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Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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EXPERIMENTAL INVESTIGATION OF
AN ASPHALT CONCRETE DEFORMATION
UNDER CYCLIC LOADING

Abstract. In the paper results of experimental investigation of an asphalt concrete deformation under cyclic
loading on the scheme of direct tension are presented. Two series of the conventional hot dense asphalt concrete
were tested. Durations of loading and rest periods were equal to 600 seconds. A stress has been applied to the tested
sample quickly (within 1 second) and kept constant for the following 600 seconds. Then the stress was removed
quickly and the sample was free of stress for the following 600 seconds. In the next cycle a stress greater than the
preceding one was applied to the sample. In the first and second series 10 an 12 samples of the asphalt concrete were
tested. In the first of them cyclic stresses were equal to 0.041; 0.111; 0.148; 0.183 and 0.219 MPa, in the second one
stresses were equal to 0.744; 1.448; 2.232 and 2.976 MPa. Test temperature was 22-24°C. The tests were carried out
in an equipment constructed especially. The sample strain was measured by means of two clock typed indicators and
was recorded in a video camera.

Results of the tests showed that in each cycle maximum creep strain of an asphalt concrete occurs in the end of
loading period and maximum recovered strain occurs in the end of relax period. Both these strains increase with the
growth of cycle number, but the increase rate of the first one is higher than of the second one. In the considered test
conditions (durations of loading and relax periods equal to 600 seconds, values of applied stresses from 0.041 MPa
till 3.0 MPa, temperature T=22-24°C) an asphalt concrete is a very plastic body: the total amount of plastic strain is
equal to 80-87% from the strain achieved in the end of loading period in each cycle.

Key words: asphalt concrete, cyclic loading, loading period, rest period, stress, strain.

Introduction. An asphalt pavement of a highway mainly affected by multiple actions of mechanical
stresses from truck wheels. Therefore experimental investigation of deformation and failure of an asphalt
concrete under cyclic loadings with parameters close to real ones on highways is practically important.

Regarding asphalt concrete the specialists know well so-called the viscoelastic continuum damage
mechanics approach (VECD) which is based on the extended elastic-viscoelastic correspondence principle
proposed R.A. Schapery [1]. This approach, used for the first time by Little D.N. and Kim Y.R. [2-5], has
been often applied by other researchers for characterization of asphalt concrete fatigue considering non-
linear strain and healing [6, 7]. In the VECD- approach the physical strain and physical stiffness of the
viscoelastic material (asphalt concrete) are replaced for their pseudo similarities, i.e. for pseudo strain and
pseudo stiffness respectively, which are varied from one loading cycle to another. Calculation of pseudo
strain requires knowledge of dynamic modulus and phase angle, which can be determined experimentally
by appropriate devices.

In recent years experimental and theoretical investigations of deformation and failure processes of
asphalt concretes under different conditions of loading were started by us [8-13]. This paper is a conti-
nuation of the above mentioned our works and it contains results of testing of an asphalt concrete under
cyclic loadings.
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Materials. In this paper bitumen of grade 100-130 has been used meeting the requirements of the
Kazakhstan standard ST RK 1373-2013 [14]. The bitumen grade on Superpave is PG 64-40 [15]. Bitumen
has been produced by Pavlodar processing plant from crude oil of Western Siberia (Russia) by the direct
oxidation method.

Hot dense asphalt concrete of type B meeting the requirements of the Kazakhstan standard ST RK
1225-2013 [16] was prepared using aggregate fractions of 5-10 mm (20 %), 10-15 mm (13 %), 15-20 mm
(10 %) from Novo-Alekseevsk rock pit (Almaty region), sand of fraction 0-5 mm (50 %) from the plant
“Asphaltconcrete-1” (Almaty city) and activated mineral powder (7%) from Kordai rock pit (Zhambyl
region).

Bitumen content of grade 100-130 in the asphalt concrete is 4,8 % by weight of dry mineral material.

