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RESEARCH OF TRANSPORT AND OPERATION CONDITION TAKEN INTO ACCOUNT OF
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Summary. This article deals investigate in laboratory conditions effect of bituminous Polygum binder
on rutting resistance of different types asphalt concrete using rutting measure. It includes research of fine-
grained asphalt concrete, which in grading composition related to types A, B, V and stone-mastic asphalt
(SMA) with a maximum particle size of grains of 10 mm with asphalt binder Polygum" and oil bitumen BND
40/60 till accumulation of residual strains in form of rutting. This indicates that studied asphalt concrete with
Polygum binder have in almost 1.5-2 times less rutting than asphalt concrete with bitumen BND 40/60.

Keywords: bituminous concretes, Polygum binder, rutting firmness, procedure of assessment, proce-
dure of testing, rutting depth, strength of adherence depending.

Introduction. On general use roads of Ukraine in recent years there has seen a steady increase in traffic
of heavy vehicles which causes accumulation of residual strains in form of rutting in layers of asphalt coating,
especially during high summer temperatures.

Violation of transverse equality in asphalt pavement in the form of rutting creates dangerous conditions
for driving, as: there is increased risk of loss of vehicle control while crossing over a track, during maneuvers
(eg overtaking), stagnant water in a rut can lead to hydroplaning wheels of the vehicle and as a result - danger-
ous driving. In addition to safety reduction stagnant water in a track leads to its more intensive development,
in the winter it complicates efficient removal of snow and ice deposits, increasing slip in strip rolling and
reduces safety.

71



ABTOMOBUIBHI JIJOPOT'U I JOPOXKHE BYJIIBHULITBO. Burl. 107. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 107. 2020

According, rutting is the most difficult type of strain, its appearance on "roads in operation is unaccept-
ble, and emerged rutting is to be urgently eliminated". This indicates that asphalt concrete with ordinary bitu-
men (BND) does not always meet requirements of standards [1-3]. In this case, it should be noted that for such
roads critical standard of quality for bitumen and asphalt concrete is not always enough to ensure both pro-
duceability, resistance to accumulation of residual strain, water and frost resistance of asphalt conctere. The
current range of different modifiers for bitumen and asphalt concrete mixtures in Ukraine allows significantly
increase rutting resistance of asphalt concretes with bitumen which are in compliance with standards. There-
fore, research rutting asphalt concrete, prediction of intensity of rutting in asphalt concrete is urgent task.

Materials and Methods. According to [1, 4] depending on category of roads and bridges, they use
various types and kinds of asphalt concrete which differ in number of coarse aggregate (gravel).

Comparison results of stability tests of asphalt concrete with different gradation before rutting are given
in [5]. The authors of these studies claim that among these fine-grained asphalt concrete the lowest depth of
rutting is typical for type A and the highest — to type B. Sand asphalt concrete is characterized by the highest
rut depth compared to the fine-grained asphalt concrete, while after 25 000 passes depth rutting from wheel of
type A 2 times lower than type D. The results of tests showed that rutting depth and indicator of compressive
strength at 50° C, as criteria shear resistance are in contradiction

As the results of studies conducted in HNADU [6], rutting resistance of asphalt concrete is greatly in-
fluenced by binder (bitumen). As the number of bitumen from 6.4% to 4.6% depth of rutting in asphalt concrete
after 30,000 wheel passes is reduced from 14 mm to 6 mm. So, in determining dependence between depth of
rutting and bitumen content in asphalt concrete was observed maximum (extreme), in contrast to results when
tested for resistibility and determining the rheological characteristics [1].

Objective of this research — investigate in laboratory conditions effect of bituminous Polygum binder
on rutting resistance of different types asphalt concrete using rutting measure.

