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Abstract. The purpose of this research was to assess the feasibility of constructing high-
performance paving (Superpave) for Kazakhstan with only locally sourced ingredients.
Similarly, astandard Marshall technique combination that meets the technical requirements
of Kazakhstan was compared. One granite aggregate supplier, 2 aggregate grading,
and 2 types of asphalt binder made up the test design. Consensus and source aggregate
characteristics requirements met with the Superpave design mix method using locally
manufactured granite aggregate. Also, the mixtures volumetric parameters indicated that
the asphalt binder content of the superpave combination has shown lower than locally-
traditionally Marshall mix. The combinations of Superpave fared better in rutting and
moisture resistance tests than those made in the conventional manner. After the ITS values
from both samples were averaged, the decrease in significance for the superpave mixtures
was 9.1%. It was below the 20% loss level required by the Superpave guidelines. Also
by rutting resistance results were significantly differences for 85.5% PG70 with 9.5mm
NMAS. All of these results point to the superiority of new method Superpave over the
Marshall method.

Key words: Superpave, Marshall mix design, rutting, asphalt pavement, moisture
resistance.
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1. Introduction

Extreme rutting (permanent deformation) and moisture-induced problems in hot-mixture
asphalt (HMA) pavements caused by repeated high loadings and sharp continental environment
are a global issue of great concern in the transportation business. New build pavements may
deteriorate prematurely as soon as 2 years after completion. Transportation agencies at the
municipal level have noticed this, and the massive yearly budget for upkeep is indicative of this.
Pavement design is being done using the classic designing approach (pressing) and the Marshall
method in many industrialized nations, including Kazakhstan. In Kazakhstan, HMA mixes are
being developed using the Marshall mixture design approach.

The Hubbard-Field approach was the first formal design method for asphalt mixes, as per
Roberts et al. (2002); the Hveem method of asphalt mixture design was finalized in 1959, and the
whole process was published in the Asphalt Institute Manual Series 2 and in ASTM 1557. Back in
the years before 1943, Bruce Marshall tried to come up with a technique to measure the asphalt
content of mixes in the lab by developing a process called the Marshall mixture design method.
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Not only in the United States, but also in a broad variety of other nations, did the Marshall
mixture design approach see extensive adoption. Unfortunately, several highways began
experiencing issues, such as early rutting, throughout the pavement’s service life in the 1980s.
Many engineers speculated that the difficulties stemmed from the impact compaction process
used to create the specimens [1-5]. Impact compaction does not replicate the densification that
happens under traffic, and the Marshall mixture design approach lacks a rigorous theoretical basis
(Roberts et al. 2002). A considerable budget was allocated in 1987 under the Strategic Highway
Research Program to begin the changeover from the Marshall technique of mixture design to the
Superpave approach. Superpave, an abbreviation for better performing asphalt pavements, is a
novel performance-based mixture design process created in 1993 [5-7]. Most of the states in the
United States now use Superpave. For this reason, now is the perfect opportunity for all nations
to embark on a paradigm change to either improve their current HMA design system or switch
to one that is more effective. Kazakhstan was chosen as a case study country so that its design
performance could be compared to that of other nations” using Superpave HMA mixes [8-12].

2. Methods and Materials

There were two parts of this investigation. For the first part of this research, researchers
employed the Superpave mixture design approach and the more traditional Marshall method
to create HMA blends. Local aggregate qualities were also examined to ensure they met the
rigorous consensus and source aggregate criteria used in the Superpave system before the
mixture design process began. For the Marshall mixture design, we additionally double-checked
that the aggregate conditions outlined in the local standards were met [13, 14].

A total of eight mixes were created for this purpose, four of which were created using
the Marshall method and the other four using the Superpave method. For the purpose of this
research, the provider of aggregates were local factories of the region used in road building.
All aggregate gradations were chosen for their compatibility with the local specifications and
Superpave gradation requirements, and they all fall within the top and lower limitations [15].

Although the weather in Kazakhstan varies from region to region, the supply of performance-
graded (PG) asphalt binder is based on the higher temperature that is typical its part of the area.
The effect of the decreased temperature is disregarded. Asphalt binders PG 64 (B1) and PG 70
(B2) were employed in this study. Each of these bindings is equal to a Penetration Grade (PEN)
of 70/100 or 60/70.

