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In recent years, asphalt concrete pavement in being a large number of
applications, and gradually appeared a number of pavement damage problems,
especially in the strong ultraviolet and high temperature environment of asphalt
concrete pavement, because of long-term exposure to ultraviolet radiation, resulting in
high-temperature durability of the pavement deteriorated year by year. In this paper,
the number of UV aging cycles, aging temperature and UV radiation intensity on the
rutting depth and dynamic stability are investigated through high temperature rutting
test. The test results show that: for asphalt concrete, the number of UV aging cycles
has a more pronounced effect on dynamic stability and rut depth compared to aging
temperature and UV radiation intensity.

3 nocmitinum poseumxom mpauncnopmuoi ingpacmpykxmypu ma 30inbuieHHAM
nonumy Ha nepeeesenms, achairbmobemon OmpuMAas WUPOKe 3ACMOCYBAHHA 5K
ocHosnuil dopoxcniii mamepian. Hozo excnayamayiiini xapaxmepucmuxiu 6 ymoeax
BUCOKUX MeMNepamyp Maroms 3HAYHUU 6NAU8 HA 006208iunicmb i Oe3neky Oopiz. V
bazambox — pecioHax —cnekomma ho2oda ma  inmeHcugHe  yabmpaghionemoge
S8UNPOMIHIOBAHHA € NOWUPEHUMU KAIMAMUYHUMU XAPAKMEPUCIUKAMU, AKI BNAUEAIOMb
Ha  0o06eogiunicmb  acgarbmobemony. B ymoeax  eucokux — memnepamyp
acanbmobemonne NOKpumms CXulvHe 00 NOA8U Mpiwun, Oegopmayii ma
PYUHysanus, wo 6e3nocepedHbo GNIUBAE HA O06208IUHICHL OOPOICHLOLO NOKPUMMS
ma 6e3nexy 0opoHCHLO20 PYX).

3 Mmemolo eusuenns 6naugy  Yibmpagionemogozo  BUNPOMIHIOBAHHA — HA
BUCOKOMEMNEPAMYPHI 6IACMUBOCMI ACPHaTbMOOEMONY, 3a OONOMO2010 NPOBEOeHHs
8UCOKOMeEMNEPAMYPHO20 BUNPOOYEAHHA HA YMEOPEHHA KONii, 0y10 6CMAHOBNIEHO
3aNeNHCHOCMI  MidIC  KITbKICMIO — YUKLIG  YIbmpaghionemosozo  eUmpUMYSaHHs,
memnepamypoio  GUMPUMYBAHHA — mMa  IHMEHCUSHICMIO  YAbmpagionemosozo
BUNPOMIHIOBAHHA HA 2IubOUHYy Koaii ma OuHAMIYHY CMIUKICMb 3a  O0O0NOMO20H
npoeedeHHsl BUCOKOMEMNePAmMypHO20 8UNPOOYBANHS HA YMEOPEHHS KOi.

Pesynomamu eunpobysans noxkasyioms, wo 3a ymMo8u nOCmilinoi inmenHcueHocmi
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Y®-sunpominiosanns i memnepamypu sunpo6ysarv, npu 30iMbUeHHI KITbKOCMI YUKTIG
YIbmMPa@ionemoso2o  BUNPOMIHIOBAHHS — 2IuOUHa KONl HA  NOGEPXHI  3pa3Kad
acanbmobemony 30LnbULYEMbCS 31 30i1bUEHHAM KinbKOCmI YuKie
VAbmMPaA@ionemoso2o  GUNPOMIHIOBAHHS,  HAMOMICMb  OUHAMIYHA  CMIUKICMb -
smeHuyemoca. Pesynomamu excnepumenmis niomeepodxicyioms, wjo npu nocmynogomy
30invuenHi inmencusHocmi Y D-6unpominioganua 1020 6nau6 Ha IUOUHy Koalii Ha
nosepxui  acgarbmobemonno2o  3paska nocmynogo  smenwiyemocsa s
acanvmobemony Kinokicme yukiie Y D-eumpumysantns mae Oinvul 8UPANCEHUU 6NIUSE
HA OUHAMIYHY CMIUKICMb | eMUOUHY KONl NOPIGHAHO I3 3MIHOWO MeMnepamypu npu
6unpobyeanHi ma iHmeHcusHicmio Y @-eunpominG8anHs..
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Kniovosi cnosa: acghanbmobemon, eucokomemnepamypHi - Xapakmepucmuxu,
yavmpaghionemoge GUNPOMIHIO8AHHSA, OUHAMIYHA CIMIUKICMb, 3MIHA MeMNepamypu.

