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Statement of the problem. It is necessary to determine the nature of the interaction of the polyurethane binder with crushed stone of various fractions and brands. It is also important to carry out a
comparative analysis of the physical and mechanical properties of polyurethane and bituminous binders. The issue of the prospects of a possible use of a polyurethane binder on various elements of a road
structure, including on the slopes of mounds and excavations of roads and railways was considered.
Results. Some experiments were conducted to study the adhesion of rubble to polyurethane and bituminous binders. The adhesion indices of the binding materials are investigated with the Vialite instrument. An experiment was also conducted to determine the roughness of the polyurethane crushed
stone layer as well as to study the possibility of using this structure as a pavement surfacing.
Conclusions. As a result of the tests, the polyurethane binder was show to interact excellently with
rubble compared to bitumen in the same conditions. The experience in determining the macroroughness did not provide an unambiguous answer as to whether it was possible to use the layer
under investigation as a covering of the motor road or not.
Keywords: polyurethane binder, bitumen binder, crushed stone, opening of the binding material, adhesion, adhesion with the binder, macroroughness, resin, hardener.

Introduction. One of the key issues is improving transportation and operation performance of

transport equipment, i.e. strength and stability of a structure, which depend on weather and
climate conditions [3, 8].
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A very important role in increasing the stability of highway structures is played by protection
and strengthening of embankment and hollow slopes. There are different ways of strengthening
slopes: grass sowing, gravel filling, strengthening with concrete plates, etc. These methods have
a number of advantages and disadvantages including material and operational costs, technological effectiveness, life cycle, easy maintenance. The most optimal ones in terms of their positive
and negative properties are polyurethane gravel layers. This structure started being used not
long ago but has already become very widely used. A polyurethane binder is formed by mixing
two components – resin and solidifier. After the components have been mixed, a polyurethane
binder is poured onto gravel and solidifies forming a strong carcass structure [14—20].
The main purpose is to identify the characteristics of the interaction between a polyurethane
binder and gravel of different brands and fractions. It is necessary to evaluate a polyurethane
gravel layer employed for strengthening embankment and hollow slopes. An experiment to
determine macroroughness of a surfacing was also conducted to investigate the possibility of
using a binder for surfacing and bus pockets on highways [6].
1. Study of the adhesion of gravel (adhesive activity). Adhesive activity of gravel to a binder

is

evaluated

by

means

of

adhesion

with

a

gravel

surface

according

to

the

GOST (ГОСТ) 12801-98. A mass proportion in gravel of pulverescent and clayous particles is
less than 1,0 % and defined by decantation. The content of clay in the form of lumps and random clogging impurities is not acceptable. The adhesion index of a binder and gravel is determined on gravel particles of more than 10 mm. A visually identified value of the gravel surface
that retains a film of a binder following boiling in water is assumed to be an adhesion index.
The adhesion is determined in the following sequence:
–– a gravel particle is bound with a thread or thin wire, heated in a thermostat for an hour to
the temperature of 150—170 °С;
–– gravels are submerged for 15 sec into a bowl with a ground binder (bitumen) to the temperature 140—160 °С;
–– the remaining gravel is submerged for 15 sec into a bowl with the polyurethane mix;
–– after 15 min gravels are submerged into a pan with boiling distilled water (gravels should
not touch the walls or two glasses);
–– after 30 min of boiling the strength of adhesion with the gravel surface is evaluated without lifting it out of the water;
–– adhesion is evaluated according to Table 1.
Tests of polyurethane as a binder are performed in the same manner replacing a bitumen
binder for a polyurethane one.

51

Russian Journal of Building Construction and Architecture
Таble 1
Characteristics of a film binder on the gravel surface
Clean and washed gravel

Gravel in a natural condition

A film of a binder is completely

A film of a binder is completely retained:

retained

water is absolutely pure

A film of a binder is exfoliated

A film of a binder is significantly exfoliated us-

using water. Some grains or indi- ing water. Large grains (50 %) are exposed and
vidual areas (about 50 %) are

water is a bit blurred due to washing-out of some

exposed

of the small fraction

A film of a binder is completely

A film of a binder is mostly or completely exfoli-

exfoliated with water. The sur-

ated with water. The mix becomes significantly

face with small drops of the clot-

lighter with some drops of the clotted and float-

ted binder is almost completely

ing binder and water growing increasingly

exposed or floating

blurred

Visual adhesion indices
Good

Satisfactory

Poor

In order to determine the adhesion of gravel, М1000 limestone gravel and М1200 granite
gravel with bitumen as well as polyurethane binders.
The gravel was washed under running water in a sink and dried in a drying cabinet. The limestone and granite gravel with a bitumen binder was placed into a vessel with water boiling on
a stove and kept in the water for 30 min. Similarly, the limestone and granite gravel with a
polyurethane binder was kept in water. The stages of determining the adhesion degree of
limestone with different binding materials are shown in Fig. 1. The granite gravel did not
withstand the adhesion with a bitumen binder (it was floating on the surface of the water).
The gravel limestone withstood an adhesion experiment based on sample № 1. The granite
and limestone gravel withstood an adhesion test with polyurethane based on sample № 1.
а)

b)

c)

d)