At the Department of Road Construction Materials and Chemistry NTU were performed research of
fine-grained asphalt concrete, which in grading composition related to types A, B, V and stone-mastic asphalt
(SMA) with a maximum particle size of grains of 10 mm with asphalt binder Polygum" and oil bitumen BND
40/60 till accumulation of residual strains in form of rutting. Rutting test was carried out by sector press,
developed by SSTC Doryakist and NTU (Fig. 1), and loaded on a metal wheel with a pressure of 0.8 MPa,
which is transferred to asphalt concrete sample. This pressure is equivalent to load A1 (57.5 kN) temperature
of +55 ° C and varying the number of passes wheels on one track in forward and reverse direction by the
method described in [7, 8].

Figure 1 — Scheme of the device for testing resistance of asphalt concrete to accumulation of residual
strains: 1 - test wheel, 2 - metallic form 3 - strain sensor.
Pucynok 1 — Cxema npuctporo asst HepeBipKH CTIKOCTI acdanbToOSTOHY 10 HAKOMYEHHS 3aTUIIKOBUX
nedopmariii: 1 - BunpoOyBasibHe Koseco, 2 - MetaneBa ¢popma 3 - JaTyuk gedopmartii.

Grading of tested asphalt concrete of types A, B, C and SMA are shown in Fig. 2.

72



ABTOMOBUIBHI JOPOI'! I JIOPOXXHE BYIIBHUIITBO. BuIl. 107. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 107. 2020

a)

b)

The number of particles smaller than this size, %

The number of particles smaller than this size, %

The number of particles smaller than this size, %

100
90
80
T0
60
S
40

20
10

//

v

]

~

—

h

ur
-

Q w
—4

The grain size of the mineral material, mm

i
b
-

)
e
a

0,315

il
oot |!

N\

\Y

15

10

w
o

o
™
e

0,14
0,071

15

10

The grain size of the mineral material, mm

o,
o

W
N
oz

063

73

0
il
L)
o

-

0,14




ABTOMOBUJIBHI JOPOI'M I IOPOXXHE BYIBHULITBO. BuIl. 107. 2020
AUTOMOBILE ROADS AND ROAD CONSTRUCTION. Iss. 107. 2020

d)

80 \\

" \

50 \\\
\

. \
. A
20 _\&1

The number of particles smaller than this size, %o

_-‘-_-""-l-
—_—
10 ——
0
15 10 5 25 1,25 063 0,315 0,14 0,07

The grain size of the mineral material, mm

Figure 2 — Grading of asphalt concrete: a)- Type A; b) - Type B; ¢) - Type V; d) - SMA
Pucynok 2 — Knacuoikanis achansrobetony: a) - tun A; 6) - tun b; B) - tun B; 1) — IIMA

Physical and mechanical properties of bituminous Polygum binder and road oil bitumen BND 40/60,
adopted for the preparation of asphalt mixtures of types A, B, V and SMA are given in Table 1.
Physical and mechanical properties of asphalt concrete are given in Table 2.

Table 1 — Physical and mechanical properties of bituminous binder
Tabmums 1 — ®isuuni Ta MexaHiuHi BIACTHBOCTI OITYMHOIO B’S3KY40r0

Property Polygum BND 40/60
Penetration at 25 oC, 0,1 mm 59 56
Softening point, °C, 82 53
Ductility, at 25 oC, sm 72 49

Elastic recovery at 25 oC, % 96 -

Table 2 — Physical and mechanical properties of asphalt concrete
Tabmaums 2 — disuuni Ta MEXaHiuHi BIaCTHBOCTI ac(aabTo0eTOHY

Type A Type B Type V SMA
Property g = = =
S e = 2o = 2o = | 8%
| 5 5¢ | £ | Zs | & | &g | 2 | &s
Water saturation, % | 4 o 1,9 152 |18 |165 |200 |26 1.8
for volume
Critical  compres-
sion strength, MPa,
at
20 °C 59 5,1 7,4 5,30 7,8 5,45 53 4,2
50 °C 2,8 1,39 2,95 1,45 3,1 1,47 2,65 1,45
Coefficient of pro-
longed water re-| 1,00 1,00 1,00 0,99 1,00 0,99 1,00 1,00
sistance
Optimal content of
bitumen binder in | 5,6 6,2 6,0 6,5 6,3 6,7 6,0 6,2
asphalt concrete, %
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In determining rutting of studied asphalt concrete with asphalt Polygum binder and BND 40/60 was
noted trend of increasing depth of rutting with increasing number of wheel passes and temperature of 55
°C (Fig. 3, 4). Obtained results show that asphalt concrete with asphalt binder Polygum is less rut resistant. As
shown in Figure 3 asphalt Type A with asphalt binder Polygum after 20 thousand wheel passes has rutting
depth of 3.24 mm, and for Type A asphalt with bitumen BND 40/60 according to Figure 4 rutting depth is 6.48

