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Abstract

Actuality of the work: The necessity of road construction around the world
caused the growth of demand on bitumen and on other components of oil. It
should be pointed out, that the technologies of distilling oil are being developed
and improved, useful components are distilled from oil and the quality of the
waste material or the bitumen is growing worse.

Ordinary material of the road construction has been ensuring a satisfactory
quality for years.

Nowadays permanently increasing loads and the need of reliable and strong
roads revealed the flaws of the ordinary bitumen. In practice these flaws are
reflected in the following:

e High thermal sensitivity (during the high temperature it is becoming
softer and during the low temperature it is becoming stiffer);

e Bad mechanical properties and low elasticity;

¢ Inclination towards aging.

As the quality of bitumen becomes worse, physical-mechanical properties of
asphalt-concrete made on its basis becomes worse as well. Worsening of these
properties causes aggravation of exploitation data of the road surface.

Proceeding from these circumstances, the investigations for improving the
quality of and properties of bitumen is already underway. These investigations
revealed that the polymers are decreasing sensitivity of bitumen towards the
temperature fluctuation, increases cohesive strength of cohesive material, thermal
resistance and elasticity, improves their properties on low temperatures. All of the
abovementioned contributes to the improvement of asphalt-concrete properties.

Development of the production of asphalt-concrete modified by polymer
material represents one of the prospective directions for increasing asphalt-
concrete surface quality and terms and validity of exploitation

Using polymer material will ensure a possibility for us to improve physical-
mechanical properties of asphalt-concrete: to increase the strength, stability on
deformation (shear strength) tearing strength, freezing resistance, waterproof
properties, cracking strength and etc.

Target of the scientific work is the following: investigation and approval of the
asphalt-concrete based on the polymer additives for the purposes of improving the
exploitation properties of road pavements, namely, on the basis of the secondary
polyethylene as well as improving physical-mechanical properties of asphalt-
concrete on the basis of terpolymers.

For the purposes of achieving the mentioned target the following tasks are
given for the solution:

e Investigation of the impact on physical-mechanical properties of
bitumen of the additives (secondary polyethylene and terpolymer);

o Theoretical-experimental investigation of the physical-mechanical
properties of asphalt-concrete based on the bitumen modified by
polymer material and based on the local stone material;
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e Experimental research for the assessment of shear strength of the
modifies asphalt-concrete using the Marshal Method;

e Investigation of the value of cohesion between the asphalt-concrete
layers. Experimental investigation of the possibility of increasing
cohesion force using polymer bitumen;

e Creation of the mathematical model for the prognostication of the
physical-mechanical properties of asphalt-concrete considering
different quantities of polymer.

Ecological effectiveness: polyethylene is one of the most widely spread
material from the polymers (so called plastic material). Nowadays the subject of its
utilization is very active. Polyethylene waste material is not dissolved for a long
time (the period of their dissolving may last to 1000 years). There is no
polyethylene recycling in Georgia and so the waste material causes a big harm to
the environment and aggravated the ecological conditions.

This problem could be solved by secondary recycling of the polymer. Different
production is prepared using polymer and using polymer it is possible to modify
asphalt-concrete mixture.

In the developed countries there is an active process underway for improving
the quality of asphalt-concrete using polymer. Investigation of the improvement of
physical-mechanical properties of asphalt-concrete using polyleophines represents
one of the prospective directions. As results of the investigations show using of
polyleophine (to which polyethylene belongs) ensures an evident effect. These
polymer material and bitumen are compatible and exploitation properties of
bitumen can be improved by mixing them with bitumen.

Economic effectiveness: for the assessment of the effectiveness of the vehicles
the time discharge is used, which is necessary for the transportation of the
passengers or for the transportation of cargos. The time discharge directly depends
on the traffic speed.

The traffic speed from its side depends on the following factors: condition of
the road cover, straightness and the quality of cohesion. One of the main reasons
of slowing down the traffic speed is worsening of the smoothness of road surface.

