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Introduction: Due to climate change, scientists around the world, including specialists in the road construction industry, are
forced to take into account the need for regular monitoring of the low-temperature properties of both individual building
materials and the properties of multicomponent road composites based on them. Therefore, the possibility of developing new

approaches and methods for evaluating these properties is being studied.

Methods: For these purposes, Dr. Kim Sang-Soo proposed a new method for evaluating the low-temperature properties of road
binders, which was called the ABCD (Asphalt Binder Cracking Device) method. The use of the device does not require special
skills and knowledge and auxiliary equipment is widely available in laboratories of road construction organizations. The

duration of the test does not exceed 4-5 hours.
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Results: The possibility and effectiveness of regulating the cracking temperature of bitumen-containing binders by introducing
styrene-butadiene thermoplastics of various topologies into the composition is shown using the example of industrially
produced batches of petroleum road viscous oxidized bitumen and applying the ABCD methodology.

Conclusions: In Russia, where winter temperatures in the vast majority of the country fall below minus 30 degrees Celsius, it is
extremely important to control the behavior of bitumen binders and multicomponent mixtures of different compositions
(asphalt concrete mixtures). The national standard GOST R 58400.11-2019 has been put into effect and the production of
appropriate measuring equipment has been established. At the same time, the ABCD method can be used both to study the
properties of mixtures of binders with polymers of various topologies and to select a commercial binder that meets the
requirements of a specific region of highway operation.

Keywords: cracking temperature, polymer-modified bitumen, ABCD method, styrene-butadiene thermoplastics of various

topologies.
Pesrome

BeepcHue: B cBssu ¢ nsMeHeHHEM KAMMATA YYEHBIE BCETO MHPA, B TOM YHCAC CIICIIMAAHCTBI AOPOXXHO-CTPOUTEABHOI OTPACAH,
BBIHY)KACHBI IIPUHHMATh B PacieT HEOOXOAMMOCTb PETyASPHOTO KOHTPOAs HH3KOTECMIICPATYPHBIX CBOMCTB KaK OTACABHBIX
CTPOUTEABHBIX MATEPUAAOB, TAK M CBOICTB MHOTOKOMIIOHCHTHBIX AOPOXKHBIX KOMIIO3UTOB. IT0oaToMy H3ydaeTcsi BO3MOXKHOCTD
Pa3paboTKH HOBBIX IIOAXOAOB U METOAOB OLICHKU YKa3aHHBIX CBOHCTB.

Meroap: Aast ykasanHbIx neacit aokrop Kim Sang-Soo mpessoskua HOBBIA METOA OLICHKHM HHM3KOTEMIICPATYPHBIX CBOKCTB
AOPO>KHBIX BSDKYIIHX, KOTOPBII ITOAYYHA HazBaHue Merop ABCD (Asphalt Binder Cracking Device). McnioabsoBanue npubopa
He TpebyeT CrennaAbHbIX HABBIKOB M 3HAHHI, a BCIIOMOIATEABHOE 000PYAOBAHHE IMPOKO AOCTYIIHO B AAGOPATOPHSIX AOPOXKHO-
CTPOHUTEABHBIX OpraHusanuil. [IpoAOAKUTEABHOCTD UCIIBITAHUS HE IIPEBBIIIACT 4-5 9acoB.

Pesyabrarei: Ha npumepe mpOMBIIIACHHO BBIIYCKACMBIX MAPTUH OUTYMOB HEQTSHBIX AOPOXKHBIX BS3KHX OKMCACHHBIX MapKu
BHA 70/100, ¢ npumenernem meroposorun ABCD no TOCT P 58.400.11-2019, moxasana BO3MOXXHOCTb U 3¢ PeKTUBHOCTD
PEryAHPOBAHUS TEMIICPATYPbI PACTPECKUBAHHS OUTYMOCOACPIKAIHUX BSDKYIIHMX ITyTEM BBOAA B COCTAB KOMIIOSHLMH OyTapncH-
CTUPOABHBIX TEPMOAACTOIIAACTOB PA3AMYHON TOIOAOTHH.

