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Abstract
Introduction. In recent years, one of the main trends in the field of testing road structures has become field study of their

large-scale models at the accelerated load facility (ALF). It can significantly reduce the cost of selecting the most
economical and durable pavement designs. However, the results obtained on the ALF are often relative, since they
practically do not correlate with the results of laboratory and field tests on real objects. This study is aimed at a
comprehensive investigation of the response of a road structure to a dynamic load, the establishment of patterns of fatigue
failure of asphalt concrete layers during the accelerated testing and full-scale tests on real objects.

Materials and Methods. During testing, an accelerated load facility was used, located on the territory of the ShanDong
Transport University. When conducting field tests, a dynamic loading unit with a falling weight FWD Primax 1500 was
used, which recorded the deflection bowl on the surface of the structure under study. To record the dynamic response in
the arrangement of the road structure, a complex of strain gauge sensors was used, which made it possible to register both
compressive stresses and tensile strains in different layers. The results obtained under natural conditions were compared
to the results obtained on the mathematical FEM model.

Results. The research results have shown that the thickness of the lower coating layer is the main factor affecting the
amount of vertical deformation of the pavement, which must be taken into account at the design stage of the pavement
structure. Thus, with a thickness of the upper layer of the base of 10 cm, the vertical deformation was 100 um, and with
a thickness of 20 cm — 55 pm, provided that the overall strength of the structure was ensured. The number of load
application cycles on the ALF had a minimal effect on the selected asphalt concrete samples during split tensile tests.
Discussion and Conclusion. The adequacy of the results obtained in the course of accelerated testing of road structures
was shown through a comprehensive comparison of numerical simulation data and full-scale tests, and the adequacy of
the applied calculation methods was validated. The results of the study can be further applied in the road industry to
develop and improve the regulatory framework for the design of non-rigid pavement under conditions of increased loads
and heavy traffic.
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AHHOTAIIUSA

Beeoenue. OmHUM M3 TIIaBHBIX TPEHAOB B O0JACTH MCHBITAHUH JOPOXKHBIX KOHCTPYKIHMH B TOCIEIHHE TOABI CTaIH
HATYPHBIC HCCICOBAHUS MX KPYIMHOMACIITAOHBIX MOJENEeH Ha yCcTaHOBKax yckopeHHoro tectupoBanus (ALF). Dto
MIO3BOJISIET 3HAYMTEIBHO YMEHBIINTH 3aTpaThl HAa BBHIOOp Hamboyee SKOHOMHUYHBIX M JOJNTOBEYHBIX KOHCTPYKLUH
JIOpOKHBIX o6k . OHAKO pe3yabTaThl, MOMyYeHHbIe HAa ycTaHOBKax ALF, 3a4acTyio SBISIOTCS OTHOCUTENBHBIMU, TaK
KaK MPaKTUUECKH HE YBSI3BIBAIOTCS C PE3yJbTaTaMU J1a0OPaTOPHBIX M IOJIEBBIX WCIBITAHUN Ha pealbHbIX OOBEKTax.
[TosTOMy 1ENBIO JAHHOTO WCCIIEAOBAHUS SIBUIOCH KOMIIIEKCHOE H3YYEHHE OTKIMKA JOPOXKHOH KOHCTPYKIMH Ha
JMHAMHYECKYIO Harpy3Ky, yCTaHOBJIEHHE 3aKOHOMEPHOCTEH YCTaJIOCTHOTO pa3pylieHus achaabToOOETOHHBIX CIOEB PU
UCTIBITAaHUSAX Ha YCKOPEHHOE TECTHPOBAHUE U TIPH HATYPHBIX UCIBITAHHUAX HAa PEabHBIX 00BEKTaX.

