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

KA3AKCTAH PECITYBJIMKACKI
YJITTBIK FhUIBIM AKAJIEMUSCHIHBIH

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN

I'EOJIOI'USA ' KOHE TEXHUKAJIBIK I'bIJIBIMIAP
CEPUSCBI

L 4

CEPUA

I'EOJIOI'MA U TEXHUYECKHUX HAYK

L 4

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

1 421)

KAHTAP — AKIIAH 2017 .
SIHBAPD — ®EBPAJIb 2017 1.
JANUARY - FEBRUARY 2017

XKYPHAIJI 1940 XXbIJIJAH IIBIFA BACTAFAH
KYPHAII UBAAETCA C 1940 r.
THE JOURNAL WAS FOUNDED IN 1940.

JKBbUJIBIHA 6 PET LIBIFAZIbI
BBIXOIAUT 6 PA3 B T'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBIL KP ¥TA
AJIMATBI, HAH PK
ALMATY, NAS RK



bBacpengakrtoph
3. F. 1., mpodeccop, KP ¥FA xoppecnionneHT-My1eci
N.K. BeiicembeToB
Bac penakTopbIHBIH OpBIHOACAPHI
Koaraes I'.K. npod., reosr.-MuH. F. TOKTOPHI
Pengakxnous ankacs

AbaxanoB T./. mpod. (Kazakctan)

Abumesa 3.C. pod., kopp.-myueci (Kazakcran)
AaueB T. npod., akagemuk (O3ipOaiikaH)
Baxupos A.B. mpod., (KeipreicTan)

Becnaes X.A. npod. (Kazakcran)

Bumum6aes B.K. npod., akagemuk (Kazakcran)
BykrykoB H.C. mpod., kopp.-myieci (KazakcTtan)
Byaar A.®. poo., akagemuk (YkpaunHa)

I'anues U.H. nipod., akagemuk (ToxkikcTaH)
I'pasuc P.M. nipod. (AKIL)

Epramues I'.X. npo., akagemuk (Kazakcran)
Kykor H.M. nipoo. (Kazakcran)

Ken:xkanues B.K. npod. (Kazakcran)
KoxaxmeroB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. ipod., akagemuk (Peceit)
KypckeeB A.K. npod., akagemuk (Kazakcran)
Kypuagos A.M. nipod., (Peceit)

Meney A.P. mpod., kopp.-mymieci (Kazakcran)
MyxameaxanoB ML.A. ipod., kopp.-myureci (Kazakcran)
HurmatoBa C.A. npod. (Kazakcran)

O3noeB C.M. nipod., akagemuk (Kazakcran)
IocToaaruii B. mpog., akanemuk (MoJioBa)
Pakumes B.P. npod., akagemuk (Kazakcran)
CeiitoB H.C. ipoo., kopp.-mymeci (Kazakctan)
CeiitmypaToBa 3.10. nipod., xopp.-mymieci (Kazakcran)
Crenanen B.I'. mpod., (I'epmanust)

Xampepu Tx. . npod. (AKLI)

M Teitnep M. npod. (I'epmanwst)

«KP ¥T'A Xa6apaapbl. ['eosiorust MeH TeXHUKAJIBIK FBUIBLIMIAP CEPUSICHD).

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmikrenyui: «Kazakcran PecryOnukachbiHbIH ¥ITTHIK FhUIbIM akageMusicb» PKB (Anmarsi k.).

Kazakcran pecryOnuKachiHbIH MOoJIGHHET IeH akmapar MHHHUCTPIIriHIH AKIapaT JKOHE MyparaT KOMHUTETIHZE
30.04.2010 k. 6epinren Ne10892-2K mep3imik 6acbUIbIM TipKeyiHEe KOWBLTY Typallbl KYaJliK.

Mep3iMaimiri: KbIIbIHA 6 PeT.
Tupaxsr: 300 naHa.

Penaxiusanaeig mekerkaipl: 050010, Anmats K., llleBuenko kemr., 28, 219 6e., 220, Ten.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical .kz

© Kazakcran PecmyOnukachiHbIH ¥ ATTHIK FRUIBIM akaneMusichl, 2017

Penaxmmsaein  Kazakcran, 050010, Anmarsr k., Kaban6aii 6ateipa kerir., 69a.
mekemkaiipl: K. . CorOaeB aTeIHAAFBI TEONOTHS FRUIBIMAAP WHCTHTYTHL, 334 6emme. Tem.: 291-59-38.

TumorpadustHeH MekeHxaitsl: «ApyHa» XK, Anmatsr k., MypaTtbaesa kerr., 75.

