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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 Pecniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMoap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHUKarbIK fblrbiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6irdipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbin npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHol sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoesuu u mexHudeckux Hayk e Emerging Sources Citation
Index deMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmaa.
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MECHANICAL CHARACTERISTICS
OF ASPHALT CONCRETE AT DIFFERENT LOADING RATES

Abstract. The results for experimental determination of characteristics have been given and analyzed in this
article for deformation and failure of an asphalt concrete at two loading rates (0.058 and 0.652 MPa/s). Hot fine-
grained dense asphalt concrete of type B prepared with viscous bitumen of grade BND 100/130 has been selected
which is traditionally used in road construction. The tests have been performed at the temperature of 22-24°C in a
specially invented and assembled device according to the scheme of direct tension. The asphalt concrete samples had
a shape of rectangular beam with dimensions 5x5x15 cm.

It is found that loading rate effects greatly the characteristics of deformation and failure of an asphalt concrete:
failure time and specific work of deformation are decreased in 8 times approximately, failure strain is decreased in
1.5 times and as much as that the strength is increased (failure at tension) at the loading rate increase in 11 times
from 0.058 MPa to 0.652 MPa/s. From the moment of loading to the moment of failure the asphalt concrete is
deformed nonlinearly. The rate of nonlinearity is increased with the load increase.

Key words: asphalt concrete, direct tension, loading rate, strain, specific work of deformation.

Introduction. Design conditions adopted for designing and calculation of pavement structures should
as accurately as possible comply with real conditions where the sections of the designed highways operate.
The load from vehicles and the speed of their movement play the defining part in the provision of strength
and service life of the highway. It is known that the speed of vehicles on the road sections is varied
considerably depending on specific road conditions [1-3]. It is also well known that deformability, strength
and service life of many materials including the asphalt concrete ones depend on the value and load
duration [4-6]. Thus, the matter of consideration of the deformability, strength and service life of the
asphalt concretes at different loading rates (at various values and load durations) and various temperatures
is practically of great importance.

An asphalt concrete has became an object of professional consideration since the 30s of the previous
century. At present serious complex (experimental and theoretical) investigations are performed for the
properties of asphalt concretes at different loading conditions and various temperatures in many countries
of the world. The works of Kazakhstan scientists [7-21] can be included into the new direction of
consideration for characteristics of strength and service life of asphalt concretes. This article is a
continuation of the abovementioned works and it is devoted to the evaluation of the impact of the loading
rate on the mechanical characteristics of an asphalt concrete.

Materials and method. In this paper bitumen of grade 100-130 has been used meeting the
requirements of the Kazakhstan standard ST RK 1373-2013 [22]. The bitumen grade on Superpave is PG
64-40 [23]. 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 [24] 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

— 4 ——
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“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 [25]. 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 [11] published earlier.

The tests have been performed at the temperature of 22-24°C in a specially invented and assembled
device according to the scheme of direct tension. The asphalt concrete samples had a shape of rectangular
beam with dimensions 5x5x15 cm. The loading rates were equal to 0.058 MPa/s and 0.652 MPa/s. The
values of average and individual loading rates of the tested asphalt concrete samples are represented in
table 1.

Table 1 — Average and individual loading rates at the tests of the asphalt concrete samples

Averagi/}gz(/ising rate, Loaﬁgf /;ate, Individual numbers of the asphalt concrete samples
0.062 85
0.058 111
0.058 0.057 113
0.057 114
0.057 115
0.057 116
0.650 127
0.650 128
0.652 0.646 129
0.648 130
0.664 131

Results and discussion. According to the test results performed under the method described in
Section 2 the graphs have been constructed for variation of stress, strain, specific work of deformation in
time and the graphs of dependence “stress-strain” at the selected two loading rates. By way of illustration

the mentioned graphs for loading rate o =0.058 MPa/s are shown in figures 1-4. As it is seen, the strain is
varied to a significant degree nonlinearly (figure 2) at linear variation of stress in time (figure 1).
Nonlinearity of the asphalt concrete strain is increased with the stress increase. It is seen in Figure 3 that it
is difficult to distinguish some initial section within the limits of which it could be possible to adopt linear
strain and to introduce an elasticity modulus.