Mamepuanst u memoowi. 1lpy TPOBEACHUH HCIBITAHUA HCIIOIB30BANACh YCTAHOBKA YCKOPEHHOTO TECTHPOBAHUS,
Haxozsmascs B lllaHbIyHCKOM TpaHCHOPTHOM YyHHBepcuTeTe. IloneBble HCHBITAHUS TPOXOAWIN C NPUMEHEHHEM
YCTaHOBKH JHHAMHYECKOTO HATPYKeHusI ¢ maaatomumM rpyzom FWD Primax 1500, koTopast OCymIecTBISIET pETHCTPAIHIO
yamu nporuda Ha MOBEPXHOCTH 00CIelyeMol KOHCTPYKIMH. [IJIsl perncTpaniy TMHaMHYECKOTO OTKJIMKA B CTPYKTYype
JIOPOXKHOH KOHCTPYKIMH HCIIOIB30BAJICS KOMIUIEKC TEH30METPUYECKHX JAaTYMKOB, IO3BOJIIOMIMX OTMEYaTh Kak
CKUMAIOIINE HANpSHKSHUs, TaK W PAcTATMBaIoIIue JeQopMalMy B Pa3IM4HBIX CIOSX. Pe3ynbTaTbl, MOJy4YEHHbIC B
HaTypHBIX YCJIOBHUSX, OBUIM COTIOCTABIICHBI C pe3yIbTaTaMH, OIy4YeHHBIMH Ha MaTeMaTtnaeckoir MKO-moznenn.
Pesynomamut uccnedoganus. Pe3ynpraTsl HCCIeIOBaHUS OKA3AJIM, YTO TOJIIMHA BEPXHETO CJIOS OCHOBAHMS SIBJISICTCS
OCHOBHBIM (haKTOPOM, BIMSIONIMM HAa BEJIMYUHY BEPTHKAIBbHOW JedopMaluu JOPOXKHOTO MOKPBITHS, KOTOPBIH
HEOOXOANMO YUUTHIBATh HA CTaJMH MTPOSKTUPOBAHUS KOHCTPYKIIMH JJOPOKHOHM oex1bl. IIpu ToNmmHEe BEPXHETO CIIos
ocHoBanus B 10 cm BeptukambHast nedopmarst — 100 mxm, a mpu tommuHe B 20 cM — 55 MKM mpH ycIoBHH
obecrieueHHOCTH 00IIel PaBHONPOYHOCTH KOHCTPYKIMH. KoJaMdecTBO HMUKIOB MPHIOKEHHUS HArpy3KH Ha YCTaHOBKE
YCKOPEHHOT'0 Harpy)keHus MMeeT MUHUMAaJIbHOE BIIMSHHE Ha OTOOpaHHbIE 00pa3ipl acdanbTo6eToHa PH UCIBITAHUIX
MIPOYHOCTH Ha PACKOJL

Obcyscoenue u 3axnrouenue. 1lyreM KOMIDIEKCHOTO COTIOCTABJICHUS JAHHBIX YHCJIEHHOTO MOJETHPOBAHUS U HATYPHBIX
HCTIBITAaHUH TOKa3aHa MX TOXKIIECTBEHHOCTh pe3yibTaTaM, IOJYyYeHHBIM B XOA€ YCKOPEHHOTO TECTHPOBAHHS JOPOKHBIX
KOHCTPYKIIMI, 000CHOBaHA a/IeKBATHOCTh NPHMEHSEMBIX PAaCUETHBIX METOJMK. Pe3ysbTaThl MCCIEeIOBaHMS MOTYT OBITH
MIPUMEHEHBI B JIOPOXKHON OTpaciy A pa3pabOTKM M COBEPIICHCTBOBAHHUS HOPMATHBHOW 0a3bl MPU NMPOSKTHPOBAHUU

HEXKECTKUX JOPOKHBIX OACHK B YCIIOBHUAX IMMOBBIMICHHBIX HAI'PY30K U UHTCHCUBHOI'O ABHMKCHUA TPAHCIIOPTA.

KaioueBble cioBa: acdanbToOETOHHOE IOKPHITHE, YCTAHOBKH YCKOPEHHOTO TECTHPOBAHUs, MHOTOCIOHHOE
MOJYTIPOCTPAHCTBO,  HANPSKCHHO-IE(OPMHUPOBAHHOE  COCTOSIHHE, TEMIIEpaTypHas  KOPPEKTHUPOBKA, MOIEIh

JUHAMHYCCKOTO OTKJIMKA


https://doi.org/10.23947/2687-1653-2023-23-3-241-256
https://doi.org/10.23947/2687-1653-2023-23-3-241-256
mailto:tiraturjan@list.ru
https://orcid.org/0000-0001-5659-7596
https://orcid.org/0000-0001-5912-1235
https://orcid.org/0000-0003-4768-2427
https://orcid.org/0009-0006-2694-1337