Fig. 1. Adhesion test of the granite and limestone gravel:
а) granite gravel with a bitumen binder; b) limestone gravel with a bitumen binder;
c) granite gravel with a polyurethane binder; d) limestone gravel with a polyurethane binder
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2. Evaluation of the adhesion of a binder and stone material in a laboratory setting using
a Vialit tool. М1000 limestone gravel with the fraction of 5—10 and 10—20 mm with a mass

of 1 kilogram is washed and dried. М1200 granite gravel is prepared in the same manner.
Hot bitumen with the temperature of no less than 160 оС is poured into a standard metal
square form of a Vialit tool. The bitumen consumption per an area unit is the same as for a
standard consumption for rough surface treatment (1.0 l/m2). There are eight such metal
square forms in the test.
М1000 gravel with the fraction of 5—10 mm is spilled on a preliminarily riped bitumen binder with a thin layer on the first form. The second form is prepared in the same manner using
М1000 gravel with the fraction of 10—20 mm (Fig. 2).
а)

b)

Fig. 2. Samples of М1000 limestone gravel with the fraction of 5—10 (а)
and 10—20 mm (b) with a bitumen binder

A bitumen binder is also poured onto the next two forms and М1200 granite limestone with
the fraction of 5—10 is spilled (for the third form) and of 10—20 mm (for the fourth form) as
shown in Fig. 3.
а)

b)

Fig. 3. Samples of М1200 granite gravel with the fraction of 5—10 (а)
and 10—20 mm (b) with a bitumen binder
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A polyurethane binder is prepared. A polyurethane resin RC-ТPI 001А is prepared with a
construction mixer in a barrel. After that according to “The Organization Standard” (СТО)
88902325-01-2014 “Binding Material Based on Polyurethane for Highways and Artificial
Structures. Technical Conditions” the resin is mixed with a solidifier in a vessel.
On the fifth form a polyurethane binder is poured in a thin layer. М1000 limestone gravel with
the fraction of 5—10 mm is spilled in one layer as shown in Fig. 4. The sixth form is prepared
in the same way as the fifth one and limestone with the same fraction of 10—20 mm is used.
а)

b)

Fig. 4. Samples of М1000 limestone gravel with the fraction of 5—10 (а)
and 10—20 mm (b) with a polyurethane binder

The next two forms are prepared. A polyurethane binder is spilled in a thin layer onto the
forms, М1200 granite gravel with the fraction of 5—10 is spilled in one layer (for the seventh
form) and of 10—20 mm (for the eighth one) as shown in Fig. 5.
One waits for a day till the bitumen binder cools down and the polyurethane binder is bound in
all the samples. Then each sample is tested on a Vialit tool (Fig. 6).
а)

b)

Fig. 5. Samples of М1200 granite gravel with the fraction of 5—10 (а)
and 10—20 mm (b) with a polyurethane binder
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Each sample is placed on the tool one by one where a metal ball is dropped on it according to
the height.

Fig. 6. Vialit tool

The number of the torn gravels (Fig. 7) is counted. The data is entered into Table 2.
а)

b)

Fig. 7. Number of gravels torn off the tested samples:
а) samples of gravel with a bitumen binder; b) samples with a polyurethane binder
Таble 2
Results of the correlation tests on the Vialit tool according to how the gravels are torn off the layer of the binder
Gravel
Binder

Granite

Limestone

Fraction

Fraction

Fraction

Fraction

of 5—10 mm

of 10—20 mm

of 5—10 mm

of 10—20 mm

Bitumen

7

10

1

9

Polyurethane

4

3

1

1
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3. Determining the average depth of macroroughness hollows (rough surface treatment)
by means of the “sandy spot” method. The method allows one to determine the average depth

of hollows of a rough surface of roadway surfacing as well as that with a treated rough surface.
Through the course of the measurement a specified volume of sand is distributed on a surface
with a rough surface treatment and using the obtained sizes of a sandy spot, the depth of hollows of a rough surface is identified.
The measurement should be conducted in the following sequence:
1) a surface is cleaned with a sweeping brush;
2) a vessel is filled with sand, the bottom of the vessel is slightly slapped for the sand to heave
so that there is more sand;
3) the sand is piled on top of the surfacing;
4) the sand is distributed along the surface in circular movements till it touches the lower part
of the protruding surface and the hollows are filled with the sand;
5) the diameter of the circle obtained as result of the distribution (no less than four values) is
measured.
After the necessary data is obtained, it is processed. The area of the circle (a sandy spot) is
given by the formula:

