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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COMPARATIVE ANALYSIS OF LOW TEMPERATURE STRENGTH
OF MODIFIED ASPHALT CONCRETES

Abstract. A comparative analysis has been performed in this work for low temperature strength of 31 types of
the conventional (non-modified) and modified road asphalt concretes. The neat bitumens of the grades BND 70/100,
BND 100/130 and BND 130/200 have been produced by the Pavlodar petrochemical plant from the crude oil of the
Western Siberia (Russia) by the method of direct oxidation and they satisfy the requirements of the standard ST RK
1373-2013. The polymers Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS (L 30-01 A),
KUMHO KTP and crumb rubber have been used for the modification of the bitumens. The modification of the
bitumens has been performed in the laboratory of Kazakhstan Highway Research Institute. The modified bitumens
satisfy the requirements of the standard ST RK 2534-2015. The conventional and modified asphalt concretes satisfy
the requirements of the standards ST RK 1225-2019, ST RK 1223-2019, ST RK 2028-2010, ST RK 2373-2019 and
GOST 31015-2002.

The strength of the asphalt concretes at uniaxial direct tension at a constant strain rate of 1 mm/min at the
temperatures of -10 °C, -20 °C and -30 °C determined in the device TRAVIS under the standard EN 2697-46 has
been accepted as a characteristic of their low temperature strength.

It is found out that various modifiers affect the asphalt concrete strength in different ways: a degree of impact
depends both on a type of an asphalt concrete and a modifier, as well as on a negative temperature value. Some
modifiers increase, and some of them decrease the strength of the asphalt concretes at low temperatures compared
with the original asphalt concretes. Among the modifiers the polymer Elvaloy AM has been found to be the most
efficient at low temperatures. The asphalt concretes of type B with the bitumens of grades BND BHJI 100/130 and
BND 130/200 at modification by the polymer Elvaloy AM had the biggest strength at all the considered low
temperatures: at -10 °C — 6.79 MPa and 6.43 MPa; at -20 °C — 7.57 MPa and 7.87 MPa; at -30 °C — 7.35 MPa and
8.86 MPa. The stone mastic asphalt concretes 15 and 20 with the polymers and without them at all the considered
low temperatures practically had the strength not higher than the basic asphalt concretes of type B with neat
(original) bitumens of grades BND 100/130 and BND 130/200.

Key words: bitumens, polymers, low temperatures, strength.

Introduction. An asphalt concrete as one of main road materials is widely used in the world. One of
important characteristics of an asphalt concrete is its low temperature strength. In road practice and
science, it is accepted that an asphalt concrete must have a low temperature strength not less than the
required value defined in accordance with climatic conditions of a road location.

In present several (direct and indirect) methods for experimental evaluation of low temperature
characteristics of road asphalt concretes are known [1]. In our opinion the direct methods provide a higher
accuracy of the evaluations.

This paper is a continuation of the series of works of the authors devoted to the investigation and the
comparative analysis of the characteristics of road bitumens and asphalt concretes [2-21]. In this paper a
comparative analysis of low temperature strength of conventional and modified asphalt concretes is
carried out.

Materials and methods. In present paper neat road bitumens of three grades (BND 70/100, BND
100/130, BND 130/200) were used for preparation of 31 kinds of conventional and modified asphalt
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concretes. The conventional (non-modified) bitumens were produced by the Pavlodar petrochemical plant
and were used for preparation of the conventional asphalt concretes. Polymer modified bitumens were
used for preparation of the modified asphalt concretes. The neat and modified bitumens satisfy
requirements of the Kazakhstan standards ST RK 1373-2013 and ST RK 2534-2015 respectively. The
conventional and modified asphalt concretes satisfy requirements of the standards ST RK 1225-2019,
ST RK 1223-2019, ST RK 2028-2010, ST RK 2373-2019 and GOST 31015-2002. Modification of
the bitumens by polymers (Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS 198, SBS
(L 30-01 A), KUMHO KTP) and a crumb rubber, preparation of the conventional and modified asphalt
concretes has been performed in a laboratory of Kazakhstan Highway Research Institute. More detailed
information about modification of the bitumens can be found in works [19, 22]. Information about types of
the tested asphalt concretes, kinds and content of the modifiers is given in table.

