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Abstract. The article reviews the option of how to make the top pavement
of asphalt-concrete mixture adhere reliably to the base, which is the
underlying cement-concrete coating. The bitumen-latex emulsion is
suggested as a binder for the two pavement layers. The research aimed to
determine the optimal layer thickness of the bituminous-latex emulsion to
be applied and achieve the maximum interlayer adhesion between the top
asphalt-concrete pavement and the cement-concrete base. After full-scale
experiments, the required layer thickness of the bitumen-latex emulsion was
2 mm. With this layer thickness of the binder, road pavement layers do not
delaminate and shear when stressed by the intensive flows of vehicles
moving on the roads. The results obtained are important for the road
construction industry for suggesting the formulation of bitumen-latex
emulsion and finding the most effective layer thickness to be applied. The
suggested formulation of a bitumen-latex emulsion is frost-resistant. The
article describes the experimental steps for determining the optimal
application thickness at a fair length. The maintenance-free life of roads with
an asphalt-concrete mixture on a cement-concrete base interlayered with a
bitumen-latex emulsion as a binder is assumed to get much longer.
Keywords. Road surface, asphalt concrete mixture, cement concrete
mixture, composition, bitumen-latex emulsion, thickness, load, method.

1 Introduction

The topic of highways has always been a problem for our state. Therefore, the correct
selection of materials for road construction will ensure the durability and reliability of the
road structure. And good roads are an indicator of the economic stability of the state and the
quality of life of its citizens.

In Russia, the adhesion of asphalt concrete layers is determined in accordance with
paragraph 12.5.2 of the Joint Venture. In accordance with, the quality control of the adhesion
of asphalt concrete coating layers is provided, while the control method, as well as numerical
indicators, is not specified. It can be assumed that this is a visual inspection of the solidity of
the core extracted by the core collector without determining the numerical value of the
adhesion force. Using this method, it is possible to visually state the lack of traction, but in
the presence of traction, it is impossible to assess its quality.
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When using asphalt concrete, the determining role is played by the shear resistance of the
coating, especially in the case of its reinforcement. Therefore, in Europe, when using
geosynthetic materials in the coating layers, one of the main ones is the cut test of the asphalt
concrete core on the reinforcing material. In Russia today, there are no regulatory documents
regulating this laboratory test. Based on this, in case of extreme necessity, reference is made to
the method of determining the coupling used in Germany, which shows the amount of shear
resistance. But, as practice has shown, laboratories are not equipped with this equipment and
do not own this technique. In accordance with the German standard DIN1996 T7 [8], the
adhesion of asphalt concrete coating layers is determined by the amount of resistance to shear
of a core with a diameter of 0.15 m, the numerical value of which must be at least 15 kN.

The requirements for the shear resistance of asphalt concrete core are also set out in the
regulatory document FGSVNr 69 [9]. In the case of a change in the diameter of the test core,
the requirement for the minimum value of the sample's shear resistance is correlated taking
into account the proportionality of the value to the square of the core diameter [10]. The
experience of road workers has shown that the problem of the impossibility of numerical
evaluation of the adhesion between the layers of coatings as non-rigid-non-rigid, and non-
rigid-rigid is massive, and the lack of a regulatory framework significantly exacerbates it.

The motor vehicle fleet grows steadily country-wide, as does their carrying capacity,
cargo sizes, and traffic intensity and speed. As a result, there is a greater demand for better-
functioning roads [1-4].

Many Russian and foreign scientists are researching ways to improve road quality and
lengthen their maintenance-free life. In their articles [5-8], the authors suggested various
methods for self-recovery of road materials as a means of addressing pavement durability
and stability issues. Other researchers suggested that improving the compaction of top road
surfaces could fix this issue [9-12]. Article [13] suggests using reinforcement and cement-
concrete slabs to protect damaged asphalt pavements better. In [14-17], the authors
recommend that pavement materials be improved, as well as the methods for removing wheel
ruts from roads. In [18-21], the researchers studied the behavior and assessment of the state
of asphalt-concrete mixture pavements when traffic loads occur. The authors' studies aimed
at improving bitumen and the compounds it creates with road-building materials are of real
practical value [22-25]. The authors' research [26-28] yielded recommendations on
improving the quality of road pavements by reducing climatic effects on the pavement in a
variety of ways. The articles [29-33] describe and study how to solve the issues of increasing
the durability of top road surfaces by improving the quality of roadbed erection.