— ) ——



I'maBHBIH penakToOp
1. 3. H., mpodeccop, wieH-koppecnonaeHT HAH PK
. K. Beiicem0eToB
3aMecTUTENb II1aBHOTO PEAAaKTOpa
Koaraes I'.2K. pod., TOKTOp Te01.-MHH. HAYK
PenakuuoHHas KONIETr U

AbaxanoB T./l. npod. (Kazaxcran)

Abumesa 3.C. ipod., un.-kopp. (Kazaxcran)
AmmeB T. npod., akagemuk (AzepOaiimkan)
Baxupos A.B. mpod., (Keipreizcran)

Becnaes X.A. npod. (Kazaxcran)

Bumum6aes B.K. npod., akagemuk (Kazaxcran)
BykrykoB H.C. mpod., wr.-kopp. (Kazaxcran)
Byaar A.®. npog., akagemuk (YkpanHa)

I'anues U.H. npod., akagemuk (TamxukucTan)
I'pasuc P.M. nipoo. (CIILIA)

Eprammes I'.X. nmpod., akanemuk (Kazaxcran)
Kykor H.M. nipoo. (Kazaxcran)

Ken:kanues B.K. npod. (Kazaxcran)
KoxaxmetoB C.M. nipod., akagemuk (Kazaxcran)
KonTopoBuu A.J. ipod., akagemuk (Poccus)
KypckeeB A.K. npod., akanemuk (Kazaxcran)
Kypuagos A.M. nipod., (Poccust)

Meney A.P. npod., un.-kopp. (Kazaxcran)
MyxameaxanoB ML.A. ipod., wi.-kopp. (Kazaxcran)
HurmaroBa C.A. npod. (Kazaxcran)

O3n0eB C.M. nipod., akagemuk (Kazaxcran)
MocToaaruii B. mpog., akanemuk (MosioBa)
Pakumer B.P. npoo., akanemux (Kazaxcran)
CentoB H.C. mpod., wr.-xopp. (Kazaxcran)
CeiitmypaToBa 3.10. npod., un.-kopp. (Kazaxcran)
Crenanen B.I'. mpod., (I'epmanust)

Xamdepn JIx./1. npod. (CILIA)

I Teitnep M. npod. (I'epmanwst)

«H3BecTusi HAH PK. Cepusi reosioruu 1 TeXHUYECKHX HAYK».

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

CobctBennnk: PecmyOnmukanckoe oOmectBeHHoe oOwvenuHeHne «HammonanpHas axamemMus Hayk PecryOmmkm
Kazaxcran (r. AnMaTtsr)

CBHUIETENBCTBO O NIOCTAHOBKE HA y4eT IEPUOANYECKOro MedaTHoro u3zfanus B Komurere mHGOpMaLUK U apXUBOB
MunucrepcTBa KyabTypsl 1 uHdopmanun Pecriyonuku Kazaxcran Nel0892-K, Boinannoe 30.04.2010 r.

[TeprnoguvHOCTH: 6 pa3 B TO1
Tupax: 300 sx3eMIUTSIPOB

Anpec pegakuuu: 050010, r. Anmarsl, yi. Llleuenko, 28, xom. 219, 220, Ttem.: 272-13-19, 272-13-18,
http://nauka-nanrk.kz /geology-technical.kz

© HammonaneHas akanemust Hayk Pecry6imkn Kazaxcran, 2017

Anpec penaknuu: Kazaxcran, 050010, r. Anmarter, yi. Kabanb6aii 6ateipa, 69a.
Wuctutyt reonorndeckux Hayk um. K. M. CarnaeBa, komnara 334. Ten.: 291-59-38.

Anpec Tunorpadun: UIT «Apyna», r. Anmarsl, yi. Mypar6aesa, 75

— 3 —



Editor in chief
doctor of Economics, professor, corresponding member of NAS RK
I. K. Beisembetov
Deputy editor in chief
Zholtayev G.Zh. prof., dr. geol-min. sc.
Editorial board:

Abakanov T.D. prof. (Kazakhstan)

Abisheva Z.S. prof., corr. member. (Kazakhstan)
Aliyev T. prof., academician (Azerbaijan)

Bakirov A.B. prof., (Kyrgyzstan)

Bespayev Kh.A. prof. (Kazakhstan)

Bishimbayev V.K. prof., academician (Kazakhstan)
Buktukov N.S. prof., corr. member. (Kazakhstan)
Bulat A.F. prof., academician (Ukraine)

Ganiyev L.N. prof., academician (Tadjikistan)

Gravis R.M. prof. (USA)

Yergaliev G.Kh. prof., academician (Kazakhstan)
Zhukov N.M. prof. (Kazakhstan)

Kenzhaliyev B.K. prof. (Kazakhstan)
Kozhakhmetov S.M. prof., academician (Kazakhstan)
Kontorovich A.Ye. prof., academician (Russia)
Kurskeyev A.K. prof., academician (Kazakhstan)
Kurchavov A.M. prof., (Russia)

Medeu A.R. prof., corr. member. (Kazakhstan)
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan)
Nigmatova S.A. prof. (Kazakhstan)

Ozdoyev S.M. prof., academician (Kazakhstan)
Postolatii V. prof., academician (Moldova)

Rakishev B.R. prof., academician (Kazakhstan)
Seitov N.S. prof., corr. member. (Kazakhstan)
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)
Stepanets V.G. prof., (Germany)

Humphery G.D. prof. (USA)

Steiner M. prof. (Germany)

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)

The certificate of registration of a periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 10892-)K, issued 30.04.2010

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://nauka-nanrk.kz/geology-technical.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2017

Editorial address: Institute of Geological Sciences named after K.I. Satpayev
69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38.

