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MODELING AND INVESTIGATION OF THE INFLUENCE OF LOADING
MODE ON THE DEFORMATION PROCESS OF ASPHALT CONCRETE
MATERIALS

The article considers a problem of calculating the deformations of forward and reversed creep
tension of rheonomic materials. The hereditary theory of creep by Yu.N. Rabotnov is used to
describe the nonlinear deformation process. Proposed a method for determining the necessary
material characteristics from forward and reversed creep data. During the experiments, there were
tested two batches of asphalt concrete samples. Also, was shown behavior of asphalt concrete
at cyclic increasing and constant loading modes. At a temperature T = 24°C were tested 10
samples at cyclic increasing loading mode. Cyclic stresses were equal to 0.041; 0.074; 0.111; 0.148;
0.183 MPa and duration period between loading and relax period were chosen to be 570 seconds.
At cyclic constant loading were investigated individual samples for the parameters of forward
and reversed creep at stresses of 0.041; 0.117 MPa. Then, investigated the affect of reloading two
reversed creep process of asphalt concrete samples. From first batch of samples were tested 9
samples before destruction with a period 65 seconds: forward creep of samples at o = 0.3053 MPa
for the following 5 seconds; reversed creep at o = 0 for the following 60 seconds. From the second
batch of samples were tested 11 samples of asphalt concrete before destruction with a period 70
seconds: forward creep o = 0.3053 MPa for the following 10 seconds and reversed creep at 0 = 0
for the following 60 seconds. Test results showed that the level of return of second batch increased
than the first batch of samples.

In the work were tested 5 samples of asphalt concrete according to the direct tensile scheme until a
complete failure. Test temperature was T' = 22 —24°C'. For each level of loading with constant rate:
0,6519; 0,4678; 0,0580; 0, 0489; 0,0055 MPa*~!. Using experimental data, were found parameters
of the deformation at different constant rate of loading. As a result, all samples fractured brittle
at small deformations.

Key words: cyclic loading, loading rate, asphalt concrete, forward creep, reversed creep,
deformation, loading, unloading.
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Maxkasama peOHOMIIBI MaTEePUAJIAPIBIH, CO3BLIYFa CHIHAY KEe3IHIeri Typa KOHe Kepi KbLIKbIMar-
JIBUIBIK, JTehbopMaIisijIapblH ecenTey KapacThIpbuiaibl. CBIZBIKTBIK eMeC JeOpPMAIUsIIAHY MIPO-
necin cunarrayga FO.H. PaboTHOBTBIH, XKBITKBIMAJIBLIBIK, MYPAJIBIK, TEOPUSICHI KOJITAHBLIAbI. Ty-
pa KoHe Kepi KBLIXKBIMAJIBLIBIKTBIH, ToXKipube ik OepinreHaepiHeH MaTepHUAJIbIH, KasKeTTi cu-
raTTaMaJapblH aHBIKTAY 9JlicTeMeci YChIHbLIabl. HoTuKecinie ajJbIHFaH aHBIKTAYBIIT TEeHJIEYIep
achasbTOETOH VIITiIepiH CO3bLIyFa ChIHAY KE3iHE Typa *KoHEe Kepi KbLIKBIMAJIBLIBIK, 1edopMalii-
SICBI ecenTeyepiHe KOIaHbLIIbl. 3epTreyie achanbrbeToH Yiriiepitiy eKi mapTusichl ChIHAJJIBL.
AcdanbrOeTOHHBIH, 6Cyl MEH TYPaKThl HMUKJ/IIIK »KYKTeMe HUKJJIK pe:kKUMiHgeri Kyiii kepceri-
ai. Hukiaik ecy xkykremecinge 1T = 24°C' remneparypaja 10 achanbrbeTon yirisepi cbiHAIIDL.
Kepueysep mowni: 0,041; 0,074; 0,111; 0, 148; 0, 183 MIla, ay »KyKTey Mepuojibl MEH THIHBIFY TIEPHU-
OJIBIHBIH, Y3aKThIFbI 570 cekyHaTKa TeH 6osabl. IMKIIiK TypakThl XKYKTEeMe/le ChIHAY KepHeyJsepi
0,041; 0,117 MIIa acdasbrOeTOHHBIH, KEKeJEreH YITLIEpl Typa KoHe Kepi KbLIZKBIMAJIBLIBIKKA
zeprresi. AcdasbTOeToH yiriepinin KaiiTa XKyKTey Ke3iHjeri Kepi »KbLIzKbIMAJIBLIBIK, IIPOIECIHE
ocepi Jie KapacThIPLLIIbI. YJATiaep aiH OipiHmi mapTuschblHaH Kupayra Jeiin 9 yiari 65 ceKyHITHIK,
IIEPUOJILIMEH ChIHAJIBI: VITLIEPIiH Typa KbUIKbIMaJIBLIBIFGL 0 = (.3053 MIla 6osranga 5 cekyH
00iibl; Kepl KbURKBIMAIBLIBIK, 0 = 0 Gosranma 60 cexynm 6oitbl. ExinHmI napTusHBIH, JaiiblH/Ia-
maceiHaH 11 acdanbprberon yirisepi Kupayra mgeitin 70 CEKyHITHIK IIEPUOIBIMEH CHIHAJIBL: TYPa
KBLTKBIMATBLIBIFEI 0 = 0.3053 MIla 6omranma 10 cexkymm OOHBI; Kepi KBLIKBIMAIBLILIK, 0 = 0
oosrana 60 cexyH 1 60iibl. ChIHAK HOTHKEJIEPIHEH eKiHIIl HapTus JaiblHIaMa YIrIepiHis KaiTy
JieHreil OipiHIM MapTUSIAH aJbIHFAH YTLIEpI KAUTy JIeHreiliMeH CaJIbICTBIPFaH I YIIFaiiFaHbIH
KOpCceTTi.