Samples of the hot asphalt concrete are prepared in form of a rectangular prism with length of 150 mm,
width of 50 mm and height of 50 mm in two step procedures. The first step, the asphalt concrete samples
were prepared in form of a square slab by means of the Cooper compactor (UK, model CRT-RC2S)
according to the standard EN 12697-33 [17]. The second step, the samples were cut from the asphalt
concrete slabs in form of a prism. Deviations in sizes of the samples did not exceed 2 mm.

A detailed information about standard characteristics of the bitumen and the asphalt concrete and
about the asphalt concrete samples one can find in the authors” work [12] published early.

Experiment. Tests of hot asphalt concrete samples in a form of rectangular prism on cyclic creep
were carried out according to the direct tensile scheme until a complete failure.

Two parts of cyclic tests were realized. In the first of them 10 asphalt concrete samples were tested. A
stress has been applied to the tested sample quickly and kept constant for 600 seconds (figure 1). Then the
stress was removed quickly and the sample was free of stress for the following 600 seconds. In consequent
cycles values of the stress were equal to 0,041; 0,111; 0,148; 0,183 and 0,219 MPa respectively. In the
second part 12 asphalt concrete samples were tested. In the test all conditions were the soune only
excluding that values of the applied stress were 0,744; 1,448; 2,232 and 2,976 MPa. The test temperature
was equal to 22-24 °C. The tests were carried out in a special assembled equipment, which allows
applying a load to an asphalt concrete sample within 1 second. The sample strain was measured by means
of two clock typed indicators and was recorded in a video camera. More detailed information about the
equipment one can find in the authors’ works [12].

Stress ©

G

t

At 1AL
Number of cycles

Figure 1 — Scheme of cyclic loading

Results and discussion. Figures 2 and 3 show the graphs of cyclic deformation for two asphalt con-
crete samples from the above mentioned tests parts respectively. The first sample (figure 2) have resisted
to full 5 cycles “load-relax” and it was failed in the 6™ cycle. The second of them (figure 3) have resisted
to full 3 cycles, it was failed in the 4™ cycle. Failure times were equal to 6067 and 3892 seconds
respectively. Each cycle consists of loading period and relax period. The graphs, showing increasing of
strain under stress and its recovery during relax period in cycles, are presented in figures 4-7. It is clearly
seen how the increase of creep strain rate unde stress as well as the rate of its recovery during relax period
increase with the growth of cycle number.
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Figure 7 — Recovery of the asphalt concrete strain after removing of the stress in different cycles (Sample No. 76)
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It is clear that maximum creep strain of each cycle occurs in the end of loading period and maximum
recovered strain occurs in the end of relax period. As it is seen from the Figures 8 and 9, both these strains
increase with the growth of cycle number, but the increase rate of the first one is higher than of the second

one.

Strain g, %o

[]-[]S | .
o ]

1 2 3 4

L

Number of cycles

01 - maximum strain in the end of loading period

W) - minimum strain in the end of restperiod

Figure 8 — Values of the maximum strain in the end of loading period and the minimum strain
in the end of rest period (Sample No. 258)
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B2 - minimum strain in the end of restperiod

Figure 9 — Values of the maximum strain in the end of loading period and the minimum strain
in the end of rest period (Sample No. 76)

It was found that in the considered test conditions (durations of loading and relax periods, values of
applied stresses, temperature) the asphalt concrete is a very plastic body: the amount of the plastic strain is
equal to 80-87% from the total one achieved in the end of loading period in each cycle (tables 1 and 2).
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Table 1 — Values of viscoelastic and plastic strains in cycles (Sample No. 258)

Number Strain, %*

of cycle viscoelastic plastic
1 17.8 82.2
2 17.3 82.7
3 18.0 82.0
4 18.2 81.8
5 19.6 80.4

*% from the maximum strain achieved in the end of loading period.

Table 2 — Values of viscoelastic and plastic strains in cycles (Sample No. 76)

Number Strain, %

of cycle viscoelastic plastic
1 15.0 85.0
2 13.0 87.0
3 14.2 85.8

Conclusions. In the work on the basis of the results obtained by experimental investigation of asphalt
concretes deformation under cyclic loading the following conclusions may be made:

1. In each cycle maximum creep strain of an asphalt concrete occurs in the end of loading period and
maximum recovered strain occurs in the end of relax period. Both these strains increase with the growth of
cycle number, but the increase rate of the first one is higher than of the second one.