Guangcong Ni, et al. Study on Dynamic Response Characteristics of Different Asphalt Pavement Structures Based on ALF Test

BaaronapHocTn: aBTOpPHI CTaTbU BBIPAXKAIOT MCKPEHHIOIO OJIAr0oJapHOCTh COTPYIHHMKAaM JIOPOXKHO-HCIIBITATEIbHON
naboparopuu lllaHpayHCKOr0 TPaHCIIOPTHOTO YHUBEPCUTETA 33 COJICHCTBHE B BBIIOJIHEHHH HCCIIEIOBAHUI HA YCTAHOBKE
yckopenHoro TectupoBanust (ALF), a Takke yBaskaeMbIM PEIIEH3CHTAM 3a BPEMS M CHITBI, 3aTpauycHHbIE Ha PACCMOTPEHHUE

JAHHOM CTAThH.

(I)I/IHaHCI/IPOBaHPIe. WccnenoBanus OpOBOAUJINCE B paMKax TIpaHTa IPE3UJACHTa Poccuiickoit d)eaepaum/l JUIsL

TOCYIapCTBEHHOM TTOIEPKKA MOJIOIBIX POCCHICKMX YUCHBIX — KaHIHIaTOB HayK (3asBka MK-242.2022.4).

Jna uurupoBanus. ['yanmynr Hu, Tupatypsa A.H., Yrnosa E.B., BopooseB A.B. HccrenoBanmne xapakTepHCTHK
JMHAMHYECKOTO OTKJIMKA JIOPOXKHBIX KOHCTPYKIMI Mpu yckopenHoM TectupoBanuu. Advanced Engineering Research
(Rostov-on-Don). 2023;23(3):241-256. https://doi.org/10.23947/2687-1653-2023-23-3-241-256

Introduction. Fatigue damage is one of the main forms of damage to exploited asphalt concrete pavements [1, 2]. As
a rule, it is associated with alternating loading from the intense multi-cycle impact of the traffic flow. This type of
destruction is characteristic of highways all over the world and is one of the challenges to which road scientists are trying
to respond. One of the priorities of modern research in the field of fatigue failure forecasting is the testing of road
structures at the accelerated load facilities. A certain contribution to the solution of this problem was made by Chinese
scientists who analyzed the law of variation in the elasticity modulus of the asphalt concrete layer and its deformation
during accelerated loading [3, 4]. The mechanism of destruction and fatigue characteristics of asphalt concrete mixture
during operation were investigated in [5]. Its authors obtained a correction factor that took into account the difference in
the mechanisms of deformation of the road structure under the influence of a test load on accelerated testing installations
and during real field tests.

In general, it should be noted that, despite the sufficiently effective simulation of the passage of single loads from the
traffic flow, reproduced on ALF, difficulties arise with modeling the load distribution over the width of the carriageway,
under environmental conditions, soil-geological conditions, etc. Thus, the test results at ALF cannot be directly used to
assess the fatigue characteristics of the actual road surface. They require additional validation under real conditions.

The authors [6-8] studied the responses of road structures to the dynamic impact of the test load, compared and
analyzed their changes. The researchers applied methods combining real-time visual observation, instrumental tests for
deflection, and fatigue failure resistance during loading, and also carried out work to establish relationships between
stresses, deformations in the pavement structure and the temperature of various pavement structures.

It should also be noted that similar studies are being conducted in other countries, besides the PR China, including the
Russian Federation, European countries, and the USA. The results of active research aimed at comparing laboratory
loading modes to the loading modes corresponding to real road conditions were considered in [9-11]. At the same time,
there are no similar comparisons of the results of field and laboratory studies to the results obtained on large-scale models
in a controlled experiment. The results of experimental studies in the field of predicting fatigue failure of asphalt concrete
layers were given in [12-14]. They comprehensively considered the issues of determining the empirical coefficients
required to predict the fatigue failure of asphalt concrete layers according to field visual observations, as well as standard
methods of testing asphalt concrete for fatigue when applying a four-point load or indirect stretching. However, the issues
of research on large-scale models were also not addressed in them. A number of works deal directly with large-scale
modeling, but for roadway paving of different designs [15-17]. The comparison of equal-strength structures to different
layers and their thicknesses is the most interesting from a research point of view, since it will provide establishing patterns
in the processes of deformation of asphalt concrete associated with its fatigue failure.

