Evaluation of low-temperature properties
of mixtures of bitumen and SBS polymers
of various topologies by the ABCD method

Vladimir E. Nikolaevsky?, Pavel A. Duzhiy®,

Dmitry Yu. Nebratenko®

@ Russian University of Transport, Institute of Roads, Construction and
Structures, Department of Highways, Airfields, Base and Foundations,
Moscow, Russian Federation,
e-mail: ve_nikolaevskiy@mail.ru,
ORCID iD: “https://orcid.org/0009-0008-4939-6014

b MIREA-Russian Technological University, Institute of Fine Chemical
Technologies named after M.V. Lomonosov,
Department of Chemistry and Technology of Elastomer Processing,
Moscow, Russian Federation,
e-mail: palladiy2002@yandex.ru,
ORCID iD: @https://orcid.org/0009-0008-1488-5264

¢ Russian University of Transport, Institute of Roads, Construction and
Structures, Department of Highways, Airfields, Base and Foundations;
MIREA-Russian Technological University, Institute of Fine Chemical
Technologies named after M.V. Lomonosov,
Department of Chemistry and Technology of Elastomer Processing,
Moscow, Russian Federation,
e-mail: nebratenko@mail.ru, corresponding author,
ORCID iD: ‘@https://orcid.org/0000-0002-3607-8876

DOI: 10.5937/vojtehg71-44548; https://doi.org/10.5937/vojtehg71-44548

FIELD: chemical technology, chemical industry, construction, architecture
ARTICLE TYPE: original scientific paper

Abstract:

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.

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).
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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).

Table 1 — Physical and mechanical properties of semi-blown viscous road petroleum
bitumen
Tabnuya 1 — ®u3uko-mexaHu4eckue ceolicmea bumyma HeghmsiHO20 GOPOKHO20

8513K020 OKUCIIEHHO20
Tabena 1 — @u3u4YKo-MexaHU4YKa ceojcmea HaghmHoz nymHoea 8UCKO3HO2 OKcudosaHo2

bumymeHa
Ne Name of the indicator Actual values Test methods of bitumen
for BND 70/100| (Interstate standard, GOST)

1 Penetration at the temperature of 90 GOST 33136

25°C, [0.1 mm]
2 Penetration at the temperature of 34 GOST 33136

0°C, [0.12 mm]
3 Ductility at 25°C, [cm] 90 GOST 33138
4 | Softening point (ring and ball), [°C] 50 GOST 33142
5 Fraass breaking point, [°C] -18 GOST 33143
6 | Flash point (Cleveland open cup), 271 GOST 33141

[°C]
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Polymers in the amount of 3% wt. were introduced in equal portions
into the base bitumen heated to a temperature of 140-160°C. 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°C.

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).

Figure 1 — ABCD sensors during (left) and after (right) testing of binders
Puc. 1 - Jamuyuku ABCD &0 epewms (criega) u rocrie (cripasa) npogedeHus ucrbimaHul
8SKYUUX
Cnuka 1 - ABC/[] ceH3opu mokom (neeo) u HakoH (0ecHo) mecmupara ee3usa

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
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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.
Table 2 — Low-temperature indicators of bituminous binders
Tabnuya 2— HuzkomemnepamypHbie nokaszamesu 6umyMHbIX 8SKYULUX
Tabena 2 — HuckomemnepamypHu rnokazamesbu bumyMeHCKUX ee3usa

Binder Cracking Fraass Deformation Breaking
temperature of |breaking point,| spike, pe stress, MPa
ABCD, °C °C
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

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

715

Nikolaevsky, V. et al, Evaluation of low-temperature properties of mixtures of bitumen and SBS polymers of various topologies by the ABCD method, pp.711-721



ﬁ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 3

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 —TemnepamypHas 3agucumocms 0eghopmayuu nouMepHoO-6umymMHO20
ssxywezo 6B 60 rpu ucrnonb308aHuu 8 kadyecmae modugukamopa SBS-330L
Cnuka 2 —TemnepamypHa 3agucHocm Oeghopmauiuje rnoaumepHoO-bumyMeHcKo2 eesusa
MB 60 kada ce kopucmu CBbC-330J1 kao modughukamop

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).
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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).