The experience gained in Russia and abroad (USA, China, Germany, etc.) also testifies
that the growing demands for road traffic nowadays are better satisfied by rigid road surfaces
like cement concrete.

So, the most potent way to improve the physical state of the Russian motor road network
is to build roads with the top cement-concrete pavements overlaid with layers of the asphalt-
concrete mixture.

The purpose of the research is to determine the optimal thickness of the bituminous-latex
emulsion application, which ensures maximum interlayer adhesion of the upper asphalt
concrete coating with the cement concrete base.

2 Materials and methods

The optimal layer thickness of bitumen-latex emulsion as a binding compound between the
two top layers of the road surface was found by experiments; the samples of the two-layer
top road pavement bound together with bitumen-latex emulsion were tested in situ.
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2.1 Preparation of experiment

A bitumen-latex emulsion with the composition shown in table 1 was developed for the
experiment.

Table 1. The composition of the bitumen-latex emulsion.

Component Content, %
Polyacrylamide 1.0 %
STARLATEX 3.0%
Emulsifier 0.6 %
HCL 0.25%
Water 46.0 %
BND 90/130 bitumen 49.0 %

The bitumen emulsion is a liquid bitumen that has been emulsified by combining it with
an emulsifier aqueous solution [21-23]. The mixture is homogeneous, it has the texture of
milk and good adhesive properties. Brown is the base color, with different shades varying
from light to dark. The low viscosity of emulsions allows stone materials to be worked with
no heat-up. Furthermore, the emissions of hazardous compounds into the atmosphere are
much lower than those of hot bitumen. GOST R 52128-2003 (Russian Standard) regulates
the properties of emulsified bitumen.

In general, bituminous emulsions are used in construction, which includes:

1. Bitumen, 30-70% of the total mass. The most popular mixtures contain 50-55%
bitumen. Oil road bitumen grades BND 90/130, BND 130/200 are commonly used when
preparing emulsions. A polymer-bitumen binder has better performance properties compared
to ordinary bitumen and is used to produce a high-quality mixture.

2. Water. The mass fraction is 15-70%.

3. Emulsifier (0.15-3%). Emulsifiers are surfactants that are dissolved in all phases (water
and binder) or one of them. They can be anionic or cationic. In rare cases, fine mineral
powders such as cement, clays, soot, carbonates, or oxides can replace surfactants.

4. Stabilizer. The mass fraction is 0.05-0.5%. Used only in emulsions with cationic
surfactants. An aqueous solution of calcium chloride or other water-soluble salts, as well as
acids (orthophosphoric, hydrochloric, acetic), can be used to reach this purpose.

5. Some additional components. These can be solvents, polymers, dilutes, or modifying
additives. Modified bitumen emulsion is produced when using modified or ordinary bitumen. Latex,
epoxy, polyethylene, synthetic resin, or rubber are added to the ordinary bitumen-based product.

The particles in the mixture are usually no larger than 1.5 microns in size.

The temperature of the bitumen emulsion when it is poured varies according to the
ambient temperature range. At temperatures higher than +20°C the composition is not heated.
At temperatures below +20°C, it must be pre-heated to +40-+70°C before pouring. The
material should preferably be stored at a temperature above 0°C.

Properties of the bitumen emulsion giving it an advantage over ordinary bitumen:

- low viscosity, so the material penetrates even into the smallest pores of a base layer:

- adheres very well to the base;

- road construction works are possible when relative air humidity is high and temperatures are low;

- the material is dosed very accurately and distributed as a thin layer across the base;

- energy carrier savings for pre-heating before using the material.

- environmental compliance and no harm to human health due to the minimal amount of
harmful emissions going into the atmosphere. GOST 12.1.007 classifies the emulsion as a
low-hazard substance, and its effect on the human body is the 4th class of hazard;

- high level of fire safety.
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2.2 How to prepare samples

First, a plastic mold was mounted on the cement concrete samples with a diameter of 71.4
mm. Then, at 90...100 °C, a ready-made bitumen-latex emulsion was poured into the resulting
molds in varying thicknesses. After that, the plastic was removed, and asphalt concrete
samples were bonded to the resulting bases (Fig. 1).

Fig. 1. How the samples are bonded (illustration by the authors).

