ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN
Kazaxckuii HallMOHaJIBHBIN NCCIIE0BATENbCKHIM Kazakh national research technical university
texHuueckui yausepcureT uM. K. Y. Catnaesa named after K. I. Satpayev

I'EOJIOI'USA '’KOHE TEXHUKAJIBIK I'bIJIBIMJIAP
CEPUSACHI

¢

CEPUA

I'EOJOI'MN U TEXHUYECKHUX HAYK

¢

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

5 (431)

KBIPKYMEK — KA3AH 2018 .
CEHTSIBPh — OKTSIBPb 2018 r.
SEPTEMBER — OCTOBER 2018

KYPHAIJI 1940 XbIJIJAH IIBIFA BACTAFAH
KYPHAII UBAAETCA C 1940 r.
THE JOURNAL WAS FOUNDED IN 1940.

KBbUIBIHA 6 PET IIBIFAZIBI

BBIXOIUT 6 PA3 B TI'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBI, KP ¥FA AJIMATBI, HAH PK ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
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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A NEW SIMPLE DAMAGE ACCUMULATION MODEL
FOR PREDICTING OF AN ASPHALT CONCRETE
CYCLIC STRENGTH

Abstract. Paper shows part of series test results for fine-grained dense asphalt concrete, prepared with the use
of oxidated bitumen to failure at cyclic creep. Load and relax duration for each cycle were equal to 10 and 60 s res-
pectively. Test temperature: 22 °C. It has been determined that creep strain under load and recovered strain at relax
increase with the growth of cyclic number. The value of the recovered strain in the end of relax period decreases
(from 52 to 20%) till half of the cyclic number to failure according to exponential dependence with the growth of
cyclic number and further it remains constant till sample failure.

Using the curve of asphalt concrete long-term strength, constructed according to the test results of more than
110 samples to failure under creep scheme at the stresses from 0.05 to 0.31 MPa, based on Bailey’s criterion, the
expression was obtained for determination of cyclic strength for the asphalt concrete.

Key words: asphalt concrete, cyclic creep, creep strain, recovered strain, cyclic strength, Bailey’s criterion, da-
mage accumulation model.

Introduction. Asphalt concrete layers of highways during operational period are subject to complex
combinations of mechanical impacts of vehicles’ wheels and ambient temperature. As it is known,
mechanical properties of asphalt concrete depend greatly on temperature and load characteristics, such as
value, duration and rate of loading [1-3]. Therefore, the experimental determination of asphalt concrete
characteristics, as well as modeling of its mechanical behavior in conditions close to the real ones, is
practically important.

Mechanical failure of asphalt concrete pavement of the highway occurs gradually under impact of
frequently repeated vehicle’s load, i.e. damage, occurring with each passage of the vehicle’s wheel, is
accumulated.

There are several approaches to taking into account the damage accumulation in asphalt concrete
pavements.

Regarding asphalt concrete the specialists know well the so-called the viscoelastic continuum damage
mechanics approach (VECD), which is based on the extended elastic-viscoelastic correspondence prin-
ciple, proposed by R.A. Schapery [4]. This approach, used for the first time by Little D.N. and Kim Y.R.
[5-8], has been often applied by other researchers for characterization of asphalt concrete fatigue
considering non-linear strain and healing [9, 10]. 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 in Kazakhstan the intensive experimental and theoretical investigations have been
started on processes of deformation and failure of an asphalt concrete in various loading conditions [11-
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18]. This work is a continuation of the mentioned investigations. In this work tensile strain of an asphalt
concrete is analyzed experimentally under impact of cyclic stress with relax period and based on the
Bailey’s summation principle of damage, a formula has been proposed for determination of cyclic strength
for an asphalt concrete.

Materials and methods.

1. Bitumen. Bitumen of grade 100-130, which meets the requirements of the Kazakhstan standard
[19], was used in this study. The bitumen grade on Superpave is PG (Performance Grade) 64—40 [20].
Basic standard indicators of the bitumen are shown in Table 1. Bitumen is produced by the Pavlodar
processing plant from the crude oil of Western Siberia (Oil processing plant, Omsk, Russia) by the direct
oxidation method.