Materials and Methods. Accelerated Load Facility. The Accelerated Load Facility (ALF) is located on the territory
of ShanDong Transport University. It is a set of equipment for complex testing of road structures (Fig. 1). At the moment,

it is one of the modeling methods closest to the real conditions for reproducing a moving transport load. ALF is used to
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study the characteristics of asphalt concrete coatings under plastic deformations, fatigue cracking and downward cracking.
On the ALF, the axle load and the speed of its movement can be adjusted, which provides the best of all types of test

equipment compliance with real deformation conditions.

Fig. 1. Accelerated Load Facility [8]

Three typical designs of the roadway paving for the device on the test track were selected to study the fatigue resistance
of asphalt concrete mixtures while in operation and pavement defects in different regions. The test section of the road is
12 mlong and 4 m wide. The road structure is a working layer of the soil of the roadbed, reinforced with cement, with a
coating of three different types of asphalt concrete: S1, S2, and S3, respectively (Fig. 2). The calculated load reproduced
by the ALF system is a semi-axial load transmitted through two wheels — BZZ-100. The reproducible load range is
80-200 kN, the load step is 20 kN, the time interval between load applications is 9 s.

4m 4m 4m
< » < > | < N
5cm SMA-13
5cm AC-20 10 cm AC-20 15 cm AC-20
20 cm AC-25 15 cm AC-25 10 cm AC-25

Soil treated with cement 6 %

Soil treated with cement 4 %
Earth road

Fig. 2. Road structure at the test road section

A set of equipment was assembled from soil pressure, deformation and temperature sensors installed parallel and
perpendicular to the direction of loading to provide real-time monitoring of the dynamic response of the structure during
the construction of the test section of the road (Fig. 3, 4). In the lower part of the monolithic asphalt concrete layer there
were four sensors of horizontal and longitudinal deformation (Fig. 5). The data collection channel of the corresponding
sensor and its location are indicated in Table 1. This arrangement of equipment was validated by world experience in

monitoring the stress-strain state (SSS) of road structures and was described in [18-19].

http://vestnik-donstu.ru

Fig. 3. Sensor for registering pressure in the soil and on the surface of the base layers [18]
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Fig. 4. Sensor for recording relative tensile strain [18]
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Fig. 5. The depth of each sensor

Table 1
Sensor number and location

No. Model Location

Wi B-134 6 m

W2 013 25m

W3 24 2m

W4 09 32m

W5 Y-15 25m

W6 03 55m

F1 Soil pressure sensor 4.5m
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To register the dynamic response on the surface of the road structure, in addition to the ALF, a dynamic loading unit
with a falling load FWD PRIMAX 1500 was used. This unit is a pulse dynamic meter of surface movements of the
coating, which provides determining the history of movements on the pavement surface under impact by means of
installed geophone sensors (Fig. 6). Studies have shown that FWD can be used to determine the elastic modulus of
pavement layers during testing at the ALF [20]. In the course of the research, measurements with the FWD were carried

out every time after 70,000 cycles on the ALF. The measurement scheme is shown in Figure 7.

Fig. 6. Falling Weight Deflectometer (FWD) [20]

S1 S2 S3

O Sensor location

0.5m 0.5m 05m| 05m 05m
|
Lo Il It
N\

Fig. 7. Schematic diagram of measurements by the FWD

Split Tensile Tests. To obtain comparable results within the framework of this study, laboratory tests for fatigue
durability were carried out at the MTS asphalt concrete testing facility [21-24] (Fig. 8). The tests were performed on
asphalt concrete samples selected from the accelerated testing site in accordance with the PR China standard — JTG E20-
2011% When testing asphalt concrete for splitting, the temperature was 15 °C, the loading speed was 50 mm/min. Each
type of asphalt concrete mix was subjected to four parallel tests. When tested for fatigue durability under controlled
voltage conditions, the waveform was half-sinusoid with a frequency of 10 Hz. The complete destruction of the sample
was taken as the criterion of destruction. Each test was carried out for three stress levels and three samples of asphalt

concrete mix.

http://vestnik-donstu.ru

! Ministry of Transport of the People’s Republic of China. JTG E20-2011 “Test Regulations of Asphalt and Asphalt Mixture for Highway Engineering”
JTG E20-2011 English PDF (JTGE20-2011). (chinesestandard.net) [S].
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Fig. 8. Installation of a material testing system [21]

Research Results. The temperature condition of the road structure operation at the accelerated testing section.
Temperature sensors were mounted in the test structures of the roadway paving at a depth of 0.2 and 6 cm from the road
surface, respectively (Fig. 9).