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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OueHka metogoM ABCD HuskoTemnepaTypHbIX CBONCTB CMECH
6utymoB 1 CEC-nonnumepoB pasnnM4yHon ToNonorumn

Bnadumup E. Hukonaesckuii?, Masen A. Oyxuin®,
Omumputi KO. HebpaTeHko?5, koppecnoHaeHT
a PoccuiACKUin yHMBEpCUTET TpaHcnopTa, kadeapa:
«ABTOMOGUIBbHBIE JOPOrK, a3pOAPOMbI, OCHOBaHMWS U (hyHOAMEHTbI»,
r. Mocksa, Poccuiickas ®egepaums
5 MUPOA-PocCHnCKuii TEXHOSMOMMUYECKMIA YHUBEPCUTET,
Kadbeqpa XMMuu 1 TexHonorun nepepaboTkm anacToMepos,
r. Mocksa, Poccuiickas ®egepaums

PYBPUKA TPHTW: 61.01.81 VamepeHus, ncnblTaHUs, KOHTPOSTb U
ynpaBneHue Kka4ecTBOM,

61.51.37 MapaduHbl, GUTYMbI M NpoYne HedpTENPOAYKTHI,

61.61.39 Kneu n repmeTnku,

67.15.00 TexHonormsa NpomM3BoacTBa CTPOUTENBHbIX
MaTepuarnoB 1 U3genumn,

67.15.49 MNMpon3BOACTBO MaTepnarnoB Ha OCHOBE
opraHMyeckux BsxXyLwmx. [NponssoacTso
acanbtobeToHa

BWO CTATbW: opuruHanbHas Hay4Has ctaTbs

Pesrome:

BeedeHue: B c85i3u C UBMEHEHUEM KrluMama y4YeHble 8ce2o Mupa, 8 mom
yucne crieyuanucmsl OOPOXHO-CMPOUMesibHOU 0mpacsiu, 6bIHyXOeHb!
npuHUMamb 8 pacyem Heobxo0UMOCmb pez2yrisipHO20 KOHMPOSIs
HU3KomemrnepamypHbIX €80lUCME8 KaK OmOesibHbIX CMpPOUMesbHbIX
Mamepuarnos, mak U C8olcme8 MHO20KOMIOHEHMHbIX OOPOXHbIX
Komrno3umos. [1oamomy udydaemcsi 803MOXHOCMb pa3pabomKu HOBbIX
nodxo008 u Memod08 OUEHKU yKa3aHHbIX ceolicme.

Memoder: [ns ykasaHHbIx ueneld 0Ookmop Kim Sang-Soo npednoxuin
HO8bIl Memod OUEHKU HU3KomemMrepamypHbIX C80UCME OOPOXHbIX
8SKYUUX, KOmMOpbIU nory4dun HassaHue memod ABCD (Asphalt Binder
Cracking Device). Ucrnionb3osaHue npubopa He mpebyem creyuasbHbIX
HaebIKo8 U 3HaHul, a ecrioMoz2amesibHoe 060pydo8aHUE WUPOKO
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docmyrnHo 6 nlabopamopusix OOPOXHO-CMPOUMESIbHbLIX opaaHu3ayudl.
lpodormkumernsHocmb UcbImaHusi He fpesbiluaem 4-5 Jacoe.

Pesynbmambi: Ha npumepe MpoMbILUNIEHHO 8blrlyCKaeMbIX napmuu
bumymos HegbmsiHbIX O0POXHbBIX BSA3KUX OKUCEHHbIX Mapku BH/L] 70/100,
c npumeHeHuem memodonoauu ABCD no F'OCT P 58.400.11-2019,
flokazaHa  B03MOXHOCMb U  3QhgheKmusHOCmb  peayruposaHusi
memrepamypbi pacmpeckugaHusi bumymocodepkauiux 8KyULUX ymem
8e00a 8 cocmas Komno3uyuu b6ymadueH-cmuporibHbIX
mepMOo3/1acmoniacmos pa3/au4dHoU morosoauu.

Bbigodbi: B Poccuu, 20e 3umHue memriepamypbl Ha rodaessowel
meppumopuu cmpaHbl onyckatomess Huxe -30° C, KkpaliHe eaxHa
docmyrnHoCmb  KOHMPOssi  10eedeHuUss  bumyMHbIX — 8sKyWux U
MHO20KOMIOHEHMHbIX cMecel pa3Ho20 cocmasa (acqharbmobemoHHbIX
cmeceli). BeedeH 8 Oelicmeue HayuoHasnbHbill cmaHdapm [OCT P
58400.11-2019 u  HanaxeHo POU3BOOCMEO  U3MEPUMESTbHO20
obopyodosaHrusi. [Npu amom memod ABCD moxxem 6bimb UCMONMb308aH Kak
01 u3y4YeHusi ceolicme cmecell 8sKyUUX € ronumepamu pasiudHou
moroniceuu, mak U Onsa eblbopa  MOBapHO20  BSKYUE20,
coomeemcmayu,e2o mpeboeaHusiM KOHKPEMHO20 peauoHa
aKcrilyamauyuu asmomoburibHol dopoaul.

