal one end of the glass tube. The operation is as shown in Figure 4. The glass tube
sealed with hot melt adhesive is shown in Figure 5; After the molten rubber is solidified, the port sealed with
hot melt adhesive is applied with epoxy resin AB glue to double seal; Secondly, the adhesive is injected into
the glass fiber tube. Since the end of the glass fiber tube is closed, it is difficult to apply the adhesive. The
infusion method of the adhesive in this test follows the lifting duct method used for pouring concrete in the
bored pile, that is as shown in Figure 6. The syringe shown is used in conjunction with the sheared medical
infusion belt for injection, so that the injection of the infusion belt can speed up the injection speed while
avoiding the appearance of the air column. Finally, the other end of the glass fiber tube filled with the adhesive
is closed. The sealing method is the same as the first step. The steel and the glass fiber tube filled with the
adhesive can be placed in the corresponding position when pouring the concrete. The pouring process of the
test piece is shown in Figure 7.

Figure 4. GLUE GUN GT-10 hot melt glue gun.
Чжао Ц., Чен П., Вей Ю., Ван Д.
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Figure 6. Adhesive syringe.

Figure 7. Preparation of test piece.

3.2. Test technology route
In order to make the environmental conditions in the crack repair as consistent as possible in the actual
environmental conditions, the test was carried out in five separate times, and 12 test pieces were prepared
each time, 10 of which were test groups and 2 were control groups. Different degrees of load were applied to
the test specimens to cause micro-cracks, and the test specimens were subjected to standard flexural strength
tests. That is, when the environmental condition is 30 °C constant temperature oven, a total of 12 test pieces
are required, wherein the glass fiber tube is placed in the test piece in a diamond shape, and the inverted test
piece is 6 pieces each. Setting the destructive load of specimens placed in the diamond shape and inverted
trapezoidal shape to be PA1 and PB1 in the standard flexural test, respectively, and the pre-applied loads of
the other 10 specimens are 50 % PA1, 55 % PA1, 60 % PA1, 65 % PA1, 70 % PA1 and 50 % PB1, 55 % PB1, 60 %
PB1, 65 % PB1, 70 % PB1 respectively. The initial cracks of the test pieces under the other four environmental
conditions are prefabricated in the same way.

3.3. Analysis of test results
3.3.1. External environmental impact
In order to explore how the repair environment (temperature, humidity) affects the repair rate, the
placement of the fiberglass tubes is diamond-shaped, inverted trapezoidal, Under the condition of the initial
crack width is 0.4mm, 0.6mm, 1.0mm, 1.5mm, 2.0mm, the test pieces repaired in different repair environments
are monitored and analyzed, and the relationship between the repair rate and temperature conditions is shown
in Figure 8,9, the temperature unit is °C.
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Figure 8. Change of repair rate with temperature
when the glass fiber tube is placed in a diamond
shape.
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Figure 9. The change of repair rate
with temperature when the glass fiber tube
is placed in inverted trapezoid.

It can be seen from Figure 8 and 9 that no matter whether the glass fiber tube is placed in a diamond
shape or an inverted trapezoidal shape, the repair rate increases with the increase of temperature in a certain
temperature range, and the repair rate increases as the temperature increases. The speed gradually
decreases. This shows that the change of temperature condition has a great influence on the repair rate. In a
certain temperature range, the higher the temperature, the faster the repair rate is.
Zhao, Q., Cheng, P., Wei, Y., Wang, J.
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The above phenomenon occurs because the solidification of the selected adhesive is affected by
various factors such as environmental conditions and the shape of the bonding surface etc. With the increase
of temperature in the environmental conditions, the selected adhesive filled in the crack can be solidified
earlier, and the reinforced concrete is re-established. Forming a solid whole, which in turn allows the crack to
be repaired quickly, so the repair rate is higher. The rate of repair rate in each temperature range above 0 °C
is significantly less than the growth rate of -15 °C to 0 °C. Due to a certain extent, when the temperature is
below 0 °C, the temperature plays a leading role in the improvement of the repair rate. The temperature
increases and the repair rate increases rapidly; When the temperature is above 0 °C, temperature is not the
dominant factor affecting the repair rate.

3.3.2. Impact of initial crack width
In order to investigate how the initial crack width affects the repair rate, 50, 55, 60, 65 and 70 %, of the
failure load of the control specimens are applied respectively under the conditions of the placement of the
glass fiber tubes in the shape of diamonds and inverted trapezoids. Andthe corresponding initial crack widths
are respectively 0.4, 0.6, 1.0, 1.5, 2.0mm. The relationship between the repair rate and the initial crack width
is shown in Figures 10 and 11 after two days of repair under different curing conditions (temperature, humidity).
0.35

0.35

0.25
0.20

30℃
20℃
10℃
0℃
-15℃

0.15
0.10

0.30
Repair rate(mm/d)

Repair rate(mm/d)

0.30

0.25
0.20

30℃
20℃
10℃
0℃
-15℃

0.15
0.10

0.05

0.05
0.00
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Initial crack width(mm)

Figure 10. Repair rate as a function
of initial crack width (diamond).
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Figure 11. Repair rate as a function
of initial crack width (inverted trapezoid).