Sn 

 dср2
4

,

(1)

where Sn is the area of the circle, mm2; dcp is the average diameter of the circle, mm.
The depth of the hollows of a rough surface is determined using the formula:

H срj 

1000 Vsand
,
Sn

(2)

where Нсрj is the depth of the hollows of a rough surface of the j-th measurement, mm; 1000
is a conversion coefficient from cm3 into mm3; Vsand is the volume of sand spilled onto the
surface, Vsand is from 200 to 250 сm3.
The sample of the materials and anti-skid surfacing are prepared using polyurethane and limestone mixes for tests.
Before starting the tests, gravel fractions of 5—10 and 10—20 mm and a polyurethane binder
are prepared. In order to prepare gravel samples for the tests, they are washed in order to remove pulverescent, clayous and other impurities (Fig. 8). After all the impurities have been
washed and all the gravel particles have been removed, each weighed portion is dried separately on a stove in a dry box till water is completely removed (Fig. 9).
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We obtain a mix for covering the tested samples. We mix the polyurethane resin RC-ТPI
001А with a construction mixer in a barrel. Then in a special vessel the resin RC-ТPI 001А
and the solidifier RC-ТPI 001B are mixed in the ratio specified in “The Organization Standard” (СТО) 88902325-01-2014.

Fig. 8. Washing of the gravel samples

Fig. 9. Drying of the gravel samples

After the components have been mixed with the polyurethane binder in a vessel, gravel with
the fraction of 5—10 mm is spilled in small amounts and evenly mixed with the mix. The
volume of the polyurethane binder is 330 ml per 5 kg of gravel. A mix of the polyurethane
binder and gravel with the fraction of 10—20 mm is prepared in the same manner. The polyurethane and gravel mix with the fractions 5—10 and 10—20 mm is placed onto the carton
foundations sized 100 × 30 сm (Fig. 10).
One waits for a day till the polyurethane binder is bound. Then the sand with the volume of
200 сm3 is distributed along the top of the macrorough surface (Fig. 11).

Fig. 10. Samples of the laid gravel

Fig. 11. Distribution of sand on the samples
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The diameter of the sandy spot for the macrorough surface based on the fraction of the gravel
of 5—10 mm was 19.0 сm.
The area of the circle (sandy spot) was determined using the formula (1): Sn = 28697 mm2.
The depth of the hollows of a rough surface is found according to the formula (2):
Нсрj = 6.97 mm.
The diameter of the sandy spot for the macrorough surface based on the gravel fraction of
10—20 mm was 13.5 сm.
The area of the circle (sandy spot) according to the formula (1) is Sn = 14306 mm2.
The depth of the hollows of the rough surface according to the formula (2) is Нсрj = 1399 mm.
The obtained depth of the roughness hollows of the surface is compared with a minimum acceptable values according to “The Building Standards and Regulations” (СНиП) 3.06.03-85
and 2.05.02-85.
Conclusions

1. During the experiment to study the adhesion of a binder with gravel it was found that while
testing the adhesion of a granite and limestone gravel with a polyurethane binder, a film is
retained and water is pure and the visual adhesion index is high. This means that granite and
limestone gravel withstood the adhesion test on sample № 1.
2. During the adhesion experiment using a Vialit tool it was found that the amount of torn
gravel particles on the samples with a polyurethane binder is smaller than on those with bitumen. This indicates that there is a much better adhesion between gravel particles and a polyurethane binder.
3. The obtained macroroughness index showed that a polyurethane gravel layer with the
fraction of 5—10 mm can be classed into significantly rough surfacings according to “Departmental Construction Regulations” (ВСН) 38-90 “Technical Specifications for Roadway
Surfacing with a Rough Surface” and a polyurethane gravel layer with the gravel fraction of
10—20 cannot be classed into this type of surfacing due to a high depth index of a roughness surface.
4. The investigated layer can be used as a reinforcement of the edge of Class 5 roads but more
detailed studies of other indices are required for final conclusions to be made.
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