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty

— 4 —



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux nayk. Ne 1. 2017

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 1, Number 421 (2017), 167 — 176

UDC 625.7/.8:691.16
B. B. Teltayev, Y. D. Amirbayev

Kazakhstan Highway Research Institute, Almaty, Kazakhstan.
E-mail: bagdatbt@yahoo.com, erik neo@mail.ru

EXPERIMENTAL EVALUATION OF STRENGTH
FOR ASPHALT AND POLYMER MODIFIED ASPHALT CONCRETES
AT LOW TEMPERATURES

Abstract. Tensile strength of asphalt concretes and polymer asphalt concretes was determined experimentally
at low temperatures through two methods in the paper. According to the first method the ends of the sample were
fixed inflexibly. Temperature was reduced from +20°C with the rate of 10°C/h till sample damage. Critical stress and
temperature were determined. According to the second method samples of asphalt and polymer asphalt concrete are
deformed under the scheme of direct tension with constant rate (approximately 1 mm/min) at a constant temperature
equal to -20°C till damage. The stress, when the damage of the sample occur (splitting into parts), has been admitted
as the tensile strength of material. Prior to testing the samples were previously conditioned for 1, 10, 20, 30 and
40 hours. Test results showed that duration of preliminary conditioning impacts greatly on strength and deformability
of asphalt and polymer asphalt concretes. During deformation with constant rate at -20°C tensile strength of all tested
asphalt and asphalt concretes decreases with the increase of thermostatic conditioning duration up to 10 hours and
further increase of duration does not impact practically on it. Meanwhile the strength decrease of asphalt concretes
with bitumens grade BND 70/100 and BND 100/130, polymer asphalt concretes with polymers Elvaloy 4170, Cal-
prene 501 and Butonal NS 198 is 49%, 32 %, 24 %, 25 % and 29 % respectively. During cooling with constant rate
the duration of thermostatic conditioning does not impact practically on critical characteristics of asphalt concrete
with bitumen grade BND 100/130 and polymer asphalt concrete with polymer Butonal NS 198. For other asphalt and
polymer asphalt concretes the critical temperature is reduced with the duration increase of thermostatic conditioning,
and critical stress increases. For all tested asphalt and polymer asphalt concretes the reduction of critical temperature
at maximum thermostatic conditioning (40 h) is 2-2.5°C. Maximum increase of critical stress, which also complies
with maximum duration of thermostatic conditioning (40 h), for asphalt concrete with bitumen grade BND 70/130,
polymer asphalt concretes (BND 100/130 + Elvaloy 4170) and (BND 100/130 + Calprene 501) is equal to 28.0 %,
6.1 % and 15.0 % respectively.

Key words: asphalt concrete, polymer modified asphalt concrete, tensile strength, low temperature, thermo-
static conditioning duration.

1. Introduction. Low temperature cracking is one of the most frequently occurred types of mecha-
nical destruction for asphalt concrete pavement of a highway. This type of destruction occurs all over the
territory of Kazakhstan. In northern regions they often appear during the first period of road operation, and
their number is increased during the course of time. It was determined in the scientific discovery No. 495
[1] that at consequent coolings in asphalt concrete pavement there occurred transversal thermal cracks and
blocks, which were the forms of adaptation of thermodynamic system to the external conditions, and the
average amount of them were proportional to logarithm of air cooling amount till the first critical tem-
perature of pavement, and the first critical temperature value depends on climatic characteristics, as well
as on rheological properties of asphalt concrete, and on its tensile strength in particular.

In accordance with the requirements of standard [2], before testing the asphalt concrete samples were
thermally conditioned at testing temperatures for an hour. But in real road situations the temperature
conditions of asphalt concrete layers for pavement structure vary within a wide range and the duration for
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the periods with specific temperature can be from several hours till several dozens of days. Taking into
account the above, in this paper the samples of asphalt and polymer asphalt concretes were thermally
conditioned before testing for 1, 10, 20, 30 and 40 hours at testing temperature equal to -20°C.

2. Materials and methods.

2.1. Bitumens and polymer bitumens. The following bitumen binders were used for preparing of
asphalt and polymer asphalt concretes:

1) pure bitumen grade BND 70/100 and BND 100/130 of Pavlodar PetroChemical Plant (PPCP);
2) bitumen grade BND 100/130 PPCP with addition of polymer Elvaloy 4170 (1.4 % by weight of bitu-
men); 3) bitumen grade BND 100/130 of PPCP with addition of polymer Butonal NS 198 (3.0 %); 4) bi-
tumen grade BND 100/130 of PPCP with addition of polymer Calprene 501(4.0 %).

Pure bitumens and modified bitumens comply with the requirements of standards [3, 4]. Basic stan-
dard indicators of pure bitumen and polymer bitumens are shown in Tables 1 and 2.

