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Peculiarities of bitumen testing methods

Abstract. Bitumen as a construction material is extremely widespread in hydraulic
engineering and road construction. Bitumen has a wide variety of features and useful
properties, which allowed it to reach a leading level among other binder building
materials. The article presents the peculiarities of laboratory testing of bitumen. Step by
step the technique of bitumen testing on the ring-ball device and on the ductilometer is
disclosed. The importance of testing quality control is justified. The results obtained
showed the absence of deviations from the normative values. And reliability and accuracy
of the obtained results are reached due to the use of an analytical approach and taking
into account the risks arising during the tests. The account of which is presented by means
of the "bow-tie" methodology, the main advantages of the use of which are the analysis of
the reasons for risk occurrence, and the determination of decisions on their elimination.
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Introduction

Currently, there is an increase in requirements for the operational and transport characteristics of
asphalt concrete pavement due to the annual increase in the number of motor vehicles in almost all
regions of Kazakhstan. At the same time, the service life of road surfaces is affected by the quality of used
bitumen, which is one of the important components of road pavement. The annual increase in road
construction requires more bitumen and it is of high quality. But there are problems with the quality of
bitumen sometimes. Bitumen is the product of the distillation of oil, and in recent years, the percentage
of quality bitumen from tar is decreasing due to the increase in the depth of oil refining. Density is
considered a distinctive property of bitumen, as it depends on the content of the components in the
bitumen (Figure 1).
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Figure 1. Compounds that form bitumen

For example, the build-up of aromatic structures increases the density of bitumen, while the build-
up of saturated compounds, on the contrary, the density decreases|[1].

Another important property of bitumen is the flash point [2]. Thus, the flash point of bitumen
when heated determines the flammability of the bituminous mixture[3]. The ability of bitumen to resist
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the movement of the dispersed medium under stress from the outside is its viscosity.

At the same time, other equally important factors of bitumen, which establish its marking, as well
as the components are water resistance, water resistance, resistance to acid, alkali, salt, and gases, and the
ability to dissolve in solvents.

Determination of these indicators is an important and responsible stage [4]. Therefore, a lot of
research is devoted to improving the quality of bitumen [5]. Researchers from Drexel College, USA [6]
note the possibility of adding the bacterium Sporosarcina pasteuri. The study [7] investigated the physical
and mechanical properties of polymer asphalt concretes on bitumen-polymer binders modified with
mixed thermoplastic elastomers. Thus, determining the initial properties of bitumen is an important part
of the modification [8].

Experimental materials and methods

Research to determine the softening temperature of bitumen is carried out on the device "Ring &
ball"[9]. The test algorithm is shown in Figure 2.

Gradually increase the The temperature at which the
Preheated bitumen is poured A ball is placed on the surface perature of the bi extruded by the ball
into greased molds of each mold with bitumen bath, in which the molds with touches the bottom plate is
bitumen noted

Figure 2. Stages of "Ring & ball" investigation

This study used road bitumen grade 70/100, which was preheated to a temperature of 25°C to is

Figure 3. Forms for testing on the "Ring & Ball" device a) empty form; b) form with bitumen

Then, containers filled with bitumen were placed in a glass transparent cylinder with distilled
water (Figure 4).
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Figure 4. Bitumen testing process on the "Ring&Ball" device

Then the water in the cylinder is gradually heated, while increasing the temperature value at 5°C
per minute, as a result, when the bitumen is heated to the softening temperature, the ball placed on the
bitumen will fall, and contact the sensor installed at the bottom of the cylinder. Thus, the indicator of the
softening temperature of bitumen is the value at which the ball placed on the bitumen reaches the bottom
of the cylinder (Figure 5).
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a b
Figure 5. Readings of the instruments during the test a) data during the test; b) data at the end of the test

Tensile parameters of bitumen were determined using a ductilometer instrument [10]. The
algorithm of the ductilometer test is shown in Figure 6.