2. In the considered test conditions (durations of loading and relax periods equal to 600 seconds,
values of applied stresses from 0.041 MPa till 3.0 MPa, temperature T = 22-24°C) an asphalt concrete is a
very plastic body: the total amount of plastic strain is equal to 80-87% from the strain achieved in the end
of loading period in each cycle.

REFERENCES

[1] Schapary R.A. Correspondence principle and a generalized J-integral for lardge deformation and fracture analysis of
viscoelastic media. International Journal of Fracture. 1984, 25, 195-223. (in Eng.).

[2] Kim Y.R. Evaluation of healing and constitutive modeling of asphalt concrete by means of theory of nonlinear
viscoelasticity and damage mechanics. PhD thesis, Texas A&M, College Station, Texas. 1988. (in Eng.).

[3] Kim Y.R., Lee Y.C., Lee H.Y. Correspondence principle for characterization of asphalt concrete. Journal of Materials In
Civil Engineering, 1995, 7(1), 59-68. (in Eng.).

[4] Kim Y.R., Little D.N. One-dimensional constitutive modeling of asphalt concrete. Journal of Engineering Mechanics,
1990, 116 (4), 751-772. (in Eng.).

[5] Kim Y.R., Little D.N., Lytton R.L. Fatigue and healing characterization of asphalt mixtures. Journal of Materials In
Civil Engineering,. 2003, 15(1), 75-83. (in Eng.).

[6] Levenberg E., Uzan J. Exposing the nonlinear viscoelastic behavior of asphalt-aggregate mixes. Mechanics of Time-
Dependent Materials, 2012. 16, 129-143. (in Eng.).

[7] Levenberg E. Modeling asphalt concrete viscoelasticity with damage and healing. International Journal of Pavement
Engineering. 2015, 1-13. (in Eng.).

[8] Iskakbayev A., Teltayev B., Alexandrov S. Determination of the creep parameters of linear viscoelastic materials. Jour-
nal of Applied Mathematics, 2016, pp. 1-6. (in Eng.).

[9] Alibay Iskakbayev, Bagdat Teltayev, Femistokl Andriadi, Kayrat Estayev, Elena Suppes, Ainur Iskakbayeva. Experi-
mental research of creep, recovery and fracture processes of asphalt concrete under tension, Proceedings of the 24™ International
Congress of Theoretical and Applied Mechanics (XXIV ICTAM), 2016, Monreal, Canada, pp. 1-2. (in Eng.).

[10] Teltayev B.B., Iskakbayev A., Rossi C. Oliviero. Regularities of creep and long-term strength of hot asphalt concrete
under tensile. Proceedings of the 4™ Chinese-European Workshop on Functional Pavement Design, Cew 2016, Delft, The Nether-
lands, pp.169-178. (in Eng.).

— 109 =——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

[11] Iskakbayev A., Teltayev B., Oliviero Rossi C. Deformation and strength of asphalt concrete under static and step
loadings. Transport Infrastructure and Systems. Proceedings of the AIIT International Congress on Transport Infrastructure and
Systems (TIS 2017), Rome, Italy, 10-12 April 2017, pp. 3-8. (in Eng.).

[12] Iskakbayev A., Teltayev B., Rossi C. Oliviero. Steady-state creep of asphalt concrete. Applied Sciences, 2017, 7,
p- 2-13. (in Eng.).

[13] Iskakbayev A., Teltayev B., Rossi C.O. Modeling of cyclic strength for the asphalt concrete considering damage accu-
mulation. Applied Sciences, 2017, 7, pp. 2-11. (in Eng.).

[14] ST RK 1373-2005, Bitumen and bituminous binders. Oil road viscous bitumens, Technical specifications, Astana,
Kazakhstan, 2005. (in Russ.).

[15] Superpave series No. 1. Performance graded asphalt binder specification and testing, Asphalt Institute, Lexington.
2003. (in Eng.).

[16] ST RK 1225-2013. 2003. Hot mix asphalt for roads and airfields. Technical specifications. Astana. (in Russ.).