Beprrey )kymbichia 22 — 24°C' Temneparypasia achabTOeTOHHBIH, 5 YITICIHEH TYPAKTHI XKYKTEY
KBUITAMIBIFBIHIA KAPAYFa JIeiin co3bury cxemachl Ooftbrama cerrasas: 0,6519; 0,4678; 0, 0580;
0,0489; 0,0055 MITa“®¥~1, Dp6ip KyKTey KBbLIIAMIBIKTAPBIHIA TOXKIpUOeTiK Gepiareniepi KoJ-
JIAHA, OTBIPHII, KBLIKBIMAJIBLIBIK, AeOPMAIIAACH MOHIHIH ITapaMeTpJiepi TaObLIIbI, HOTUXKECIH/ e
GapJIbIK, yITlIep a3 gedopMalusiia MOPT KUPAFaHbIH KOPCETTI.

Tyiiin ce3aep: NUKIIK KYKTEMe, XKYKTETY KbLIIAMIBIFbI, achalbTOeTOH, TyPa KbLIZKBIMAJIbI-
JIBIK, KePi KbUIXKBIMAJIBLIBIK, JedopMalinsi, XKYKTeMe, KyKCizey.
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MopesmmpoBaHue U UCCJIEJOBAHUE BJIUSHUS PEXKUMA HArPY>KEHUs HA MPOIECC
nedopMupoBaHus achaIbTOGETOHHBIX MaTEepPUaJIOB

B cratbe paccmarpuBaeTcs 3amada pacdera gedopManyii mTpaMOi u OOpATHON MOM3YIECTH MIPH
pacTs>KEHNU PEOHOMHBIX MarepuaJsoB. JLis ommcaHus mnporecca HeJUHERHOro 11edOPMUDPOBAHMS
UCIIOJIB3YyeTCsl HacjielcTBeHHast Teopus noJydectu HO.H. Pabornosa. Ilpemjaraercs meromuka
orpejiesieHUsT HEOOXOMMBIX XapaKTePUCTUK MaTepuaja U3 JIAHHBIX MPIMOl U ODPATHON MOJIBY-
gectu. [losydernabie B pe3ysibTare OMPEIe/ISONne YPaBHEHNsT allPOOUPOBAHBI Ha, 3a/[a1€ PACIETa
nedopMaruii mpsiMoii 1 0OPATHOI O3y IeCTH IPU PACTsiKeHnn acdasibroberona. Bouto ucnbrrano
JBe mapTun 006pasnos acansbrodberona. Ilokazansr moBesenne achabTOOETOHA B PEXKUME ITUKIIH-
YeCKUu BOSpaCTaIOI]Leﬁ U IIOCTOSTHHOM Harpy3Ke. CXel\’IbI HUCHbITaHUU B PE2KUME NUKJINYIECKU BO3pac-
TaroIeil Harpy3Ke ucibiTanbl 10 obpasios acdaabroberona mpu remueparype 1 = 24°C. Hampsi-
KeHus B muKJjax Obtn pasabivu 0,041; 0,074; 0,111; 0, 148; 0,183 MIla, a npogoKuTe/ ibHOCTh
[I€PUO/Ia HATPYKEHUS U IEPUOA OTAbIXa ObLIu BEIOpaHbl paBHbIMEU 570 cekyH . CXeMbl HCIBITAHUN
B PEXKUME [IUKJNIECKHU [TOCTOSHHON HAIPY3Ke UCCIEI0BAHbI OTAE/IbHbIE 00pa3Ibl achaabrodbeToHa
Ha TapaMeTpbl IpsMoit 1 obparHO monasydectu npu Hanpsikerusx 0,041; 0,117 MIla. Takxke
HCCJIEIyeTCsI BIUSIHUASI IOBTOPHOT'O HATPYKEHUsSI Ha IIPOIECC OOPATHOI HMOJI3ydecTH 00pa3IoB ac-
danbroberona. V3 mepBoit mapTuu 3aroTOBOK UCIBITAHBI 9 00pA3I0B 10 pa3pyIIeHus C IEPUOIOM
65 cexynm: mupsimas moszydectun o0pasnos upu o = 0.3053 MIla B Teuennu 5 cexymnm;
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obparHas mos3ydectb npu 0 = 0 B Teuenun 60 cekynn. V3 BTOpoit mapTuu 3arOTOBOK OBLIH
ucnbiTanbl 11 006pa3noB no paspyirenusi ¢ mnepuogoM 70 CeKyHI: IpsiMas IMOJI3y9ecTh 00pa3IoB
acdasbrodberona npu o = 0.3053 MIla B revenun 10 cekymnm; oOpaTHas MOI3y4ecTh 0OPA3IOB IIpU
0 = 0 B Teuenun 60 cekyns. Pe3ysbrarsl ucubpiTanuil IoKa3aJju, 9TO yPOBEHb BO3BpaTa 00pas3IioB
BTOPOIl IAPTUHU BBIPOCJIH 110 CPABHEHUIO C YPOBHEM BO3BpaTa 00Pa3IlOB U3 IIEPBOIl TapTUU 3ar0TO-
BOK.