In the second stage, the HMA mixes were tested to determine their properties and how well
they performed. HMA's long-term deformation was measured using the moisture susceptibility
and rutting tests, and mixes were characterized using the resilient modulus and dynamic creep

tests [16-19].
3. Results and Discussion

3.1 HMA's testing volumetric qualities

As can be shown in Table 1, the aggregate qualities satisfy the acceptance requirements set
forth by both Superpave and local technical specifications for HMA mixtures use. The features
that are generally agreed upon are the angularity of the coarse aggregate, the angularity of the
fine aggregate, elongation and flakiness, and clay content.
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Table 1. The aggregate properties

Test names Results Specification limits
Coarse agg. angularity 77% 55-100 %
Fine agg. angularity 54% >45
Flat and elongated sand 6.21% <10
Equivalent 47.2% >45
Soundness 6.5% >10-20%
Toughness 12% <45%
Deleteriousness 2.1% 0.2-10%
Local specification requirements for aggregates:
Impact value 23% <30%
Abrasion 23% <30%
10% Fines 270 kN >100 kN
Water absorption 0.8% 2%

Useful characteristics in the evaluation included toughness, soundness and the presence of
harmful substances.

Medium-to-high flow of traffic was selected for mixed design project. Design density for
PWD mixture was achieved by compacting specimens with 75 blows per face, which is equal to
60-30 million ESALs for the Superpave mix design procedure [20-24]. To achieve this loading
by Superpave, we need the gyration number 100. The aggregates design lines (Figures 1 and 2)
that were created to fulfill Superpave and Marshall requirements for nominal maximum size of
aggregate (NMAS) of 12.5 and 9.5 mm, respectively, are shown.

Aggregate was mixed with asphalt binder at 4% to 6.5% by weight in all of the batches. The
parameters of optimal binder content, bulk density, voids filled with asphalt (VFA), and flow
were calculated for a traditional mix with a 4% design air void content.
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Figure 1. Aggregate design lines with size 12.5 mm
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Figure 2. Aggregate design lines with size 9.5 mm

Mixed at optimum binder, the specimens of Superpave should exhibit volumetric qualities
that are satisfactory in light of the predetermined Superpave standards. A SGC Compactor was
used to compress the Superpave samples. The parameters of pressing for 6,000,000 ESALs were
used with starting (N, . 8 gyrations), design compaction (N, 100 gyrations), and maximum effort
(N, .. 160 gyrations). Each specimen measured at designed gyration 150 mm in diameter and
between 110 and 120 mm in height, depending on the relative density of the mixes. After estimated
bulk specific gravity (G, ,) and theoretical maximum specific gravity (G _ ) of the mixture. The
Superpave mix’s optimum binder was then determined in order to provide desirable volumetric
characteristics with air percentage 4%. For the volumetric characteristics usually take the VMA,
VFA, Va (air voids) and DP (dust percentage). In Table 2, we can see the volumetric features of
the design mixes that are associated with optimum binder content for all mixture [25, 26].

Superpave mixes with the same NMAS had lower optimum binder than conventional way
of designing HMA. Most of the researchers came to the same conclusion between 2000-2007.
Whereas both of the method mixtures faced with the standard limits and the combination show
almost 0.5% greater than that of the Superpave mix. As a result, the Superpave mixes use less
asphalt binder than conventional ones do for the same designed aggregate. It's possible that
varying compaction techniques are to blame for these phenomena.
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Table 2. The mixtures volumetric qualities

Test names 12.5-1 12.5-2 9.5-1 9.5-2 Standard

limits

Traditionally mixes

Optimum binder 5.7 5.9 6.0 6.3 -

Stability, kN 10.1 10.2 10.3 10.9 >8 kN

Flow, mm 3.6 3.6 3.2 3.4 2-4 mm

VFA, % 74 75 76 76 70-80%

SuperPave mixes

Optimum binder 5.0 5.2 5.3 5.5 -

Va, % (air voids) 3.89 4.1 3.96 4.2 4%

VMA, % 14.1 14.6 14.2 14.5 >14

VFA, % 73.0 73.5 73.1 73.6 65-76%

DP 0.7 0.7 0.8 0.8 0.6-1.2

Note: 12.5-1 refers to PG 64 and 12.5-2 refers to PG70

The optimum binder of mixes with gradation size 9.5 mm is greater compared to mixes
with 12.5 mm because the finer aggregates surface area requires a greater quantity of bitumen
to cover the particles. The need for the minimum VMA is an essential signal that the mixture
should have at least the minimal amount of binder that is authorized. This will guarantee that
the combination will be durable.