mm.
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Figure 3 — Dependence of rutting depth on number of wheel passes in the studied asphalt concrete

with Polygum binder

Pucynoxk 3 — 3anexHicTs rIuOUHA KO Bi/l KITBKOCTI KOJICHUX MPOXO/IB Y TOCHIIKYBaHOMY
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Figure 4 — Dependence of rutting depth on number of wheel passes in the studied asphalt concrete with

bitumen BND 40/60
Pucynok 4 — 3anexuicts TMOMHU K0T y K0CTipKyBaHOMY achanbtoderoni 3 6itymom BND 40/60

B1JI KUTBKOCTI KOJIICHHUX TIPOXOJIiB
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Results and Discussion.This indicates that studied asphalt concrete with Polygum binder (Fig. 3)
have in almost 1.5-2 times less rutting than asphalt concrete with bitumen BND 40/60 (Fig. 4). Also based on
the results of the study (Fig. 3, 4) the influence of gravel content on intensity of asphalt concrete rutting Fig.5.
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Figure 5 — Dependence of rutting depth after 20,000 wheel passes in studied asphalt concrete on gravel
content

Pucynok 5 — 3anexHicTh rIMOMHY KOJIT BiJl BMICTY I'paBito B JOCIIKYBaHOMY ac(habTOOCTOHI Micis
20 000 mpoxoiB KoJseca

Conclusions and Recommendations. 1. Research results indicate that rutting criterion is quite sen-
sitive to the viscosity of bituminous binders. This should be taken into account for preparation of bituminous
mixtures for different climatic conditions of asphalt pavement operation.

2. All studied Polygum bituminous binder have 1.5-2 times less rutting than asphalt with BND40/60
bitumen.

3. It is also found that with increasing content of gravel in asphalt with Polygum binder for example
with 66% gravel rutting depth is 2.5 mm, and with 27% gravel rutting is 5.79 mm. Rutting depth with decrease
of gravel increased 2.3 times.
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AnoTtanis. Ll cTarTs npucBsueHa JOCTiKEHHIO B Ta0opaTOpHUX yMoBax 0iTyMHOTO B'sbKy4oro [lo-
JIITYM Ha BIUIMB CTIMKOCTI 10 YTBOPEHHS KOJIil pi3HUX TUIIB achansTo0eToHy. BoHa BKiodyae B cebe mocii-
IoKeHHs piOHOo3epHUCTHX acdaiprobeToHiB THHIB A, b, B Ta mebeHeBO-MacTHKOBOro achanbToOeTOHY
(ILIMA) 3 MmakcUMaJIbHUM PO3MIipOM YacTHHOK 3epHa 10 MM Ha OiTymMHOMY B'sxKydomy Ilomirym Ta GiTymi
BH/JI 40/60 mo HakomWYeHHS 3aJUINKOBHUX aedopMaliiii y BUIIIAAl KoJiii. Pe3ynpTaT BKa3ylTh Ha Te, IO
JIOoCTiKyBaHul acaabTo0eTOH Ha OiTyMHOMY B'sukydomy Iloirym maike B 1,5-2 pasu Mae MEHIIY KOJIiIO
Hix acgansTobeToH 3 6itymom BHJI 40/60.

KurouoBi ciioBa: acanstoberon, B'sokyue [lomirym, CTifKICTh 10 KOJIii, METO/] OL[IHKH, METOJI BUIIPO-
OyBaHHsI, TTHOWHA KOJIil.
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