Table 1 — Basic standard indicators of the bitumen

Requirements of ST RK Value
Indicator Measuulfietment 1373-2013
BND 70/100 BND 100/130 BND 70/100 BND 100/130

Penetration:

-25°C 0.1 mm 71-100 101-130 75 110

-0°C ) 22 30 32 37
Penetration Index PI - -1.0... +1.0 -1.0...+1.0 -0.87 -0.82
Tensility at temperature:

-25°C >75 >90 118 135

o cm

-0°C >3.8 >4.0 52 6.6
Softening point °c >45 >43 475 44.0
Fraas point °c <-20 <22 285 -30.2
Dynamic viscosity, 60°C Pas > 145 >120 229.0 121.0
Kinematic viscosity mm?/s >250 > 180 428.0 329.0

Table 2— Basic standard indicators of the polymer bitumen

Requirements Value
Indicat Measu- of ST RK 2534-2014
naieator rement BND 100/130 + | BND 100/130 + | BND 100/130 +
. PMB PMB
unit 50/70 100/130 Elvaloy 4170 — Calprene 501 — | Butonal NS 198 —
1.4% 4.0% 3.0 %

Penetration:
25°C 0.1 mm >51-70 >170-100 86 58 83
Tensility at emperature:
25°C cM >20 >25 70 42.5 51.0
Softening point °C >62 >60 63.5 73.0 61.0
Fraas point °C <-16 <-18 -29.1 -32.3 -27.4
Ductility at temperature
25°C % >60 >60 72 84 71

2.2. Asphalt concretes and polymer asphalt concretes. Hot dense asphalt concretes and polymer
asphalt concretes of type B that met the requirements of the Kazakhstan standard CT PK 1225-2013 [5] were
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); sand of fraction 0—5 mm (50%) from the plant “Asphal-
tconcrete-1” (Almaty city); and activated mineral powder (7%) from the Kordai rock pit (Zhambyl region).

The bitumen content of grades PMB 50/70 and PMB 70/130 in the asphalt concretes and in the poly-
mer asphalt concretes was 5.4% and 4.8% by weight of dry mineral material respectively. Basic standard
indicators of the asphalt concretes and polymer asphalt concretes are shown in Tables 3 and 4, respec-
tively. A granulometric composition curve for the mineral part of asphalt concretes and polymer asphalt
concretes is shown in Figure 1.
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Table 3 — Basic standard indicators of the asphalt concrete

Indicator Measur.ement Requirements Value
unit of ST RK 1225-2013 BND 70/100 BND 100/130

Average density glem’ - 2.39 2.38
Water saturation % 1.5-4.0 2.9 34
Voids in mineral aggregate % <19 151 163
Air void content in asphalt concrete % 2.5-5.0 3.5 3.8
Compression strength at temperature: MPa

0C <13.0 7.4 7.1

20°C >25 35 3.8

50C >13 1.43 1.38
Water resistance - >0.83 0.90 0.92
Shear resistance MPa >0.38 0.40 0.39
Crack resistance MPa 4.0-6.5 4.0 43

Table 4 — Basic standard indicators of the polymer asphalt concretes

. Value
Measure- Requirements
Indicator ment of ST RK BND 100/130+ | BND 100/130+ | BND 100/130 +
unit 1223-2013 Elvaloy 4170 — Calprene 501 — | Butonal NS 198 —
1,4 % 4,0 % 3,0 %

Average density g/em® 241 241 2.405
Water saturation % 1.5-3,0 2.5 2.2 2.6
Voids in mineral aggregate % <19 16.0 143 16.6
Air void content in asphalt
concrete % 2.5-5.0 3.4 3.2 3.7
Compression strength at
temperature:

0°C <9.0 7.3 6.8 7.7

o MPa

50°C >1.8 2.4 2.6 2.2
Water resistance - >0.80 0.96 0.94 0.96
Shear resistance MPa >0.45 0.53 0.49 0.47
Crack resistance MPa 4-6 4.5 4.8 43

Total remainder, %
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Figure 1 — A granulometric composition curve for the mineral part of asphalt concretes and polymer asphalt concretes
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2.3. Samples preparing. Samples of the asphalt concretes and polymer asphalt concretes in the form
of a rectangular prism with dimensions 5x5x16 cm (Figure 2) were manufactured as follows. First, the
asphalt concrete and polymer concrete samples were prepared in the form of a square slab with dimen-
sions 5%30.5x30.5 cm (Figure 3) using a Cooper compactor (UK, model CRT-RC2S) (Figure 4) according
to the standard EN 12697-33 [6]. The samples were then cut from the asphalt concrete slabs in the form of
a prism in a specially assembled installation. Deviations in sizes of the beams did not exceed 2 mm. Metal
plates, designed to connect the samples to loaded installation and to measuring sensors, were glued to the
ends of the samples and the samples were in the specially assembled installation for twenty-four hours to
provide strength between the plates and the sample (Figure 5).