As a consequence of nonlinear deformation, the specific work of deformation is also varied in time to
a significant degree nonlinearly (figure 4). Meanwhile, the biggest values of the specific work of defor-
mation occur at the moment of failure. We can also note that approximately during the first half of loading
at all loading rates the specific energy has relatively small values; it has the biggest values in the last
quarter of the loading process.

Important characteristics of failure are time of failure, strain, stress (strength) and specific work of
deformation of the material at the moment of its failure. These characteristics for the tested asphalt
concrete at the considered loading rates are represented in table 2. As it is seen a loading rate impacts
greatly on the characteristics of failure of the asphalt concrete. For example, at the loading rate increase in
11 times (to be precise in 11.24 times) from 0.058 MPa/s to 0.652 MPa/s failure time and the specific
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Figure 1 — Graphs for variation of stress in time
(average loading rate ¢ = 0.058 MPa/s)
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Figure 2 — Graphs for variation of strain in time
(average loading rate ¢ = 0.058 MPa/s)
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Figure 3 — Graphs of “stress-strain” relationship
(average loading rate ¢ = 0.058 MPa/s)
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Figure 4 — Graphs for variation of specific work of deformation in time
(average loading rate ¢ = 0.058 MPa/s)

Table 2 — Mechanical characteristics of the asphalt concrete at the moment of failure

Avera{ge loading rate Failure time tr, Failure strain &, Strength o, Specific work of failure At,
o MPals $ % MPa 1078 J/em?
0.058 16.5 1.04 0.96 15.80
0.652 2.14 0.69 1.40 1.93
increase decrease decrease increase decrease
in 11.24 times in 7.71 times in 1.52 times in 1.46 times in 8.19 times

work of deformation are decreased approximately in 8 times (to be precise in 7.71 and 8.19 times
respectively); failure strain is also decreased, but far less — in 1.52 times; the strength is increased nearly in
1.5 times.

It is known that depending on specific and traffic conditions the vehicles move with different speeds
along the highways (on various road sections). The results of experimental investigations performed in
this work show that the characteristics of deformation and failure of an asphalt concrete depend greatly on
the loading rate. The above regulations cause the idea that the highways should be divided into sections
with the fixed estimated speeds for vehicles and the mechanical characteristics of asphalt concrete layers
of an should be defined considering these estimated speeds at designing of pavement structures.

Conclusion. The results for determining of characteristics of deformation and failure of the asphalt
concrete at direct tension at the temperature of 22-24°C at two loading rates differing in 11 times allowed
drawing the following conclusions:

1. From the beginning of loading to the moment of failure the asphalt concrete is deformed non-
linearly. The rate of nonlinearity is increased with the load increase. It is difficult to distinguish some
initial section on the graph “stress-strain”, within the limits of which it could be possible to postulate
linear strain and introduce elasticity modulus.

2. The loading rate impacts greatly on the characteristics of deformation and failure of the asphalt
concrete: failure time and specific work of deformation are decreased approximately in 8 times at the
loading rate increase in 11 times from 0.058 MPa/s to 0.652 MPa/s, in 1.5 times the strain of failure is
decreased and as much as that the strength is increased.

3. On the designing stage highways should be divided into sections with the fixed estimated speeds of
vehicles and mechanical characteristics of asphalt concrete layers should be defined considering these
estimated speeds at designing of pavement structures.
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4. As in real road conditions vehicles (medium and heavy) move along highways with the speeds
varied within the wide limits (from 0 to 140-160 km/h and more), it is necessary to continue investigations
for evaluation of loading rate impact on the characteristics of deformation and failure of asphalt concretes
at other loading rates, temperatures and schemes of strain.

9. bl blckakdaes'?, B. B. Tearaes?, I'. M. Encetaena’

1On-Mapabu areinarel Kasak yiTTeik yauBepcuTeTi, Anmarel, Kaszakcran,
2Ka3akCcTaH 01 FhUIBIMU-3€PTTeY MHCTUTYTHI, Animatsl, Kazakcran