30
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Time of day

—— T1 — air temperature T2-2cm T3-6cm

Fig. 9. Temperature variation diagram of asphalt concrete layers at different depths

Automatic data collection was carried out every 15 minutes. Figure 9 shows the curve of temperature variation at
different depths of the pavement structure. It can be seen that the temperature here changes together with the change in
ambient temperature. The temperature at a depth of 2 cm from the coating surface is almost during the entire observation
period above the air temperature and the temperature at a depth of 6 cm.

Analysis of temperature, stresses and deformations in the lower layer of asphalt concrete. During the tests at the
ALF, data on tensile deformations at the lower boundary of the lower asphalt concrete layer were collected during each
test day. To provide the accuracy and reliability of the deformation data, its registration was carried out using a channel
with a transmission frequency of 2,000 Hz and continuous recording of the response lasting at least three minutes, with
the possibility of parallel recording of temperature information.

The maximum number of cycles before the appearance of fatigue cracks during testing at the ALF was 420,000 load
applications. At the same time, it was found that temperature had the greatest effect on tensile deformations in the range

from 140,000 to 240,000 applications, as can be seen from the data presented in Figures 10 and 11.
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Fig. 10. Strain curve depending on the temperature on the lower face of the lower coating layer and the upper coating layer at
different loading times: a — structure S1; b — structure S2; ¢ — structure S3
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Fig. 11. Maximum stress value change curve in the lower layer of the coating depending on the temperature at different loading times

As can be seen in Figures 10 and 11, the deformation of various layers of the pavement changed depending on

http://vestnik-donstu.ru

temperature at different loading times: in S1 structure, the tensile deformation in the lower part of the upper layer of the

pavement was 19.3-39.7 pe, and the deformation at the lower boundary of the lower layer of asphalt concrete ranged

248



Guangcong Ni, et al. Study on Dynamic Response Characteristics of Different Asphalt Pavement Structures Based on ALF Test

from 58.3 to 75.6 pe. In S2 structure, the range of deformation variation at the lower boundary of the upper coating layer
was 42.5-64.8 ue, the deformation range of the lower layer of asphalt concrete was 59.2-115.37 ue. Tensile and
compressive deformations at the lower boundary of the lower coating layer gradually decreased with increasing loading
time and strongly depended on temperature. Changes on the lower face of the lower layer of asphalt concrete were not
obvious. In S3 structure, the deformation range in the lower part of the upper coating layer was 76.2—105.2 pe, the
deformation range on the lower face of the lower layer of asphalt concrete was 92.8—186.2 pe. Tensile deformation of the
lower coating layer was mainly independent of temperature.

The range of changes in compressive stress at the upper boundary of the base layer was 30.2-48.3 kPa; as the number
of loads increased, the change in compressive stress had a high correlation with the trend of temperature change.

Analysis of FWD impact test results. The FWD was used, first of all, to determine the actual values of the elastic
modulus of the layers of the road structure and their variation under testing by the ALF in accordance with the
backcalculation methodology [25].

A total of six tests were carried out by the FWD. At each test point, measurements were carried out three times at the
same load. Then, the average deflection value at the central loading point for the last two impacts was used as a
characteristic displacement. The curves of vertical displacement variation at the point of load application depending on

the number of cycles of application of the load during accelerated tests are shown in Figure 12.
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Fig. 12. Deviation curve of various pavement structures depending on the load time

The deflection value in the center of the load application by the FWD gradually grew with increasing number of
loads (Fig. 12). Depending on the temperature and loading time during the first 100,000 load cycles, the change in the
deflection value was insignificant. The largest change in the magnitude of vertical displacement was observed in the range
from 100,000 to 200,000 load applications. After 200,000 load applications, the vertical movement stabilized. Since the
pavement structure was affected by temperature and load time, the structural strength of the pavement decreased
accordingly, and the amount of vertical displacement increased.