[17] EN 12697-33 (2003). Bituminous Mixtures. Test Methods for Hot Mix Asphalt. Part 33: Specimen prepared by roller
compactor. European Committee for Standardization. Brussels. (in Eng.).

O. blckakoaes" %, B. B. Tearaes', C. O. Rossi’, I'. M. Excedaepa’

'KasakcTaH 01 FhUIBIME-3¢PTTEY MHCTHTYTHI, AnMathl, KasakcTa,
*on-Mapabu ateiHaarsl Kasak ynTThiK yHuBepcuTeTi, Anvarsl, KasakcTaH,
Kanabpus yHusepcurerti, Perne, Mramus

ACOAJIBTBETOHHBIH UKJIJABIK KYKTEYJIEI'T
JAE®@OPMANLUAITAHYBIH TOXKPUBEJIIK 3EPTTEY

AnHoTanusi. Makanana achanbTOSTOHHBIH CO3BLIYAAFbl IMKIIBIK JIeOpMalHsUIaHybIH TOKPUOCIIK 3epTTey
HoTmKenepi Oepinren. JJoctypii ThIFbI3 achanbTOCTOH YITUIEpiHIH €Ki cepusichl chiHaKTaH oTTi. JKyKkTey »koHe ThI-
HBIFY TICPUOJITAPBIHEIH Y3aKTHIKTaphl 600 ceKyHI 00IBIN KaObUIIaHABL. AchaibTOCTOH yiriciHe xburaam (1 cekyHa-
TBIH 1IIIH/IE) KEPHEY XKYKTeli xaHe o Keneci 600 cekyH O0WBI TYPaKThl KAJIMbIHAA CaKTaIbl, OfaH KeHiH KepHey
JKBUTIAIT aTbIHBI, Kesteci 600 cexyHnx Ooibl yiri kepHeyci3 Kyiae 6omabl. Keneci nukiaa yirire OypbIHFBIAAH YIKEH
KepHey Jkykrenai. bipinmi sxone ekeHmi cepusttapaa 10 xone 12 achanbrOeron ynrinepi ceiHanabl. bipinmi ce-
pusna kepuey mouaepi 0,041; 0,111; 0,148; 0,183 xone 0,219 MIla, an ekenmi cepusina 0,744; 1,448; 2,232 xoHe
2,976 MIla 6omnapl. CeiHak Temmeparypacsl 22-24°C. CplHaKTap apHaibl XKacaJFaH KOHIBIPFBIAA JKYprizinmi. YJri-
JEPiH JeopManusIIapbl caraT Topi3/li HHICKATOpIap KOMEriMEH OJIIeH Ii )KoHe OeiiHeKaMepara jKa3bULIbL.

CeIHak HaTeXesepi ap HuKIIAa acanbTOSTOHHBIH €H YIIKeH Ae(OpMaIHsIChl )KYKTey NEepHOABIHBIH COHBIH/A, all
€H YJIKeH KalTy JedopManuschl THIHBIFY IE€PUOJIBIHBIH COHBIHA 00NaThIHBIH KepceTTi. by nedopmanusnap nnki-
Jlap CaHBIHBIH apTyblHa Kapai eceni, Oipak oJlapAblH aJFallKbICHIHBIH ©CY JKbUIIAMIBIFBl COHFBICBIHIKIHEH YJIKEH.
Kapacteipsutran xarFnaiina ()KYKTey »oHe THIHBIFY IEpPUOATapbIHBIH y3aKkThIFel 600 cekyHa, kepHeyiep MaHi 0,041-
3,0 MIla apansireiaaa, Temmeparypa T = 22-24 °C) acdanpTOeTOH OTe IIaCTUKAIBIK JIeHe OOJIbIN TaOblIa bl IIac-
TUKAJIBIK Je(OopMariisi MeIIIEpi XKYKTeY epPUOIBIHBIH COHBIHIAFBI JKaNbl AedopMarusHbiy 80-87%-bIH Kypabl.

