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Preface

Municipal roads, as the infrastructure of our country, play an important role in the economic and social development.
In recent years, the traffic volume of Chinese municipal roads is increasing, and the road load is increasing, which ac-
celerates the aging of municipal roads. Many municipal roads have diseases of asphalt pavement, which affects the road
condition and travel, so the maintenance work is essential. In the maintenance of asphalt pavement, need to use a lot of
asphalt, the current supply of asphalt is not enough, which makes the maintenance of asphalt pavement affected. With
the continuous development of road maintenance technology, the application of hot in-place recycling for asphalt
pavement has solved the difficulties encountered in asphalt pavement maintenance and achieved very good results.

1. An overview of hot in-place recycling

As for hot in-place recycling, it mainly refers to the road maintenance technology of softening the old road with
heating, repairing the old road with mechanical equipment, adding appropriate amount of asphalt, new aggregate or
mixture, regeneration agent, etc., and then stirring, and then resurfacing, repairing and compacting the mixed material
on the spot to eliminate the disease of the road and restore the function of the road. It is an efficient and environmentally
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friendly maintenance technology which can be used for continuous repair. It is widely used in the maintenance of mu-
nicipal roads. Compared with the traditional road maintenance technology, it has obvious advantages [1].

1) Highly efficient and environmentally friendly asphalt mixture is toxic. For the maintenance and maintenance of
municipal roads, hot in-place recycling does not need to use a lot of asphalt, sand and other raw materials, but also can
make full use of the asphalt mixture of old roads, which solves the problem of using asphalt mixture as little as possible.
Moreover, the construction of hot in-place recycling is quite fast, does not need a long time, saves the maintenance time,
is very efficient and environmental protection [2].

2) Cost saving Compared with traditional municipal road maintenance technology, hot in-place recycling can make
full use of the asphalt mixture of old pavement, only need to add a small amount of asphalt mixture and regeneration
agent, save a lot of raw materials, reduce the maintenance cost of municipal road, improve economic benefits.

3) If hot in-place recycling has little impact on traffic, it can carry out segmsegmed construction for maintenance and
maintenance. Only one lane of the road needs to be closed, and the other lanes can be opened to traffic normally, with
relatively little impact on road traffic.

4) Can effectively improve the road condition through hot in-place recycling can effectively improve the structure
and performance, improve the quality of the road surface, improve the road condition. (1) Improve the connection be-
tween the upper and lower layers. Hot in-place recycling makes the old road surface and the recycled road surface
thermal connection to avoid the existence of shear stress between layers resulting in poor connection effect. (2) Restore
the flexibility and asphalt properties. After a long time of use, under the combined action of load, rain, heat and other
factors, asphalt aging, elongation is low, flexibility is weaker and weaker, very fragile, deformation ability is weakened,
it is easy to crack. With hot in-place recycling, the flexibility and asphalt properties can be restored and the quality of
pavement can be improved. (3) The control of deep cracks and asphalt floating caused by the disease. Green pavement
on hot in-place recycling through the compaction of the new mixture can deal with the deep cracks and because of the
asphalt floating up the sandwich, loose problems, extend the life. (4) Improve the gradation and reduce the porosity [3].
Poor gradation or large porosity will cause serious damage in early stage. Therefore, hot in-place recycling can improve
gradation, reduce pavement porosity and extend service life through scientific and reasonable design. (5) Avoid joint
leakage. Hot in-place recycling can use the hot joint to effectively solve the problem of water leakage at the joint of the
segmented pavement.

2. Application conditions of hot in-place recycling for asphalt pavement

Hot in-place recycling is the use of surface heating, turning and milling of the old asphalt pavement, and the corres-
ponding amount of aggregate, asphalt and regeneration agent added to the old asphalt, through the mobile field mixing
equipment for heating mixing, hot paving into a new asphalt pavement surface. In the maintenance and reconstruction
of asphalt pavement in highway engineering, if hot in—place recycling is used, the thickness of asphalt pavement must
be above 75 mm. When 50 mm is the treatment thickness of asphalt pavement (the asphalt surface layer is less than 75
mm), a small amount of base structure of the underlying asphalt pavement will be turned loose in the application of hot
in-place recycling of asphalt pavement, which will increase the difficulty of construction in mixing and paving [4]. In
the early stage of maintenance and renovation of asphalt pavement in highway engineering, the damage degree of
pavement should be carefully analyzed, and the related information such as damage type and degree should be deter-
mined. In the maintenance of asphalt pavement, hot in-place recycling is limited and cannot repair all asphalt pavement.
After determining the degree of damage, the construction technology suitable for the old pavement can be selected ac-
cording to the actual situation. Surface regeneration, remix and resurfacing are the main processes of hot in-place recy-
cling. In order to improve the construction quality of highway engineering, it is necessary to strictly follow the relevant
construction requirements for effective construction, so as to promote the sustainable development of highway engi-
neering.