The specimensare heated Forms withbitumen Whena thread breaks, the

The moldsare filled with for 30 minutes inwater, samples are taken out of The deformation ofthe tensile lengthis read from

molten bitumen removed and the excess the waterand fixed on pins threads is monitored the scale of the measuring
bitumen is cut off smoothly ruler

Figure 6. Stages of investigation tensile parameters of bitumen

During the test, the containers were pre-lubricated with Vaseline to facilitate the removal of
bitumen residue after the test (Figure 7).
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Figure 7. Photos of greased molds: a) before filling, b) filled with bitumen

These molds filled with bitumen were kept for 30 minutes at ambient temperature for the bitumen
to cool down and come to its original state. Then the molds with the sample of tested bitumen were placed
in water filled in a ductilometer and kept in water at 25°C for 30 minutes, then using a staple with a
straight blade removed the excess top layer of bitumen protruding beyond the boundaries of the mold.
The molds with the bitumen sample are attached to the ductilometer racks and the test begins (Figures 8-
9).
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C
Figure 9. Tensile testing process in the ductilometer: a) stage 1; b) stage 2; c) stage 3

The bitumen sample was further aged in a heated and the ductility test was repeated (Figure 10).

a b
Figure 10. Tensile testing process further aged: a) stage 1; b) stage

Results and Discussion

According to the research carried out in the laboratory, the softening temperature of bitumen was
in the range from 57.1°C to 58.6°C. Table 1 shows the results of the "Ring&Ball" device and ductilometer
tests.

Table 1 - Result of tests

Name of indicators,
Standard Standard norm

units of measurement Test results
Softening ST RK 1227-2003 [9] no more 43 45
temperature
Tensile strength at 25 ST RK 1374-2005 [10] no more 90 56
no less

Since bitumen quality control is an integral part of testing to improve the quality of road
construction materials, certain difficulties (events or conditions) arise during testing that tends to have a
negative impact on achieving reliable test results.

When conducting tests using functional analysis of the "bow-tie" were identified the main risks
[11], affecting the achievement of the goal of the research, as well as proposed ways to address the risks
(Figure 11). And there are presented the ways of solving the emerging risks.
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Bitumen will not reach the
molten state and will not
allow the test mold to be

filled

Bitumen is not melted
enough for pouring
into molds

It is necessaryto

heat bitumentoa
molten state

The tub of the ductilometer is During the initial phase of
not filled with water to 2/3 of
its height, and the height of
the water layer above the

the test, the threads of the
specimen may break due to
lack of water

Make the volume
of waterto the
required
parameters

molds is less than 25 mm

2Ey
]
The waterin the % 2 E Readings on the ductilometer
ductilometer contains H £% will show inaccurate results
P e ]
surface-active impurities g H
222t
Bitumen sample stuck to the 8E & § » ¥
mold due to lack of & E c2 g E Readings on the ductilometer
lubrication on the mold 3% g % 22 will show inaccurate results
G2
=z"35 EQ
]

Figure 11. Risks of ductilometer testing
Conclusion

The main purpose of assessing the quality of bitumen is to provide facilities for the construction,
reconstruction, and repair of roads with high-quality bitumen, as well as the timely prevention of the use
of the substandard product. Therefore, the fundamental factor is in the testing of bitumen guidance to the
requirements of regulatory documentation.

The study also presents the risks that may arise in the process of determining the properties of
bitumen. Knowing and understanding the importance of each stage of the experiment is the result of

obtaining reliable data with low measurement error.
The results of tests on the extensibility of bitumen showed compliance with the normative

indicators, which allowed evaluation of the resistance of the material to mechanical stress, and the ability

to work in flexure and elasticity.
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buTyMABI cbIHay ABIH epeKIeaikTepi