To verify the results of determining the elastic modulus of asphalt concrete layers using the backcalculation technique
based on the results of testing by the FWD, additional laboratory examination of asphalt concrete samples was carried
out?. As a rule, the actual dynamic modulus of elasticity was reduced to a standard value measured at a temperature of
2 °C according to formula 1:

Ezo = ET - @-0.0722(20-T) (1)

where Ex — inversely calculated module of the asphalt concrete layer at 20 °C, MPa; Er— inversely calculated elastic
modulus of the asphalt concrete layer at the actual temperature, MPa; T — temperature, °C.

2 AASHTO TP 62-2007 Standard Method of Test for Determining the Percentage of Fracture in Coarse Aggregate [S].(D 5821 — 01 (kashanu.ac.ir))
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Figure 13 shows the results of determining the elastic modulus of the asphalt concrete base layer depending on the
number of load cycles reproduced during the accelerated testing.
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Fig. 13. Variation of dynamic modulus of elasticity of the lower layer of asphalt concrete depending on the number of loading cycles

Figure 13 shows that as the number of load applications increased, the module of the lower layer of asphalt concrete
of various pavement structures tended to decrease. At the initial stage of the test, 0—-100,000 load applications (the standard
total calculated axle load was 0-25.6 miIn applications), the elastic modulus of the lower layer of asphalt concrete slowly
decreased with an increase in the number of load applications (the average decrease was 5.23 %). When the number of
load applications exceeded 100,000, the rate of reduction of the elastic modulus of the lower layer of asphalt concrete
increased significantly. The modulus of elasticity of the lower layer of asphalt concrete of all structures decreased by an
average of 54.87 %.

Split tensile test analysis. As the results of accelerated testing showed, fatigue cracks began to appear by about
350,000 load application cycle. When the load reached 420,000 applications, fatigue cracks were observed on the surface
layer of asphalt concrete with an opening width of up to 2 mm, and the test was stopped.

When sampling cores at the locations of cracks, it was found that cracks, as a rule, appeared on the surface of the
coating, and did not penetrate into the layers. Most of them were transverse, passing through the rolling bands of the
wheel load, and only a small part could be attributed to downward fatigue cracks. According to the results of laboratory
tests of asphalt concrete samples selected at the accelerated testing sections, the dependence of the split strength on the
number of cycles of the applied load was established.

Figure 14 shows that the tensile strength during the splitting of asphalt concrete mixtures under operation, subjected
to different accelerated loading times, changed little. In general, the effect of accelerated loading on the tensile strength

during the splitting of the asphalt concrete mixture under operation was insignificant.
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Fig. 14. Strength limit for indirect stretching of asphalt concrete mixtures under operation:
a — structure S1; b — structure S2; ¢ — structure S3
Determination of the estimated number of asphalt concrete cycles to failure. At the end of this study, in
accordance with the regulatory document of the People's Republic of China JTG D50-2017 “Specifications for Design of
Highway Asphalt Pavement”3 and based on the data got by the authors of this study, using the regression analysis method,
dependence (2) was obtained for predicting the maximum number of cycles before the onset of fatigue failure. To take
into account the influence of the thickness of the asphalt concrete layer package using the regression analysis method and
based on the data obtained during accelerated tests, the dependence for the assignment of the correction factor was

1 4,51 1,42
N, = 0.265[—) (i) : )
€, E

Nf :Cl'Nalfv 3)

where Nt — number of loading cycles on the actual structure of the roadway paving, cycles; Nar — number of loading

determined. It is shown in Figure 15.

cycles on the ALF, cycles; & — tensile strain ratio on the lower face of the asphalt concrete layer, ume; E — elastic
modulus of asphalt concrete layer, MPa; C;— correction factor between laboratory values and values obtained at a full-
scale ALF.
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Fig. 15. Relationship between the ALF correction factor and the thickness of the asphalt concrete layer

8 Ministry of Transport of the People's Republic of China. JTG D50-2017 “Specifications for Design of Highway Asphalt Pavement. Ministry of
Transport” [S]. 2017. (JTG D50-2017 English PDF (JTGD50-2017) (chinesestandard.net))

Mechanics

251


https://www.chinesestandard.net/PDF/English.aspx/JTGD50-2017

http://vestnik-donstu.ru

252

Advanced Engineering Research (Rostov-on-Don). 2023;23(3):241-256. eISSN 2687—1653

The dependence structure corresponds to the general view obtained by the Asphalt institute [14]:

o
€ S

where a, b, c — empirical coefficients determined under laboratory or field tests; € — ultimate deformation at which the
tests are carried out; S — material stiffness parameter.