Strength of the asphalt concretes at direct tension (constant deformation rate:1 mm/min) has been
evaluated in the device TRAVIS at temperatures -10 °C, -20 °C and -30 °C under the standard EN 12697-46.

Data about the tested asphalt concretes

Ne Bitumen grade o fggﬁ;?gotzgfe te Modifier, % Short designation

1 BND 70/100 Type B - PNHZ 70-100 B

2 BND 100/130 Type B - PNHZ_100-130_B

3 BND 100/130 Type B Elvaloy 4170-1.4 PNHZ_100-130_B+Elvaloy1

4 BND 100/130 Type B Elvaloy AM-2.0 PNHZ 100-130_B +Elvaloy2

5 BND 100/130 Type B Kraton-4.0 PNHZ 100-130_B +Kraton

6 BND 100/130 Type B Calprene 501-4.0 PNHZ 100-130 B +Calprene

7 BND 100/130 Type B Butonal NS 198-3.0 PNHZ 100-130_B +Butonal

8 BND 100/130 Type B SBS (L 30-01 A)- 3.0 PNHZ 100-130_B +SBS

9 BND 100/130 Type B KUMHO KTP-3.0 PNHZ 100-130_B +KUMHO3
10 BND 100/130 Type B KUMHO KTP-6.0 PNHZ_100-130_B +KUMHO6
11 BND 100/130 Type B Crumb rubber-15 PNHZ 100-130_B +PK15

12 BND 130/200 Type B Elvaloy 4170-1.7 PNHZ 130-200_B +Elvaloy 1

13 BND 130/200 Type B Elvaloy AM-2.2 PNHZ 130-200_B +Elvaloy 2

14 BND 130/200 Type B Kraton-6.0 PNHZ 130-200 B +Kraton

15 BND 130/200 Type B Calprene 501-6.0 PNHZ 130-200_B +Calprene

16 BND 130/200 Type B Butonal NS 198-3.5 PNHZ_130-200_B +Butonal

17 BND 130/200 Type B SBS (L 30-01 A)- 4.0 PNHZ 130-200 B +SBS

18 BND 100/130 Type A - PNHZ_100-130_A

19 BND 130/200 Type A Elvaloy 4170-1.6 PNHZ_130-200_A +Elvaloy 1
20 BND 130/200 Type A Elvaloy AM-2.2 PNHZ_130-200_A +Elvaloy 2
21 BND 130/200 Type A Kraton-4.0 PNHZ 130-200_A-+Kraton

22 BND 130/200 Type A Calprene 501-5.0 PNHZ 130-200 A+Calprene

23 BND 130/200 Type A Butonal NS 198-3.5 PNHZ 130-200_A +Butonal

24 BND 130/200 Type A SBS (L 30-01 A)- 4.0 PNHZ 130-200_A +SBS

25 BND 100/130 SMA-15 - PNHZ 100-130_SMAI15

26 BND 100/130 SMA-20 - PNHZ_100-130_SMA20

27 BND 130/200 SMA-20 Elvaloy 4170-1.7 PNHZ_130-200_SMA20+Elvaloy 1
28 BND 130/200 SMA-20 Calprene 501-5.0 PNHZ 130-200_SMA20+Calprene
29 BND 130/200 SMA-20 SBS (L 30-01 A)-5.0 PNHZ 130-200_SMA20+SBS
30 BND 130/200 SMA-20 Butonal NS 198-3.5 PNHZ_130-200_SMA20+Butonal
31 BND 130/200 SMA-20 Kraton-5.0 PNHZ_130-200_SMA20+Kraton
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Results and discussion. Strength values of the considered asphalt concretes at tension at
temperatures -10 °C, -20 °C and -30 °C are shown in figures 1-3. The analysis of the obtained results
shows that different modifiers affect the asphalt concretes strength in different ways: it is found out that
the degree of impact depends both on an asphalt concrete type and a modifier, as well as on a negative
temperature value.
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Figure 2 — Strength of the asphalt concretes at tension at temperature -20 °C
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Figure 3 — Strength of the asphalt concretes at tension at temperature -30 °C

