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ABSTRACT

This paper introduces the new technology of road construction pavement Superpave. From the
beginning of the technology, the method of calculation of road pavement temperature has been
taken as an example on the Shymkent city road in Kazakhstan. The material calculation for high
quality was conducted with the new climate data of the exact city. A new methodological approach
will determine the most accurate selection of bitumen binder grades using a specifically developed
PG Grade calculation based on the meteorological data for the period from 2000 to 2020 (20 years)
for the specific city. This will be intended to establish requirements for bitumen binders testing by
the traditional method for both original and modified bitumen, such as penetration, softening point,
and flash and fire point tests, taking into account the climatic characteristics of the republic. Today,
have to be accounted that the most common bitumen binder is a 70-100 penetration rating, which
means that quite incorrect to use at the highest temperature in Shymkent at +41.3°C and with the
lowest temperature at -17.8°C. The results will help to decide on the use of polymer modification of
binders, taking into account the design temperatures and operating conditions of asphalt concrete
surfaces.
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Introduction

Over the last few years, traffic on the roads of
Kazakhstan and the world as a whole has increased
significantly. At the same time, the number of vehicles
and the traffic load on the roadway has increased, but
with this load, road construction technologies
themselves are growing much more slowly than
necessary. To solve this problem, the government has
decided to commission new roads and repair old ones.
According to the road projects being implemented
under the state programme "Nurly Zhol", almost
all roads built will be provided with both asphalt and
cement surfacing. Since the territory of Kazakhstan is

subject to a sharply continental climate and the design
of the pavement design must take into account for the
climatic conditions of the construction area and the
appropriate pavement material [[1], [2]].

As road maintenance practice shows, the durability
of asphalt pavement is determined by its high
plasticity, adhesion, and low-temperature properties
as well as by its resistance to thermal oxidation aging.

Compared to closely related cement concrete
pavements, they are also characterized by high
evenness, good wheel grip, and the absence of
expansion joints. All this ensures that not only
individual vehicles but also all traffic can travel at the
specified speed of up to 150 km/h and more [3].
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For its part, the advantages of such pavements
include dustlessness and quietness in vehicular traffic,
low wear and tear (up to 1 mm per year), and easy
maintenance and repair, although there are
disadvantages such as increased slipperiness when wet
and often short service life due to wave formation,
shear due to lack of strength or excessive plasticity,
cracking due to excessive brittleness and flaking due to
insufficient water resistance. Considering the financial
part, which is always perceived as a stimulus to
domestic demand for the realization of economic
growth, stable development of regions, and urban and
rural settlements, the country still needs to carry out
further scientific research.

The purpose of the review information is to
provide a theoretical basis for an introduction to the
scientific and technical developments regarding the
improvement of pavement quality in Kazakhstan that
has recently been published in the open press.

According to the World Economic Forum's 2017
Global Competitiveness Index, Kazakhstan ranked
115th out of 137 countries in terms of road
infrastructure, between Russia and Zimbabwe.
According to the information Kazakhstan needs this
methodology [4].

Currently, according to the Road Committee of the
MTC RK, the total length of Kazakhstan's roads is
around 148,000 km, of which more than 93,000 km are
public roads, divided into 23,495 km of national roads
(including 12,992 km of international roads) and
70,116 km of local roads [4]. This indicates that most of
the pavement is asphalt concrete, with the above-
mentioned range of benefits, and needs to be
improved in order to operate for a long period of time.
For this purpose, our scientists such as B.B. Teltaev,
E.D. Amirbayev, K.D. Sakanov, B.A. Asmatulaev, B.S.
Murtazin etc. are engaged in research on the use of
various new materials in construction. For the optimal
solution in 2014, they stopped at the material warm
asphalt concrete, which significantly reduces energy
consumption, and gas emissions into the atmosphere
and helps to prolong the construction season for high-
performance asphalt concrete surface, also reminded
to test polymeric additives in asphalt concrete that
improve the properties of bitumen and bituminous
emulsions.