Analysis of mechanical response characteristics. In JTG D50-2017 “Specifications for Design of Highway
Asphalt Pavement”, the parameter of fatigue cracking of the bottom layer of asphalt concrete is one of the calculated
indicators adopted in the design. Due to the greater rigidity of the bottom layer of asphalt concrete, the greatest tensile
deformations are concentrated at its lower boundary, which is confirmed by the results given in this article. In the
framework of a numerical experiment, S3 structure is considered as a key control structure for calculating the tensile

strain in the lower part of the asphalt concrete pavement. The design scheme of the pavement adopted in the simulation

is shown in Figure 16.
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Fig. 16. Mechanical response calculation model according to JTG D50-2017

The calculation of the structure response was carried out on a finite element model of the road structure, while the
hypothesis of complete adhesion between all structural layers of the pavement was accepted. The calculation was
performed for a paired wheel of a motor vehicle with an axle load of 200 kN and a pressure of 1.1 Mpa [25-27]. When
substituting into the mathematical model, the elastic modules of the pavement layers were used as input data, calculated
according to the test results by the FWD. The results of comparing the road structure response registered during

accelerated tests and calculated using the finite element method (FEM) are shown in Figure 17.
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Fig. 17. Comparison of measured and calculated values of the response to deformation of the bottom layer of S3 coating
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Judging by the data in Figure 17, due to the influence of ambient temperature and the thickness of the bottom layer of
asphalt concrete, the calculated value of deformation in the lower part is slightly less than the measured value of
deformation. However, this can be explained by a number of simplifications adopted in the mathematical model. In
general, the results of full-scale tests and numerical modeling are quite close and are characterized by similar trends,
which indicates the adequacy of both the full-scale testing and the applied methods of numerical modeling.

Discussion and Conclusion. One of the basic results presented in this article and differing from the results of previous
studies [3-8, 14, 19, 20] is the conclusion about the prevailing influence of the thickness of the top layer of the base on
the amount of the vertical elastic deformation recorded on the surface of the road structure. It was validated by a set of
experimental measurements using a dynamic loading unit with FWD Primax 1500. In similar works, it was noted that the
combined effect of the thickness of the bottom coating layer and the top base layer had the greatest effect on the amount
of elastic deflection on the surface.

Also, within the framework of this study, a comprehensive analysis of the test results at the ALF and numerical
experiments based on known models for predicting fatigue failures was carried out. As a result, dependences (2) and (3)
were obtained to implement the transition and provide comparability of this outcome. It should be noted that the
coefficients obtained in the course of this work for dependence (2) differ from similar values known to us obtained at the
MnRoad test site [14] (Fig. 18).

Dependence obtained by the

Coefficient MnRoad dependence
authors
a 0.314 0.265
b 3.291 4.510
c 0.854 1.420

Fig. 18. MnRoad dependence coefficients and those obtained by the authors

Differences in coefficients are largely due to differences in the rules for the selection of asphalt concrete mixtures, as
well as regional testing conditions. It should also be noted that these coefficients somewhat tighten the classical
performance model, reducing the predicted service life of road clothes, in comparison to the MnRoad model.

Undoubtedly, these results were obtained for a fairly limited sample of experiments and a set of materials according
to their physical and mechanical properties. They meet the requirements for asphalt concrete mixtures used in the
construction of highways in China, and are quite close to the mixtures used in the Russian Federation. At the same time,
it seems promising to use the results obtained. In the future, investigation on calibration of the dependence will be
continued taking into account data from test sections of operated highways in the Russian Federation and China.

Laboratory checkout has shown that the split tensile strength practically does not depend on the number of loading
cycles of the tested asphalt concrete during accelerated testing.

The results obtained can be applied for further development and improvement of the legal framework of the road

industry regulating methods of calculation and prediction of fatigue cracking.
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