3.2 HMA'’s pavement performance qualities

The sensitivity and durability of the Asphalt mix to deformations may be determined
by evaluating the performance of the pavement. This is a very crucial step. As part of this
investigation, tests for rutting and moisture susceptibility were carried out to ascertain the level
of resistance to permanent deformation and, separately, damage caused by moisture.

The moisture sensitivity test uses AASHTO T283 method without taking into account the
soundness test treatment [27]. It was shown that 2 subgroups of the compressed specimens, both
had 4% air voids on average. Due to the climate condition in Kazakhstan the vacuum taking
levels between 70-80 % were used for the test. The conditioned samples being stored in water
bath at 60°C for 24 hours. Then the specimens moved to the 25°C degrees water bath for 2 hours
before the testing. Table 3 displays all the results calculation that clear both conditioned and
unconditioned samples tensile strength ratio (TSR) based on ITS measurements. Superpave
mixes ITS loss meaning were 9.1% after averaging both samples ITS. This met the 20% losses
threshold stipulated by Superpave standards (Asphalt Institute standard 2001). Figure 3 shows
the apparatus representation used in moisture susceptibility test.

Table 3. Moisture susceptibility test results

Design Indirect Tension Test (kPa) TSR Indirect Tension Test (kPa) TSR
types Unconditioned Conditioned (%) Unconditioned  Conditioned (%)
Superpave mix Traditional mix
1251 626.4 513.9 82.0 460.8 459.6 99.7
12.5-2 671.5 634.7 94.5 464.1 451.7 97.3
9.5-1 703.7 615.8 87.5 544.6 536.1 98.4
9.5-2 640.2 632.4 98.8 515.8 497.9 96.5
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Figure 3. Moisture susceptibility test setup

The rutting depth test conducted by 20-4000 Wheel track testing machine which is designed
to test asphalt concrete for rutting resistance in air and in water. The unit is compatible with
asphalt samples obtained on a sector press or in the form of samples. Simultaneously two
samples can be tested and there are several mould configurations have been developed for
testing: 320x260 mm; 340x280 mm; 300x300 mm; 410x260 mm; 400x300 mm, but for tests the
samples diameter must be - 150 mm in 2 pieces. Overall testing procedure program were set
according to EN 12697-22. First, the samples were prepared on a 300x300 mm mold in special
sector compactor, which is designed for the preparation of compacted asphalt samples 320 x
260 mm (410 x 260 mm optional) with a height of 40-120 mm in accordance with EN12697/33,
Part 5.2. Thereby the samples were prepared approximately in 10 min, with 300x300 mm and 50
mm height by traditional method of designing, also samples compacted by SGC in circled form
to save on material. After compactor, samples cooled in room temperature not less than for 24
hours, subsequently, tested for 20000 passages by 2 samples in parallel in 9 hours. The received
results are assumed as high temperature and intensive movement rutting resistance indicator,
which meet the standard.

As the result, Superpave mixes was much greater resistant for rutting than conventional
method. A reduction of frictional resistance within aggregates is thought to be the consequence
of too much bitumen in combination, leading to decreasing load capacity. Superpave design
were shown to be less prone to rutting than the conventional way of designing. As can be seen
in figure 4, the Superpave designs that make use of the PG 70 bitumen type are most resistant.
The study’s comparison results of various mixes show that HMA mixture is really affected by
bitumen binder type and the design methodology.
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Figure 4. Rutting results diagram and SGC compacted samples after test