The materials used for road construction must also
be differentiated according to the characteristics of
each road - both in terms of operating conditions and
pavement design. For example, some roads are
predominantly used by passenger cars, others by large
vehicles. On some roads, the volume of traffic rarely
changes throughout the year, in others, it depends on

seasonal activities such as harvesting and transporting
crops from agricultural enterprises [[5], [6], [7]]. For
this reason, for each specific road, road builders
develop individual asphalt mixes.

To ensure high-quality asphalt mixtures for
highways, to make the best possible use of the effort
and money invested in their construction - helps the
US- Superpave methodology for creating best-
performing asphalt pavements [8].

This methodology addresses problems such as
classical deformation as well as resistance to fatigue
and low-temperature cracking in Figures 1 and 2 [9].
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Figure 2 - Fatigue and low-temperature cracking

The Superpave system incorporates 3 interrelated
components, successively updating the AASHTO and
ASTM regulatory framework:

- SHARP - specifications and test methods for
bitumen;

- Superpave - specifications and methods for the
design of asphalt mixtures with mandatory
determination of the pore characteristics of asphalt
concrete samples at the different compaction stages;

- Test methods and a system for analyzing the
rheological properties of asphalt concrete, focusing on
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the use of mathematical models of performance and
computer software [10].

1. The specifications for bitumen binders and
the corresponding rheological test methods are the
most complete part of the implemented research
programme. Not only the standard test methods have
changed dramatically, but also the approach to the
standardization of quality indicators of bitumen
binders for asphalt mixtures. It is customary to
characterize a bitumen binder grade by a temperature
performance interval (PG Grade) which corresponds to
the minimum and maximum design temperatures of
the asphalt pavement in the construction region in
question [11].

Experimental technique

Calculation of the pavement temperature. PG
grade bitumen binder is determined on the basis of
climate change for the last 20 years counting every 7-
day average maximum design temperature (instead of
the softening point temperature with ring and ball) and
the minimum design temperature (instead of the Fraas
embrittlement  temperature). The  maximum
temperature which describes the heat resistance of
bitumen binder can take values with a graduation of
6°C in the range from plus 46°C to plus 82°C. The
minimum temperature for the low temperature
properties of bitumen can take values in the range
from minus 10 °C to minus 46 °C with the same
gradation of 6°C. When selecting a binder grade, the
requirements for deformability and viscoelastic
properties remain unchanged, but the temperature
range in which these requirements have to be fulfilled
changes [[12], [13], [14], [15]].

Thus, when designing asphalt concrete mixtures,
the bitumen binder grade is selected based on the
climatic conditions and the purpose of the asphalt
concrete pavement. With respect to the working
temperature range for the 4 climatic zones of the USA,
the following binder grades were taken as the basic
ones: PG 52-28, PG 58-22, PG 58-16 and PG 64-10 [16].

The higher reliability indicated in the figure of 97.5
% means a correspondingly lower risk of selecting an
unsatisfactory binder grade. In order to increase the
reliability of selecting a satisfactory bitumen grade for
the region in question from 50 % to 98 % it is necessary
to reduce the low design pavement temperature by 6
°C and to increase the maximum design temperature
by 4 °C. The assumptions that remain unchanged are
the meteorological data recorded at the nearest
weather station in previous years over a period of at
least 20 years [17].

Distribution of design pavement temperatures

AV

AV

Normal distribution

-306 =20 -G +0 +20 +30

-16.4 % +38.7

-22.9 « > +42.14

97.5%
Figure 3 - Example of determining design pavement
temperatures for selecting bitumen binder grades (AV-
average temperature, o- standard deviation)

To reduce the risk of plastic deformation in asphalt
pavements in case of increased traffic loads as well as
in braking areas, it is recommended to use bituminous
binders of a higher heat-resistance grade.

Conventional Bitumen Test. Penetration, Ring and
Ball Softening Point, Flash and Fire Point tests were
used in order to investigate base bitumen and PMB
respectively. A standardized needle with a weight of
one hundred grams is used in the penetration test. The
needle is given five seconds to make its way through
the material while the load is being measured. The
penetration of the needle into the substance being
tested may be determined by the depth of penetration,
which is represented in units of 1/10 millimeter.
According to ASTM standard D5-13, the penetration
grade of the bitumen that was tested is determined by
the measurement taken at 25°C.