Effectiveness of the vehicles depends on the self-value of the transportation.
By reducing average speed self-value of transportation is increased, especially on
the speeds less than 40 km/h.

Condition of the traffic road greatly influences the cost of the vehicle fuel
moving on the road. Besides, along with the worsening of the smoothness of road
the more speed the more fuel cost.

According to the data of the European Development and Reconstruction Bank,
the condition of roads influences effectiveness of the operation of vehicles. So,
without a significant improvement of the technical quality of the exploitation
conditions of the existed roads, it is impossible to solve the task of increasing
operational effectiveness of vehicles.

Using polymer additives it is possible to improve the properties of asphalt-
concrete surface. The mixture of polymer-asphalt-concrete has better values of
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shear strength if compared with ordinary mixture. This condition obstructs
development of shear deformation and worsening of smoothness on the road
surface. Improving the quality of smoothness will ensure significant economic
effect while transporting the passengers and cargo.

Improvement of the exploitation data of asphalt-concrete will prolong the
period in-between repairing works and this will ensure road maintenance
expenses, which from its side will give us a significant economical relief.

It should be pointed out, that nowadays very high price of polymer represents
a main cause why the use of bitumen improved with polymer additives is not
widely spread in the road construction.

Reduction of financial expenses will be possible with complex modification of
different class polymer, when expensive and cheaper modification agents can be
used. The price of the secondary polyethylene is lower than the price of the initial
polymer and using it is possible to modify asphalt-concrete mixtures.

Modification with the secondary polyethylene will significantly cheapen the
modified bitumen and accordingly polymer-asphalt-concrete made on its basis.

Scientific innovation

e The possibility of obtaining asphalt-concrete modified with polymer
material (secondary polyethylene and terpolymers) having better
exploitation data have been experimentally approved;

e The possibility of increasing shear strength of asphalt-concrete
containing polymer additives has been proved using the Marshal test
method;

e The possibility of increasing cohesion strength between the layers of
asphalt-concrete has been experimentally proved;

e A mathematical model has been elaborated, according to which it is
possible to prognosticate physical-mechanical values of asphalt-
concrete mixture according to the percentage composition of polymer
additives in the bitumen.

The practical value of the works is the following:

e Usage of the secondary polymer will decrease the price of the asphalt-
concrete with polymer additives;

e Usage of the secondary polymer will decrease the possibility of
spreading the secondary polymer in the environment that will improve
ecological conditions of the environment;

e The elaborated mathematical model can be used for the prognostication
of the experimental results, which will enable us to reduce the number
of physical experiments significantly.
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Datum:
Zeit:
ProbenNr: CDA I.

17.01.2012
12:17:44

Mittelwerte nach DIN EN 12697-34:2004

Marshall-Stabilitat
FlieAiwert

Tangentialer FlieAwert

Marshall-Quotient

15

10

Kraft [kN]

@ infraTest/ UniPress V3,19

10,9 kN
4,0 mm
1,0 mm
11,7 kN/mm

Max.

Last

[kN]

10,1
1.3

FlieA-

wert
F
[mm]
4,6
34

Proben-

huhe
h
[mm]
63,8
62,7

Stabi-

litat
s,
[kN]
10,2
11,6

T. Fliest-Marshall-

wert Quotient

Ft
[mm]
1,0
0,9

[kN/mm]
9,9
13,5

3

FlieAwert [mm]
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Datum: 18.01.2012 Max. Flief- Proben- Stabi- T.FlieA-Marshall-

Zeit: 11:36:30 Last wert huhe litat  wert Quotient
ProbenNr: CDA II. s F h s, Ft

[kN] [mm] [mm] [kN] [mm] [kN/mm]
Mittelwerte nach DIN EN 12697-34:2004 15,7 31 647 154 1,0 15,5
Marshall-Stabilitat 15,5 kN 15,7 2,6 64,4 15,5 0,9 18,2
FlieAwert 2,9 mm
Tangentialer FlieAwert 1,0 mm
Marshall-Quotient 16,9 KN/mm