Table 1 — Basic standard indicators of the bitumen

Indicator Measurement unit Requirements of ST RK 1373 Value
Penetration, 25 °C, 100 gr, 5 s 0.1 mm 101-130 104
Penetration Index PI - -1.0... +1.0 —0.34
Tensility at temperature: cm

25°C >90 140

0°C >4.0 5.7
Softening point C >43 46.0
Fraas point C <22 -25.9
Dynamic viscosity, 60 °C Pa's >120 175.0
Kinematic viscosity mm?/s >180 398.0

2. Asphalt Concrete. Hot dense asphalt concrete of type B that meets the requirements of the Ka-
zakhstan standard [21] was prepared with the use of aggregate fractions of 5-10 mm (20%); 10-15 mm
(13%); and 15-20 mm (10%) from the Novo-Alekseevsk rock pit (Almaty region, Kazakhstan); sand of
fraction 0-5 mm (50%) from the plant “Asphaltconcrete-1” (Almaty city, Kazakhstan); and activated
mineral powder (7%) from the Kordai rock pit (Zhambyl region, Kazakhstan).

The bitumen content of grade 100—130 in the asphalt concrete was 4.8% by weight of dry mineral
material. Basic standard indicators of the aggregate and the asphalt concrete are shown in tables 2 and 3,
respectively. A granulometric composition curve for the mineral part of the asphalt concrete is shown in
figure 1.

Table 2 — Basic standard indicators of the crushed stone

Indicator Measurement unit Requirements Value
of ST RK 1284 [22] fraction 5-10 mm fraction 10-20 mm
Average density g/em’ - 2.55 2.62
Elongated particle content % <25 13 9
Clay particle content % <1.0 0.3 0.2
Bitumen adhesion - - satisf. satisf.
Water absorption % - 1.93 0.90

Table 3 — Basic standard indicators of the asphalt concrete

Indicator Measurement unit Requirements of ST RK 1225 Value
Average density glem® - 2.39
Water saturation % 1.54.0 23
Voids in mineral aggregate % <19 14
Air void content in asphalt concrete % 2.5-5.0 3.8
Compression strength at temperature: MPa
0°C <13.0 7.0
20°C 3.4
50°C >1.3 1.4
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Figure 1 — Granulometric curve of mineral part of the asphalt concrete

3. Sample Preparation. Samples of the hot asphalt concrete in the form of a rectangular prism with
dimensions 150x150x50 mm (figure 2) were manufactured as follows. First, the asphalt concrete samples
were prepared in the form of a square slab (figure 3) using a Cooper compactor (Cooper, Nottingham, UK,
model CRT-RC2S) (figure 4) according to the standard in Reference [23]. The samples were then cut from

the asphalt concrete slabs in the form of a prism. Deviations in sizes of the beams did not exceed 2 milli-
meters.

Figure 2 — Samples of the asphalt concrete with dimension 150x50x50 mm

]

Figure 3 — A square slab with dimension 305x305x50 mm

— 4) ——
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Figure 4 — The Cooper compactor CRT-RC2S

4. Test. 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. The stress was applied to the
tested sample quickly, equal to 0.305 MPa, which was kept constant for 10 seconds. Then the stress was
removed quickly, and the sample was free of stress for the following 60 seconds. The test temperature was
equal to 22 °C. The tests were carried out in a special homemade assembled equipment (figure 5), which
allows applying a load to the asphalt concrete sample within 1 second. The sample strain was measured by
means of two clock typed indicators while data was recorded in a video camera.

Figure 5 — A specially assembled installation for creep test

Test results. Figure 6 shows the graph of cyclic strain for asphalt concrete sample. This sample ha-
ve resisted to full 12 cycles “load-relax”, and it was failed in the 13™ cycle. Damage time was equal to
848 seconds. Each cycle consists of loading period and relax period. The graphs, showing increase of
strain under stress and its recovery during relax period in cycles, are represented in figures 7 and 8. It is
clearly seen how the increase of creep strain rate under stress as well as the rate of its recovery during
relax period increase with the growth of cycle number.

