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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.¢. 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-17 (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].
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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 2 — Cyclic deformation of the asphalt concrete (sample No. 258)
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Figure 3 — Cyclic deformation of the asphalt concrete (sample No. 76)
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Figure 4 — Deformation of the asphalt concrete under stress in difterent cycles (Sample No.258)

— 106 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnudeckux Hayk. Ne 2. 2018

0 60 120 180 240 300 360 420 480 540 600
0,00
{1 1 {1 0
=
B T T L |
£
&
g
0,10 —_—
015 \e\*e\ex@
-0,20
Timet,s

——Cyclel —+Cycle2 —ACycle3 —¢Cycled -e-Cycles

Figure 5 — Recovery of the asphalt concrete strain after removing of the stress in different cycles (Sample No. 258)
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Figure 6 — Deformation of the asphalt concrete under stress in different cycles (Sample No.76)
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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.
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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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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 17.8 822
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.
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AC®AJILTEETOHHBIH IUKIALIK )KYKTEYIETT
JTE®OPMANMSIAHYBIH TOKPUBEJIK 3EPTTEY

Annoramus. Makanana ac(harbTOCTOHHBIH CO3BUIYIAFEl MHKIABIK AC(OPMANMAIAHYBIH TOKPHOCIIK 3CPTTCY
HOTIOKENIEPi OepinreH. JocTypii ThiFbI3 ac(arbTOCTOH YATIIEPIHIH €Ki CEPHACH CBIHAKTAH OTTi. JKYKTey >koHE ThI-
HBIFY TICPHOATAPBIHBIH Y3aKTHIKTAphl 600 CexyHA 00T KaObIIIaHabl. AcC(aabTOCTOH YaTiciHe sKputaaM (1 cexkyHma-
THIH 1IIIH/E) KEPHEY >KYKTENIl XaHe 01 Keneci 600 cexyH 00ibl TYpaKThl KAMIIbIHIAA CAKTAIIbL, OJaH KeHiH KEpHEY
SKBITIAI JIBIHBIIL, Kemreci 600 cexyHx O0HbI YiIri KepHeyci3 Kyhae Oomapl. Keneci nukmaa yarire OypsIHFBIAAH YIKCH
KepHey >Kykremmi. bipinmm sxoHe ekeHmn ceprsurapaa 10 sxone 12 acdaxprOeron yarinepi cerHamapl. bipixmi ce-
pusana xeprey Mouzepi 0,041; 0,111; 0,148; 0,183 sxone 0,219 MIla, am exenimi cepusaa 0,744; 1,448; 2,232 sxoHe
2,976 MIla 6onnpr. CeiHAK TeMmepatypacskl 22-24°C. CrIHAKTAp apHAIHI KacaaFaH KOHABIPFBIAA JKYPrisiaai. Yri-
nepAiH AchopManuAIaApEl CaFaT TOPIi3al HHACKATOPIAP KOMCTIMCH OIIICH ] JKOHE OCHHECKAMEPAFa Ka3bLIIBL.

ChIHAK HOTEX)ENEPi 9p HUKITIA ac(arbTOCTOHHBIH CH YIKSH A¢(hOPMALHICHI XKYKTCY TEPHOABIHBIH COHBIHA, AT
€H YJIKCH KauTy Ae(opManusIchl THIHBIFY IIEPHOIBIHBIH COHBIHAA OOIAThIHBIH KopceTTi. by nedopmanmsinap muki-
JIap CAHBIHBIH APTYBIHA Kapa# eceni, Oipak OJapablH ATFAINKBICBIHBIH 6CY KbLITAMIBIFEI COHFBICHIHIKIHCH YIIKCH.
Kapacrteipsinras »armaiina (GKYKTEY »KOHE THIHBIFY IIEPHOATAPBIHBIH Y3aKThIFel 600 cekyHa, kepHeyaep MoHi 0,04 1-
3,0 MITa apanmereiaaa, Temmeparypa T = 22-24 °C) acdaxpTOCTOH 6Te IIACTHKAIBIK ACHE OOJIBIN TAOBIIAABL: IUIac-
THKAIBIK Ac(hOpMaLis MOIEPi )KYKTEY IIEPHOIBIHBIH COHBIHIAFHI >KaNIbI AeopMarisaabH 80-87%-bIH Kypaiiasl.