Figure 2 — Samples of the asphalt concretes and polymer Figure 3 —
asphalt concretes with dimension 5x5x16 c¢cm to be tested The Cooper compactor CRT-RC2S

r

Figure 4 — A square slab of asphalt concrete Figure 5 — The asphalt concrete sample with glued metal
with dimension 5x30.5x30.5 cm plates in a specially assembled installation

Before testing the samples of asphalt concretes and polymer asphalt concretes were installed into
freezing chamber (Figure 6) with the temperature of -20°C, and they were thermally conditioned for 1, 10,
20, 30 and 40 hours.

Figure 6 — The asphalt concrete samples Figure 7 — The asphalt concrete sample
in a freezing chamber under test in a thermal chamber of TRAVIS
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2.4. Samples testing. The samples of asphalt concretes and polymer asphalt concretes were tested in a
special device TRAVIS (Figure 7), manufactured by Infratest company (Germany), according to two
methods.

According to the first method the ends of the samples were unable to deform, i.e. they were fixed
inflexibly. The temperature of a thermal chamber was reduced from +20°C with the rate of 10°C/h. Due to
the limit of free deformation the thermal stress occurs and increases when the temperature reduces in the
sample, and the sample is damaged at the moment when the thermal stress comes to maximum tensile
stress. Thermal stress, when damage (splitting into parts) of the sample occurs, is called the critical stress
6., and an adequate temperature is called a critical one T, [7, 8].

According to the second method the samples of asphalt concrete and polymer asphalt concrete are
deformed under the scheme of direct tension with a constant rate (approximately 1 mm/min) at a constant
temperature, equal to -20°C, till damage. The stress, when the damage (splitting into parts) of the sample
occurs, is adopted as the tensile strength of the material.

3. Results and discussion.

3.1. Cooling with constant rate. As an example Figures 8, 9 and 10 show the graphs of temperature
and thermal stress in the course of time, graph of thermal stress variation in asphalt concrete sample with

Temperature,°C

3
-20 \\‘
25 .

30
35 [Ma-361°CL %

o I_'_'_l *—v

0 30 60 90 120 150 180 210 240 270 300 330 360 390

Time, min

Figure 8 — Graph of temperature decrease during the course of time for the sample of asphalt concrete
with bitumen grade BND 100/130 after preliminary thermal conditioning at the temperature of -20°C for one hour

5

4.5 r 3
A
4
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g ¥
3 25 A 1
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’ [~
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Figure 9 — Graph of thermal stress variation during the course of time for the sample of asphalt concrete
with bitumen grade BND 100/130 after preliminary thermal conditioning at the temperature of -20°C for one hour
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Figure 10 — Graph of thermal stress variation for the sample of asphalt concrete with bitumen grade BND 100/130 depending
on temperature after preliminary thermal conditioning at the temperature of -20°C for one hour

bitumen grade BND 100/130 depending on temperature after preliminary thermal conditioning for one
hour. As it is seen, the device TRAVIS provides temperature decrease of asphalt concrete sample in
thermal chamber according to linear dependence during the course of time, and thermal stress in the sample
varies non-linearly during the course of time. As a result, dependence of thermal stress on temperature is
of non-linear character. We can see that the following has been determined as a result of test: critical stress
and temperature are equal to o, = 4.53 MPa and T.,=-36.1°C.

The values of critical stresses and temperatures for the tested asphalt concretes and polymer asphalt
concretes at different durations of preliminary thermal conditioning are shown in bar graphs (Figures 11
and 12), and the values of critical stress increase and critical temperature decrease are given in Tables 5
and 6 respectively. The data analysis of bar graphs and tables showed that preliminary thermal condi-
tioning duration does not practically influence on critical characteristics (o 1 T,,) of asphalt concrete with
bitumen grade BND 100/130 and polymer asphalt concrete with bitumen grade BND 100/130 + Butonal
NS 198. Critical characteristics of other asphalt concretes and polymer asphalt concretes vary with thermal

Critical stress, MPa

1 10 20 30 40
Thermal conditioning duration, h

EBND70/100 OBND 100-130
BND 100-130+Elvaloy 4170-1.4% = BND 100-130+Calprene 501-4.0%
= BND 100-130+Butonal NS 195 - 3.0%

Figure 11 — Bar graph of critical tensile stresses of tested asphalt concretes and polymer asphalt concretes
at different preliminary thermal conditioning durations
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Figure 12 — Bar graph of critical temperatures at tension for tested asphalt concretes and polymer asphalt concretes
at different preliminary thermal conditioning durations

Table 5 — Critical stress increase of asphalt concretes and polymer asphalt concretes
at different preliminary thermal conditioning durations

Increase of 6, (%) at thermal conditioning duration (h)
Type of asphalt concrete

1 10 20 30 40
Asphalt concrete, BND 70/100 0 3.4 10.5 254 28.0
Asphalt concrete, BND 100/130 0 0.4 0 0.4 1.1
Polymer asphalt concrete, BND 100/130 + Elvaloy 4170 0 3.0 2.2 4.0 6.1
Polymer asphalt concrete, BND 100/130 + Calprene 501 0 7.5 12.0 15.9 15.0
Polymer asphalt concrete, BND 100/130 + Butonal NS 198 0 33 1.6 10.8 4.2