BeiBoasr: B Poccuu, rae suMHEE TeMIlepaTypsl Ha IIOAABASIOICH TEPPHUTOPHU CTPAaHbI OIycKarwTcs Hioke -300 oc, KpaiiHe
BDKHA AOCTYIIHOCTb KOHTPOASI IOBEACHHS OMTYMHBIX BSDKYIJMX W MHOTOKOMIIOHCHTHBIX CMECEH PpasHOTO COCTaBa
(acq)aAbTo6eTOHHbIX cMmecell). BBeaeH B AcHCTBHE HAI[MOHAABHBIH cranpapr T'OCT P 58400.11-2019 u HasakeHo
IPOUBBOACTBO U3MEPHTEABHOTO 060pyAoBanust. [Tpu aTom Metop ABCD Mosker 6bITh HCIIOABSOBAH KAK AASL M3YUCHUS CBOFCTB
cMecell BSDKYLMX C [OAUMEPAMH PAsAHYHOM TONOAOTHH, TAK M AASL BbIOOpPa TOBAPHOIO BSDKYIIETO, COOTBETCTBYIOLIEIO
TpeGOBaHMsM KOHKPETHOTO PETMOHA SKCIIAYATALIMH aBTOMOOHABHON AOPOTH.

KAroueBbie cA0Ba: temmeparypa pactpeckuanusi, moAuMepHO-6uTyMHbIE BsOKymue, MeToa ABCD, 6yTaaueH-cTHPOAbHEIE

TCPMOIAACTOIIAACTDI pa3API‘IHOI>1 TOITOAOTHUH.

Abstract

YBoa: V Besu ca KAMMATCKMM IIPOMECHAMa, HAYYHUIIM IIMPOM CBETa, yKaydyjyhu crpyumake ns obaacTu usrpasse myresa,
IPUMOPAHU Cy A2 y3My y 003up moTpely 3a PeAOBHOM KOHTPOAOM HHCKOTEMIICPATyPHUX CBOjCTaBa MOjeAMHHX rpabeBuHCckux
MaTepujasa U CBOjCTaBa BULICKOMIIOHCHTHUX KOMIIO3HTA Ha HHXOBO]j 0asu. 36or Tora ce npoydasa MoryhHocT passoja HoBux
IPHCTYIIA U METOAA IIPOLICHE HABEACHHX CBOjCTABA.

Meroae: Kum Canr-Cy je mpepAOXKHO HOBY METOAY 3a IIPOLICHY CBOJCTABA BE3MBHUX MATCpPHjara 3a H3IPaAlY IyTeBA HPH
HUCKUM TeMIeparypama, Kojy je HasBao ABCD merosa (Asphalt Binder Cracking Device). Ynorpe6a ypehaja He saxresa
noce0He BEIITHHE U 3Hawa, a MoMoliHa oIlpeMa je LIMPOKO 3aCTyIlbeHA Y AaboparopujaMa KOMIIAHMja 32 M3LPaAtby IyTeBA.
Hcnutusame He Tpaje Ayxke 0A 4 A0 S car.

Pesyararn: Ha npumepy npousBoame HHAYCTPUjCKHX cepHja HATHHX IIYTHUX BUCKO3HUX OKCHAOBaHUX OuTymMena mapke BHA
70/100, ys npumeny ABCD wmeroae y ckaaay ca crampapauma TOCT P 58.400.11-2019, npukasana je moryhuocr n
epHKACHOCT peryAncama TeMICpaType Iylama BesHBa y OMTyMeHy yBoDheHmEM y HCIOB CacTaB CTUPCHCKO-OyTapAMEHCKHUX
TEPMOIIAACTUYHHUX €AACTOMEPA PA3AHYUTHX TOIOAOTH)a.