The least strength at the temperature of -10 °C has been shown by: asphalt concretes of type B with
the bitumens of grades bND 100/130, BND 130/200 and the polymer Kraton; an asphalt concrete of type
A with the bitumen of grade BND 130/200 and the polymer Butonal; the stone mastic asphalt concrete
20 with the bitumen of grade BND 100/130 and the stone mastic asphalt concrete 20 with the bitumen of
grade BND 130/200 and the polymer Butonal. The biggest strength had: asphalt concretes of type B with
the bitumens of grades BND 100/130 and BND 130/200 and the polymer Elvaloy AM; the asphalt
concrete of type B with the bitumen of grade BND 130/200 and the polymer SBS; the asphalt concrete of
type A with the bitumen of grade BND 100/130.

Many modified asphalt concretes had a high strength at the temperature of -20 °C: the asphalt
concretes of type B with the bitumen of grade BND 100/130 and the polymers Elvaloy AM, KUMHO
(6 %) and crumb rubber (15 %); the asphalt concretes of type B with the bitumen of grade BND 130/200
and the polymers Elvaloy 4170, Elvaloy AM, Butonal, SBS; the asphalt concrete of type A with the
bitumen of grade BND 130/200 and the polymer Kraton. The lowest strength has been shown by: the
asphalt concrete of type B with the bitumen of grade BND 130/200 and the polymer Kraton; the stone
mastic asphalt concrete 20 with the bitumen of grade BND 100/130; the stone mastic asphalt concrete 20
with the bitumen of grade BND 130/200 and the polymer Butonal.

At the temperature of -30 °C most of the tested asphalt concretes have shown not very high strength
(from 4.11 MPa to 5.8 MPa). The biggest strength had: the asphalt concretes of type B with the bitumens
of grade BND 100/130, BND 130/200 and the polymer Elvaloy AM, the asphalt concrete of type B with
the bitumen of grade BND 100/130 and the polymer KUMHO (3 %).

It should be noted that the stone mastic asphalt concretes 15 and 20 with the polymers and without
them at all the considered low temperatures practically had the strength not higher than the basic asphalt
concretes of type B with neat (original) bitumens of grades BND 100/130 and BND 130/200.

Conclusion. Based on the results of the comparative analysis for the low temperature strength of
31 types of conventional and modified asphalt concretes one can draw the following conclusions:

1. Various modifiers affect the asphalt concrete strength in different ways: a degree of impact
depends both on a type of an asphalt concrete and a modifier, as well as on a negative temperature value.
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2. Some modifiers increase, and some of them decrease the strength of the asphalt concretes at low
temperatures compared with the original asphalt concretes.

3. The polymer Elvaloy AM has been found to be the most efficient at low temperatures. The asphalt
concretes of type B with the bitumens of grades BND BHJI 100/130 and BND 130/200 at modification by
the polymer Elvaloy AM had the biggest strength at all the considered low temperatures: at -10 °C —
6.79 MPa and 6.43 MPa; at -20 °C — 7.57 MPa and 7.87 MPa; at -30 °C — 7.35 MPa and 8.86 MPa.

4. The stone mastic asphalt concretes 15 and 20 with the polymers and without them at all the
considered low temperatures practically had the strength not higher than the basic asphalt concretes of
type B with neat (original) bitumens of grades BND 100/130 and BND 130/200.
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MOJUOUIUPJIEHI'EH ACPAJIBTBETOHHBIH TOMEH TEMITEPATYPAJIBIK
BEPIKTII'TH CAJIBICTBIPMAJIBI TAJIJIAY

