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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 BH/I 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 fﬁ?ﬁﬁ?gggfe 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+FElvaloyl

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 1307200 Type B Elvaloy 4170-1.7 PNHZ, 130-200_B +Elvaloy 1

13 BND 1307200 Type B Elvaloy AM-2.2 PNHZ, 130-200_B +Elvaloy 2

14 BND 1307200 Type B Kraton-6.0 PNHZ 130-200_B +Kraton

15 BND 1307200 Type B Calprene 501-6.0 PNHZ, 130-200_B +Calprene

16 BND 1307200 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 1307200 Type A Elvaloy 4170-1.6 PNHZ, 130-200_A +Elvaloy 1
20 BND 1307200 Type A Elvaloy AM-2.2 PNHZ,_ 130-200_A +Elvaloy 2
21 BND 1307200 Type A Kraton-4.0 PNHZ 130-200_A+Kraton
22 BND 1307200 Type A Calprene 501-5.0 PNHZ, 130-200_A+Calprene
23 BND 1307200 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_SMA15
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 1307200 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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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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No. 230 dated 12 November, 2020.
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MOJUPOUTUPJIEHI'EH ACRPAJTBTBETOHHBIH TOMEH TEMIIEPATYPAJIBIK
BEPIKTII'TH CAJBICTBIPMAJIBI TAJIJIAY

AnnHotamus, JXymeicta ogerteri (MoauuKaImAIaHOAFaH) KOHE MOAN(DHKAIMSIAHFAH K0 ac(ampTOeTOHIA -
pBIHBIH 31 TYpIHIH TOMEH TeMIEpPaTypalblk OCpIKTIriHE CambICTHIpMAabl Tanmay skacanmel. MXKB 70/100, MOKB
100/130 >xane MJKB 130/200 mapkassr Taza 6urymaapast [1aBnoaap mysaii-xumus 3aybitsl barsic Cidipain (Pecei)
MWK MyHAWbIHAH Tikenel ToTery aaiciMeH enmipai xaue KP CT 1373-2013 crangapThIHBIH TalanTapblH KAHAFAT-
TaHaeIpaabl. butymael Momudukamsinay ymiH Elvaloy 4170, Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS
(L 30-01 A), KUMHO KTP moimmeprnepi skoHES PE3CHKS YTiHAICI KOMAAHBLIABL BuTyMaapabl Moau(HKAIHAIAY
KazakcraH >k0J1 FRUTBIMH-3EPTTEY HHCTHTYTHIHBIH 3€PTXAHACBHIH/A JKY3€Te achIphIIAbl. MoauukanustaHran OuTyM-
map KP CT 2534-2015 craHmapThIHBIH XX9HE SACTTETI skoHE TypaeHaipinreH acamproeTronmap KP CT 1225-2019,
KP CT 1223-2019, KP CT 2028-2010, KP CT 2373-2019 sxome MEMCT 31015-2002 cranzapTTapsIHbIH TaJanTa-
PBIH KAHAFATTAHIBIPAIBL.

Ac(ampTOCTOHAAPABIH TOMCH TCMIICPATYPANBIK OCPikTiriHiH cHnarTaMachl petinae TRAVIS KOHABPFRICHHAA
EN 2697-46 crasmapts! Oo¥biama anbikramrad -10 °C, -20 °C sxone -30 °C temmeparypaga 1 MM/MHH TYpaKTHI
JedopManys KpLTIAMIBIFEL OaphICHIHAA OIp OCHTI TIKEJIEH CO3BLTY Ke3iHeTi OCpIKTITi KaObUITAH/IBI.

Typai MoaupuraTopasiH achanbTOETOH OCPIKTITiHE 9p KBIPHIHAH 9CEP CTETiHI AHBIKTAIIBL 3CEP CTY AdPEXKECi
ac(anpTOEeTOH MEH MOAH(HKATOP TYPiHE A€, Tepic TemMueparypa MoHiHe e OatmanbicTsl. Keidip Moaudukaropnap
6acranke!r acaabTOCTOHAAPMEH CANBICTBIPFAHAA TOMECH TEMIIEparypansa acaabTOCTOHHBIH OCPIKTITIH apTTHIPAIBbL,
an kendipeynepi Temenaereni. Moaupukaropnapase imiuae Elvaloy AM nonmmepi TeMEH TeMIeparypasa €H
tuimai 6oxasl. Elvaloy AM mommvepiven moaudukanmsumay keziaae MXKB 100/130 sxone MXKB 130/200 mapkamst
O6urymmapsl 6ap b TunTi acanproeToHaap OapiBIK KAPACTHIPHUIFAH TOMECH TEMIICPATYPana €H >KOFapbl OCPIKTIKKe
ue 6omasr: -10 °C xesinme — 6,79 MIla xone 6,43 MIla; -20 °C ke3inae — 7,57 MIla sxone 7,87 MIla; -30 °C ke3inme
— 7,35 MIIA xome 8,86 MIla. INomumepmri >kore moxmmepcis 15 kore 20 marslI TaCThI-MACTHKAIBIK ac(anbTOe-
TOHAAp OapibIK KapacTeIppuraH TeMeH Temmeparypaza MXKB 100/130 sxone MJKB 130/200 mapkamapsIHbIH Taza
(Oacramker) outymaapet 6ap b tunTi 0azameik acamsTOeTOHAAPFA KaparaHaa OCPIKTITi KOFAPBI eMEC.