Bamyunm: C obsupom Ha To Aa sumn y Behem aeay Pycuje temmeparype masajy ucnoa -30°C, Beoma je Baxuo omoryhuru
peryAHcame MOHAmama OUTYMCHCKMX BCSHBHHX M BHIICKOMIIOHCHTHHX CMeINAa PasAMdUTOr cacTaBa (acdaaTHo-GeToHcKe
cmere). Yrephen je nHaunonaanu cranaapa TOCT P 58400.11-2019 u yenocraBaeHa je npousBopta Mepre onpeme. ABCD
METOAA Ce MOXKE HCTOBPEMEHO KOPUCTHUTH KAKO 32 IIPOYYaBarbe CBOjCTABA BESMBHUX CMEINA HA 0asy MOAMMEpPHUMA Pa3SAMYMTHUX
TOIOAOTIH]2, TAKO U y 0AA0MPY BE3UBA y KOMEPLHUjAAHE CBPXE, KOja MOPAjy 3aA0BOMSABATH IIPOIMCE 3a USTPAAY AyTO-TIyTEBA
KOHKPETHOT pernoHa y kojem he ce kopucrurn.

Keywords: TeMIeparypa Iyuama, noaumep-mopudukoBanu 6urymen, ABCD  wmeropa, crupeHckm  Gyrasuen

TCPMOITAACTHYHHX CAACTOMEPA PASAMIUTUX TOHOAOI‘I/Ija.
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Introduction

Low-temperature cracking of asphalt pavement is understood as transverse cracks occurring at
approximately equal distances at right angles to the direction of travel (Flory, 1985). It is assumed that
binders with higher stiffness will crack at higher temperatures than softer bituminous binders (Gokhman,
1977; Nazzal et al, 2014; Petersen et al, 1994; Plewa, 2019).

To date, no sound methodology or direct measurement method has been developed in the world that
can accurately determine the low-temperature properties of binders based on tests performed at much
higher temperatures, such as under normal conditions.

That is why of great practical interest are the so-called direct measurement methods which reproduce
the loading conditions of materials or structures as close to reality as possible. The data obtained in the
course of such tests are a reliable basis for predicting the real performance properties of both raw material
components and multicomponent materials based on them.

An example is the ABCD (Asphalt Binder Cracking Device) method of evaluating the low-temperature
properties of road bitumen, developed during many years of research by Dr. Kim Sang-Soo, a professor in
the Department of Civil Engineering at Ohio University (Kim, 2005, 2007; Petersen 1994).

The feature of this fundamentally new for the Russian road industry test method is the ability to
determine the potential of low-temperature cracking of bitumen binders without prior analysis or
knowledge of the rheological properties of bitumen binders (Nebratenko, 2022).

When the temperature of the pavement decreases under actual operating conditions, shrinkage and
cracking of the asphalt concrete pavement as a whole and, above all, of bituminous binders, takes place. In
this case, the binder acts as a glue in the composition of the pavement and, under certain conditions, the
monolithic adhesive layer between the particles of stone aggregate is broken.

The ABCD test is carried out as follows: a sample of a bituminous (often polymer-bitumen) binder is
placed in a cryochamber and the temperature of the air surrounding the tested sample is gradually reduced,
causing similar thermal compression until a transverse crack is formed (Nebratenko & Nikolaevsky, 2023).

Methodology for assessing the properties of mixtures based on semi-blown road
bitumen and SBS polymers

Let us illustrate the possibility of assessing the low-temperature properties of mixtures based on semi-
blown (oxidized) oil road bitumen and SBS-polymers of different molecular structures by the ABCD
method. This will make it possible to evaluate the advantages of a number of modifiers used to improve the
low-temperature properties of road binders.