Introduction. With the intensification of climate change and the increase
in transportation demand, asphalt concrete, as one of the main pavement
materials in road construction, is subjected to increasingly severe environmental
tests[1][2]. In the process of road service, asphalt concrete experiences the
influence of various natural climatic conditions, among which high temperature
environment is a factor of great concern. Under high-temperature weather,
asphalt concrete pavement is prone to face problems such as cracking,
deformation and damage, which directly affects the service life of the road and
traffic safety[3][4].

Ultraviolet (UV) radiation is an important influence in high-temperature
environments, and its energy intensity and frequency make it a major factor in
the high-temperature performance of asphalt concrete[5][6]. Prolonged exposure
to UV light may cause aging and photo-oxidation of asphalt in asphalt concrete,
which may lead to the degradation of pavement performance[7][8]. However,
in-depth studies on the changes in the high-temperature properties of asphalt
concrete under UV radiation have been relatively limited to date.

Raw materials and gradation. The experiment was conducted with SBSI-
C modified asphalt, and the relevant technical specifications are shown in
Table 1.

Table 1
SBS modified asphalt specifications and requirements
Index Test Result Requirement
Penetration (25 °C, 100 g.5s)/0.1 mm 66 60~80
Extensibility (5 °C)/cm 47 >30
Softening Point/°C 78 >55
Density (15 °C)/(g-cm®) 1.027 —
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SMA-13 asphalt concrete was utilized for the experiment, and the
gradation is shown in Table 2.

Test methods. In this paper, ultraviolet radiation intensity, ultraviolet
radiation cycle times and temperature of the three factors to analyze the impact
of ultraviolet radiation on the high temperature performance of asphalt concrete.
Respectively selected 0, 100 W/m?, 200 W/m?, 300 W/m? of these ultraviolet
radiation intensities; ultraviolet radiation cycle times in order to simulate the
actual road surface as far as possible and selected the radiation time of 12 ~ 13h,
non-radiation time of 11 ~ 12h; at the same time, the temperature selection of 15
~40 °C and 25 ~ 50 °C of the alternating transformation.

Table 2

Gradation of SMA-13 asphalt concrete

SMA-13 Lower | Ppper | Graduate Synthetic
limit limit median gradation
16 100 100 100 100
13.2 0 100 95 96.4
9.5 50 75 62.5 60.7
4.75 20 34 27 27.3
Percentage of mass
passing through the 2.36 15 26 20.5 214
following sieve pores 118 14 24 19 17.9
(mm), %
0.6 12 20 16 15.8
0.3 10 16 13 13.7
0.15 9 15 12 111
0.075 8 12 10 10.6

The indoor ultraviolet light accelerated aging test chamber: the test
chamber includes temperature automatic regulator, the timer, and has a double
wall. The light source of the accelerated UV aging test system takes 1000W
straight tube high-pressure mercury lamp, the control temperature of the high-
pressure mercury lamp is 40-60 °C, the main peak of the UV energy spectrum is
365 nm, and the acquisition of different UV radiation intensities is realized by
adjusting the position of the transformation conversion layer.
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The prepared specimens are firstly placed in 40°C or 50°C UV accelerated
aging tester, and kept under the specified radiation intensity for 12 ~ 13h, then
the specimens are removed and placed in 15°C or 20°C environment for 11 ~
12h, and this process is treated as a complete UV aging cycle, and then 5, 10, 15
and 25 UV aging cycles will be carried out next.

Referring to the specification requirements, the high temperature
performance of SMA-13 asphalt concrete was evaluated by the rut depth and
dynamic stability in the rut test.

Analysis of test results. According to the above test method, different test
conditions are adopted for asphalt concrete to carry out the test of UV aging
cycle. Among them, the same temperature were taken 4 kinds of UV radiation
intensity and 4 kinds of cycle times, a total of 16 groups of tests, in which each
group of tests need to carry out 6 parallel tests, and the average value of these 6
tests as the results of the group. Meanwhile, a group of specimens not treated
with the UV aging cycle was taken as a control group with the rut depth of
1.596 mm and the dynamic stability of 4841 cycles/s/mm. The changes of rutting
depth of asphalt concrete under different UV aging cycle conditions are shown
in Figure 1.

Along with the increase of the number of UV aging cycles, the rut depth of
asphalt concrete gradually increased. In the case of UV radiation intensity of
200 W/m?, the rut depth of asphalt concrete increased by 31.1%, 41.8%, 53.3%,
and 65.3% when the temperature is 15 ~ 40°C, after 5, 10, 15, and 25 UV aging
cycles, respectively. While the rut depth increased by 36.8%, 51.4%, 61.4%, and
75.6% when the temperature is 25 ~ 50°C. The data show that when the number
of UV aging cycles increases, other conditions remain unchanged, the rut depth
of asphalt concrete is also gradually increasing, and the increasing trend is more
and more obvious, indicating that the high temperature resistance to deformation
of asphalt concrete is the worse.

