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MECHANICAL CHARACTERISTICS OF ROAD COMPOUNDED BITUMEN AT
LOWTEMPERATURES

Abstract. In this work the practical possibility has been shown for the manufacturing of a road bitumen
with the improved low temperature characteristics by compounding of a viscous bitumen of the grade BND
100/130 with tar. The bitumen of the grade BND 100/130 has been produced by the Pavlodar petrochemical
plant from the oil of Western Siberia (Russia) by direct oxidation. The standard characteristics of the bitumen
satisfy the requirements of ST RK 1373-2013. The bitumen of the grade BND 100/130 and the tar from 5 to
30% have been used for preparation of the compounded bitumen by selection. A laboratory mixer (rotation rate
is equal to 450-500 rotations per minute) and a container with heating have been used for the compounding
of the bitumen under the laboratory conditions. Bitumen sample was heated up to the temperature of 120°C
in the mixer, then the tar was added in the amount of 5, 10, 15, 20, 25, 27 and 30% by bitumen weight, and it
was mixed for 30-40 minutes. Low temperature characteristics (stiffness and relaxation rate) of the bitumen
have been determined on the bending beam rheometer at the temperatures of -24°C, -30°C and -36°C. Before
testing the samples of the compounded bitumen have been subjected to double (short-term — RTFOT and
long-term — PAV) aging. Optimum content has been determined for the tar in the bitumen, which is equal to
15-20 % by weight.

Key words: bitumen, tar, compounding, bending, beam rheometer, stiffness, relaxation fate.

Introduction. At present an asphalt concrete pavement, which is very sensitive to a temperature, has
a priority distribution on the highways. Temperature resistance of a bitumen or a bituminous binder is the
fundamental one in the service life of an asphalt concrete.

The plants of Kazakhstan produce road bitumens only of the grades BND 70/100 and BND 100/130. Low
temperature cracks occur everywhere in asphalt concrete pavements constructed in the regions of the republic
with the use of the bitumens of these grades; and irreversible plastic deformations (rut, waves) are observed
on some sections with high-capacity traffic.

To improve the operational properties (resistance to rutting and low temperature cracking) of asphalt
concretes bitumens are modified with different polymers [1-7]. However, polymers, as a rule, increase
only high temperature resistance (resistance to the formation of plastic deformations) of asphalt concretes.
Meanwhile, it is known that bitumens of less viscous consistence (the bitumens of the grades BND 130/200
and BND 200/300) have the comparatively better low temperature characteristics.

Considering the above in this work it is proposed to compound (liquefy) the viscous road bitumen of
the grade BND 100/130, conventionally used in a road construction, with tar to obtain a bitumen with the
improved low temperature operational characteristics.

Materials and methods. The bitumen of the grade BND 100/130 and the tar of the Pavlodar petrochemical
plant have been accepted to determine the optimum tar content in the bitumen for manufacturing of the road
compounded bitumen of more liquid consistence with better low temperature characteristics.

Bitumen. The bitumen of the grade BND 100/130 has been produced by the Pavlodar petrochemical
plant from the oil of Western Siberia (Russia) by direct oxidation. The standard characteristics of the bitumen
(Table 1) satisfy the requirements of ST RK 1373-2013 [8].
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Table 1 - Main standard characteristics of the bitumen of the grade BND 100/130

Description of indicators ND for test methods | Standard under ND | Actual results

Needle penetration depth, 0.1 mm
at the temperature of 25 °C ST RK 1226 101-130 116
at the temperature of 0°C not less than 30 38
Softening point (ring and ball), °C ST RK 1227 not lower than 43 45.0
Ductility, cm: ST RK 1374 not less than
at 25 °C 90 115
at 0 °C 4.0 5.6
Fraas point, °C ST RK 1229 not higher than -22 -27.0
Flash point, °C ST RK 1804 not lower than 230 265
Softening point variation after heating, °C ST RK 1224

ST RK 1227 not more than 7 6.0
Dynamic viscosity at 60 °C, P-s STRK 1211 not lower than 120 138
Kinematic viscosity at 135 °C ST RK 1210 not lower than 180 332
Aging resistance after heating at the 0.2
temperature of 163 °C: ST RK 1224 not more than 0.8
weight variation, % ST RK 1226 not less than 50 65
needle penetration depth, %,
of the original one ST RK 1374 not less than 80 43
- ductility, cm, at the temperature of 25 °C
- rise factor of the dynamic viscosity at 60 °C ST RK 1211 not more than 2.5 2.5

Tar. The tar used for the compounding of the bitumen of the grade BND 100/130 has been delivered from
PNHZ. The standard characteristics of the tar (Table 2) satisfy the requirements of ST RK 3337-2018 [9].