B pabore mo 5 06pa3mos acdaabTobeTOHA UCIIBITAHBI IO CXEME MIPSIMOTO PACTSI)KEHUST 10 Pa3pyIIe-
Hus pu Temieparype 22 — 24°C' B ycI0BHAX HA KaXKJ0M HATPYKEHHUS ¢ TOCTOSHHON CKOPOCTDHIO:
0,6519; 0,4678; 0,0580; 0,0489; 0,0055 MITa®®¥~!, IIpu pasmu4IHBIX CKOPOCTSAX HAIDYYKEHHUS, NC-
[IOJIB3Y$l IKCIIEPUMEHTAJbHbIE TaHHbIE, ObLIN HailJeHbl TapaMeTPhl 3HAUEHUs JeOpPMaIin I0JI3Y-
gectu. B pesyibrare Bce 00pas3iibl pa3pylnjinCh XPYIKO IPU MaJIbIX JdedopMariusix.
KittoueBbie cjioBa: MUK/IMYECKOE HADYXKEHUE, CKOPOCTh HArpyzKeHus, achabTo0eToH, mpsMast
MI0JI3y9€CTh, 00paTHAS MOJI3yIeCThb, JedopMalnsi, Harpy3Ka, pa3rpy3Ka.

1 Introduction

In everyday life transports with different weights move along the highway. The intensity of
traffic causes the accumulation of rapid fatigue damage of asphalt concrete coatings and an
increase in the corresponding cycles. The characteristic of the development of fatigue damage
in the material affects the magnitude of the cyclic load [1-3].

It can be seen from the research of many authors [4-7] that with cyclic loading, there is an
increase in recovery during the rest period of an asphalt concrete over a long period of time.
Therefore, the experimental study of deformation and destruction of an asphalt concrete
under cyclic loading is becoming increasingly important.

This work presents the results of tensile creep tests of asphalt concrete samples until a
complete failure, conducted in Kazakhstan Highway Research Institute. The purpose of this
research is to study the deformation of asphalt concrete material under forward and reversed
creep, as well as at a constant loading rate of asphalt concrete.

2 Determining relation for ergonomic material

2.1 Even if the deformation (¢) in the interval (0,¢;) (¢t — time, ¢; > 0) is a non-decreasing

function of time, dz(;) > (. In this case, we take the defining relation as
t
£(t) = ¢lo(0)] + [ K(t = r)elo(r)dr, 0
0

where o is the conditional stress, ¢(o) is the function of conditionally instantaneous loading;
K(t — 1) — kernel of forward creep.

2.2 Even if the deformation £(t) in the interval (¢1,¢)(t > t1) be a decreasing function of

time % < ¢
me — .
dt
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The defining relation for processes with decreasing deformation is written as
t
“(t.t) = plo(0)] = [ Kalt = Dpalo(ldr e
t1

where 1 (o) is the function of conditionally instantaneous unloading; K;(t — 7) is kernel of
reversed creep.

3 A method for determining the necessary material characteristics from data of
forward and reversed creep

3.1 Tension of samples at 0 = const and constant temperature 7' = const
Creep kernel

Kit—1)=06(t—1)"7, (3)

where a € (0,1); 6 > 0.
Considering equation from , we will obtain the equation of simple creep:

en(t.0) = plo(O] (14 2070, @)

l—«

where [0 (0)] = €f*(0) — conditionally instantaneous deformation, €,,,(¢, o) — calculated values
of creep deformation of the material.

Equation contains three unknown parameters £3'(c), @ and 6. Following [8-9], the
parameter o will be considered as known from the interval (0,1), and the unknown parameters
eg'(0) and § are determined using the least squares method:

60 — ™ 2 ,
mg it [f| 5)
1= 1= 5
i <5e(ti) . 1> t(l—a)
5 =1 581 ‘
N I & 200y
1
1 -« Zzzl !

where €.(t) — creep strain values determined experimentally; m — creep strain number.
Following 9], we accept that

£o'(0) = £5(0), (6)

where ¢f(0) — the value of the conditionally instantaneous deformation determined
experimentally.
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Considering equation @ from , we will obtain

1= — 5 , (7)
w30 )
=1 i=1
3 (Kt — 1)
§= 1= (8)
I & on-a
£
1 —a Zzzl !
Here
€e(t,U£7T)
K (t,0¢,T) = ———=, 9)
T (o T)
oe(§ = 1 —n), n is the number of loadings; K.(t)is the experimental rheological creep

parameter [8].

The analysis of the relation @ - @ shows that finding the values of the entire set of
parameters determining the relation is not unique. There are three types of creep curves.

I. If K.(t) is particular independent of value of the stresses, then (7)) and (8)) have a unique
solution of the form:

a(T) = const;  §(T) = const. (10)

In this case, the creep curves will be similar.
IL. If K (t,0¢)(§ =1 —n) depend on the value of the o¢ stresses, then and will
have n+1 solutions of the form:

a(og, T) = const;  §(o¢,T) = const, (11)
(K., T) = const; (K., T) = const, (12)
where
— 1 &
K (t,T)=—=> Kt ,o¢,T). (13)
n
e=1

In this case, creep curves will be considered almost similar, if they can be described by a
single set of forward creep parameters.

III. Creep curves are not similar to each other, if they cannot be described by a single
set of forward creep parameters.

The calculated rheological creep parameter is determined by the formula:

Kt T) =1+ -2 (14)

—
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where o(T) € (0,1); 6(T) > 0, t € [0,t4].
The similarity coefficient.

K
K, (t, T) =1 1ma 1

where t, € [0,t1].
Then €f'(o¢, T) is defined by the formula:

1 - Ee ts, g g,
= — 16
6 0-67 m 821 ts, T ( )
where £.(t) — experimental values of creep deformation of the material; K,,(ts) — defined by
(L5).