AnHortanus. JKymeicta omerreri (MoaubuKarpsuiaHOaraH) )oHe Moau(HUKaNUsITaHFaH K0 ac(haabTOeTOHIa-
pbiHbIH 31 TYpiHIH TOMeH TeMIepaTypaiblK OepiKTiriHe canbiCThipMalibl Tanpay xacamasl. MXKB 70/100, MXKb
100/130 sxone MXKbB 130/200 mapkanst Taza ourymaapasl [laBnonap myHaii-xumus 3aybitel bateic Cibipain (Peceit)
IIMKI MyHalbIHaH Tikeneil ToTbiFy onicimen onzipai sxone KP CT 1373-2013 craHgapThIHBIH TallalTapblH KaHAFAT-
Tanapipabl. butymasl momudukanusnay yuiis Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS
(L 30-01 A), KUMHO KTP nonumepiiepi xoHe pe3eHKe YTiHZAICI KOJIaHbULAbL. BuUTyMaapiasl Momudukausiiay
KazakcTaH 5011 FBUIBIMU-3ePTTEY HHCTUTYTBIHBIH 3epTXaHACHIHIIA JKY3ere achIpbulabl. MoaudukalusiianFrad OuTyM-
map KP CT 2534-2015 craHmapThIHBIH JKOHE dIETTErl skoHe Typienmaipinred achanproeronmap KP CT 1225-2019,
KP CT 1223-2019, KP CT 2028-2010, KP CT 2373-2019 xone MEMCT 31015-2002 cranaapTTapbIHbIH TajanTa-
PBIH KaHAFaTTaHbIPAIbI.

AcdanbrOeToHAApIBIH TOMEH TeMIlepaTypaliblk OepikTiriHiH cunarramackl peTinae TRAVIS koHIbIpFBICHIHAA
EN 2697-46 crangaptel Ooiibinina anbikTairad -10 °C, -20 °C xone -30 °C temmnepatypaga 1 MM/MUH TYpakKThl
nedopmarnius KbUTIaMIbIFbl 0apbIChIHA Oip OCHTI TiKelNel co3buTy Ke3iH/eri OepiKTir KaObUIIaH bl

Typii MmoxudukaropasiH acdanbTOETOH OEPIKTIriHE op KbIPbIHAH dCEp ETETIHI aHBIKTAIIBIL: dCep €Ty JdpexKeci
acdanprOeToH MeH Moau(UKaTOp TYpiHE Je, Tepic Temieparypa MoHiHe e OainanbicThl. Keitdip Moxudukaropaap
Oacrankbl acdaibTOCTOHAAPMEH CATIBICTBIPFAHIA TOMEH TeMIleparypazia achaabTOCTOHHBIH OCPIKTITIH apTThIpabl,
an keibipeynepi temenaereai. Moanbukaropnapapiy iminge Elvaloy AM monuMepi TeMeH Temieparypaja eH
tuimai 6omnapl. Elvaloy AM nonumepimMen moaudukanusuiay kesinge MXKb 100/130 sxone MXKB 130/200 mapkaiisi
outymaapel 6ap b tunri achansTOeToHIAp OApIBIK KApacTHIPBLUIFAH TOMEH TeMIlepaTypasia eH jKOFapbl OepiKTiKKe
ne 6onnpl: -10 °C ke3inge — 6,79 MIla xone 6,43 MIla; -20 °C ke3inge — 7,57 MIla xone 7,87 MIla; -30 °C xesinne
— 7,35 MIIA xone 8,86 MIla. IToaumepii »xoHe moaumepcis 15 sxone 20 marbUl TaCThI-MACTHKAJIBIK achanbroe-
TOHIAp OapibIK KapacTelpbuiFaH TeMeH Temieparypaaa MXKB 100/130 xone MXXB 130/200 mapkanapbiHblH Ta3a
(bactanker) outymaapsl 6ap b TunTi 6a3anbik achanbTOETOHIApFA KaparaHa OepiKTiri *KoFapbl emec.

Tyiiin ce3nep: Outymuap, moauMepsep, TOMEH TeMIeparypa, OepikTik.
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CPABHMTEJIbHBIN AHAJIN3 HU3KOTEMIEPATYPHOM MPOYHOCTH
MOJUP®UIINPOBAHHBIX ACP®AJIBTOBETOHOB