Tyiiin ce3aep: OuTyMIap, NOTHMEPICD, TOMCH TCMIICPATYPa, OCPIKTIK.
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CPABHUTEJIbHBIN AHAJIU3 HU3KOTEMIEPATYPHOM NPOYHOCTH
MOJUPUTIMPOBAHHBIX ACPAJTBTOBETOHOB

Annotamusi. B Hactosimed paboTe BBHINMOIHEH CPABHUTEIBHBIN AHATIW3 HU3KOTEMIIEPATYpPHOI mpouHOCTH 31
BHIA OOBIMHBIX (HEMOAW(HIHMPOBAHHBIC) W MOAMDUIIMPOBAHHBIX JOPOKHBIX ac(arbTOOCTOHOB. UHCTHIC OWUTYMBI
mapok BH/T 70/100, BH/I 100/130 u BH/L 130/200 6511 ipon3seacHsI [1aBrogapckuM HE(HTCXHMHUICCKIM 3aBOIOM
w3 ceipodt Heru 3amammpor CmOupm (POCCHA) METOIOM MPAMOTO OKHUCIICHHA H YIAOBICTBOPAIOT TPCOOBAHMAM
cragmapra CT PK 1373-2013. Jns moanpuumposaHus OuTYMOB OBLTH HCIIONb30BaHbI moiamMepsl Elvaloy 4170,
Elvaloy AM, Kraton, Calprene 501, Butonal NS, SBS (L 30-01 A), KUMHO KTP u pe3unoBasg xpomka. Momudu-
Karuss OMTYMOB ObLIA OCYHICCTBICHA B Jaboparopun Ka3axXCTaHCKOTO JOPOKHOTO HAYYHO-HCCIEAOBATEIBLCKOTO
uHCTUTYTA. MOoAu(pUIMpoBaHHbIE OUTYMBI yIOBICTBOPSIFOT TpebosaHmaM crangapra CT PK 2534-2015. OObranble 1
MOIH(HIMPOBAHHBEE aC(haTETOOCTOHBI YIOBICTBOPSIOT TpeOoBanmsaM cranmapros CT PK 1225-2019, CT PK 1223-
2019, CT PK 2028-2010, CT PK 2373-2019 u TOCT 31015-2020.

B kauecTBe XapaKTCpUCTUKH HU3KOTEMIICPATYPHOU IMPOIHOCTH ac(haabTOOCTOHOB MPUHATA UX IMPOYHOCTD MPH
OJHOOCHOM MPSIMOM PACTSDKECHHUH IPH MOCTOSIHHOM CKOpocTH nedopmuposanmsa | Mv/MuH npu temmnepartypax -10 °C,
-20 °Cu -30 °C, onpeneneHnas B ycranoske TRAVIS mo cranmapry EN 2697-46.

YCTaHOBIICHO, YTO Pa3HBIC MOAM(DHKATOPHI MO-Pa3HOMY BIHAOT HA MPOYHOCTH ac(aabTOOCTOHOB: CTCIICHD
BIISTHHS 3aBHCHT KaK OT BHAA ac(axpTodeToHa M MOAM(DHUKATOPA, TAK M OT 3HAUCHUS OTPHLIATCIHHON TEMIIEPATYPHIL.
Hexoropsie MoauuKaTOPHI MOBHIIAIOT, 3 HEKOTOPHIC IOHIKAIOT IPOYHOCTH ac()aIbTOOCTOHOB IPH HI3KUX TEMIIC-
parypax Imo CpaBHCHHIO C HCXOAHBbIME ac(amprodeToHaMu. M3 MoaudukaTopos Hamboxee 3PPESKTUBHBIM IPH HU3-
KX TeMIeparypax oxasancsa mommmep Elvaloy AM. Acganeroderonst Tuma b ¢ Omrymamu mapox BHJT 100/130 u
BH/] 130/200 mpm wmommdpumramum mnommmepoMm Elvaloy AM wuMenw HAanOOIBINYI0 TPOYHOCTH IIPH BCEX
PACCMOTPCHHBIX HU3KHX TeMmeparypax: mpu -10 °C — 6,79 MIla u 6,43 MIla; npu -20 °C — 7,57 MIla u 7,87 MIla;
mpu -30 °C — 7,35 MIla u 8,86 MIla. [llebeHounHo-MacTu4HbIC acansTo0eToHb! 15 1 20 ¢ monmmepamu u 63 HUX
TIPH BCEX PACCMOTPEHHBIX HU3KHX TEMIIEPATyPaxX MPAKTHICCKH HMEITH IIPOYHOCTD HE BBIIIC, YeM 0a30BbIe ac(haabTo-
octonsl Tuma b ¢ uncTeiMu (ucxoaasiMu) OuTymMamu Mapox BHJT 100/130 w BHJT 130/200.

Kiouesbie cioBa: OUTYMBL, TIOJIMMEPHI, HU3KHE TEMIIEPATYPhL, IIPOYHOCTb.
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