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 figure 9, both these strains
increase with the growth of cycle number, but the rate for the increase of the first one is considerably
higher than for the second one.

It turned out that the value of the recovered strain in the end of relax period decreases (from 52 to
20 %) till 7™ cycle according to exponential dependence with the growth of cycle number and further it
remain constant (equal to 20 %) till sample failure (figure 10). It seems that the increased recoverability of
strain in the initial cycles can be explained by the hardening of asphalt concrete.

Total 10 samples were tested in the above conditions (loading duration 10 s, relax period duration
60 s). The number of cycles to failure of samples is shown in table 4.
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Table 4 — Number of Cycles to Failure (N) of Asphalt Concrete Samples
Sample number 277 | 278 | 279 | 280 | 281 | 282 | 283 | 284 | 285 | 286 | Average number of cycles
N 5 8 14 13 11 12 9 7 5 4 9

Cyclic strength model.
1. Bailey’s criterion. At present the so-called Bailey’s criterion is well-known in science and engi-
neering practice [24] which can be described in the following form:

stress.

dt

! t[o)]

where t, = failure time; o(?) = stress, varied in time; and t{o(?)] = dependence of material failure time on

b

(M
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Bailey’s criterion (1) considers load duration, i.e. the speed of the vehicle along the highway. Depen-
dence {o(?)] of Bailey’s criterion represents by itself the analytical equation for the so-called curve of

long-term strength.
2. Long-term strength. Long-term strength is the time, on the expiry of which the material is failed

under the impact of the load, suddenly applied and kept constantly [25-27]. It is determined based on the
test results for the material under the scheme of creep. Figure 6 shows the graph of long-term stress for

fine-grained hot asphalt concrete at the temperature of 20-22 °C.
It is seen from figure 11 that the curve of long-term strength of the considered asphalt concrete is

approximated satisfactorily by exponential function. Therefore, in accordance with [25-27], approximation
function we can adopt in the following form:
1
Ly =—
A(n+1)o

. . . . -1 . .
t, — failure time, s; c — stress, MPa; 4 — constant, having unit MPa™s™; n — dimensionless exponent.
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Figure 11 — Curve of long-term strength for asphalt concrete at the temperature of 20-22°C

3. Cyclic loading. As it is known the points of pavement structures are under cyclic loadings when
vehicle passing. One can adopt sequential cyclic loading approximately as it is shown in figure 12, during
which each cycle consists of two periods. During the first period (7,) the applied stress ¢ remains constant
(loading period), and during the second one (P-¢,) the stress does not occur, i.e. ¢ = 0 (relax period). One
full loading cycle has the duration P. In this work the duration of cycles P, loading period #, and relax
period P-t, are adopted as constant.

9]

Figure 12 — Scheme of Cyclic Loading

—— Y4 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2018

4. Cyclic strength. Considering equation (2) Bailey’s integral (1) may be written as:
tp n
A(n+1) jo o' (r)dr =1. 3)
In case of cyclic loading:
t.=N-P, “4)

where ¢« — failure time of material (asphalt concrete) during cyclic loading; N — number of cycles “load-
relax” till failure.
Transferring from ¢, to ¢+, and for the case when ¢ = const from expression (3) we can have:

n t*
A(n+1) o tO;:L 5)
From expression (5) we can determine:
P s
t*:t—[A(n‘f‘l)O':' . (6)
0
Comparing expression (6) with expression (2), we can find that:
P
Le=—1, (7
tO

In case of P = ¢, i.e. when between loading periods there is no relax, then #+ = ¢, occurs, i.e. time till
failure is equal to long-term strength. When there is a relax period between loading periods, as could be
expected, P > ¢, therefore #+ > ¢,. It is logically correct. Relax between loadings should increase time till
failure.

Considering expression (4), from expression (6) we can find the number of cycles “load-relax” till
failure:

1
o[ Ao |

Values of unknown parameters 4 and n of the formula (8) have been determined by regression
equation in Figure 6 and approximation function (2):

n=4.655; A=0.4694 MPa™ - ¢’'.