AnHotanusi. B Hacrosieli paboTe BBINOIHEH CPABHUTENBLHBIA aHAIN3 HU3KOTEMIEpATypHO# mpouHoctd 31
BU/Ia OOBIYHBIX (HEMOAW(HUIMPOBAHHBIE) U MOAU(UIMPOBAHHBIX JOPOKHBIX ac(hasbTo0eTOHOB. UHCThIE OUTYMBI
mapok BHJI 70/100, BH/T 100/130 u BH/I 130/200 6111 ipon3BeneHsl [1aBnogapckum HEPTEXUMUIECKIM 3aBOIOM
n3 celpoil Heptn 3anamHoit Cubupu (Poccust) MeTOIOM MpSIMOTO OKHCIICHHS M yJOBJIETBOPSIIOT TPeOOBaHHAM
cragmapra CT PK 1373-2013. dnsa momudummpoBanns OUTYMOB OBLUIM HCHOIB30BaHEI monumepsl Elvaloy 4170,
Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS (L 30-01 A), KUMHO KTP u pe3unoBas kpomrka. Moaudu-
Karusg OMTyMOB ObUTa ocymiecTBieHa B Jlaboparopun KaszaxcTaHCKOTO JOPOXKHOTO Hay4HO-HCCIIEHOBATEIBCKOTO
uHcTuTyTa. MoauduiupoBanHblie OUTYMbI yioBieTBopsitoT TpeboBanusM cranaapra CT PK 2534-2015. O0brunble u
Mo uduIpoBaHHbIe acaabTOOETOHBI YAOBIETBOPSIOT TpeboBanusm crannapros CT PK 1225-2019, CT PK 1223-
2019, CT PK 2028-2010, CT PK 2373-2019 u I'OCT 31015-2020.

B kauecTBe XapakTepUCTUKH HU3KOTEMIIEPATypPHOH MPOYHOCTH ac(haibTOOETOHOB MIPUHATA UX MPOYHOCTD MPH
OJTHOOCHOM TIPSIMOM PACTSDKEHHH TIPH MOCTOSIHHOM CKOpocTH edopmupoBanust | Mm/MuH nipu Temneparypax -10 °C,
-20 °C u -30 °C, onpenenennas B yctanoBke TRAVIS no crannapry EN 2697-46.

YcTaHOBNIEHO, YTO pasHble MOAU(UKATOPHI MO-pa3HOMY BIIMSIOT Ha IIPOYHOCTH ac(anbTOOETOHOB: CTENEHb
BJIMSIHUS 3aBUCHT Kak OT BHJa acanbrodeToHa 1 MOAH(UKATOpa, TaK M OT 3HAYSHUS] OTPULATEIBHON TEMIIEpaTyphl.
HexoTopbie Moau(UKaTOphl HOBBIIIAIOT, @ HEKOTOPBIE TIOHWKAIOT MPOYHOCTH ac(hanbTOOETOHOB NP HU3KUX TEMIIE-
paTypax Mo CpaBHEHHIO C UCXOAHBIMHU acanprobeTroHamu. 13 MmomnpukaTopoB Hanbonee 3pPpeKTHBHBIM IIPH HU3-
KHUX TeMmmeparypax okazaics nmonmumep Elvaloy AM. Acdansroberonst tTuna b ¢ 6utymamu mapox BHJ] 100/130 u
BHA 130/200 npu momudukaiuu nonumepom Elvaloy AM wumenun HauOOJBLIyIO MPOYHOCTH MPH BCEX
paccMOTPEeHHBIX HU3KHUX Temreparypax: mpu -10 °C — 6,79 Mlla u 6,43 Mlla; npu -20 °C — 7,57 Mlla u 7,87 MlIla;
mpu -30 °C — 7,35 MIla u 8,86 MIla. Il{ebenouHo-mactuuHbie achanprodeTonsl 15 u 20 ¢ mojauMepaMu u 0€3 HUX
IIPU BCEX PACCMOTPEHHBIX HU3KHUX TEMIIEpaTypax MPaKTHUYeCKH UMEIH IPOYHOCTh HE BhIIIE, YeM 0a30Bble acdanbro-
6erons! THna b ¢ yncrbiMu (ucxonubiMu) Outymamu mapok bHJI 100/130 u BH/T 130/200.

KoueBble ci10Ba: OUTYMBI, IOJIUMEPBI, HU3KHE TEMIIEPATyphl, IPOUYHOCTb.
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