20

15

Kraft [kN]
10

0 1 2 3 4 5 6

FlieAwert [mm]
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Datum: 18.01.2012 Max.  Fliel- Proben- Stabi- T. Fliefl-Marshall-

Zeit: 14:07:23 Last wert huhe litat  wert Quotient
ProbenNr: CDA 11 s F h s, Ft
[kN]  [mm] [mm] [kN]  [mm] [kN/mm]
Mittelwerte nach DIN EN 12697-34:2004 15,8 2,6 60,7 17,2 0,9 19,1
Marshall-Stabilitat 17,4 kN 16,6 25 60,8 18,0 0,8 21,5
FlieAiwert 2,5 mm 158 | 25 | 609 17, 09 | 194
Tangentialer FlieAwert 0,9 mm
Marshall-Quotient 20,0 KN/mm
20
e CEEEIL
15
7
I,l
y
Kraft [kN]
10
5
./‘
/
. /
0 1 2 3 4

FlieAwert [mm]
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Datum: 20.01.2012 Max. Fliefl- Proben- Stabi- T.Fliesl-Marshall-

Zeit: 12:25:49 Last wert huhe litat wert Quotient
ProbenNr: CDA IV, ] F h 8 Ft

[kN] [mm] [mm] [kN] [mm] [kN/mm]
Mittelwerte nach DIN EN 12697-34:2004 18,7 24 60,9 20,2 0,8 24,2
Marshall-Stabilitat 19,5 kN 17,7 2,1 61,3 18,9 0.8 23,5
Fl|eﬂwert . 2’3 mm 17,8 25 60,9 19,3 0,8 by
Tangentialer FlieAwert 0,8 mm
Marshall-Quotient 23,5 kN/mm

20

15

Kraft [kN]
10

0 il 2 3 4

FlieAwert [mm]
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Datum: 15.02.2012 Max. Fliesl- Proben- Stabi- T.FlieA-Marshall-

Zeit: 12:28:15 Last wert huhe litst  wert Quotient
ProbenNr: CDA V. s F h s, Ft

[kN] [mm] [mm] [kN] [mm] [kN/mm]
Mittelwerte nach DIN EN 12697-34:2004 14,2 29 61,1 15,3 1,2 13,0
Marshall-Stabilitat 14,9 kN 13,5 2.7 61,2 14,4 1,3 11,6
FlieAwert 2,8 mm 13.9 23 61.2 0 s
Tangentialer FlieAwert 1,2 mm
Marshall-Quotient 12,6 KkN/mm

15

10

Kraft [kN]

0 1 2 3 4 5

FlieAwert [mim]
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Datum:
Zeit:

ProbenNr: CDA VI.

17.02.2012
12:31:09

Mittelwerte nach DIN EN 12697-34:2004

Marshall-Stabilitat
FlieAwert
Tangentialer FlieAwert
Marshall-Quotient

16,9 kN
2,4 mm
0,9 mm
18,3 kN/mm

Max.
Last

[kN]
16,8
15,5

16,0

20

15

Kraft [kN]
10

©@infraTest / UniPress V3,19

2

FlieA-

wert
F
[mm]
24
2,6
2,3

FlieAwert [mm]

Proben-

huhe
h
[mm]
61,9
52,0

Stabi-
litat
S,
[kN]
17,7

T. FlieA-Marshall-
wert Quotient
Ft
[mm] [kN/mm]
0,9 19,7
b | 15,4
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Datum: 17.02.2012 Max. Fliel- Proben- Stabi- T.Fliesl-Marshall-

Zeit: 14:39:40 Last wert huhe litat = wert Quotient
ProbenNr: CDA VII. s F h S, Ft