Number of cycles “load-relax” till failure of asphalt concrete sample, calculated under formula (8),
was equal to 9. As it was mentioned above, average number of cycles to failure of the tested ten samples
was 9.

Thus, one can consider that formula (8), derived on the basis of Bailey’s summation principle of
damage using the equation for the curve of long-term strength, which was obtained experimentally,
determines satisfactorily the cyclic tensile strength of the asphalt concrete.

Conclusion.

1. The value and rate of creep strain for an asphalt concrete under constant load are increased with the
increasing of loading cycles number, the value and rate of the recovered strain are decreased during
relaxation after load removal.

2. In each cycle maximum accumulated creep strain occurs in the end of loading period and
maximum recovered strain after load removal also occurs in the end of relaxation period. Meanwhile both
maximum accumulated creep strain and maximum recovered strain are increased with the increasing of
loading cycles number. But the rate of the first strain is considerably bigger then of the second one.

3. Elastic strain value is decreased with the increasing of loading cycles number. For example, in the
first cycle it was 52%, and reaching 20% in the 7™ cycle, remained constant till failure of the asphalt
concrete sample in the 13" cycle.

4. Using the curve of asphalt concrete long-term strength, constructed according to the test results of
more than 110 samples to failure under creep scheme at the stresses from 0.05 to 0.31 MPa, based on
Bailey’s criterion, the expression was obtained for determination of cyclic strength for the asphalt
concrete. The obtained expression gives the result, satisfactorily coinciding with the experimental one.

®)
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lAn—CI)apaG]A aThiHAarsl Kaszak YITTHIK yHUBepcuTeTi, AnMartel, KazakcraH,
KasakcTaH oI FhITbIMHA-3epTTey HHCTUTYTHI, AnMatsl, KasakcraH,
*Kanabpus yrusepcureri, Perne, Utamus

ACPAJBTBETOHHBIH HUKJBIK BEPIKTII'TH BOJIDKAYFA APHAJIFAH
BY3bLIY/bIH )KHHAKTAJYBIHbBIH ’)KAHA KAPAITAUBIM MO/JIEJII

AnHOTanusi. Makanajga TOTHIKTBIPBUIFAH OMTYMABI MaiilaNaHbIl 93ipJIEHreH THIFBI3 Maiina TYHipIIikTi ac-
(hastbTOSTOH B IMKIIIBIK IIApIIayFa KUpayFa JeiHiH TOKpHUOEIiK CHIHBIKTAp CepHsuIapblH HOTHXKeNepiHiH Oip Oediri
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OepinreH. Op HUKIAFBl JKYKTEY KOHE AeMany KeseHaepiHiH y3akTeirbl 10 sxoHe 60 c. ChIHAaK TeMIiepaTypachl:
22 °C. Kymren Oonrad geopmanus MEH AeMaily Ke3iHAeri KaWTeIMAbl aedopMarus UKIIAp CaHBIHBIH OCyiHe
Kapaif apTaThIHBI aHBIKTAJIABL. JleMaTy Ke3eHiHIH COHBIHAAF KaUTRIMABI AehopMaIiis MOHI KHpay Mep3iMiHiH opTa-
ChIHA JIWiH 3KCTIOHEHITUANIBIK 3aHIBUIBIK OoMbIHIIA (52 %-man 20 %-Fa neiiin) azasnusl aa, ofaH opi acGalbTOETOH
YJITIiCIHIH KUpaybIHA JIEHiH TYPaKThl OOJIbIN KaJlabl.

0,05 MIla-gan 0,31 MIla apanbiFbIHIAaFbI KEpHEYJIEPAE KBUDKY CXeMachl OOMbIHINA KUpayFa JeiiH TOKpHOeIiK
ceiHaKTaH eTkeH 110 ynriHiH HOTIKeNepiHe cail aHbIKTalIFaH achaabTOCTOHHBIH Y3aK Mep3iM/i OEpIKTIriHiH KUCHIK
CBI3BIFBIH I1aiijlaiaHa OTBIPHII, JKoHEe beiln KpuTepuiHiH Herizinae ac(aabTOeTOHHBIH LUKIIBIK OCPIKTIriH aHBIK-
Tayfra apHaJifaH MaTeMaTUKaJIbIK MOACJIb aJIbIHBbI.