3.2 Tension of samples at ¢ = const and constant temperature 7' = const.
Put in

plo(t)] = ao(1), (18)

where a > 0; v > 1.
Considering equations , and from we will obtain:

. FHl1+~y)Irad—ao
m(t,T) = a(ot)? [146 19
nltT) = a(6t)) |14 5=t (19
where ¢ > 0; I'(:) — gamma function; ¢ € [0,#,]; @ € (0, 1).
Using the least squares method, we will obtain 6 = d(a,T'):
-, F(2+f}/—a) 1 1 " (v+1— = (2v+1—
S, T) = : : (ti, o ” @ ¢(ZrH1=a) (20
@D = - a) & porw LW 2= 3K )
Z tz =1 =1
i=1
where €.(t,0) — creep strain values determined experimentally at ¢ = const.
3.3 Determination of material characteristics in case of reversed creep
We take reversed creep kernel in the form:
Ki(t—7)=06(t—71)"", (21)

where o € (0,1); 67 > 0.
Considering equation from , we will obtain

em(t,t1) = e™(0) (1 — (t — tl)(lal)) , (22)

1-0[1
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where ¢ > ty; €7"(0) — calculated values of conditionally instantaneous deformation during
unloading process.
Put in

£™(0) ~ (o), (23)

here £¢(0) — experimental values of conditionally instantaneous deformation during unloading.
We introducing the notation:

Se(t, tl, 0'5)

Felt: 11, 0¢) = es(o¢)

(24)

Lot t) =1— (t—t)' 7, (25)

here I, (¢, t1) — experimental rheological parameter of the reversed creep of material; T, (¢, t1)
— the calculated rheological parameter of the reversed creep of material.
Using the least squares method, we determine the oy and §; parameters:

Ms

i=1 . i

(1= )0 L)1 - 1)}

=1

Il
—

m 5y 1 .
{ Z:(t — 1)) LZ:I(Q —tl)(1_a1)} } |
i(l —T.(t;))
i | (27)
o ot 02

where ¢ > t1; Te(t;,¢1) — determined by the relation (24); when deducing and (27),
were considered. Based on and , we will analyze the reversed creep curves. There
are three types of reversed creep curves.

I. If T'.(t;, t1) practically does not depend on the value of the stresses, then and
have a unique solution of the form (|10)):

a1 (T) = const; 01(T) = const.

In this case, the reversed creep curves will be similar.

II. If T'c (¢, t1, 0¢)(§ = 1 — n) depend on the value of the o, stresses, then and
will have n+1 solutions of the form and . Reversed creep curves will be considered
almost — similar, if they can be described by a single set of a; and d; parameters.

III. If the reversed creep curves cannot be described by a single set of a; and ¢,
parameters, then they are not similar to each other.

From (25) at ¢ = t,, we determine the similarity coefficient

Co(ts, t) =1 — (ts —t1)' 7, (28)



G.M. Yensebayeva et al. 101

where t; > t1; oy € (0,1); 67 > 0; the unknown €7*(¢1, 0¢) is determined by the formula:

m

1 Ee(ts,tl,a'g)
m(¢ — E AR T RE YA 29
Ey ( 170_5) m o Fm(ts,tl) ) ( )

where e.(t,t;) — experimental values of the reversed creep deformation of the material;
[y, (ts, t1) — defined by .

4 Experimental verification of the defining equation for asphalt concrete during
loading and unloading

4.1 Behavior of asphalt concrete in cyclic loading

The test scheme in the increasing cyclic loading mode is shown in figure 1. Asphalt
concrete 10 samples were tested at a temperature of 7' = 24°C'. The experimental average
values of the forward creep deformation ¢, (¢, o) of an asphalt concrete are presented in table
1. According to table 1, we calculate:

K.(570,0.041) = 3.13;  K.(570,0.074) = 3.24;
K.(570,0.111) = 2.92;  K.(570,0.148) = 2.77; (30)
K.(570,0.183) = 3.22.

A

(o2
o =const
o =const
o =const
o =const
o =const
o=0 o=0 o=0 o=0 o=0

0 570 1140 1710 2280 2850 3420 3990 4560 5130 5700 t

Figure 1: Test scheme in the increasing cyclic loading mode
In the work [8] we will obtain:
T =24°C) = 0.3; §(T =24°C) = 0.0153s* 1.
Similarity coefficients:
Kon(ts, T) =1+ 0.0218t%7, (31)

where t; € [0,570]; ¢ — time in seconds.

Based on the analysis of data and (31)), we conclude that in the segment [0,570] the
forward creep curves of asphalt concrete are almost similar.

Considering equation and ([16)), using the formula (), we compute the calculated
values of the creep strain &,,(¢,0) of an asphalt concrete, they are presented in table 2.The
coincidence is satisfactory.
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Table 1: Experimental deformations of forward and reversed creep of an asphalt concrete