According to ASTM: D36-12, SP test method
consists of determining the temperature at which
bitumen, poured and cooled inside rings of given
dimensions, under test conditions softens and, moving
under the weight of a steel ball, touches the bottom
plate.

As the temperature at which a steel ball lying on a
bitumen film causes a deformation of 25,4 mm on
bitumen.

The bitumen Flash and Fire Point tests provided by
AASHTO Designation: T 48-06 or ASTM Designation: D
92-05a. The present test method consists of heating a
sample of bitumen in an open cup at a prescribed rate
until bitumen vapours flash over the surface of the cup
from an ignition device.

Research Results and Discussion

Calculation of the pavement temperature. The city
of Shymkent was considered as an example. Initially,
the estimated air temperature at a certain reliability is
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found. Data from the nearest weather station is
processed (Figure 3) The average shade air
temperature for the 7 consecutive hottest days of the
year over a 20-year period is 38.7°C. There is a 50%
probability that it will either be higher or lower than
38.7°C in any given year. It would not be correct to
assume an estimated summer temperature of 38.7°C
because, for example, with a lifetime of 14 years there
will be approximately 7 hotter years. Therefore, taking
its probability distribution as normal data for 20 years,
we find that the standard deviation of the air
temperature of the hottest week in a given year is
1.71°C. Using the probability integral table, we find
that a two-fold standard deviation corresponds to a
reliability of 0.9772, i.e. approximately 98%. Then the
calculated summer air temperature will be (38.7°C
+2°C*1.71)= 42.14°C with a 98% reliability. This means
that there may be a hotter summer about once every
50 years.

Similarly, we process observational data from the
same weather station on the minimum daily winter
temperatures, but here its variation is characterized by
a standard deviation of 3.25°C for a reliability of 98%.
Thus, the low temperature is (-16.4°C-3.25°C*2)=-
22.9°C. (Fig. 3)

Based on these air temperatures, it is possible to
find the calculated pavement temperatures. Then the
calculated summer temperature in the pavement at a
depth of 2 cm from the surface is expressed by the
formula:

Toomm = 0.9545 (T, — 0.00618Lat? + 0.2289Lat +
42.2) —17.78 (1)

where, T, — air temperature in shade, °C;
Lat —northern latitude in degrees, with solar radiation
absorption coefficient  0.9; solar  radiation
transmittance coefficient 0.81; atmospheric radiation
0.7 and wind speed 4.5 m/s taken into account when
deriving this formula.

Lat — 42.18 degrees north latitude of Shymkent
and our found summer air temperature of 42.14°C, we
obtain the calculated temperature of pavement in
summer Ty0mm = 61,44°C.

Taking the estimated winter temperature as the
same as the air temperature creates an excessive
reserve, according to Canadian researchers, and they
have proposed a formula

Timin = 0.856T,;,- + 1.7 (2)
By substituting it with the calculated minimum
one-day air temperature of minus 22.9°C, we obtain

the calculated winter cover temperature T,,;, =-
17.9°C.

According to Table 1 in 6°C increments we mark

the binder, i.e. in our example we have to choose
instead of 61.44°C the nearest high temperature grade
PG 64 and low temperature grade PG -22, i.e. for
conditions of Shymkent city the binder grade PG 64-22.
It turns out that in both cases the reliability is more
than 99% as "rounding off" in 6°C increments gave an
additional margin. In view of this, however, our design
air temperatures must be revised by reducing the
required reliability and the design reliability of the
resulting binder grade must be checked after the
design  pavement temperatures have been
determined. As a rule, when the absolute difference
between high and low design pavement temperatures
is greater than 90°C, a polymer-bitumen binder must
be used instead of bitumen.
Thus, the pavement temperature has to be calculated
for each region separately, taking into account the
individual climatic conditions. This is because,
according to studies, temperatures have changed
considerably over the last 10-20 years. In fact, all the
media are reporting on the negative effects of its rise
on society.