Tyiiin ce3aep: achambTOCTOH, MUKIIBIK KBUDKY, XKBUDKY JeQOpMaIUsLCh], KAUTBIMABI 1e(OpPMALUs, ITUKIIBIK,
OepikTik, beinu kpurepui, Oy3bUTy IbIH KHHAKTAITY MOJEI.

A. . l/lcmucﬁaenl, B. B. TeﬂTaeBZ, C. Oliviero RossiS, K. Ecraes’

'KazaxcraHckuil HALMOHANbHBIH yHHBepcHuTeT M. anb-Dapabu, Anmatsl, Kasaxcras,
’KaszaxcTaHcKuil JIOPOXKHBIN HAY4YHO-UCCIICOBATENbCKUI MHCTUTYT, AsMaThl, KazaxcraH,
*Yuusepcurer KanaGpun, Penne, ramms

HOBASI ITIPOCTAA MOJEJIb HAKOILVIEHUSI TOBPEKIEHU A
JJISI HPEJCKA3AHEWSA DUKJIMYECKOU ITPOYHOCTH ACPAJIBTOBETOHA

Annotanusi. Hactosimast ctatesi npeicraBisieT 4acTh pe3yJIbTaTOB CEPHH AKCIIEPUMEHTAJIBHBIX HCIBITAHUN
IUIOTHOTO MEJKO3EPHUCTOTr0 ac(anbToOeTOHa, MPUTOTOBICHHOTO C HCIOJB30BAaHUEM OKHCIEHHOTO OUTyMa, 10
pa3pyLIEeHUs NPU HUKIMYECKON yCTanoCcTh. JIIMTeIbHOCTH IIEPHUOI0B HArPYKEHUS M OT/ABIXa B KaXKIIOM LIUKJIE OBUTH
paBubl 10 ¢ 1 60 ¢ cooTBeTcTBeHHO. Temmeparypa ucnbitanust: 22 °C. Beuto onpezaeneno, 4ro aedopMariist Ioi3y-
4eCTH II0Jl Harpy3Kol M BOCCTaHaBIMBaeMas JedopManus MPH OTABIXE YBEIMYMBAIOTCS C POCTOM YHCIA LHKIIOB.
BennunHa BoccTanaBimBaeMoii aeopMaliy B KOHIIE epro/ia OTabIxa yMeHbiiaeTcs (0T 52 1o 20 %) npuMepHo 10
IIOJIOBUHEI ITOJTHOTO YHUCIIA IIUKJIOB 0 PAa3pyLICHUS 10 SKCIIOHEHIMAIbHON 3aBUCUMOCTH U B JaJIbHEHIIIEM OCTaeTCs
MOCTOSIHHOM JI0 pa3pylieHus oopasia achaiprodeToHa.

Hcnonb3yst KpUBYIO UTUTENBHON NPOYHOCTH acdaibToOeTOHA, TIOCTPOSHHYIO B COOTBETCTBHHU C PE3yJIbTaTaMU
ucnbitanus 110 00pa3noB 10 pa3pylieHus 1Mo cxeme nonszydectu npu Hanpspkenusx ot 0,05 mo 0,31 MIla, u Ha oc-
HOBe KpuTepus beiinn ObII0 MoirydeHo BEIpaXXeHHUE IS OTPeIeNICHNs] IUKINIeCKOH IIPOYHOCTH ac(aabToOeTOHA.

KitroueBble ciioBa: acGaibTo0ETOH, IIMKIMYECKas OJI3Y4eCTh, AeOpMalys MOI3Y4eCTH, BOCCTaHaBIMBaeMast
nedopmanus, HUKINYEcKas IPOYHOCTh, KpuTepuil beitin, Moaens HaKOIUICHNS! TIOBPEKACHHSL.
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