samples

t, s 0 90 210 330 450 570 Number
of cycles

o =0.041 MPa | 0.0475 | 0.0849 | 0.1099 | 0.1255 | 0.1415 | 0.1488 |1

0 0.1414 | 0.1389 | 0.1380 | 0.1287 | 0.1282 | 0.1268

0.074 0.0543 | 0.0932 | 0.1232 | 0.1457 | 0.1627 | 0.1759 | 2

0 0.1565 | 0.1432 | 0.1358 | 0.1315 | 0.1287 | 0.1259

0.111 0.0805 | 0.1338 | 0.1643 | 0.1937 | 0.2158 | 0.2349 | 3

0 0.1996 | 0.1762 | 0.1632 | 0.1572 | 0.1497 | 0.1489

0.148 0.1313 | 0.1782 | 0.2484 | 0.2839 | 0.3293 | 0.3632 | 4

0 0.3049 | 0.2783 | 0.2471 | 0.2350 | 0.2286 | 0.2174

0.183 0.1782 | 0.2855 | 0.3710 | 0.4482 | 0.5105 | 0.5741 |5

0 0.4852 | 0.4176 | 0.3808 | 0.3567 | 0.3357 | 0.3308

Table 2: Calculated values

concrete samples

of the deformation of the forward reversed creep of asphalt

t, s 0 90 210 330 450 570 Number of
cycles

o =0.041 MPa 0.0522 | 0.0787 | 0.1002 | 0.1181 | 0.1341 | 0.1488 | 1

0 0.1446 | 0.1384 | 0.1346 | 0.1316 | 0.1291 | 0.1269

0.074 0.0593 | 0.0894 | 0.1139 | 0.1342 | 0.1624 | 0.1691 | 2

0 0.1670 | 0.1478 | 0.1385 | 0.1319 | 0.1264 | 0.1217

0.111 0.0824 | 0.1243 | 0.1582 | 0.1865 | 0.2117 | 0.2350 | 3

0 0.1994 | 0.1765 | 0.1654 | 0.1575 | 0.1509 | 0.1453

0.148 0.1274 | 0.1922 | 0.2447 | 0.2883 | 0.3273 | 0.3633 | 4

0 0.3021 | 0.2673 | 0.2506 | 0.2385 | 0.2286 | 0.2201

0.183 0.1892 | 0.2854 | 0.3634 | 0.4282 | 0.4861 | 0.5395 |5

0 0.4560 | 0.4036 | 0.3782 | 0.3601 | 0.3451 | 0.3323

4.2 Analysis of asphalt concrete behavior during unloading

The experimental average values of the reversed creep deformation of asphalt concrete are
According to table 1, the parameters of reversed creep are determined:

511 = 0.0019 Safl;
519 = 0.0054 o1
515 = 0.0079 o1
514 == 0.0047Sa_1;
515 = 0.0087Sa_1;

516 = 0.0066 s~ 1.

presented in table 1.

T.(t,0.041):
T.(t,0.074):
T.(t,0.111);
Fe(

I'.(t,0.183):
T

The analysis of the data is obtained above shows that the reversed creep curves of asphalt
concrete are not similar in the segment [0, 570|. The reversed creep curve at ¢ = 0.041 is

11 = 043,

s = 0.5641;
s = 0.5863;
14 = 04394,
15 = 05535,

e(t), 16 = 05351,

described by the equation

[, (t) =1 —0.0033¢"57,

(32)
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where ¢ € [0,570].
The remaining curves of the reversed creep of asphalt concrete are modeled by the relation

[, (t) = 1 —0.0142¢%4649, (33)

where ¢ € [0,570].

Considering expressions and the equation ([29), using the formula (22)), calculated
values of the reversed creep deformation ¢,,(t) of asphalt concrete, they are presented in table
2. The coincidence is satisfactory. It was shown in [10-11]| that microstresses cause reversed
creep of materials. The degree of reversed creep of the asphalt concrete material shows that
the level of microstress values increases during cyclic loading.The source of micro-damage
is the micro-stresses arising in the material [12].The root cause of the appearance of the
microstress field in asphalt concrete is the microinhomogeneity and microanisotropy of the
material structure. In the loading mode, the deformation of asphalt concrete samples is
determined by the expression

em(t,0) = €5 (t,0) + €l (t,0), (34)

here ¢ (¢, 0) — failure of the material due to creep; €% (¢, 0) — failure of the material due to
damage.
Since the forward creep curves of asphalt concrete are almost similar, we conclude from

(34):

el (t,0) << £,(t,0). (35)
Considering equation (35)), in cyclic loading, together ([34)) we take

em(t,o) =¢; (t,0). (36)
For the cyclic loading scheme (figure 1) we have:

em(t, ) = 0.0522(1 + 0.0218¢%7) 4- 0.1446[1 — 0.0033(t — 570)°57]+
+0.0593[1 + 0.0218(¢ — 1140)%7] 4+ 0.1670[1 — 0.0142(¢ — 1710)%-4649]+

+0.0824[1 + 0.0218( — 2280)%7] + 0.1994[1 — 0.0142(¢ — 2859)0-4649) - (37)
+0.1274[1 + 0.0218(¢ — 3420)%7] + 0.3021[1 — 0.0142(¢ — 3990)°-4649]+-

+0.1892[1 + 0.0218(¢ — 4560)%7] 4 0.4560[1 — 0.0142(¢ — 5130)%-4649],

where ¢ € [0,5700], t — time in seconds.

4.3 Investigation of asphalt concrete creep in the constant cyclic loading mode

The test scheme of the N68 asphalt concrete sample in the constant cyclic loading mode
is shown in figure 2. The experimental values of forward and reversed creep deformation of
the N68 sample are shown in table 3. Based on the analysis of the data in table 3:

1) the forward creep of sample N68 is described by equation (31));

2) the reversed creep of sample N68 is modeled by equation (33)).
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o =const o =const o =const o =const o =const

o=0 o=0 o=0 =0 o=0

v

Figure 2: Test scheme in the constant cyclic loading mode

Table 3: Experimental values of forward and reversed creep deformation of sample N68

t, s 0 30 60 90 150 270 Number of
cycles

oc=0.117 MPa | 0.0976 | 0.1259 | 0.1477 | 0.1651 1

0 0.1412 | 0.1337 | 0.1294 | 0.1266 | 0.1228 | 0.1157

o =0.117 MPa | 0.0802 | 0.1001 | 0.1160 | 0.1300 2

0 0.1020 | 0.0899 | 0.0852 | 0.0815 | 0.0768 | 0.0681

o =0.117 MPa | 0.0790 | 0.0970 | 0.1107 | 0.1231 3

0 0.0899 | 0.0808 | 0.0749 | 0.0712 | 0.0659 | 0.0560

o =0.117 MPa | 0.0808 | 0.0973 | 0.1098 | 0.1228 4

0 0.0855 | 0.0771 | 0.0715 | 0.0675 | 0.0612 | 0.0513

o =0.117 MPa | 0.0836 | 0.0998 | 0.1122 | 0.1253 5

0 0.0871 | 0.0777 | 0.0709 | 0.0662 | 0.0600 | 0.0516

Table 4: Calculated values of forward and reversed creep deformation of sample N68

t, s 0 30 60 90 150 270 Number of
cycles

o =0.117 MPa | 0.1019 | 0.1259 | 0.1409 | 0.1537 1

0 0.1437 | 0.1338 | 0.1300 | 0.1272 | 0.1227 | 0.1162

o =0.117 MPa | 0.0831 | 0.1027 | 0.1149 | 0.1254 2

0 0.0909 | 0.0846 | 0.0823 | 0.0805 | 0.0776 | 0.0735
c=0.117 MPa | 0.0816 | 0.1008 | 0.1128 | 0.1231 3