4. Conclusions

The purpose of this study was to assess the feasibility of implementing the Superpave
mixture design in Kazakhstan using locally sourced materials. A standard mixture developed
using the Marshall approach and meeting regional technical requirements served as a point
of comparison. According to the data collected during the experiments, it was concluded that
granite aggregates are suitable for use in the Superpave mixture design method. As shown by
their volumetric characteristics, Superpave-designed combinations need far less binder than
conventional mixtures. This is associated with the increased mixture density produced by the
compactive effort using SGC, which generates a better aggregate orientation. All of the mixes
tested demonstrated good resistance to moisture-induced damage, however the ITS was found
to be greater for the Superpave-designed combinations than the control groups. ITS result values
from both samples were averaged, the decrease in significance for the superpave mixtures was
9.1% that is below the 20% loss level required by the Superpave guidelines. When put through
dynamic creep testing, Superpave combinations do better than regular mixtures when it comes
to resisting ruts. Specifically, rutting outcomes were much better by PG grades, and then by
NMAS sizes 12.5 mm and 9.5 mm, providing 79% and 85.5% better rutting resistance for PG70,
respectively.

In the United States, the Superpave system is being widely used. The findings reported
should be verified via a trial project so that the Transportation Ministries in Kazakhstan may
have a deeper understanding of the Superpave system and how well these pavements performed
in comparison to the standard approach presently utilized. Long-term field project monitoring
should be included into future studies that aim to compare the two HMA mixture design

approaches.
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C.A. Kocrmapmaxkosa, JK.A. Illammanx, A4.0. basap6aes
A.H. I'ymunres amuvindazor EYY, Acmana, Kasaxcman

KasakcraHgaa pIcTBIK apaaac acpaabTka (HMA) apHaaran Superpave KOcItacbIH )X00aaay
TaciaiH sepTTey

Angaatna. bya seprreyaiy makcaTer KasakcraH yIIiH TeK JKepridikTi MHIpeAUeHTTepAeH JKOraphl
THiMAI K0 >KaOLIHEIH (Superpave) >Kacay MyMKiHAirin 6araaay 00a4p1. Coa crsakTel KazakcTaHHBIH
TeXHUKAaALIK TaJallTapblHa CoJiKeC KeAeTiH MapIraaa TeXHMKachHBIH CTaHAAPTTH KOMOMHAIIMACHIH
CaABICTBIPY >Kyprisiagi. I'pammrrti arperaTToiy Oip >KeTKi3yImmici, arperaTTolH 2 Typi >KoHe
acdaabTOETOHABI Oall1aHBICTHIPFLIIITHIH 2 TYPi CHIHAK >KOOaChIH >Kacabl. bacTamKbl TOATLIPFBIIITHIH
eHiMAiiriHe calikec TadamTap >KepridiKTi I'PaHMTTi TOATBIPFBIIITH KOAAaHa OTBIPBII, Superpave
design mix ogiciH KoadaHa oOTHpHII OpbiHAadaabl. CoHBIMEH KaTap, KOCHaJdapAblH KeaeMAik
ImapameTpAepi superpave KOMOMHAIMACBIHAAFBI acPpaabTOETOH TYTKBIP KYpPaMBIHBIH AdCTYpAi
Mapiiasa kKocrmacelHa KaparaHga TOMeEH eKeHiH KepceTTi. Superpave KOMOMHANMsAaphI dAeTTeri
dJicrieH >KacaaraHJapfa KaparaHJa MKeMAIAiK IeH blAFaAfa TO3iMAiAIK ChIHAKTapblHAA >KaKChl
HOTIDKe KopceTTi. KocnmanslH cnmaTtTamaaapbiH TaadaFaHHaH KelfiH, 0i3 cynep-0eTTik Kocmaaap ocbl
casaja KOAAaHBLAATBIH 94€TTeTi apaacThlpy oJiciHe KaparaHaa KaTThIpakK eKeHiH aHbIKTaAblK. Exi
yariniy ge ITS MaHAepi opTalla aabIHFaHHAH KeiliH CyIlep ToceATeH KOCITalap YITiH MaHbI3ABLABIKTHIH
temengeyi 9,1% kypaanl. bya Superpave nyckayaapor Tasan eretin 20% XoraaTy aeHreliiHeH
toMmeH 0oaapl. Congait-ak, 9,5 MM NMAS Gap 85,5% PG70 ymrin coxkbIFa Te3iMAiAiK HoTIDKeaepi
aliTapABIKTall allbIpMaIIblABIKTap 004451, Ochl HOTIDKeAepaiH OapabFbl JKaHa Superpave aiciHig
Mapiaaa saiciHeH apTHIKIIBLABIFBIH KOpceTeai.