Table 2 - Main standard characteristics of the tar

Standard under ND
. . Measurement | ND for test

Description of indicators unit methods Grade A Grade B Actual results
Conditional viscosity under
viscometer with a hole of 5 ] ST RK1683 20 82
mm at 80°C, not less than
Density at 20+£2°C kg/m? ST RK2114 From 940 to 1050 956
Softening point, not lower
th °C ST RK1804 200 280

an
Water content, not more than % ST RK1375 0.1 .

Compounding. The bitumen of the grade BND 100/130 and the tar from 5 to 30% have been used for
preparation of the compounded bitumen by selection. A laboratory mixer (rotation rate is equal to 450-500
rotations per minute), creating a small swirl, and a container with heating (Figure 1) have been used for the
compounding of the bitumen under the laboratory conditions.

Bitumen sample was heated up to the temperature of 120°C in the mixer, then the tar was added in the
amount of 5, 10, 15, 20, 25, 27 and 30% by bitumen weight, and it was mixed for 30-40 minutes.
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Fig. 1 -Laboratory mixer with heating:

1 — metal chamber, 2 — electric engine; 3 — screw;
4 — belt pulley; 5 — hot plate; 6 — stand rod.

Bending beam rheometer. Low temperature characteristics (stiffness and relaxation rate) of the bitumen
have been determined on the bending beam rheometer (BBR) (Figure 2) at the temperatures of -24°C, -30°C
and -36°C [10]. Before testing the samples of the compounded bitumen have been subjected to double (short-
term — RTFOT [11] and long-term — PAV [12]) aging.

"

Fig.2 - Bending beam rheometer (BBR)

The bitumen stiffness S(t) at the time moment t is calculated under the formula:

3

S = 4b;L5(t)
(1)

where: S(?) is the stiffness at the time moment t (s), MPa;

0 (¢) is maximum bending of a beam at time moment t, mm;

L is the length of a span of a beam (distance between supports), mm;

h is the height of a beam, mm;

b is the width of a beam, mm;

P is the applied load, H.

Bitumen relaxation rate m (t) at time moment t is calculated under the expression:

m(t) = [d(log §(1))]/[d(log 1)]. 2

Results and discussions. The values of the stiffness and relaxation rate of the compounded bitumens at
different tar contents and various temperatures are represented in Figures 3 and 4. It is seen from Figure 3
that the stiffness of the bitumens remains the same at the tar content of 20% and more. The relaxation rate is
considerably decreased at the tar contents of 27% and 30%. Meanwhile, the values of the relaxation rate are
higher that the allowable value (m=0.3).
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Thus, it is found out that the optimum tar content in the bitumen is within the range of 15-20% according to
the results of the research for the stiffness and relaxation rate of the compounded bitumens at low temperatures.
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Fig.3 - Bitumen stiffness at different tar contents and various temperatures
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Fig.4 -Bitumen relaxation rate at different tar contents and various temperatures.

Conclusion. 1. The practical possibility has been shown for the manufacturing of a road bitumen with the
improved low temperature characteristics by compounding of a viscous bitumen of the grade BND 100/130
with tar.

2. Optimum content has been determined for the tar in the bitumen, which is equal to 15-20% by weight.

Grant IRN AP 08857446 has been received from the Committee of Science of the Ministry of Education

and Science of the Republic of Kazakhstan in support of our research work. Agreement No. 230 dated 12
November, 2020.
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KOMITAYHATAJIFAH KOJI BUTYMBIHBIH TOMEHI'T TEMITIEPATY PAJIAPIATBI
MEXAHUKAJIBIK CUITATTAMAJIAPbBI

Annoramus. byn sxymeicta MXXbB 100/130 Mapkaiel TYTKBIp 5KOJT OMTYMBIH TYAPOHMEH KOMITAyHATAY
apKbUIBI TOMEHT1 TEMIIEPaTyPajbIK CHUIIaTTaMalIaphbl >KOFapbUIATBUIFaH YKOJI OUTYMBIH aTyIbIH MPAKTUKAIBIK
MYMKiHIIri kepcerinren. MXB 100/130 wmapkansl Outymbl [laBnogap MyHal-XxuMUSL 3aybITHIHIA
Bareic CiGipain (Peceil) myHaiiblHaH TiKe TOTHIKTBIPY >KOJBIMEH OHIIpUIreH. BUTYMHBIH CTaHIAPTTHIK
cunarramaiapel KP CT 1373-2013 crammapTBIHBIH TajanTapblH KaHaraTTaHObIpansl. KommayHnrayra
con 3aybITThIH 80°C TeMiieparypaiarbl IAPTTHIK TYTKBIPIbIFEL 82 ¢ TyApoHbI ajblHabl. KomnayHarairan
outymasl naspiay ywin MXXB 100/130 mapkansl OuTymbIHa TyIpoH maccachl OoiibiHma 5%-nan 30%-ra
Jeiinri menmepae Kocbuiabl. KommayHarayra 3epTXaHalblK apaiacThIPFBINI (GKBUINAMIBIFBl MHHYTHIHA
450-500 aifHaibpIM) TIEH KBI3ABIPBUIATHIH KOHTEHHEp maiaanansuiibl. butym yirici 120°C Temmneparypara
JeHiH KeI3ABIPBUILI, Oenrinmenrern memmepnae (5, 10, 15, 20, 25, 27 xone 30%) ryapoH KOCBUINBI, OIaH
opi 6mtym MeH TyapoH apanacrackl 30-40 MUHYT OOWBI apaiacTeIpbUIIbl. KomMmayHaTanraH OWTYMHBIH
TYIPOHHBIH TYPJl MeJILIEpiHACTi TOMEHIT TeMIIepaTypalblK cunarramMaiapbl (KaTThUIBIK KOHE pelakcarus
KBUIIAMIBIFBI) HineTiH Oinikti peomerpae (BBR) -24°C, -30°C xane -36°C Temneparypajiapia aHbIKTaJIbl.
Komnaynaranran 6utymusiH yiriiepi BBR-nare! ceinakran OypeiH exi caTbuibl (KbIcKbl Mep3imMai — RTFOT
koHe y3aK Mep3imai — PAV) eckipynen etkiziiai. Macca OoiibiHma 15-20% ryapoHsl 0ap KOMIIayHTaJlFaH
OWTYMHBIH KYpaMmbl OHTAIIIbI eKeHl TaObUIbI.