In our example of PG 64-22 this difference is (64-(-
22))=86 and you can probably get by without modifying
the polymer. But for PG 58-34, for example, it would be
(58-(-34))=92, and the binder would probably cost
about twice as much. According to Figure 4, which is
taken from the Kazakhstan Highway Research Institute
recommendation document, 80% of the republic needs
a modification to bitumen which is up to 90. After
recalculating the data, the percentage of regional
modification bitumen might change, because there are
differences in Shymkent city between our calculation
with new weather data PG 64-22 and their calculation
with 40 years past data PG 64-28 (purple region).

For each bitumen, the requirements for climatic
operating conditions are determined, i.e. for resistance
to rutting, fatigue failure, and low-temperature
cracking at design operating temperatures.

Before testing, the binder is first subjected to
artificial thin-film aging in an RTFO oven to simulate the
short-term aging process during asphalt mix
preparation, transportation and road laying and then
to a high temperature and pressure (PAV) chamber to
simulate the long-term oxidative aging process under
years of pavement use. The dynamic shear rheometer
test is then used to calculate the resistance to
permanent deformation accumulation (rutting) and
flexural fatigue of the pavement. It isintended to
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Figure 4 - Zoning map of Kazakhstan [10]

determine a complex shear modulus G* and phase
angle & of bituminous binders at design pavement
temperatures. The tests are carried out according to
the standard [[18], [19], [20]].

It can be seen from table 1 that the lowest
temperature is minus 46°C and the highest is 82°C. In
fact, in the northern states, the cover temperature can
drop to minus 46°C, but there is no state where the
average 7-day summer cover temperature reaches
82°C. It usually does not exceed 70°C.

The point is that the grade of PG 64-22 indicates its
suitability for 64°C summer design temperature and for
winter design temperature of minus 22°C in fast-
moving traffic (over 70km/h) of average intensity (up
to 10 million axle passes with a design load of 80kN
during the service life of the binder). But for sections
with slow traffic (for example, for taxiways of airfields

Table 1 - Binder grades according to operating conditions (PG)

or for intersections), where the average speed is
concluded within the limits of 20-70 km/h or for
sections, where the number of passes during design
load on one lane of roadway exceeds 10 million axles,
it is recommended to choose the binder one grade (by
6°C) "hotter", i.e. in our example for Shymkent PG 70-

22.

recommended that a two grades hotter binder is
selected, i.e. PG 76-22.

For very slow traffic areas where the average speed
does not exceed 20 km/h, two grades hotter, i.e. also
PG 76-22, are selected. Therefore, an area with a
realistic design summer pavement temperature of
70°C may require a maximum grade shift of 12°C,
which is accounted for in the table by the introduction
of PG 82 [[21],[22],[23],[24],[25]].

If these conditions are combined, it is

High temperature Low temperature grades, 0C
grades, °C
PG 46 -34 -40 -46
PG 52 -10 -16 -22 -28 -34 -40 -46
PG 58 -16 -22 -28 -34 -40
PG 64 -10 -16 -22 -28 -34 -40
PG 70 -10 -16 -22 -28 -34 -40
PG 76 -10 -16 -22 -28 -34
PG 82 -10 -16 -22 -28 -34
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Conventional Bitumen Tests Results. In the study
that was done on the qualities of base bitumen and
PMB, the findings showed that using a polymer
composition led to a considerable improvement in
most of the indicators. This was discovered via the
examination of those data. In particular, the needle's
ability to penetrate bitumen at a depth of 25 °C is
lowered by 14.3 millimeters. The temperature at
Softening point test begins to soften and rises from 49
degrees Celsius to 60.4 degrees Celsius, which lessens
the propensity of bitumen to distort. The Flash Point
temperature also increased for 12 degrees. All tests
results given in following graphs.
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Figure 5 - Conventional Bitumen Tests Results