Anpatma. KypsLabic Matepnaagapsl peTiHge OUTyMAap IMAPOTEXHNKAABIK, KOA KYPBLABICBIHAA
eTe KeH TapaaAraH. burtymgap Oacka 0aliaaHBICTBIPYIIBI KYPBIABIC MaTepMaljapbIHBIH apacklHAa
JKeTeKIIli JeHreiire IIBIFyFa MYMKIHAIK OepeTiH epekieaikTepi MeH IIaifllaabl KacUeTTepPiHiH KeH
esrepyine me. Makazaga OUTyMABl 3epTXaHaABIK CBIHAyABIH epeKileaikTepi KeatipiareH. butymasr
caKMHaja-IapuKTi KYpPbLAFblAa XKoHe AYKTIAOMeTpAe ChIHay a4ici OipTiHAen amblaaabl. ChIHaKTapAbIH
camachlH OaKblaayAblH MaHBI3ABIABIFBI HeTi3jeAreH. AABIHFaH HOTVKeAep HOPMAaTUBTIK MoHAepAeH
ayBITKyAapAblH >KOKTBIFBIH KOpCEeTTi. AA aAblHFaH HOTVDKeAePAiH CeHiMAidiri MeH JaaairiHe
aHaANTUKAABIK TaCiA4i KOAAaHy >KoHe ChIHaKTap JKYPTi3y Ke3iHAe TybIHAaITBIH ToyeKeaAepAl ecenke aay
eceOiHeH K04 >keTKisizeai. OaapapiH ecebi "raacTyk-OaHTMK' 94iCiHIH KOMeriMeH YCBIHBIAFaH, OHBI
IalijalaHyAblH HeTi3Ii apThIKIIBLABIKTaphl ToyeKeA4iH ceOernTepiH Taaday >KeHe 04apAbl KOO OOVIBIHIIIA
IIenIiMAepAi aHbIKTay OOABII TaObLAaABI.

TyitiHai ce3aep: OUTyM, ChIHAK, MIATIIITIK ©AIIIETII, ToyeKea, CeHIMAiAiK.
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Oco0eHHOCT MeTOAOB MCIIbITaHNsI OUTyMa

AnnoTammsi. butymMnl Kak = cTpouTeapHBle MaTepuaaAbl IIOAYYMAM KpaliHe IIMpOKOe
pacmpocTpaHeHne B TMAPOTEXHMYECKOM, JAOPOKHOM CTpouTeabcTse. buTymbl 004agaioT mmpoxoit
Bapualiell 0COOeHHOCTe U I0Ae3HBIX CBOJICTB, KOTOpBIe ITI03BOAMAN €MY BBIMITU Ha BeAyIuil ypOBeHb
cpeau IIpOYMX CBA3YIOIIMX CTPOMUTEABHBIX MaTepmuadoB. B crarbe mnpeacTaBaeHB OCOOEHHOCTU
AabopaTopHbIX ucnbTanuii Outyma. llar sa marom packpbiBaeTcsl MeTOAMKa MCIIBITaHMIA OMTyMa Ha
KO/blle-IIapMKOBOM Hpubope 1M Ha JAykruaomerpe. ODOcHOBaHa BaKHOCTh KOHTPOAs KadecTBa
vcrbITannii. Iloaygennere pe3yAbTaThl IMOKa3aAyu OTCYTCTBUE OTKAOHEHMII OT HOPMATUBHEIX 3HAYEHMIA.
A HageXHOCTb M TOYHOCTh IIOAYYeHHBIX pe3yAbTaToB JOCTUIaeTCs 3a C4deT MCIIOAb30BaHI
AHAAUTUYECKOTO II0AXO4a U ydeTa PUCKOB, BO3HUKAIOIINX MpPU IPOBEAeHUM WCIBITAHUIA. Y4eT
IpeAcTaBA€H C IIOMOIIBIO METOAUKM  «TaACTyK-Oaboduka», OCHOBHBIMM  IIpeMMYIecTBaMu
VICTIIOAB30BaHM: KOTOPOM SABASIOTCA pa3Oop MPWYMH BO3HMKHOBEHNS PUCKA U OIpejeleHne perreHnin
IO UX yCTPaHeHUIO.

Karouesbie caoBa: OMTyM, MCIIBITaHNE, AYKTIAOMETP, PUCK, HaJe>KHOCTD.