[kN] [mm] [mm] [kN] [mm] [kN/mm]
Mittelwerte nach DIN EN 12697-34:2004 16,8 2,3 60,0 186 09 20,8
Marshall-Stabilitat 18,4 kN 16,5 23 60,2 18,1 0,9 20,2
FlieAwert 2,3 mm
Tangentialer FlieAwert 0,9 mm
Marshall-Quotient 20,5 kN/mm

20

15

Kraft [kN]
10

0 1 2 3 4

FlieAwert [mm]
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Datum: 13.09.2011

Zeit: 13:34:14
Proben- (L) K-234
nummer:
Scherwerte: 4,5 kN
3,7 mm

5000

4000

3000

Kraft [N]
2000
1000
0
0 1 2 3 4

Weg [mm]
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Datum: 10.05.2012

e

Zeit: 10:26:49
Proben- (L) K-576
nummer:
Scherwerte: 11,1 kN
0,4 mm
15
10
Kraft [kN]
5
0
0.0 0.2 0.4

Weg [mm]
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0.6

0.8
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Datum: 05.06.2012

Zeit: 15:12:53
Proben- (L) K-785
nummer:
Scherwerte: 14,0 kN
1,2 mm
15
10
Kraft [kN]
5
0
0.0 0.5 1.0 1.8

Weg [mm]
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Datum: 03.07.2012

Zeit: 16:52:51
Proben- (L) K-192
nummer:
Scherwerte: 18,6 kN
0,9 mm
20
15
Kraft [kN]
10
5
0
0.0 0.5 1.0 1.5

Weg [mm]
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Datum: 10.05.2012
Zeit: 15:35:12
Proben- CDA I. NIMUSHI-1
nummer:
Scherwerte: 18,7 kN
1,1 mm
20
15
Kraft [kN]
10
5
0
0.0 0.5 1.0 1.5
Weg [mm]
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Datum: 10.05.2012
Zeit: 15:37:11
Proben- CDA I. NIMUSHI-2
nummer:
Scherwerte: 18,9 kN
1,6 mm
20
15
Kraft [kN]
10
5
0
0.0 0.5 1.0 1.5 2.0 2.5
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Weg [mm]
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Datum: 11.05.2012
Zeit: 15:47:49
Proben- CDA II. NIMUSHI-3
nummer:
Scherwerte: 17,4 kN
1,2 mm
20
15
Kraft [kN]
10
5
0

© infraTest / UniPress V3,19

0.5 1.0 1.5

Weg [mm]
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Datum: 11.05.2012

Zeit: 15:51:03
Proben- CDA Il. NIMUSHI-4
nummer:
Scherwerte: 17,1 kN
1,3 mm
20
15
Kraft [kN]
10
=
0
0.0 0.5 1.0 1.5

Weg [mm]
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Datum: 14.05.2012

Zeit: 15:05:29
Proben- CDA lIl. NIMUSHI-5
nummer:
Scherwerte: 12,9 kN
0,7 mm
15
10
Kraft [kN]
5
0
0.0 0.2 0.4 0.6 0.8 1.0

Weg [mm]
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Datum: 14.05.2012

Zeit: 15:07:57
Proben- CDA IIl. NIMUSHI-6
nummer:
Scherwerte: 12,8 kN
0,8 mm
15
10
Kraft [kN]
5
0
0.0 0.2 0.4 0.6 0.8 1.0

Weg [mm]
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Datum: 14.05.2012

Zeit: 16:22:13
Proben- CDA IV. NIMUSHI-7
nummer:
Scherwerte: 20,8 kN
1,8 mm
25
20
15
Kraft [kN]
10
5
0
0.0 0.5 1.0 1.5 2.0 25

Weg [mm]
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Datum: 14.05.2012

Zeit: 16:23:47
Proben- CDA IV. NIMUSHI-8
nummer:
Scherwerte: 20,7 kN
1,7 mm
25
20
15
Kraft [kN]
10
5
0
0.0 0.5 1.0 1.5 2.0 2.5