After the samples of asphalt concrete mixture were bonded to cement concrete samples,
they were further tested on the PSG-3M unit using the non-consolidated undrained shear
method as per GOST 12248-10.

The thicknesses of bitumen-latex emulsion used in the experiment were: 2 mm, 3 mm, 4
mm, and 5 mm (Figures 2a-d).

a) The bonding layer is 2 mm thick b) The bonding layer is 3 mm thic
(illustration by the authors) (illustration by the authors)

d) The bonding layer is 5 mm thick
(illustration by the authors) (illustration by the authors)

Fig. 2. Samples with the bonding layer of various thicknesses.

Each thickness had three pre-made batches of three samples each for the accuracy of the
experiment. The best result from the batch was selected and used for further comparison.

The samples were tested according to GOST 12248-2010 requiring them to be tested for
shear strength under various normal stresses: 0.1 MPa; 0.2 MPa; 0.3 MPa.

The normal compressive force is found by the formula [4]:

F
o=10% (1)
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where F is the normal force to the shear plane, respectively, kN;
ois the vertical stress, MPa;
A is the sample area, m?, 4 = 0,004 m>.

TA

F= @)

for 0= 0.1 mPa:

0.1 -10°Ma- 0.004 m?
F= 10 = 40 N.
To find the weight of the suspended load, let us use the formula:
F=mg, (3)
where m is the weight of the load, kg,
g is the acceleration of gravity, g = 9.82 =
_F_ 40 :

m=g~ 982 7*® @

for 0=0.2 mPa:

0,2 -10%Ma- 0,004 m?
F= = 80N. )
1800

m= 982 ~ 8 kg. (6)

for 0= 0.3 mPa:

0,3 - 10°Ma- 0,004 m?
F= = 120 N. (7
10
_ 120 12k 8

T 9g TN ®

To produce vertical stress, the weight of the mechanism, which is 0.5 kg, was factored in.
To create normal stress on the lower suspension, loads of 3.5 kg for 0.1 MPa, 7.5 kg for 0.2
MPa, and 11.5 kg for 0.3 MPa are required. Thus, the total vertical stress applied to the
sample is 4 kg at 0.1 MPa; 8 kg at 0.2 MPa; and 12 kg at 0.3 MPa (Table 2).

Table 2. Weight of the load on the shear arm suspension vs. tangential stress.

Time from beginning of Weight of the logd on the shear Tangential shear stress, T, mPa
the experiment, ¢, s arm suspension, M, kg
At normal stress o — 0.1 mPa:
10 0.4 0.01
20 0.8 0.02
30 1.2 0.03
40 1.6 0.04
50 2 0.05
60 2.4 0.06
At normal stress 0 — 0.2 mPa:
10 0.8 0.02
20 1.6 0.04
30 2.4 0.06
40 3.2 0.08
50 4 0.1
60 4.8 0.12
At normal stress o — 0.3 mPa:
10 1.2 0.03
20 2.4 0.06
30 3.6 0.09
40 4.8 0.12
50 6 0.15
60 7.2 0.18
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Using the method of GOST 12248-2010, a load of 10% of the vertical stress was applied
stepwise when the horizontal shear stress was produced. This experiment could only be
considered finished when the shearing strain was over 5 mm.

When the samples were tested, a load of 3.5 kg was suspended on the mechanism for
producing vertical stress of 0.1 MPa. Next, right after the normal stress was transferred, the
horizontal stress-producing mechanism was actuated by placing a 0.4 kg load on the suspension.
Then, the load on the horizontal shear load suspension was stepped up 10% from the normal
stress every 10 seconds. The test was considered finished if the shear strain was over 5 mm.

For tests at 0 = 0.2 MPa, the load on the suspension was 7.5 kg to produce vertical stress
and 0.8 kg to produce horizontal stress.

For tests at 0 = 0.3 MPa, the weight of the load on the suspension was 11.5 kg to produce
vertical stress and 1.2 kg to produce horizontal stress.

For each test sample with different layer thicknesses of bitumen-latex emulsion, we
plotted the shear strength vs. normal stress and the shear strain vs. tangential stress.

3 Results

Test results for the bitumen-latex emulsion 2 mm thick

At normal stress of ¢ = 0.1 MPa, the shear strain of more than 5 mm reached z = 0.06
MPa at horizontal shear stress and the loads on the suspension were 2.4 kg. 4, 0 = 0.2 MPa,
7=0.12 MPa, the loads on the suspension were 4.8 kg, and at 6 = 0.3 MPa,t = 0.18 MPa, the
loads on the suspension were 7.2 kg (Figures 3-5).