When the intensity of UV radiation increases, the rut depth of asphalt
concrete also increases gradually. Take the case of 10 times of UV aging cycle
as an example, when the temperature is 15 ~ 40 °C, the UV radiation intensity
of 0, 100 W/m2, 200 W/m? and 300 W/m? conditions, after 10 times of UV
aging cycle, the rut depth of the asphalt concrete is respectively increased by
14.5%, 33.2%, 41.8%, 49.0%. The rutting depth of asphalt concrete increased
by 20.1%, 37.9%, 50.3%, and 61.3% when the temperature was 25 ~ 50°C. The
rutting depth of asphalt concrete increased by 20.1%, 37.9%, 50.3%, and 61.3%,

respectively. This set of data can show that the rutting depth of asphalt concrete
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is significantly increased with the intensity of UV radiation, and its high
temperature deformation resistance is getting worse and worse, of which, when
the temperature interval is 25 ~ 50 °C, the rut depth of the increasing trend is
more obvious.
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Fig. 1 Variation of rut depth of asphalt concrete under different ultraviolet aging
cycle conditions

And from the selection of different test temperatures, it can be seen that the
rut depth increased by 15% - 20% when the UV radiation intensity was from 0
to 100 W/m2, about 10% when the UV radiation intensity was from 100 W/m?
to 200 W/m?, and about 8% when the UV radiation intensity was from 200
W/m? to 300 W/m?. These experimental results show that when the intensity of
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UV radiation increases gradually, its effect on the rut depth of asphalt concrete
is gradually reduced. These experimental results show that when the intensity of
UV radiation increases gradually, its effect on the rutting depth of asphalt
concrete is gradually reduced. The reason for this phenomenon is mainly in the
same number of UV aging cycles, asphalt concrete is only affected by the
temperature; and when there is the intensity of UV radiation, the mixture is
subjected to temperature and UV light, UV radiation makes the asphalt in the
mixture aging, resulting in a reduction in the aggregate cohesion in the mixture,
which in turn causes the rut depth of the asphalt concrete to occur more
significantly.

The variations of dynamic stability of asphalt concrete under different UV
aging cycle conditions are shown in Fig. 2.
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Fig. 2 Variation of dynamic stability of asphalt concrete under different
ultraviolet aging cycle conditions
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The dynamic stability of asphalt concrete decreased by 29.2%, 34.1%,
42.1%, and 52.1% after 5, 10, 15, and 25 UV aging cycle tests at temperature of
15 ~ 40°C with 300 W/m? UV radiation intensity, respectively. The dynamic
stability of asphalt concrete decreased by 37.4%, 45.0%, 51.4%, and 59.3%,
respectively, when the temperature was 25 ~ 50°C and the same UV radiation
intensity was maintained. This indicates that the dynamic stability of asphalt
gradually decreases with the increase of the number of UV aging cycles, while
its attenuation shows an increasing trend, and the high temperature performance
of the mixture is a little worse when the temperature is 25 ~ 50°C.

When the temperature interval was 15 ~ 40°C, the dynamic stability of
asphalt concrete decreased by 22.6%, 30.5%, 36.7%, and 42.1% after 15 UV
aging cycles when the UV radiation intensities were 0, 100 W/m?, 200 W/m?,
and 300 W/m?, respectively, while when the temperature interval was 25 ~
50°C, the dynamic stability of asphalt concrete decreased by 26.3%, 34.2%,
40.4%, and 51.6%, respectively. The data show that the dynamic stability of
asphalt concrete is related to the intensity of UV radiation, and the dynamic
stability tends to decrease with the gradual increase of radiation intensity.

Conclusion. In this paper, the rutting test was used to study and analyze
the effect of UV radiation aging on the high-temperature performance of asphalt
concrete, and systematically analyzed the changes in dynamic stability and rut
depth of asphalt concrete with the changes in the intensity of UV aging
radiation, the temperature of the UV aging cycle, and the number of cycles, and
the following conclusions were drawn:

1. Under the condition of keeping the intensity of UV radiation and the
cycle temperature unchanged, and increasing the number of cycles of UV aging,
the rut depth of asphalt concrete increases with the increase in the number of
cycles of UV aging, while the dynamic stability is a consequent decrease.

2.Experimental results show that when the intensity of UV radiation
increases gradually, its effect on the rutting depth of asphalt concrete is
gradually reduced.

3. The dynamic stability of asphalt concrete is related to the intensity of
UV radiation, and the dynamic stability tends to decrease with the gradual
increase of radiation intensity.

4. For asphalt concrete, the number of UV aging cycles has a more
pronounced effect on dynamic stability and rut depth compared to aging
temperature and UV radiation intensity.
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