Bitumen basic compositions were industrially produced oil oxidized road bitumen BND 70/100,
conforming to GOST 33133-2014 (Table 1).
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Table 1

Physical and mechanical properties of semi-blown viscous road petroleum bitumen

[Actual values [Test methods of bitumen
Ne  [Name of the indicator for BND (Interstate standard,
70/100 GOST)
Penetration at the temperature
1 b£25°C. [0.1 mm] 90 GOST 33136
Penetration at the temperature
2 o£0°C, [0.1 mm] 34 GOST 33136
3 [Ductility at 25°C, [em] 90 GOST 33138
" ?ooét]emng point (ring and ball), 50 GOST 33142
5 [Fraass breaking point, [°C] - 18 GOST 33143
g Flash pooint (Cleveland open b1 GOST 33141
cup), [°C]

T36AI/IL13. 1- (DI/ISI/IKO-MCXQHI/IQCCKI/IC CBOWCTBA 6I/ITyMa HC(l)TﬂHOI‘O AOPO)KHOI‘O BA3SKOI'O OKMCACHHOTO
Ta6CAa 1 — Ousnuxo-mexaHuyKa CBOjCTBa Ha(l)THOI‘ ITYTHOT BUCKO3HOT OKCMAOBAHOT 6I/ITyMCH3

Polymers in the amount of 3% wt. were introduced in equal portions into the base bitumen heated to a

temperature of 140-160 oc. During the first 15 minutes, the mixture was mixed with a laboratory
dispersant IKA Ultra-Turrax T25 digital at a rotor speed of about 10,000 revolutions per minute. Then
the aging stage (swelling) took place for 2.5 hours at a rotor speed of 3,000 revolutions per minute and a

temperature of 60-80 Oc.

The ABCD cracking machine is one of the few devices that determine the indicator of the binder not
indirectly, but by a direct method. This significantly differs, for example, from the well-known method
“Ring and Ball” according to GOST 11506 or GOST 33142.

The measuring part of the device consists of a metal ring of Invar, equipped with temperature and
deformation sensors, The metal ring with sensors is placed in an elastic silicone rubber shell (Fig. 1). After
the heated bitumen binder is poured into the gap between the ring and the casing and solidifies, the
samples (one control and three test samples) are placed in a cryochamber (Kim, 2007; Nebratenko &
Nikolaevsky, 2023).
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Figure 1
ABCD sensors during (left) and after (right) testing of binders

Puc. 1 — Aaruuxu ABCD Bo Bpems (caeBa) u nocae (cripaBa) mpoBeAeHHs HCTIBITAHUI BXKYIIMX

Cauxa 1 — ABCA censopu ToxoM (A€B0) 1 HaKOH (A€CHO) TeCTHpatba Be3uBa

When the temperature drops, the bitumen binder shrinks more than the metal ring of Invar. Invar is a
specially selected alloy composed of nickel (Ni, 36%) and iron (Fe, 64%) and has a uniquely low coefficient
of thermal expansion. This makes it possible to keep its geometrical dimensions unchanged in the widest
temperature range from minus 90 up to plus 250°C. Invar's coefficient of thermal expansion is only
1.2:10-6 °C (Nebratenko, 2022).

When bitumen or the binder cools, thermal deformations lead to changes in the strength, stiffness and
thermal compression coefficient. The temperature and stress level at which the continuity of the test
samples is broken are recorded automatically. This makes it possible to determine the degree of suitability
of the investigated binder type for its use in the course of construction or repair of road surfaces in the
natural and climatic conditions of subsequent operation expected in a particular region of Russia as reliably
as possible.

The results of measurements of the studied parameters reflecting the low-temperature properties of road
bitumen binders of different types, including those containing SBS-polymers, are presented in Table 2.

Table 2 shows the low-temperature values determined by the ABCD method for several binders,
including SBS-polymer-based PMBs of different structures.
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Table 2
Low-temperature indicators of bituminous binders
) Cracking Fraass' Deformation|Breaking
Binder temperature of [breaking e, uE . MP
ABCD,°C  |point,°C  [ProBs  pressiima

BND70/100 -36.41 -18 16.58 2.61

PMB 60 to

SBS-330L -44.96 24 31.27 5.05

PMB 60 to

SBS-330B -41.14 22 20.05 3.48

TaGAI/ILla 2— HI/ISKOTCMI‘ICPaTyPH])IC ITIOKa3aTCAH 6I/ITyMHbIX BSDKYIIHAX
TaGCAa 2 - HHCKOTCMHCPS.TYPHI/I IIoKazaTcsorHUu 6I/ITyMCHCKI/IX BC3UBa

The 15-30% decrease in the cracking temperature for ABCD polymer-bitumen compared to the data
for basic bitumen can be explained by the presence of a three-dimensional elastomeric mesh in the volume
of polymer-bitumen binder. There is, due to its presence, a dissipation of deformations resulting from
temperature stresses during cooling of the binder.