Table 6 — Critical temperature decrease of asphalt concretes and polymer asphalt concretes
at different preliminary thermal conditioning durations

Decrease of T, (°C) at thermal conditioning duration (h)
Type of asphalt concrete

1 10 20 30 40
Asphalt concrete, BND 70/100 0 0.9 2.0 2.5 2.2
Asphalt concrete, BND 100/130 0 0.05 0.05 0.05 0.05
Polymer asphalt concrete, BND 100/130 + Elvaloy 4170 0 0.6 1.9 2.6 24
Polymer asphalt concrete, BND 100/130 + Calprene 501 0 2.0 1.9 2.1 2.0
Polymer asphalt concrete, BND 100/130 + Butonal NS 198 0 0.1 0.1 0.15 0.1

conditioning duration increase: critical stress increases, and critical temperature decreases. Practically for
all these types of asphalt concrete the maximum critical temperature decrease (2-2.5°C) was obtained for
the case of maximum thermal conditioning duration (40 h). Maximum critical stress increase, complying
also with maximum thermal conditioning duration (40 h), for asphalt concrete with bitumen grade BND
70/130, polymer asphalt concretes (BND 100/130 + Elvaloy 4170) and (BND 100/130 + Calprene 501) is
equal to 28.0 %, 6.1 % and 15.0 % respectively.

3.2. Deformation with constant rate. The strength values during direct tension for the tested asphalt
concretes and polymer asphalt concretes at different durations of preliminary thermal conditioning are
shown as bar graphs in Figure 13. As it can be seen, the strength of all tested asphalt concretes and poly-
mer asphalt concretes decreases with thermal conditioning duration increase till 10 hours, and then
remains practically constant. The strength decrease values of asphalt concretes and polymer asphalt con-
cretes are given in Table 7. Strength decrease of asphalt concrete with bitumen grade BND 70/100 and
BND 100/130, polymer asphalt concretes with polymers Elvaloy 4170, Calprene 501 and Butonal NS 198
is 49%, 32 %, 24 %, 25 % and 29 % respectively.
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Figure 13 — Bar graph of tensile strength of the tested asphalt concretes and polymer asphalt concretes
at different durations of preliminary thermal conditioning

Table 7 — Tensile strength decrease of the asphalt concretes and polymer asphalt concretes
at different durations of preliminary thermal conditioning

Strength decrease (%) at thermal conditioning duration (h)
Type of asphalt concrete
1 10 20 30 40
Asphalt concrete, BND 70/100 0 48.8 28.5 36.0 44.9
Asphalt concrete, BND 100/130 0 32.0 47.7 22.8 28.2
Polymer asphalt concrete, BND 100/130 + Elvaloy 4170 0 23.5 25.8 28.9 23.2
Polymer asphalt concrete, BND 100/130 + Calprene 501 0 25.4 19.8 9.3 10.1
Polymer asphalt concrete, BND 100/130 + Butonal NS 198 0 28.8 17.6 24.4 17.6

Conclusion.

1. Preliminary thermal conditioning duration has an essential impact on the strength and defor-
mability of asphalt concretes and polymer asphalt concretes.

2. During deformation with a constant rate at -20°C the tensile strength of all tested asphalt concretes
and polymer asphalt concretes decreases with thermal conditioning duration increase till 10 hours, and
further duration increase does not have practical impact. Meanwhile, the strength decrease of asphalt
concretes with bitumen grade BND 70/100 and BND 100/130, polymer asphalt concretes with polymers
Elvaloy 4170, Calprene 501 and Butonal NS 198 is 49%, 32 %, 24 %, 25% and 29 % respectively.

3. During cooling with a constant rate the thermal conditioning duration does not practically influen-
ce on critical characteristics of asphalt concrete with bitumen grade BND 100/130 and polymer asphalt
concrete with polymer Butonal NS 198. For other asphalt concretes and polymer asphalt concretes the
critical temperature decreases and critical stress increases with thermal conditioning duration increase. For
all tested asphalt concretes and polymer asphalt concretes the critical temperature decrease is 2-2.5°C at
maximum thermal conditioning duration (40 h). Maximum critical stress increase, complying also with
maximum thermal conditioning duration (40 h), for asphalt concrete with bitumen grade BND 70/130,
polymer asphalt concretes (BND 100/130 + Elvaloy 4170) and (BND 100/130 + Calprene 501) is equal to
28.0 %, 6.1 % and 15.0 % respectively.