0 0.0783 | 0.0729 | 0.0708 | 0.0693 | 0.0669 | 0.0633

o =0.117 MPa | 0.0814 | 0.1006 | 0.1126 | 0.1228 4

0 0.0738 | 0.0687 | 0.0668 | 0.0653 | 0.0630 | 0.0596
oc=0.117 MPa | 0.0831 | 0.1026 | 0.1148 | 0.1253 5

0 0.0728 | 0.0678 | 0.0659 | 0.0644 | 0.0622 | 0.0589

The calculated values of forward and reversed creep deformation of sample N68 asphalt
concrete are presented in table 4. The coincidence of tables 3 and 4 is satisfactory.

4.4 Investigation the influence of structure of individual asphalt concrete
samples on the parameters of forward and reversed creep

The experimental values of forward and reversed creep deformation of 10 individual
asphalt concrete samples are shown in table 5. From the data in table 5, it can be seen
that data at a stress o = 0.041 MPa ¢¢(0.041) and £,(0.041) of all 10 samples does not match
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(g — conditionally instantaneous deformation of samples during loading; €, — conditionally
instantaneous deformation of samples during unloading). Table 1 shows the average values of
forward and reversed creep deformation for the tested 10 asphalt concrete samples. According
to table 1, we found the parameters of forward and reversed creep:

1) forward creep is described by equation ;

2) the reversed creep is modeled by equation (32)).

Considering equation and , we find the calculated values of forward and reversed
creep deformation of all 10 asphalt concrete samples. The data obtained from the calculated
values completely coincided with the data presented in table 5.

Table 5: Experimental values of forward and reversed creep deformation of individual asphalt
concrete samples

t, s 0 90 210 330 450 570 Sample number
o =0.041 MPa | 0.0498 | 0.0845 | 0.1122 | 0.1285 | 0.1445 | 0.1561 252
0 0.1476 | 0.1454 | 0.1415 | 0.1402 | 0.1380 | 0.1372

o =0.041 MPa | 0.0475 | 0.0849 | 0.1099 | 0.1254 | 0.1415 | 0.1488 253
0 0.1414 | 0.1389 | 0.1380 | 0.1287 | 0.1282 | 0.1268

o =10.041 MPa | 0.0355 | 0.0785 | 0.1033 | 0.1193 | 0.1311 | 0.1425 254
0 0.1299 | 0.1222 | 0.1205 | 0.1189 | 0.1176 | 0.1171

o =0.041 MPa | 0.0332 | 0.0588 | 0.0777 | 0.0899 | 0.1001 | 0.1099 255
0 0.0989 | 0.0945 | 0.0929 | 0.0902 | 0.0899 | 0.0887

o =0.041 MPa | 0.0233 | 0.0452 | 0.0622 | 0.0732 | 0.0853 | 0.0945 257
0 0.0822 | 0.0777 | 0.0737 | 0.0730 | 0.0720 | 0.0710

o =0.041 MPa | 0.0262 | 0.0503 | 0.0672 | 0.0795 | 0.0897 | 0.0974 258
0 0.0907 | 0.0846 | 0.0820 | 0.0817 | 0.0813 | 0.0801

o =0.041 MPa | 0.0375 | 0.0656 | 0.0736 | 0.0812 | 0.0897 | 0.0966 259
0 0.0845 | 0.0796 | 0.0770 | 0.0754 | 0.0747 | 0.0714

o =0.041 MPa | 0.0486 | 0.0912 | 0.1215 | 0.1456 | 0.1633 | 0.1758 260
0 0.1634 | 0.1552 | 0.1522 | 0.1499 | 0.1496 | 0.1485

o =0.041 MPa | 0.0546 | 0.0997 | 0.1293 | 0.1543 | 0.1723 | 0.1872 261
0 0.1754 | 0.1687 | 0.1645 | 0.1633 | 0.1630 | 0.1623

o =0.041 MPa | 0.1096 | 0.1623 | 0.1933 | 0.2142 | 0.2304 | 0.2433 262
0 0.2283 | 0.2203 | 0.2178 | 0.2160 | 0.2146 | 0.2136

The above samples were from the same batch of samples. Now let’s consider the forward
and reversed creep of sample N76 from another batch of samples. The experimental values
of forward and reversed creep deformation of sample N76 are shown in table 6. Considering
equations (31)), and (B3)), the calculated data of forward and reversed creep deformation
of sample N76 are found and presented in table 7. The coincidence of table 6 and table 7 is
satisfactory.