The graph in Fig. 2 shows that when the temperature drops below minus 30 °C, excessive residual
temperature deformations accumulate in the volume of the PMB, the dissipation of which even in elastic
blocks of SBS polymers is prevented by the low rate of relaxation. It should be noted that cooling of the
system is carried out at rather low speeds corresponding to the requirements of GOST R 58400.11-2019
“Public Roads, Petroleum Bituminous Binder Materials, Method for Determining the Cracking
Temperature Using the ABCD Device” and corresponding to the actual operating conditions in the
regions of the Russian Federation.
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Figure 2
Temperature dependence of deformation for polymer-modified bitumen PMB 60 in case of using SBS-330L as a
modifier
Puc. 2 ~TemmneparypHast 3aBUCUMOCTb AchOpPMALIMHU TOAUMEPHO-6uTyMHOTO BsiKymero ITBB 60 npu ncnoassoBanuu B
KadecTBe Mopupukaropa SBS-330L
Cauxka 2 —~TemneparypHa saBucHocT AcpopMmanuje noaumepHo-6urymenckor sesusa [IMB 60 kapa ce kopucru CBC-330A
K20 MOAHPHKATOP

When the critical temperature reaches minus 44.96 °C, there is a sharp spike in deformation and
destruction of the binder film, and the stress of its destruction is 5.05 MPa. Therefore, the subsequent
decrease in temperature has no significant effect on the deformation properties of the destroyed binder
sample, and the PMBs behave as conditionally solid bodies (Mieczkowski et al, 2021; Nebratenko &
Nikolaevsky, 2023).

It should be noted that the above figures are given for the case of using linear SBS-polymer as a modifier.
In the case of using the brand of branched polymer SBS-330B, the cracking temperature of the binder is
higher and the strain jump is noticeably, almost 45%, lower. This correlates well with the previously
presented theoretical justifications and practical data on the effectiveness of butadiene styrene
thermoplastic elastomers as modifiers of bitumen binder properties (Nebratenko, 2022; Hesp, 2004).

Results

Thus, as a result of the direct determination of the cracking temperature of polymer-bitumen and
bitumen binders of various compositions, the influence of the topology of the SBS polymer on the low-
temperature properties of a multicomponent road binder was established. Polymers of linear structure,
with the same percentage content in a mixture with viscous road petroleum bitumen, provide a lower
cracking temperature. For the case of using a radial grade, this indicator is noticeably higher. Traditional
bitumen has the lowest absolute value of fragility. This is in good agreement with the theory and practice
of road construction (Nebratenko et al, 2022).
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Conclusion

The practice of applying the ABCD method in Russian road science and practice does not yet have that
broad level of application, which is inherent in the idea of the ABCD device.

And even the seemingly excessive duration of tests (about 4-5 hours), due, as noted earlier, to the
reasonable requirements of the national standard GOST R 58400.11-2019, cannot prevent the expansion
of its application for direct assessment of one of the most important performance indicators of polymer-
bitumen binders - cracking temperature, because if the track or wear in the upper layers are formed
gradually over a long period of time, the cracking during cooling develops spontaneously and the growth of
the crack opening width increases even more when the temperature of the surface layer of the pavement
passes through the zero mark, which in winter conditions in Russia happens with notable regularity.

The conducted studies have shown the practicality of using the ABCD method even in the case of
traditional technologies since it gives reliable data on frost resistance and working capacity of binders and,
consequently, of coatings based on them, in severe natural and climatic conditions of Russia. A simple
hardware design, high-quality domestic software and the safety of the testing process provide this method
of assessing the properties of bitumen binders with excellent prospects of development in the near future.
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