Tyiiin ce3aep: achanbTOCTOH, IUKIABIK KYKTCY, JKYKTCY TICPHOAB], TRIHBIFY NICPHOIBL, KEPHEY, AC(hOPMALIHA.
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IKCIIEPUMEHTAJBHOE HCCJIEJAOBAHHUE JE®@OPMHUPOBAHUA ACPAJTBTOBETOHA
IPHU NUKJIAYECKOM HATPYKEHUHA

AnHoTtamust. B crarbe mpenctaBieHBI pe3yibTaThl SKCIIEPHMEHTAIBHOTO HCCICAOBAHMS I€(DOPMHUPOBAHUS
ac(anpTo0CTOHA TPH IMUKIMYECKOM HATPY KCHHH IO CXEME MPSIMOTO PACTSDKEHHA. BBIo MCmBITaHO 1BE cepuu 00-
pa3LOB TPaJHIHOHHOIO MJIOTHOIO ac(hanbrodeToHa. [IpoIoKUTEIHOCTH IEPUOAA HATPYKSHUS U IIEPUOAA OTAbIXA
Obu1H BEIOpaHb! pasHbIME 600 cexyHA. Obpasuy acaxpTodeToHa OBICTPO (B TeueHHE | CEKYHABI) MPHUKIAIBIBAIOCH
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HaNpspKeHHE U B TeueHue 600 CEKYHI OHO COXPAHSIIOCH IIOCTOSIHHBIM, 3aT€M HANPSDKECHHUE OBICTPO CHHMAIOCh H B
TeUCHHC moceayomux 600 CeKyHA 00pa3el 0CTaBaICa CBOOOTHBIM OT HANPHKCHHUA. B creayromeM mukie o0pasiy
TIPUKJIABIBAIOCH HAPSDKEHHE OOJIbINEE YeM mpeaplayniee. B nepsoi u BTOpoit cepusax 0bun uctbiTanst 10 u 12 06-
pasuoB acganeToOeToHa. B mepBoii cepun HampsokeHHA B mukiIax Osumh pasabiMu 0,041; 0,111; 0,148; 0,183 u
0,219 MI1a, a Ha BTOpOH cepmum — 0,744; 1,448; 2,232 u 2,976 MI1a. Temneparypa ucnsrranug 22-24°C. UcnieiraHusS
ObUIH TTPOBEJCHBI B CIICIMANBGHO CO3JAHHOH ycTaHoBke. Jleopmaimu oOpa3noB HM3MEPSUIICH ITOCPEACTBOM JABYX
HHIWKATOPOB YACOBOTO THIIA U 3aMTUCHIBAIIMCH BHACOKAMEPOH.

Pe3yapTaTsl HCIBITAHAH TIOKA3AITH, YTO B KAKIOM IHKJIC MAKCHMATbHAS AcopMmarust acharsTo0eTOHa HMECT
MECTO B KOHIIC IIEPHO/IA HATPYKCHUS M MAKCHMAIIBHAS BOCCTAHABIMBAcMas Ac(opMaIiisl MMEET MECTO B KOHIIC Iie-
puoza otasrxa. O0¢ 3TH ACPOPMAIUH YBCIHUHUBAIOTCH C YBCIHUCHHCM UHCIA MUKJIOB, HO CKOPOCTh VBCIHUCHHSA
MEPBOH W3 HHUX OOJIbINE, YeM Yy MOcieTHEH. B paccMOTPEHHBIX YCIOBUSX (IIHMTEIBHOCTH MEPHOAOB HATPYKCHHS
M OTAbIXa paBHBI 600 CeKyHA, 3HAYCHUS NMPIIOKCHHBIX HampsskeHuit ot 0,041 MIla go 3,0 MIla, Temmeparypa
T = 22-24 °C) ac(hampToOCTOH ABIICTCA OYUCHB IUIACTHYCCKHM TCJIOM. BCAMYHHA IDIACTHYCCKOHM Ac(opMamun
cocrasisieT 80-87 % ot obmieit neopmanuu, JOCTUTHYTOH B KOHIE MIEPHOAA HATPY KCHULL.

KiroueBnie ciioBa: achanbToOCTOH, IMKIMYECKOC HATPY KECHHE, TIEPHO/] HATPYKCHISL, TICPHO OTABIXA, HATIPSI-
JKkeHHe, aedopmams.
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