Fig. 3. Test results for the bitumen-latex emulsion 2 mm thick.
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Fig. 4. Shear strength vs. normal stress graph 7 = f{0) for the bonding emulsion layer 2 mm thick.
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Fig. 5. Shear strain vs. tangential stress graph, / = f{r)for the bonding emulsion layer 2 mm thick).

The next tests were carried out according to the same methodology as for the bitumen-
latex emulsion layer 2 mm thick.
The test data for the bitumen-latex emulsion layers 3, 4, and 5 mm thick is summarized

in table 3.
Table 3. The experiment data for achieving a shear strain of over 5 mm.
Thickness of bitumen-latex emulsion 2 mm
Normal stress, o, mPa Horizontal shear stress 7z, mPa Weight of suspended loads m, kg

0.1 0.06 2.4

0.2 0.12 4.8

0.3 0.18 7.2
Thickness of bitumen-latex emulsion 3 mm

0.1 0.05 2.0

0.2 0.1 4.0

0.3 0.15 6.0
Thickness of bitumen-latex emulsion 4 mm

0.1 0.03 1.2

0.2 0.06 2.4

0.3 0.09 3.6
Thickness of bitumen-latex emulsion 5 mm

0.1 0.02 0.8

0.2 0.04 1.6

0.3 0.06 2.4

4 Discussions

The key goal of the experiment was to determine the optimal thickness of the bituminous-
latex emulsion layer on the cement-concrete base, followed by placing a top («finishing»)
layer of the asphalt-concrete mixture on the concrete.

The tests found that the bitumen-latex emulsion layer on the cement concrete base
provides the best shear resistance and hence the best interlayer binder when applied at the
thickness of 2 mm.

In the course of the experiment, the bitumen-latex emulsion layers thicker than 5 mm and
thinner than 2 mm between samples of the asphalt-concrete mixture and cement-concrete
samples were not addressed. It is not rational to use a layer thicker than 5 mm for laying, as
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there will be a loss of shear strength under normal stress. Using a layer thinner than 2 mm is
technologically challenging in terms of keeping the bonding layer even and accurate when it
comes to producing it.

When installing reinforcement layers on prefabricated surfaces, in addition to the main
load-bearing layers of dense asphalt concrete, a leveling layer of fine-grained or porous
asphalt concrete, less often of black crushed stone, is laid. These layers also serve as a crack-
breaking layer. As a result, the total thickness of the non-rigid part of the coating is at least
0.15 m, which makes it irrelevant that the reinforcement layer adheres to the plate coating.
At the same time, the lack of adhesion between the rigid and non-rigid layers makes it
possible to reduce (or eliminate for the estimated period of time in the case of geotextile
materials) the negative impact of horizontal movements of the prefabricated coating during
seasonal temperature differences that affect the size of crack opening and the speed of their
exit to the surface of the asphalt layer. The main attention should be paid to the amount of
adhesion of asphalt concrete layers to each other, especially when installing airfield
coverings. The minimum thickness of the structural top layer of asphalt concrete should be
at least 0.05 m [12], then, accordingly, the application of a tear-off load of 12 kPa is sufficient
for the destruction of the structure [11]. The adhesion of asphalt-concrete reinforcement
layers is achieved by the technology of laying the upper layers without cooling the mixtures
of the lower layer, by the influx of bituminous emulsion.

5 Conclusion
The research findings give rise to the following suggestions:

1. The bitumen-latex emulsion as a binding layer between the cement concrete base and
the top layer of the asphalt-concrete mixture road is suggested.

2. The optimal thickness of the binding bitumen-latex emulsion layer of 2 mm was found
through experiments to give the top road pavement the best shear strength.

3. With this layer thickness of the binder, road pavement layers do not delaminate and
shear when stressed by the intensive flows of vehicles moving on the roads.

4. The use of bitumen-latex emulsion in the construction of roads paved with dissimilar
top layers is a powerful and low-cost way of achieving inter-layer bonding in the top layers
of road pavement.

5. This reduces shear destructions in the top pavement of the asphalt concrete mixture.
These destructions are known to shorten the recommended inter-repair intervals and
compromise road traffic safety.
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