2.1 Bearing capacity of pavement structure

In order to ensure the construction quality, the thickness of asphalt pavement must be controlled above 75 mm before
using hot in-place recycling of asphalt pavement. For example, when the bearing capacity of the old pavement structure
needs to be reinforced, the general road design method can be used to determine the reinforcing thickness. Only in this
way can the failure of the large standard structure be avoided. If the bearing capacity of the old pavement structure can
meet the expected traffic volume, the following three ways can be used for construction:

(1) For the hot mix asphalt pavement with the required regeneration thickness less than 20 mm, resurfacing and sur-
face regeneration can be selected for construction, and thin hot mix asphalt overlay can be processed.

(2) If the regeneration thickness is within the range of 20 to 50 mm, the resurfacing method can be selected. If neces-
sary, the surface regeneration and remix method can be selected for construction, and combined with the thin hot mix
asphalt overlay.
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(3) If the regeneration thickness is above 50 mm, the construction can be carried out by composite maintenance,
phased maintenance and hot mix asphalt mixture overlay.

2.2 Analyze the materials of the old pavement

(1) Surface dry method and water weight method can be used for core testing, so as to determine the gross volume
density of old pavement materials and provide reliable guarantee for the determination of mix ratio design. The field
moisture content of used pavement materials directly affects the efficiency of geothermal regenerative heating. In the
field moisture content index test of old pavement materials, water cooling is prohibited during the sampling process,
and dry drilling method is generally used for construction.

(2) The content and properties of old pavement asphalt directly affect the performance of recycled mixture and the
effect of geothermal regeneration. When determining the ratio of oil to stone of old pavement materials, centrifugal ex-
traction method is generally used for construction. Absen recovery test can be used for the recovery of old asphalt ma-
terials, and parameters such as the penetration degree and elongation are determined, so as to provide favorable condi-
tions for the mix ratio design.

3. Construction technology and process of hot in—place recycling for asphalt pavement

3.1 Respreading regenerative method

The resurfacing and recycling method is mainly aimed at the asphalt surface layer of about 5 cm, the pavement repair
and renovation with serious pavement damage and the upgrading of old municipal roads. The performance of the
pavement formed after repair is exactly the same as that of the newly built road. Two heating machines are used to heat
the old asphalt pavement. The temperature of the first heating reaches 160 degrees Celsius to 180 degrees Celsius, and
the temperature of the second heating is between 180 degrees Celsius and 250 degrees Celsius. After heating, the as-
phalt mixture of the old asphalt pavement is softened. After heating an appropriate amount of new asphalt mixture and
regenerant, the reclaimed asphalt mixture is laid on the road surface as the bottom of the road surface, and at the same
time, a layer of new asphalt mixture is laid as the top of the road surface, and finally compacted by compacting machine
[5].

There are two kinds of construction techniques for resurfacing. (1) 1. Heating; 2. Turning, feeding and stirring to re-
generate the old material; 3. The new material after mixing is laid and shaped; 4. To cover the new surface layer;
(2) 1. Heating; 2. Turning, feeding and stirring to regenerate the old material; 3. Laying and shaping the new material
after mixing; 4. Pressing into gravel and other materials. The main construction process is:

(1) Heating to soften the asphalt pavement. The hot air or infrared heater of two heating machines is used to heat the
asphalt pavement and soften it according to the humidity of the road surface, the water content of the mixture and the
wind direction. Wind speed, air temperature, appropriate adjustment of the machine, control the road heating tempera-
ture. The heating temperature is high, and the heating time should be controlled to avoid the aging of the asphalt in the
old asphalt mixture because of the high temperature. The main heating methods are hot air heating, infrared heating,
microwave heating, flame heating and so on.

(2) The asphalt pavement and the collection of asphalt mixture pavement is installed with the milling device, the as-
phalt pavement is heated and softened, and then the milling can be used in the operation process to repair the pavement,
so that it is loose, and the asphalt mixture will not be broken because it is heated. The loose asphalt mixture is then col-
lected into the mixing pot using a receiving device.