Kntoyesble criosa: memnepamypa pacmpecKkusaHusi, MofuMepHo-
bumymHble  eskyuue, Memod ABCD, 6ymadueH-cmuporsibHble
mepmoanacmonniacmsl pa3fnu4yHoU morosioauu.

MpoueHa HuckoTeMnepaTypHMX CBOjcTaBa cmelle dbutymeHa n SBS
nonMMmepa pasnuuuTux Tononoruja metogom ABCD

Bnadumup E. Hukonajescku?, Masen A. Qyxuj®,

Amumpuj J. He6paTeHko®®, ayTop 3a npenucky

@ Pyckun yHuBep3uTeT 3a TpaHcnopT, KaTeapa 3a ayto-nyTeBe, aepoapome,
6ase n temerbe, Mockea, Pycka ®eagepauuja

5 MUPEA - Pycku TexHomnoLk1 yHuBepauTeT, Kateapa 3a xemujy 1
TexHornorvje npepage enacrtomepa, Mocksa, Pycka ®enepauuja

OBJIACT: xemujcke TexHOMOrnje, XeMujcka uHaycTpwuja, rpaheBrMHapcTBoO,
apxuTekTypa
KATETOPWUJA (TUM) YIAHKA: opyruHanHu Hay4Hu pag

Caxemak:

Ye00d: Y ee3u ca knumamckuMm fpoMeHama, HayYHUUU WUpoM ceema,
YKIbydyjyhu cmpydrbake u3 obriacmu udzgpalre rnymeea, rnpumMmopaHu cy
Oa ysmy 'y obsup nompeby 3a pedoBHOM  KOHMPOSIOM
HUCKomemMriepamypHUX ceojcmasa rojeduHuUx epalje8uHCKUX Mamepujana
U ceojcmaea 8UWEKOMIIOHEHMHUX KOMIo3uma Ha Huxosoj 6asu. 3602
moea ce npoydYasa mocyhHocm pasgoja Hosux rpucmyna u memoda
npoueHe HagedeHUX ceojcmasa.
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Memode: Kum CaHe-Cy je npednoxuo Hogy Memoly 3a rpOUEHy
ceojcmasa 8e3UBHUX Mamepujana 3a u3depaltby Mymesa npu HUCKUM
memnepamypama, Kojy je Hazeao ABCD memoda (Asphalt Binder Cracking
Device). Ynompeba ypehaja He 3axmesa nocebHe gewmuHe U 3Hak-a, a
riomohHa ornpema je WuUpoKo 3acmyrsbeHa y ilabopamopujama KoMnaHuja
3a usepadmy nymesa. Mcriumuearbe He mpaje Oyxe 00 4 0o 5 camu.

Pesynmamu: Ha npumepy rnpou3godHe UHGYCmpUjCKUX cepuja HagbmHUX
MymHuUxX B8UCKO3HUX OKcudosaHux 6bumymeHa mapke BHL 70/100, y3
npumeHy ABCD memode y cknady ca cmaHdapduma FOCT P 58.400.11-
2019, npukasaHa je mMoayhHocm U ecbukacHocm  pezyrnucarba
memriepamype nyyarba eesusa y bumymeHy ygofjersem y h-e208 cacmas
cmupeHcKo-bymadueHCKUX mepMorIacmuyHuUX enacmomepa
pasnu4umux moriosnoauja.

Sakbyyuu: C ob3upom Ha mo Oa 3umu y eehem Odeny Pycuje
memnepamype nadajy ucrod -30°C, eeoma je 6axHO omoeyhumu
peaynucarbe roHawara bumyMEeHCKUX 8€3UBHUX U 8ULUIEKOMITOHEHMHUX
cMewa pasfnuyumoe cacmasa (acchanmHo-6emoHcke cmewe). YmepheH
Jje HayuoHanHu cmarOapd NOCT P 58400.11-2019 u ycriocmaerbeHa je
npousgodra mepHe ornpeme. ABCD memoda ce moxe ucmospemeHo
Kopucmumu Kako 3a fpoy4yaseare ceojcmasa 8e3uUsHUX cMewa Ha 6a3u
riofiuMepuMa pasfuyumux mororoeuja, mako u y od0abupy eesusa y
KomepuyujasiHe cepxe, Koja Mopajy 3a0ogosrbasamu rporuce 3a uszpadry
aymo-rymeesa KOHKpemHoa peauoHa y Kojem he ce kopucmumu.

KrbyyHe pedu: memnepamypa fyuarba, oauMep-mooughuKkosaHu
6umymeH, ABCD memoda, cmupeHcku 6ymadueH mepmornnacmuyHUX
enacmomepa pasuyumux morosioauja.
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