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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.
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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
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“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 [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/};zjl;ng rate, Loaﬁgg/zate, 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 ¢ =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 lincar 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

Average loading rate Failure time tr, Failure strain &f, Strength ot, Specific work of failure Ar,
o MPals ] % MPa 108 J/em?3
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.
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KYKTEYIIH OPTYPJI )KbLIJAM/IBIF BIHIAFEI
ACPATBTEETOHHBIH MEXAHUKAJIBIK CHTIATTAMAJIAPEL

AnHoTtammst. Makanazna >KyKTeyAiH ekl >kpiraaMasrsl kesinae (0,058 sxone 0,652 MIla/c) acdansTOeTOHHBIH
JeopManmsIaHy I MCH OY3bIIYBIHBIH CHIIATTAMANAPBIH TIKIPUOCIIK aHBIKTAy HOTIDKEICP] Oepiial sKoHE TalmaH-
1sl. JKour KypbUTbICEIHAA A3CTYpai KongansuiareiH MOKB 100/130 Mapkams! TYTKBIP OMTYMABI KOJIIAHBIIT d3IPICHTCH
b TumTi BICTHIK yCaK TYHIPOIKTI THIFRI3 acQansTOeTOH TaHtanabl. ChIHAK skyMbIcTapsl 22-24 °C TeMmeparypasa Tike
CO3BULY CXEMachl OOHBIHIIA apHAIBI KacalFaH KOHIBIPFBIIA OPBIHAANABL. Ac(anbTOETOH ChIHAMANApPBI 6IIeMi
5x5x15 cM TIKOYPBIITHI APKATIBIK MM HIHAE >KACATIBI.

XKykreme >KpImaMabEbl achanbTOCTOHHBIH Je(opMannsIchl MEH OY3bUIYBIHBIH CHIIATTAMACBIHA KATTHI aCep
ereni; xxykrey xepimamMabeirsr 0,058 MIla/c-tan 0,652 MIla/c-ka aeiiin 11 ece eCkeH ke3ae OY3BULY YaKBITHI MCH
MEHIIIKTI Je(opManmsIaHy KYMBICH IMaMaMeH 8 ece azasasl, Oy3puty aedopmaumsics! 1,5 ece keMuai >koHE COHIIA
ece Oepikrik (Oy3puTy Ke3imzeri kepuey) ecerdi. JKykrey OacranFaHHaH Oy3bLTy COTiHE ACHIH ac(aabTOCTOH
CBI3BIKCHI3 AeopmanmsinaHaabl. ChI3BIKCHI3ABIK JIPEKEC )KYKTEMEHIH apTYBIMEH OIpre apTazsl.

Tyiiin ce3nep: acharbTOCTOH, TIKE CO3BLLY, KYKTEY KbIIIAMABIFEL, Ac(HOpPMALHs, MEHIIIKTI Je(opMaLMIaHy
SKYMBICBL
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MEXAHHUYECKHE XAPAKTEPUCTHUKHN AC®AJTBTOBETOHA
IPA PAZJINMYHBIX CKOPOCTAX HAT'PYKEHUA

Annoramus. PaccMaTtpuBaroTcs 0COOCHHOCTH ac(PambTOOCTOHHOTO TOKPHITHA NMPH ABYX CKOPOCTIX HATPY-
sxernd (0,058 u 0,652 MITa/c). JJaHbl pe3yapTaThl MPAKTHUCCKOTO ONPCACICHHS XapaKTCPHCTHK ACopMamid H pas-
pymueHui. Mcnoms3oBaH Boxymuit Outym mMapku MXKB 100/130, TpagumuOHHO TPHMECHEHSIEMBIH B JOPOKHOM
CTPOUTEIIbCTBE.

Br10paH ropsmit METKO3EPHUCTHIN IUTOTHBIH ac(ampTodeToH Tina b. cnbraTtenbabie padoTHI IpsAMbBIE — TIPH
temreparype 22-24 °C BBHINOIHEHHI HA CHEIHANBHO pa3pabdOTaHHOH YCTAHOBKE IO CXeMe pacTspkeHmsI. CKOPOCTH 3a-
TPY3KH CHIBHO BIIMSICT HA XapaKTEPHCTHKH Achopmanum u pazpymeHns acansrodeTroHa AcgaabToOeTOHHAS CMECh
C HAYaJa 3arpy3KH A0 MOMEHTA pa3pyLIcHuUs HenuHeHHO aAcdopmupyercsa. CTencHb HEIMMHCHHOCTH YBEIMIMBACTCS
BMECTE C YBCIMUCHHEM HATPY3KH.

KmoueBnie ciioBa: ac(aasToOCTOH, mpsAMad PacTsHKKA, CKOPOCTH 3arpy3kd, aedopMamms, COOCTBCHHAS AC-
(dopmanms, padora.
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