Tyiiin cesaep: Cynepmaiis a4ici, Mapiraaa agici, acpaabTOeToOH, bLAFaAFa TO3IMALAIK, A6HTEAeK

i3iHe Te3IMAiAiK TeCTi.
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C.A. Kocnnapmakosa, K.A. [llammanx, A4.0. basap6aes
Espasuticxuii nayuonarvrwiii yrusepcumem um. A.H. I'ymuresa, Acmana, Kasaxcman

Uccaeaosanme moaxoaa K pacdeTy coOCTaBa CMeCH IO Superpave 44si TOPsIIero
acpaapTOOeTOHHOTO NOKpBITHA B Kasaxcrane

AnsoTtammst. lleapio gaHHOroO wmccaeaoBaHMsi Oblaa OILIEHKA BO3MOXKHOCTM — CO3JAaHIS
BBICOKOD(P(PEKTUBHOIO AOPOXKHOTO MOKpHITH: (Superpave) Aaa KasaxcraHa MCKAIOUMTEABHO U3
MECTHBIX MHIpUAMEeHTOB. TakyM >xe 06pa3om ObL10 ITpOBeAeHO CpaBHeHIe CTaHAaPTHOM KOMOMHAII I
obopygosanmst Marshall, orsevaromieit TexanueckuMm tpebosanmsam Kaszaxcrana. OAnH mocTaBImmk
TPaHUTHOTO 3aIlOAHUTEAs, 2-X BUAOB 3allOAHNUTEAS M 2-X BUAOB acaAbTOOETOHHOTO BSXKYILIETO
paspaboTaa TeCTOBBINI IIPOEKT. B 3aBMCHMMOCTM OT XapaKTepMCTUK OCHOBHOIO 3aIlOAHUTEAS
TpeboBaHMsI BBIITOAHIIOTCS C MCIIOAb30BaHMEM MeToga Superpave design mix ¢ MCIIOAb30BaHUEM
MECTHOIO I'PaHMTHOTO 3amnoAHnTteas. Kpome Toro, oObeMHbIe ITapaMeTphl CMeceil IToKa3aAl, 4TO
cogep>kaHue BI3KOCTM acdaabToOeTOHa B KOMOMHAIMM Superpave HIDKe, 4YeM B TPaAMIIMIOHHON
cmecn Marshall. Kom6unarum Superpave mokasaau Aydilye pe3yAbTaThl B TeCTax Ha TMOKOCTDb U
BAarOCTOVKOCTb, YeM Te, KOTOpble OBLAM M3IOTOBAEHBI OOLIMHBIM crioco0oM. llpoanaamsmposas
XapaKTePUCTUKYU CMeCH, MBI OOHaPY>KIAH, YTO CyIIepIIOBEPXHOCTHBIE A400aBKU 00€ee TBepable, YeM
OOBIYHBIVI METO/, CMEIVBaHMs, ICIIOAb3yeMBblil B ®TOI oTpacan. Ilocae ycpeanenns snauennit ITS
AAs1 06oMx 00pa3IloB CHIDKEHNE 3HAYMMOCTH 4451 CMeceli ¢ CynepMoIrieHneM coctasnao 9,1%. 9o
65110 HIKe yposHs 1toTeps 20%, TpeOyeMOoro pyKosoAAmmuMy IpuHInnamu Superpave. Taxke 1o
pesyAbTaTaM YCTOMYMBOCTU K KO1eeoOpa3oBaHNIO ObLAV OOHAPYy>KeHBbI 3HAYUTeAbHbIE Pa3ANIs 415
85,5% PG70 ¢ 9,5 MM NMAS. Bee 111 pe3yabTaThl ITIOKa3bIBAIOT IIPEBOCXOACTBO HOBOTO CBEPXBOAHOBOTO
MeToJa Ha/, MeToZoM Mapiaaaa.

Karouesrre caosa: Cynepaiis, Mapiraaa, mog6op cocrasa, acpaabToOeToH, Koaess00pa3oBaHIe.
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