Figure 5 shows the results of penetration and
softening point tests performed on bitumen. As can be
seen in Figure 5, the penetration tended to decline to

add any kind of polymer, here the Butonal NS was used
as a polymer. With the addition of polymers, the
bitumen's softening point increased, corroborating the
penetration test results. These findings suggest that
adding polymers to bitumen increases bitumen
hardness significantly. However, because the bitumen
gets harder following alteration, this is accompanied by
a reduction in elastic recovery. Polymers, on the other
hand, had an impact on bitumen's elastic
characteristics, with the percentage of elastic recovery
increases, the Butonal NS works well in increasing the
recovery process between 85-95%. In terms of flash
point testing, both the basic and polymer-modified
bitumen samples were found to have values that were
higher than the specified minimum of 220 2C, on the
other hand, there was still an increase with adding
polymer.

Conclusions

Thus, in order to develop requirements for
bitumen binder and asphalt concrete taking into
account climatic features of the republic, as well as to
make a decision on the use of polymer-bitumen
binders and asphalt concrete on their basis taking into
account design temperatures: its temperature in
winter and summer, design traffic intensity and traffic
flow rate of asphalt concrete surface calculations at 20
mm depth was studied. Furthermore, for the 64°C
pavement temperature of Shymkent city, just with
traditional ways of testing bitumen it was obvious that
base bitumen characterizes wouldn’t work properly,
and could not resist to road loads without adding
polymer.

In Kazakhstan, in 2013 the Kazakhstan Highway
Research Institute (KazdorNll) developed a
recommendation which is called "Rezoning of
Kazakhstan Territory by Design Temperatures for
Asphalt Concrete Pavements". However, the
information in this report is based on climate change
between 1987-2006, i.e. it is not considered suitable
for the preparation of asphalt concrete at present. The
data needs to be recalculated using climate change
data for the last 20 years to determine the composition
of high-strength asphalt concrete pavements.
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*ofapbl ceHimai achanbT6eTOH KocnacbiH 33ipaeyaiH 03blK, 34iCi

!Kocnapmakosa C.A., LlawnaHx ¥.A., 2TNonep M.

1/1.H. ymunee amoiHOarsl Eypasusa yammeolk yHusepcumemi, Hyp-Cyamax, KazakcmaH
2 Tasy-LUbireic TexHUKanbIK yHusepcumemi, AHkapa, TypKus

TYAIHAEME

Byn makanaga Superpave on Tecemaepi KypblIbICbIHbIH, KaHa TEXHOMOTUACHI YCbIHbIIAAbI.
TexHonOrUAHbIH, 6HacbiHaH 6actan Kon TecemiHiH TemnepaTypacblH ecentey agicTemeci
KenTipineni »kaHe mbican peTiHae KasakcTaHaarbl LLIbIMKEHT KanacblHbIH, }K01bl anblHaAbl. *KoFapbl
cananbl MaTepuanabl ecentey HaKTbl OCbl KanaHblH, aHa KAMMATTbIK AepeKTepiMeH Kyprisingi.
*KaHa agjicHamanbIK Tacin HaKTbl Kana ywiH 2000 xbingaH 2020 Kbinfa genidri kesenaeri (20 »Kbin)
MEeTEeOoPONOrUANbIK AepeKTepre Heri3aenin apHaiibl a3ipaeHreH PG 6afacbiHbIH ecebiH naiaanaHa
OTbIpbIn, 6UTYM 6aliNaHbICTLIPFbIL COPTTapbiH HEFYP/AbIM 43N TaHAan aHblKTanabl. byn

Makana kengj: 10 KeipKyliek 2022 pecnybnvKaHbIH,  KAMMATTbIK  epeKWenikTepiH  eckepe  OTbIpbIN,  €Hyre,  XymcapTy
CapantamagaH eTTi: 14 KasaH 2022 TemnepaTtypacbiHa, TyTaHy TemnepaTypacbiHa  CbIHAaKTap  CWAKTbl  BacTankbl  ’KaHe
Kabblnganabl: 28 kapawa 2022 moamnduKaumanaHFaH GUTyMFa ASCTypAi aaicneH 6uTymabl 6alinaHbICTbIPFbIlUTAPAbl CbiHAYFa