References

BECTHUK EHY umenu A.H. Tymunesa. Cepus mexrueckue HAYKu 1 mexHOAOZUY Ne 4(141)/2022 53
BULLETIN of L.N. Gumilyov ENU. Technical Science and Technology Series



Peculiarities of bitumen testing methods

1. The properties of asphaltic bitumen: with reference to its technical applications / ] Pfeiffer
— 2013— 300 p.

2. The Shell Bitumen Handbook / Robert N. Hunter, Andy Self and John Read2015. — 761
p.

3. Polymer Modified Bitumen / Tony McNally2011. — 424 p.

4. Investigation of the Effect of Adhesive Additive on the Plasticity of Road Bitumen and

Physical-Mechanical Properties of the Road Concrete Mix / Mukhamatdinov L. I. // Chemistry for
Sustainable Development. — 2021. — No. 1. DOI: 10.15372/CSD2021281

5. Practical experience with modified bitumen and bituminous binders / Z. Kusbergenova,
A. Zhankina // Technobius. — 2022. — T.2, Ne 1. — 3. 0013. DOI: 10.54355/tbus/2.1.2022.0013

6. Effect of Waste Polyethylene and Wax-Based Additives on Bitumen Performance / L.
Desidery, M. Lanotte // Polymers. — 2021. — Vol. 13, No. 21. — P. 3733. DOI: 10.3390/polym13213733

7. [ToanmepacdaapToOeTOHBI € IIpUMeHeHreM HePTIHBIX AOPOKHBIX OUTYMOB,
MOAUQPUIIMPOBAHHBIX CMeceBBIMU TepModaacTonaactamu / asunos K.V, Makapos 4.b. — 2017. — Ne'1
).

8. FM analysis of aging properties of UV531/SBS modified bitumen / F. Zhengang, C.
Fengjie, Y. Dongdong, L. Xinjun // IOP Conference Series: Materials Science and Engineering. — 2020. —
Vol. 758, No. 1. — P. 012068. DOI: 10.1088/1757-899X/758/1/012068

9. Bitumens and bituminous binders. Determination of the softening point by the ring and
ball method / ST RK 1227-2003- 2003.

10. Bitumens and bituminous binders. Method for determining the extensibility/ ST RK 1374-
2005-2005.

11. Risk assessment methods / GOST P ISO/IEK 31010-2011 — 2011.

Information about authors:

Tulebekova A. - Ph.D., Associate Professor in Department of Civil Engineering, L.N. Gumilyov
Eurasian National University, Astana, Kazakhstan.

Kusbergenova Zh. - Master Student in Department of Civil Engineering, L.N. Gumilyov Eurasian
National University, Astana, Kazakhstan.

Aldungarova A. - Ph.D., Associate Professor in School of Architecture and Construction, D.
Serikbayev East Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan.

Bakirbayeva A. — Master of Technical Sciences., Senior Lecturer in School of Architecture and
Construction, D. Serikbayev East Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan.

Tyaebexosa O.C. - «Kypoiabic» kadegpacwinbiy gonenri, Ph.D., A.H.I'ymnaes arteiHaarbi
Eypasusa yarTeik yHuBepcureti, AcraHa, Kasakcras.

Kycbepzenosa K. - «Kyporavic» xadegpacwinbiy Maructpantsl, /. H. I'ymmaes arpiHaarst
Eypasusa yatTeik yHuBepcureti, AcraHa, Kasakcras.

Ardynzapoea O.K. - Coyaet xoHe Kypblabic MeKTebiHiH go11eHTi, Ph.D., /. CepikGaeB aTbIHAQFbI
HTIsrrpic Kazaxcran TexHnkaaslK yHuBepeureTi, Ockemen, Kaszaxcras.

Baxupb6aesa A.A. - Coyaer >koHe KypblABIC MeKTeOiHiH oOkpITyInsl, maructp, /. CepixOaes
ateraaars! [Isirpic Kasakcran Texunkaaslk yHusepcuteti, Ockemen, Kaszaxcras.

54 Ne 4(141)/2022 A.H. Tymunes amvindazor EYY Xabapuivicor. Texnukarvisy uAviM0ap xate mexHoA0ZUAAGD cepuscol
ISSN: 2616-7263, eISSN: 2663-1261