4.5 Investigation of the reloading effect on the reversed creep process of asphalt
concrete samples

The sample testing scheme is shown in Figure 2. From the first batch of samples, 9 samples
were tested,until moment a failure with a period of 65 seconds: forward creep of the samples
at 0 = 0.3053 MPa for the following 5 seconds; reversed creep at 0 = 0 for the following 60
seconds.
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Table 6: Experimental values of forward and reversed creep deformation of sample N76

t, s 0 90 210 330 450 570 Number of
cycles

o =0.074 MPa 0.0668 | 0.1324 | 0.1792 | 0.2099 | 0.2348 | 0.2584 |1

0 0.2388 | 0.2345 | 0.2242 | 0.2223 | 0.2205 | 0.2196

o = 0.1448 MPa 0.0932 | 0.1661 | 0.2289 | 0.2761 | 0.3171 | 0.3428 | 2

0 0.3149 | 0.2950 | 0.2838 | 0.2767 | 0.2708 | 0.2643

o = 0.2232 MPa 0.1519 | 0.2581 | 0.3574 | 0.4426 | 0.5224 | 0.5755 | 3

0 0.5261 | 0.4823 | 0.4559 | 0.4404 | 0.4295 | 0.4255

Table 7: Calculated values of forward and reversed creep deformation of sample N76

t, s 0 90 210 330 450 570 Number of
cycles

o =0.074 MPa 0.0878 | 0.1324 | 0.1686 | 0.1987 | 0.2256 | 0.2504 |1

0 0.2449 | 0.2344 | 0.2279 | 0.2229 | 0.2186 | 0.2149

o = 0.1448 MPa 0.1123 | 0.1694 | 0.2157 | 0.2541 | 0.2885 | 0.3202 | 2

0 0.3493 | 0.3091 | 0.2897 | 0.2758 | 0.2644 | 0.2545

o = 0.2232 MPa 0.1861 | 0.2808 | 0.3573 | 0.4211 | 0.4781 | 0.5307 | 3

0 0.5608 | 0.4963 | 0.4651 | 0.4428 | 0.4244 | 0.4086

The average experimental values of the creep strain of 9 samples .(¢) are shown in table
8. According to table 8, were found:

a=03 §=11204; K,(t) =1+ 1.6005t"", (38)

where ¢ € [0, 5], t — time in seconds. Considering equation, the average calculated values
of forward creep strain of 9 samples ¢,,(t) are calculated and presented in table 8. Data
analysis of table 8 shows:

1) creep occurs with the hardening of the material,

2) creep of the samples is modeled by one rheological parameter (38));

3) creep rate of the samples is determined by the rated stress, i.e. e4(t) << (t);

4) reloading significantly affect the conditionally instantaneous deformations of samples
ge (t =0);

5) on the segment |1, 5], the coincidence of &,,(t) and .(t) is satisfactory.

All tested samples fractured brittle under small deformations (table 8). In this case,
fractured brittle of asphalt concrete samples occurs as a result of local accumulation of
micro-damages around a weak section.

Table 8: Translations into Kazakh for different types of sentences and assessment of
translation errors
t, s 0 1 2 3 4 5 Number
of cycles
Ee, N0 0.0751 0.1953 0.2880 0.3562 0.4033 0.4379 1
Emy J0 0.0772 0.2008 0.2780 0.3439 0.4034 0.4585
Ee, N0 0.0203 0.1226 0.2041 0.2454 0.2800 0.3178 2
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Em, Yo 0.0518 0.1347 0.1865 0.2307 0.2706 0.3076
Ee, Y0 0.0214 0.1237 0.2040 0.2518 0.2970 0.3281 3
Em, o 0.0518 0.1347 0.1865 0.2307 0.2706 0.3076
e, N0 0.0264 0.1495 0.2347 0.2630 0.2976 0.3201 4
Em, J0 0.0593 0.1542 0.2135 0.2641 0.3098 0.3521
Ee, J0 0.0125 0.1414 0.2142 0.2664 0.3060 0.3331 5
Em, J0 0.0577 0.1500 0.2076 0.2569 0.3013 0.3425
Ee, J0 0.0322 0.1811 0.2628 0.3241 0.3732 0.4273 6
Em, J0 0.0718 0.1866 0.2584 0.3196 0.3749 0.4261
Ee, Y0 0.0172 0.1735 0.2393 0.2796 0.3112 0.3414 7
Em, o 0.0626 0.1628 0.2254 0.2789 0.3271 0.3718
€y N0 0.0318 0.1707 0.2501 0.2987 0.3368 0.3480 8
Em, Y0 0.0642 0.1670 0.2311 0.2859 0.3354 0.3812
Ee, J0 0.0242 0.1602 0.2236 0.2799 0.3223 0.3515 9
Em, Y0 0.0615 0.1599 0.2213 0.2739 0.3212 0.3652
Ee, J0 0.0207 0.1829 0.2933 0.3499 0.4052 0.4483 10
Em, J0 0.0767 0.1994 0.2761 0.3416 0.4006 0.4554
Ee, Y0 0.0402 0.2402 0.3286 0.3797 0.4324 0.4648 11
Em, o 0.0863 0.2219 0.3072 0.3800 0.4458 0.5067
Ee, Y0 0.0588 0.2045 0.3347 0.3657 0.4587 0.4941 12
Em, Y0 0.0849 0.2209 0.3057 0.3783 0.4437 0.5044

After that, forward creep process of 9 samples is considered separately. Computed
deformation values are calculated using the formula of the forward creep of individual
samples (N366, N367, N368, N369, N370, N371, N372, N373, N374) of asphalt concrete. As
a result, the experimental strain values coincided with the results of the calculated strain
values on the segment [1, 5].

When the samples were unloading the following values of elastic deformation were found:

N366 — & = 0.0160; N367 — e =0.0081; N368 — e = 0.0108;

N369 — e =0.0108; N370 —e“ =0.0186; N371 —c“ = 0.0155;

N372 — % =0.0075; N373 —e“ =0.0078; N374 —c“ =0.0249.