It can be seen from Figures 10 and 11 that no matter whether the glass fiber tube is placed in a
diamond shape or an inverted trapezoid, the repair rate increases first and then decreases with the increase
of the initial crack width, and when the initial crack width is about 1.0 mm, the repair rate reached the highest
level. Regardless of whether the glass fiber tube is placed in a diamond shape or a trapezoidal shape, the
growth rate of the repair rate when the crack width is from 0.4 mm to 0.6 mm is significantly lower than that
of the crack width from 0.6 mm to 1.0 mm; and the crack width is from 1.0 mm to the rate of repair rate at
1.5 mm is significantly higher than the rate at which the crack width decreases from 1.5 mm to 2.0 mm.
The occurrence of the above phenomenon is the result of the interaction of the fluidity of the adhesive
and the capacity of the adhesive in the carrier. Because the fluidity of the adhesive is affected by the crack
size, when the temperature conditions are the same, the fluidity of the adhesive increases with the increase
of the crack width, so when the pre-cut crack width is less than 1.0 mm, the volume of the repair adhesive
capacity is relatively larger and the fluidity is lower, so it can not flow to the crack better, and the repair rate is
lower. As the crack width increases, the fluidity of the adhesive increases, and it can be quickly flowed to the
interface of the crack at the crack to repair it. As the crack width is further increased, the adhesive capacity in
the repair carrier is received. The limitation of the adhesive is that the viscosity increases and the fluidity
increases, and the faster flow to the lower end of the crack, and the upper crack cannot be repaired, so the
repair rate is greatly reduced. It can be seen that when the initial crack width is about 1.0 mm, the repair rate
of the crack is the highest, and at this time, the capacity of the repair material in the repair carrier and the
fluidity of the repair material in the crack are matched.

3.3.3. Influence of glass fiber tube placement
In order to explore how the placement of the glass fiber tube affects the repair rate, under the conditions
of the initial crack width and the same curing conditions (temperature, humidity), the glass fiber tube is placed
in a variable, placement includes diamonds and inverted trapezoids. The relationship between the repair rate
and the initial crack width is shown in Figure 12.
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Figure 12. Change in repair rate as the fiberglass tube is placed:a) Initial crack width is 0.4mm;
b) Initial crack width is 0.6mm; c) Initial crack width is 1.0 mm; d) Initial crack width is 1.5 mm;
e) Initial crack width is 2.0mm.
It can be seen from Figure12 that when the initial crack width and the temperature condition of the repair
are given, the repair rate of the glass fiber tube placed in the inverted trapezoid is slightly better than that of
the diamond. When the glass fiber tube is trapezoidal, the glass fiber tube is arranged at the lower part. When
the test piece is subjected to an external action, the lower part first generates a crack, and the adhesive which
flows out after the lower glass tube is broken can be better. Repair the lower crack, and the position of the
glass tube is diamond-shaped, the lower part of the adhesive flows out, the amount of adhesive required for
the lower crack can not be guaranteed, and the smaller the crack, the worse the fluidity, part of the adhesive
solidifies gradually during the flow and the fluidity is reduced, so the crack cannot be repaired quickly.
According to the comparison with the existing research results, it can be concluded: The change of
temperature condition has a great influence on the repair rate. In a certain temperature range, the higher the
temperature, the faster the repair rate is. The repair rate increases firstly and then decreases with the increase
of the initial crack width, and the repair rate reaches the highest level when the initial crack width is about
1.0 mm. When the initial crack width and the temperature condition of the repair are given, the repair rate of
the glass fiber tube is slightly better than that of the diamond when the inverted trapezoid is placed. The initial
width of the crack has the greatest influence on the repair rate, followed by the temperature condition and the
placement of the fiberglass tube. The corresponding factor levels at the maximum repair rate are 1.0 mm,
30 °C and inverted trapezoids.

4. Conclusion
(1) At –15~30 °C, the repair rate increases with the increase of temperature; at 0~30 °C, the growth
rate of repair rate is significantly lower than the growth rate of –15~0 °C. When the temperature is below 0 °C,
the temperature plays a leading role in improving the repair rate. When the temperature rises, the repair rate
increases rapidly; when the temperature is higher than 0 °C, the temperature is not the main factor affecting
the repair rate. The above studies have important reference value for temperature-affected repair rate.
(2) When the crack width is 0.4 mm to 0.6 mm, the repair rate is significantly faster than the crack
width of 0.6 mm to 1.0 mm. The repair rate of the crack width from 1.0 mm to 1.5 mm is significantly higher
than the crack width of 1.5 mm to 2.0 mm. When the initial crack width is about 1.0 mm, the repair rate
reaches the highest level. The study shows that as the initial crack width increases, the repair rate increases
first and then decreases, which is important for the effect of the initial crack width on the repair rate.
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(3) This study shows us that when the initial crack width and repair temperature is -15~30 °C, the repair
rate of the glass fiber tube is slightly better than that of the diamond when the inverted trapezoid is placed. It
is very valuable to study the effect of the location of the repair material on the repair effect.
(4) The initial width of the crack in this study had the greatest impact on the repair rate, followed by the
temperature conditions and the placement of the fiberglass tube. The corresponding factor level under the
maximum repair rate is 1.0mm, 30 °C and inverted trapezoid, which is of great significance for the study of the
repair effect under the same conditions.
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