KYKTEYAIH 9PTYPJII KbIJITAMIbIF bIHIAT BI
ACPAIBTBETOHHBIH MEXAHHUKAJIBIK CUITATTAMAJIAPBI

AnHoTanus. Makanaia XyKTeyIiH eki xeiinamabsirsl kesinge (0,058 xone 0,652 Mlla/c) acdansTOeTOHHBIH
nedopManrsIaHybl MeH OY3BUTYBIHBIH CHIIATTaMaJIapblH TOKIPUOETIK aHBIKTAy HOTHXKeNepi Oepiili KoHEe TalgaH-
1l JKon KypbutbIchIHAA AocTypii KoinanbuiateiH MYKB 100/130 Mapkaiiel TYTKBIp OUTYM/IbI KOJIAHBIIT 93ipJIeHIeH
b THOTI BICTBIK YCaK TYHIPIIKTI ThIFRI3 achanbroeToH TaHaanasl. ChIHAK XKyMbIcTapsl 22-24 °C TeMiiepatypana Tike
CO3BUTYy CcXeMachl OOMBIHIIA apHAibl )KacajFaH KOHIBIPFBIIA OpBIHAANIBL. AchanbTOEeTOH ChIHaMalaphl eJIIeMi
5x5x15 cM TIKOYPBIITHI apKaJIbIK MiMIiHIHAE JKacabl.

Kykreme Kpupnamabirbl acanbTOSTOHHBIH Je(OpMaIMICHl MEH OY3bUIYBIHBIH CHIIATTaMachlHa KaTThl ocep
ereni: xykrey xburmamaeirsl 0,058 MIla/c-tan 0,652 MIla/c-xa aeiiin 11 ece eckeH ke3ne OY3BUTYy YaKBITHI MEH
MEHIIIKTI MeopManrsUIaHy KYMBICH IIIaMaMeH 8 ece a3asiipl, Oy3pUTy nedopManusacsl 1,5 ece KeMui xKoHE COHIIA
ece Oepikrik (Oy3pUTy Ke3iHAeri kepHey) ecemi. JKykrey OactamraHHaH OY3bUTy COTiHE AeliH acdambTOeTOH
CBI3BIKCHI3 Niepopmanusitanaabl. ChI3BIKCHI3ABIK AoPEKeCi )KYKTEMEHIH apTybIMEeH Oipre apTaibl.

Tyiiin ce3aep: achanbTOCTOH, TiKE CO3BUTY, KYKTEY KBULIAMIBIFEI, AeopMaIyst, MEHIIIKTI TehopMannsIany
JKYMBICHI.

A. Bl. blckak6aes'?, B. B. Tearaes?, I'. M. Ence6aeBa’

'Kasaxckuil HalMOHAJILHBINA yHUBEPCHTET UM. alb-Dapadu, Anmarsl, Kazaxcran,
’Kasaxcranckuii nopoxusii HUW, Anmvarsl, Kazaxcran

MEXAHNWYECKUE XAPAKTEPUCTUKU ACPAJTBTOBETOHA
ITPU PA3/IMYHBIX CKOPOCTSIX HAT'PYKEHUSA

AHHoTanusi. PaccmarpuBaioTcss 0coO€HHOCTH ac(halbTOOETOHHOTO IOKPBITHS TIPH JIBYX CKOPOCTSIX Harpy-
xenus (0,058 u 0,652 MIla/c). Jlaubl pe3ynbTaThl IPAKTUICCKOTO OMPEACICHHS XapaKTePUCTHK aehopMaIiii U pas-
pyuenuid. Vcnons3oBan Bsokymmii outym mapku MXKB 100/130, TpagunmoHHO NMpUMEHEHSIEMBIH B JIOPOKHOM
CTPOUTENHCTBE.

BriOpan ropsiauii MenKo3epHHUCTHIH TIOTHBIA acdanbrobeTon Tuna b. VcripitarenbHble paboThl NPsIMBIE — TIPH
temreparype 22-24 °C BBIIOJHEHBI Ha CIIEHUANILHO pa3paboTaHHOI yCTaHOBKE 10 cxeMe pacTspkeHust. CKOpocTh 3a-
IPY3KH CHIILHO BIIMSIET Ha XapaKTEPUCTHKH AeopMaliy 1 pa3pyieHus achanbrodeTona AcdanbrodeToHHas cMeCh
C HayaJsa 3arpy3KH 1O MOMEHTA pa3pylIeHHus HeluHeiHo aedopmupyercs. CTeneHb HEIMHEHHOCTH yBEIHYHBACTCS
BMECTE C YBEIMUEHHUEM Harpy3Ku.

KiroueBble cioBa: achanbToOCTOH, MpsiMasi pacTsDKKA, CKOPOCTH 3arpys3kH, Aedopmariys, coOCTBEHHas Jie-
hopmarms, paboTa.
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