Tyiinai cezgep: OWTyM, TYIpoH, KOMIIAyHATAy, HIJETiH OUTIKTI peoMeTp, KATTBUIBIK, peTaKcaius
KBUIJAMIBIFBI.
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MEXAHUYECKHUE XAPAKTEPUCTUKHU JOPOKHOI'O KOMITAYHAUPOBAHHOI'O
BUTYMA IIPU HU3KUX TEMIIEPATYPAX

AHHoTanus. B HacTosmel paboTe oka3aHa IpakTHYEeCKast BO3MO>KHOCTD II0JIy4€HHsI JOPOKHOIO OuTyMa
C YJIyUIIEHHBIMH HU3KOTEMIIEPATYPHBIMU XapaKTEPUCTHKAMU KOMIIAyHIMPOBAHUEM BS3KOTO OMTyMa MapKu
BH/1-100/130 ¢ rynponom. butym mapku BHJI 100/130 6611 mpousseneH [laBnonapckum HehTEXUMHUIECKIM
3aBogoM 3 HedTr 3anagHoi Cubupu (Poccust) mytem npsiMoro okuciieHust. CTaHJapTHBIE XapaKTEPUCTHKU
Outyma yaoBieTBOpsitoT TpeboBanusiM cranmapra CT PK 1373-2013. [lnst xommayHIupoBaHUs ObLI
MIPUHAT TYAPOH TOTO € 3aBOjIa C YCIOBHOW BA3KOCTHIO 82 ¢ mpu Temneparype 80°C./[ns mpurotoBieHus
KoMTayHaupoBaHHoro Omtyma B OutyM Mapku BHJI 100/130 Owum moGaBiieH TyOpOH B KOJHYECTBE OT
5% mo 30% mo macce. JlaGopatopHslii cMecuTenb (CkopocTh BpameHus 450-500 060poToB B MUHYTY) U
KOHTEHWHEp ¢ MOIOrpeBOM OBUIM HMCIIOIB30BaHbI JIsi kKoMnayHauposaHus. I1pu atom obpasen Outyma Obu1
Harpet 70 Temieparypsl 120°C B cmecurene, 3aTeM 100aBisieTcsl TyApOH B BEIOpaHHOM Konnuectse (5, 10,
15, 20, 25, 27 u 30% mo macce) u cMech OMTyMa M TyApoHa TepemeninBaiach B TeueHue 30-40 MHUHYT.
HuskoremmeparypHble XapaKTepUCTHKH (PKECTKOCTh M CKOPOCTh PEeNTaKCallii) KOMIIayHIMPOBAHHOTO OUTyMa
IIPU pa3HBIX COACPKAHUAX TyApOoHA OBLIM OIpenesieHBl Ha peoMeTpe ¢ m3rmbaemoit 6ackoit (BBR) mpu
temneparypax -24°C, -30°C u -36°C. [lo ucnsitanus Ha BBR 00pasiier komnayHanpoBaHHOTO OUTyMa ObLTH
noABep:KeHbI 1BOMHOMY (KpaTtkoBpeMeHHOMY — RTFOT u nnurensnomy — PAV) ctapennto. YcTaHOBIIEHO, 4TO
COCTaB KOMITAyHJIMPOBAHHOTO OMTYMa C CojiepkanueM ryapona 15-20% 1o macce sSBJsIeTCs. ONTUMAIBHBIM,

KioueBble ciaoBa: OMTyM, TYIpOH, KOMIIAYHAMPOBAHHE, PEOMETP C M3rMOaeMOi Oalkol, KECTKOCTb,
CKOPOCTh peJlaKcaluu.
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