This research is supported by the Road Committee of the Ministry for Investments and Development
of the Republic of Kazakhstan (Agreement No. 36 dated July 21, 2016 “Improvement of standard
technical base for road branch”).
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b. b. Teataes, E. JI. AMup6aeB
KasakcraH k011 FEUTBIMU-3epTTCY HHCTUTYTHI, AnMatel, Kazakcran

TOMEHI'I TEMIIEPATYPAJIAPJA ACPAJIBT-
7KOHE ITIOJIMMEPAC®PAJBTEBETOHIAPABIH BEPIKTII'TH
TIOKPUBEJIK BATAJIAY

AnHotanusi. JKymbicta TOXpHOEIK KOJIMEH acdaibTOeTOH MEH mnonuMmepachanbTOSTOHHBIH TOMEHIT TeM-
nepaTtypanapa co3buly Ke3iHeri OepiKTiri eki o/ic OOWbIHINA aHBIKTANB. BipiHImi 9/1ic OOWBIHIIA ChIHAMATIAPIBIH
yiTapsl KarTel 0ekitinren. Temneparypa 10 °C/car sxpuinamabikra +20 °C-geH chiHaMaHbIH Oy3bUTybIHA JIEHiH Te-
Menaei. Kayinti kepHeyi MeH TeMiepaTypa aHbIKTauabl. ExiHim oic OolbIHIIa acdanbT- KoHE mojauMepachaibT-
Oeronnapably ceiHamanapbl -20 °C-re TeH TypakThl TeMIlepaTypasia TYPaKThl JKblinamabikTa (1 MM/MHH 11aMachIH-
Jla) Typa CO3bULy CyJI0achl OOMbIHIIA OY3bUIyFa Aeiin nedopmanusiiananbl. ChiHaMa Oy3bUTaThiH (OesikTepre 0eti-
Hyi) KepHey MaTepHalJblH CO3bUTy Ke3iHaeri OepikTiri perinae KaObuiiaHaibl. ChlHAyIbIH ajJblHAA ChIHamMalap
angpi ana 1, 10, 20, 30 xone 40 carar Oolibl TepMocrarTanabl. ChiHAY HOTHIKEIEP] AJbIH ajla TEPMOCTATTAY IbIH
Y3aKTHIFbl ac(alibT- JKoHE MoauMepacanbTOeTOHAAPIbIH OEpIKTIriHe kKoHE aeopMalMsUIaHyblHA aiTapibIKTan
acep ereTiHiH kepcerTi. ChiHanFaH 0apibIK achanbT- kaHe nomMepachanbTOeTOHIAPIBIH CO3bUTY Ke3iHaeri Oepik-
Tiri -20 °C-ze TYpaKThl XKbUIJAMIBIKTa TEPMOCTATTAY Y3aKThIFbIH 10 caraTKa JIeiiH apTThIpFaHia TOMEHCH]I] JKoHe
OJlaH KeHIHT1 Y3aKThIKTHI apTThIPY erikanaait ocep erneiiai. Consimen 6ipre, BHJI 70/100 sxone BH/I 100/130 6butym
Mapkachel 0ap achanbrOeTonmapasiy xoHe Elvaloy 4170, Calprene 501 sxone Butonal NS 198 momumepiepi 6ap
nosuMepacPanbTOeTOHAAPABIH OepiKTIriHiH ToMenaeyi 49%, 32 %, 24 %, 25 % xone 29 % teH. TypakThl KbUIAAM-
JIBIKTA CAJNKBIHAATY Ke3iHme tepMocrartay y3aktbirbl BHJ] 100/130 Outym mapkacel 0ap acdanbTOSTOHHBIH JKOHE
Butonal NS 198 nonmumepi 6ap nonnmepachaibTOSTOHHBIH KPUTHKAJIBIK CHIIaTTaMallapbiHa acep erneiini. backa ac-
(hanbT- koHE nojuMepacdarbTOSTOHAApAa TEPMOCTATTay Y3aKThIFbl apTKaH CalblH KPUTHKANBIK TEMIIEPaTypachl
TOMEHJIE, KPUTHKAJIBIK KepHey apTalbl. bapiblk chiHanFaH acdanbT- xkoHe nojauMepachanbTOeTOHAAPbIH KPUTH-
KaJIbIK TEMIIepaTypaChIHbIH TOMEH/ICY1 CH XOoFaphl TepMactarTay kesinze (40 c) 2-2,5 °C-ka teH. EH »xorapbl Tepma-
crarrayra (40 c) coiikec KeNleTiH KPUTUKAIBIK KepHeyaiH OapeiHina xem aptysl BHJI 70/130 6utym mapkacel 6ap
achabTOCTOH OHE TYTKBIPFBIIITApEl Oap momumepachansToeTonaap yuria (BH 100/130 + Elvaloy 4170) xoHe
(BH/T 100/130 + Calprene 501) 28,0%, 6,1% sxone 15,0%-ke TeH.