Rheological parameters of reversed creep (1 cycle) were found from the tested asphalt
concrete samples of experimental values of reversed creep deformation:

a; =0.65; 6, =0.0187; T,,(t) =1—0.0535t"3, (39)
where ¢t € [0,60], ¢ — time in seconds. Considering equation , the calculated values of

reversed creep deformation of individual samples are found. As a result, coincidence &,,(t)
and £.(t) on the segment [0, 60| are good.
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The average experimental values of reversed creep deformation of all 9 asphalt concrete
samples were found values of rheological parameters of reversed creep:

2,3 —cycles; «; =0.65; 0; =0.0327,

4,5,6,7 — cycles; a1 = 0.65; 07 = 0.0467,;

8,12 — cycles; «a; =0.65; 6; = 0.0502; (40)
9,11 — cycles; a7 =0.65; o, = 0.0572;

10 — cycle; a1 = 0.65; 6 = 0.0537.

The average calculated values of reversed creep deformation of asphalt concrete samples
are calculated using formulas and (M0). As a result, coincidence e,,(t) and e.(t) are
£e(t)
£(0)
found, they are shown in figure 3. From the analysis of the data and figure 3 it follows:

1) the reversed creep curves of asphalt concrete have horizontal asymptotes;

2) non-loaded asphalt concrete samples continue to decline, this phenomenon is called a
return;

3) the level of return of asphalt concrete samples significantly depends on the loading
history;

4) the maximum return level reaches 70% of the level of forward creep of asphalt concrete;

5) the level of microstress in the sample increases with increasing reloading.

satisfactory. After the dependence of

on the reloading of asphalt concrete samples was

Figure 3: Recovery of the asphalt concrete strain after removing of the stress in different cycles

From the second batch, 11 samples were tested before destruction with a period of 70
seconds: forward creep of asphalt concrete samples at ¢ = 0.3053 MPa for the following 10
seconds; reversed creep of samples at ¢ = 0 for the following 60 seconds. According to the
experimental values deformation of forward creep samples, the following values were found:

a=03; 6=04227; K, (t)=1+0.6038"7, (41)

where t € [0, 10], £ — time in seconds. Considering equation , the calculated values of the
creep deformation &,,(t) are calculated. The coincidence of &,,(t) with e.(¢) on the segment
[1, 10] is satisfactory. From the co MParison and it follows that the rate of forward
creep of asphalt concrete samples from the second batch of samples is almost three times lower
than the rate of forward creep of asphalt concrete samples from the first batch of samples.
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From the second batch of samples, the experimental values of reversed creep deformation
of the samples are found:

ay =065, 0, =0.0257; T,(t) =1—0.0735¢"3, (42)

where ¢ € [0,60], t — time in seconds. Using the formula , we compute the calculated
values of the reversed creep deformation of samples from the second batch of samples. The
coincidence of £,,(¢) and e.(¢) is good. According to the experimental data, the dependence

ee(t)
of

.(0)
figure 5. These figures show that the level of sample return has increased co MPared to the

level of sample return from the first batch of samples (figure 3). All samples of the second
batch of samples were fractured brittle with small deformations.

on reloading was found for samples N275 and N279, they are shown in figure 4 and

0,8

0,6

0,4

0,2

0 +
0 10 20 30 40 50 G0

Figure 4: Recovery of the asphalt concrete strain after removing the stress in different cycles (Sample No.
275)

i 10 20 30 40 L1 ]

Figure 5: Recovery of the asphalt concrete strain after removing the stress in different cycles
(Sample No. 279)
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5 Analysis of the creep of asphalt concrete samples at ¢ = const until moment a
failure at test temperature T = 22°C — 24°C

5.1. Loading rate & = 0.6519 MPa*~!. Asphalt concrete 5 samples were tested. All samples
were fractured brittle with small deformations. The experimental average values of creep
deformation of asphalt concrete samples are shown in figure 6. Using experimental data, we
will obtain:

a=0.196; y=33; a=09 J=0.0073. (43)

Strain &, "
=1
s

Time t. s

() — experiment, (-) - calculation

Figure 6: Graphs of strain variation in time at various loading rates & = 0.6519 MPa*~!

Substituting into (19), the calculated creep strain values e,,(t) are calculated at
0 = 0.6519 MPa*!, they are shown in figure 6. The coincidence is satisfactory. Creep
parameters (@, d) calculated by the above method and the correlation coefficients of asphalt
concrete samples at the remaining loading rates:

6 =0.4678 MPa*':a=0297; ~=33;, @=09 §=0.0124.
6 =0.0580 MPa*':a=0.754; ~=16; @=09; §=0.0004.
6 =0.0489 MPa*':a=1851; ~=18 a@=09; §=0.0032.

& =0.0055 MPa*':a=1.069; ~=101; a=06 06=0.1517.

Asphalt concrete 5 samples were tested at each constant loading rate. Graphs of the
deformation change over time at the found constant loading rates using the above parameters
are shown in figures 7.

From the analysis of the constructed graphs, it can be seen that the calculated creep
curves of asphalt concrete samples at each constant loading rate at a high level coincide with
the corresponding experimental values.



G.M. Yensebayeva et al. 111
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Strain &, %
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Figure 7: Graphs of strain variation in time at various loading rates

6 Conclusion

A method is proposed for determining the necessary material characteristics from the data of
forward and reversed creep, as well as the tension of samples at a constant loading rate (6 =
const) and constant temperature (T = const) creep of rheonomic materials. The behavior
of asphalt concrete in the increasing and constant cyclic loading is shown. The reloading
effect on the reversed creep process of asphalt concrete samples has also been investigated.
The analysis of the obtained results from experiments and calculations is conducted. In the
course of the experiments, all samples were fractured brittle with small deformations. Until
moment of failure, microcracks were observed in all samples. The source of microcracks was
the local accumulation of microstress. At the same time, the level of microstress in the tested
samples increased with increasing reloading. As a result of all the investigations, the result
of the above equations fully corresponds to the results of the conducted experiments.
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