Tyiiin ce3nep: acanbTOETOH, IUKIIBIK KYKTEY, KYKTEy EpHOAbI, THIHBIFY IIEPHOJIBI, KEPHEY, AehOopMarys.
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SKCHHEPUMEHTAJIBHOE UCCJIEJOBAHUE JE®@OPMUPOBAHUA ACOPAJTBTOBETOHA
IPU IUKJIMYECKOM HAT'PYKEHUU

AHHOTanusi. B crartee mpezicraBiieHbl Pe3ysbTaThl IKCIEPUMEHTAIBHOTO HCCIEAO0BaHUS JeGOpMUPOBAHHS
acdanapTo0eTOHA MPH LUKIMYECKOM HArpyK€HHHU 10 CXeMe MPSIMOT0 pacTshKeHHs. BbUIo MCHBITaHO Be cepuu 00-
Pa3LOB TPaJUIMOHHOIO IUIOTHOrO acanbrodeToHa. IIpoiomKUTEIbHOCTH IePHOa HArPY>KEHNUS U IIEPUOAA OTIbIXa
Obutn BeIOpanb! paBHbiMU 600 cexyna. O6pasiy achanbTodbeToHa ObICTpO (B TeueHHe | CeKyHIbI) MPUKIIabIBAIOCH
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HanpspkeHne u B TedeHne 600 CeKyHI OHO COXPaHSUIOCHh MTOCTOSTHHBIM, 3aT€M HampspKeHHE OBICTPO CHUMAJIOCh U B
TedeHue nocienyoumx 600 cexyHn obpasel ocrtaBajcs CBOOOAHBIM OT HaNpsDKeHHs. B crenyroiiem nukie oopasiyy
MPUKIIAJBIBATIOCH HANpsDKeHKe OoJIbliee ueM npeabiayiiee. B nepBoit u BTopoii cepusix 0butd ucnbitanbl 10 u 12 00-
pasioB achansToOeTOHa. B mepBoi cepuu HampspkeHHs B Iukiax Osimm paBabivu 0,041; 0,111; 0,148; 0,183 u
0,219 Mlla, a Ha BTOpOIi ceprun — 0,744; 1,448; 2,232 u 2,976 MIla. Temnepatypa ucnsitanus 22-24°C. Vcneitanust
ObUTH ITPOBENEHBI B CIIEHMAIBLHO CO3/IaHHOW ycTaHoBke. [ledopmannu o0pa3ioB M3MEPSIMCh MMOCPEICTBOM JIBYX
MHIIMKATOPOB YACOBOI'O THIIA U 3aITUCHIBAJIMCH BUICOKAMEPOIA.

Pe3ynbTaThl UCTIBITAHUN MTOKA3aJIM, YTO B KAXIOM LIMKJIE MaKCUManbHas aedopmanus achanibTod0eToHa HMeeT
MECTO B KOHIIE TIepHO/ia HArPYKESHUsI 1 MaKCUMallbHasi BOCCTaHaBIMBaeMas AehopMalys IMEeT MECTO B KOHIIE Tie-
puosa orabixa. O0e 3T nedopMalri yBEIMYUBAIOTCS C YBEJIMUYEHHEM YHCIA LUKIOB, HO CKOPOCTh YBEIHUYCHHUS
nepBoil U3 HUX OOIbIle, YeM y mocieqHeld. B paccMOTpEHHBIX yCIOBUSIX (AJIMTENBHOCTH MEPUOAOB HArpyKEHHUs
n otapixa paBHB 600 ceKyHA, 3HA4YEHHUS NPIUIOKEHHBIX HampspkeHmd ot 0,041 Mlla go 3,0 Mlla, Temmeparypa
T = 22-24 °C) achanbTo0CTOH SIBIAETCS OYCHb IUIACTHYECKMM TEIIOM: BEIMYMHA ILIACTHYECKOHN aedopmanuu
cocraBisieT 80-87 % ot obmieit neopmariui, JOCTUTHYTON B KOHIIE IIEPHOAA HATPY KEHHUSI.

KaoueBbie ciioBa: acaiabTo0eTOH, IMKIMYECKOE HArpyKeHUE, IEPUO/] HArPYIKEHHS, IEPHOJI OTIbIXa, HAIpPSsI-
xKeHue, nedopMariusl.
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