Tipek ce3mep: achanbTOETOH, MoMUMeEpachaIbTOCTOH, CO3bLTY OEpPIKTIri, TOMEHII TEMIIEpaTypa, TEPMOCTATTay
Y3aKTHIFBI.
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b. b. Tearaes, E. JI. AMup6aeB
Kazaxcranckuii JOpOKHBII HAyYHO-HCCIIEA0BATEILCKII HHCTUTYT, AnMmarel, Kazaxcran

IKCHEPUMEHTAJIBHASA OIIEHKA TPOYHOCTU ACPAJBTO- U
MNOJIMMEPAC®AJBTOBETOHOB ITPU HU3KUX TEMITEPATYPAX

AnHOTanusi. B paboTe 3KCIIEpUMEHTAJIBHBIM IyTEM OIpE/eieHa NMPOYHOCTh IPU PACTSDKEHUH acdanbrode-
TOHOB M TOJMMepac(aabToOOETOHOB MPU HU3KUX TeMIleparypax 1o OByM MeTozaam. 1o mepBoMy MeToay KOHIIBI
00pa3roB OBLTH 3aKpEIUICHBI KecTKo. Temreparypa mormkanachk ¢ +20 °C co ckopocthio 10 °C/a mo paspyiureHust
o0pasioB. Onpenensianck KpUTHYECKHE HampspKeHWe W Temneparypa. Ilo BTopoit Metoamke oOpasubl acdanbro-
U monuMepacarbTOOCTOHOB NeOPMHUPYIOTCS MO CXEeMe MPSIMOTO PACTSDKEHUS C MOCTOSIHHOM CKOPOCTBHIO (OKOJIO
1 MM/MUH) TIpH TIOCTOSTHHOM Temreparype, paBHo# -20 °C, mo paspymeHus. HampspkeHue, Ipu KOTOPOM IIPOHCXO-
JIIT paspylueHne (pasaereHue Ha 9acTH) o0pasna, MPUHIMAETCs Kak MPOYHOCTh MaTepraia npH pactsbkeHnu. [lepen
UCTIBITAaHHEM 00pa3Ilbl OBUIHM MpeIBApPUTENBEHO TepMOocTaTHpoBaHsl B TeueHue 1, 10, 20, 30 u 40 gacos. PesynbraTs!
UCTIBITAHMS TTOKA3aJIH, YTO MPOJOKUTENBHOCTD IIPEJBAPUTEIBHOTO TEPMOCTATHPOBAHUS OKa3bIBAET CYILIECTBEHHOE
BIIMSIHUE HA IPOYHOCTH U JehOpMUpPYEeMOCTh acdanbTo- 1 nonuMepachansrodetoHoB. [Ipu nedopmuposanuu c mo-
CTOSTHHOW cKopocThio TpH -20 °C mpoYHOCTh BCEX HMCHBITAHHBIX ac(aibTo- M MOJUMEpac(haabTo0eTOHOB YMEHb-
IaeTCsl IIPH YBEIMYESHUH TPOIODKUTENBHOCTH TepMOCTaTHpoBaHus 10 10 yacoB u AajbHeillee yBelInueHne npo-
JIOJDKUTENBHOCTH TIPAaKTUYECKH He BiMseT. IIpu 3ToM yMeHbpIIeHHe IPOYHOCTH ac(aibTOOETOHOB ¢ OMTYyMaMHu Ma-
pox BHJI 70/100 u BH/I 100/130, monumepacdansroderonos ¢ noaumepamu Elvaloy 4170, Calprene 501 u Butonal
NS 198 cocrasnsier 49%, 32 %, 24 %, 25 % u 29 % cooTrBeTcTBeHHO. [IpU 0XJaXKIEHUU C MOCTOSIHHON CKOPOCTBIO
MIPOJIOJKUTENBHOCTh TEPMOCTATUPOBAHKS NMPAKTUYECKH HE BIMACT HA KPUTHUECKHE XAPAKTEPUCTUKH acanbTo-
6erona ¢ 6urymom Mapku BHJI 100/130 u momumepacdansTobeTona ¢ momumepoMm Butonal NS 198. V' nmpyrux
acanpro- U monmuMepacharbTOOETOHOB C YBEJINYEHHEM MPOJOJDKUTENBHOCTH TEPMOCTATHPOBAHUS KPUTHUYECKAs
TeMIepaTypa yMEHBIIAETCs, a KPUTHYECKOe HAINlpsDKEHHE yBeJUuuBaeTcs. [ Bcex UCIBITaHHBIX acainbTo- U Io-
IuMepachaIbTOOETOHOB TIOHM)KEHUE KPUTHUECKOM TeMIlepaTyphl IPH MaKCHMAaJIbHON MPOJOJDKUTEIBHOCTH TEPMO-
crarupoBanus (40 1) coctaBmseT 2-2,5 °C. MakcuManbHOE YBEINICHNE KPUTHIECKOTO HAIPSXKEHHS, COOTBETCTBYIO-
ee TaKKe MaKCHUMAJIBHOM MPOJOJIKUTENBHOCTH TepMocTatupoBanus (40 u), mis achanpTobeToHa ¢ OUTYMOM
mapku BH]I 70/130, momumepacdansroderonor (BHJI 100/130 + Elvaloy 4170) u (BH/] 100/130 + Calprene 501)
paBHo 28,0 %, 6,1 % u 15,0 % cooTBeTCTBEHHO.

KiroueBble cioBa: achansToberoH, noiaumepachanbTo0eToH, MPOYHOCTh NP PACTSDKEHWH, HU3Kask TeMIle-
parypa, JJIMTENTbHOCTh TEPMOCTAaTUPOBAHUSL.
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