KOWbINaTbIH TananTapabl 6enrineyre 6afbiTTanatbliH 60nagpl. ByriHri TaH4a eH Ken TapanfaH 6utym
TYyTKbIpbl 70-100 neHeTpauua AOdpeXKeciHe Me eKeHiH, AFHW OHbl LLbIMKeHTTeri eH, ofapbl
Temnepatypacbl +41,3°C aHe eH, TeMeHri TemnepaTtypacsbl -17,8°C 60/bIn TypFaHAa naiiganaHyFa
601MalTbIHbIH ecKepy KaxeT. HaTuxkenep achanstbeToHAbl 6eTTepAiH ecenTik TemnepaTypanapsbl
MEH KYMbIC ’KaffalinapblH eckepe OTbipbiN, 6alNaHbICTbIPFLIW  3aTTAapAblH,  NoAMmepni
MoAMbUKALMACHIH KOAAAHY Typasbl WeLim Kabbligayfa KemeKkTteceaj

TyiiiH ce3dep: 6UTYM MapKacbl, 6UTym BainaHbicTbIpFbilw, Superpave, PG Grade ecenteynepi, eHy
[9pexKeci, }KymcapTy TemnepaTtypachl, TyTaHy TemnepaTypachl.
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C camoro Ha4ana NPMMeEHEHUA TEXHONOTUKN, MEeTOoA, pacyeTa TemnepaTypbl JAOPOXKHOIO NOKPbITUA
6bIn B3AT B KayecTBe npvmepa Ha gopore ropoaa LbimkeHT B KasaxctaHe. PacyeT matepuana Ha
Moctynuna: 10 cemabpa 2022 BbICOKOE Ka4yecTBo 6bl1 NpoBeAeH C YY4ETOM HOBbIX KIMMATUYECKMX AaHHbIX UMEHHO 3TOro ropoAa.
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MpuHATa B neyatb: 28 Hosb6pa 2022 BUTYMHOTO BSXKYLLEro C MOMOLBIO CneumanbHo paspaboTaHHoro pacyeta PG Grade Ha ocHoBe

METE0oPOIorMYeckmx AaHHbIX 3a nepuog, ¢ 2000 no 2020 rog, (20 neT) ANA KOHKPETHOro ropoaa. 1o
6yAeT HanpaBneHO HA YCTaHOBNAEHWE TPeBOBaHUW K UCMbITAaHUAM OUTYMHBIX  BANKYLLMUX
TPAAWLMOHHBIM METOAO0M KaK ANA OPUTMHANBHOIO, TaK U AN MOAUOULMPOBAHHOIO BUTYMA, TaKMUX
KaK UCMbITaHMA Ha NEHeTPaLMIo, TeMNepaTypy PasmardeHuns, BCMbIWKY U TemnepaTypy BO3ropaHus,
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C YY4eTOM K/AMMATUYECKMX OcobeHHoCTel pecnybaMKu. Ha cerogHAWHWMA [AeHb NpUXoauTca
Y4MTbIBATb, YTO CAMOE PAcNpPOCTPaHEHHOE BUTYMHOE BAXKYLLLEE UMEET cTeneHb neHeTpaummn 70-100,
a 9TO O3HAYaeT, YTO COBEPLUEHHO HEKOPPEKTHO MCMONb30BaTh €ro NPU CaMoii BbICOKOM TemnepaType
B LbimKeHTe +41,3°C 1 npu camoi HU3KoM TemnepaType -17,8°C. Mony4eHHble pesyibTaTbl NOMOryT
NPUHATL pelleHne O NMPUMEHEHUU NONUMEPHOW MOAMDUKALIMM BANKYLIMX C YHETOM pacyeTHbIX
TEMNEPATYpP M YCNOBUIA SKCNIyaTaLmm achanbTOBETOHHbIX MOKPbLITUI

Knrodeebie cnoea: mapka 6utyma, 6UTYMHOE BAXKyLlee, Superpave, pacyeTbl Mapku PG, rpagaums
NeHeTpauuu, TemnepaTtypa pasmardeHus, TemnepaTypa BCrbiLKK.
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