(3) Stir to form a new asphalt mixture and lay it. Collect the asphalt mixture into the mixing pot, add the appropriate
amount of regenerating agent, mix it fully and make it even in quality, and then transport it to the front of the regene-
rating paving device through the mixing material conveying device and lay it to form the new asphalt pavement layer.

3.2 Remix and reproduction method

The mix and recycling method uses two heating machines to heat the old asphalt pavement in different times. The
heating method is the same as the resurfacing and recycling method, and then uses the regenerative milling device to
repair the old asphalt pavement. Collect the loose asphalt mixture into the mixing pot; Add new asphalt mixture and
regenerator to mix evenly to form new asphalt mixture; The new asphalt mixture is then laid through the paver and
compacted by the compactor to form a compact and flat new pavement. The process flow of the mixed regenerative
method is almost the same as that of the resurface regenerative method. It is mainly used in the maintenance and main-
tenance of moderately damaged asphalt pavement. It can restore the original performance of the pavement, but increase
the height of the original pavement.
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4. The application of hot in-place recycling in the maintenance and maintenance of asphalt
pavement of municipal roads

4.1 Analysis of raw asphalt pavement materials

To adopt hot in—place recycling, it is necessary to analyze the material properties of the original asphalt pavement.
The main performance indexes include the gross volume density, water content, penetration degree and elongation of
the pavement material. In the detection and analysis of gross volume density, the more commonly used methods are
surface dry method and water weight method. Dry drilling method is generally used to test the moisture content of
pavement materials. Absen recovery method is generally used to test the performance indexes of pavement materials
such as needle penetration and elongation. After determining the performance indexes of the original asphalt pavement,
the fast and efficient construction method can be selected for maintenance and maintenance [6].

4.2 Determine the added dose of regenerant

Before the construction begins, engineers and technicians shall use screening tests to determine the ore grading of the
original asphalt pavement to ensure that the ore grading meets the standard grading requirements of AC-16 asphalt
mixture. At the same time, through collecting the traffic volume information and vehicle load information of this sec-
tion, reasonable design of ore gradation can ensure the ideal maintenance effect. The dosage of regenerant shall be de-
termined in accordance with relevant regulations. If 1% regenerant is returned in the recovered asphalt, then the amount
of regenerant added in the original asphalt mixture is about 4%.

4.3 Pavement Cleaning and pretreatment

When the construction personnel enter the construction site, the traffic of the section should be closed in time to en-
sure the smooth maintenance and repair construction. Then, use tools to clean and smooth the asphalt pavement to be
treated. If there is water on the damaged pavement, the road area should be drained by pumping pump or manual clean-
ing. In order to ensure the maintenance effect, effectively extend the service life of the new pavement. At the end of the
cleaning process, the construction personnel shall use small milling equipment to mill the deep damaged parts of the
road surface, loosen the asphalt mixture in the lower layer, and follow the principle of "layered treatment" to add filling
material. The number of milling layers on the asphalt pavement is determined according to the degree of damage. If no
reflective cracks appear on the pavement, the construction personnel only need to carry out two-layer milling on the
slung-edge pulping pavement. Due to the joint between the geothermal regenerated pavement and the original pavement,
therefore, under the premise of ensuring the flatness of the pavement, the thickness and length of the milling should be
controlled reasonably. In general, the length of the milling should not exceed 3m.

4.4 Original asphalt pavement heating softening and new asphalt content

The heating softening of asphalt pavement is a key process of hot in-place recycling. Firstly, the heating machine
with heating power meeting the construction requirements is selected. During heating, the heating width on both sides is
extended by Scm respectively. Technical personnel should be combined with the local climate conditions, geological
conditions and the surface temperature of the road to formulate the construction scheme, according to the temperature
of asphalt mixture heating machine heating power and construction speed to adjust and optimize.

4.5 Mixing and spreading of asphalt mixture

In the mixing process, the principle of "uniformity" should be followed to ensure that the original asphalt loose ma-
terial, new asphalt and regeneration agent can be uniformly integrated. During the paving construction, the loose paving
coefficient of the new asphalt mixture should be controlled between 1.18 and 1.25. In order to ensure the smoothness of
the new road surface, the longitudinal slope meter should be installed on the two pavers. At the same time, the traveling
speed of the pavers should be strictly controlled between 2.5 and 4m/min.
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