Weg [mm]
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Datum:
Zeit:

Proben-
nummer:

Scherwerte:

Kraft [kN]

0.0

@infraTest / UniPress V3,19

17.05.2012
14:57:35

CDA V. NIMUSHI-9

24,5 kN
2,2 mm

0.5 1.0

15
Weg [mm]

2.0

25

3.0

156



Datum: 17.05.2012

Zeit: 16:00:33
Proben- CDA V. NIMUSHI-10
nummer:
Scherwerte: 24,3 kN
2,1 mm
25
20
15
Kraft [kN]
10
5
0
0.0 0.5 1.0 1.5 2.0 2.5

Weg [mm]
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Datum: 17.05.2012

Zeit: 15:03:02
Proben- CDA VI. NIMUSHI-11
nummer:
Scherwerte: 26,2 kN
1,9 mm
30
25
20
Kraft [kN]
15
10
5
0
0.0 0.5 1.0 15 2.0 25

Weg [mm]
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Datum: 17.05.2012

Zeit: 15:05:00
Proben- CDA VI. NIMUSHI-12
nummer:
Scherwerte: 26,4 kN
1,7 mm
30
25
20
Kraft [kN]
15
10
(-}
0
0.0 0.5 1.0 15 2.0 2.5

Weg [mm]

©@infraTest/ UniPress V3,19
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Datum: 17.05.2012

Zeit: 15:07:51
Proben- CDA VII. NIMUSHI-13
nummer:
Scherwerte: 28,6 kN
1,6 mm
30
25
20
15
Kraft [kN]
10
5
0
0.5 1.0 1.5 2.0
-5

Weg [mm]
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Datum: 17.05.2012

Zeit: 15:10:05
Proben- CDA VII. NIMUSHI-14
nummer:
Scherwerte: 28,4 kN
1,6 mm
30
25
20
Kraft [kN]
15
10
5
0
0.0 0.5 1.0 1.5 2.0

Weg [mm]
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Datum: 18.05.2012

Zeit: 12:57:54
Proben- CDA VIIl. NIMUSHI-15
nummer:
Scherwerte: 23,3 kN
2,2 mm
25
20
15
Kraft [kN]
10
5
0
0.0 0.5 1.0 15 2.0 25 3.0

Weg [mm]
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Datum:
Zeit:

Proben-
nummer:

Scherwerte:

25

20

15

Kraft [kN]

10
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18.05.2012
13:01:08

CDA VIII. NIMUSHI-16

23,0 kN
2,1 mm

0.5 1.0 1.5 2.0 25

Weg [mm]
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Datum: 18.05.2012

Zeit: 13:04:02
Proben- CDA IX. NIMUSHI-17
nummer:
Scherwerte: 25,0 kN
2,0 mm

Kraft [kN]

0.0 0.5 1.0 1.5 2.0 25

Weg [mm]
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Datum: 18.05.2012

Zeit: 13:06:59
Proben- CDA IX. NIMUSHI-18
nummer:
Scherwerte: 25,3 kN
1,8 mm
30
25
20
Kraft [kN]
15
10
5
0
0.0 0.5 1.0 15 2.0 235

Weg [mm]
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Datum: 18.05.2012

Zeit: 13:11:05
Proben- CDA X. NIMUSHI-19
nummer:
Scherwerte: 27,7 kN
2,9 mm
30
25
20
Kraft [kN]
15
10
5
0
0 1 2 3 4

Weg [mm]

@infraTest / UniPress V3.19

166



Datum: 18.05.2012

Zeit: 13:15:03
Proben- CDA X. NIMUSHI-20
nummer:
Scherwerte: 27,5 kN
2,2 mm
30
25
20
Kraft [kN]
15
10
5
0
0.0 0.5 1.0 1.5 2.0 25

Weg [mm]
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