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The wide application of asphalt concrete in road construction has brought
convenience to human travel, but road icing requires the application of deicing agents
to prevent traffic accidents. However, the use of a deicing agent will also cause
damage to the pavement material, so this paper carries out the research on the low-
temperature performance of asphalt concrete with different concentrations of deicing
agent solutions through the freeze-thaw cycle test. The test results show that with the
increase in the number of freeze-thaw cycles, the five concentrations of deicing agent
solution corresponding to the flexural tensile strength and maximum flexural tensile
strain are decreasing trend. Although the deicing agent solution has a certain effect on
the flexural tensile strength and maximum flexural tensile strain, the main effect on the
reduction of the low-temperature performance of asphalt concrete is the frost damage
caused by the freeze-thaw cycle.

3 nocmitinum  po36UMKOM — MPAHCHOPMHOL  IHOPACMPYKMYPYU,  WUPOKe
3acmocy8anis acarbmobemony 6 00POHCHbOMY OYOISHUYMBI NPUHECTO 3PYUHICMb
ons nepecysanns niodel. I[lpome 63uMKy uacmra 00OpOICHLO-MPAHCNOPMHUX NPU200,
CHPUYUHEHUX CHI2OM Ma 0diceneduyero, ceped YCix 00POHCHbO-MPAHCROPIMHUX NPULOO
documv eucoka, i yi ATII uacmo npu3zeodsams 00 NH0OCbKUX dxcepms. [isi yCYHeHHs
asuwa  obnedeHinHa  Oopie 8I00IN  YNpagninHA OOPOJICHIM PYXOM  3a36uyail
BUKOPUCOBYE NPOMUONCENeOH] peyosunu. Lleil cnocib docseae uy0osux pesyibmamis,
3HAYHO — 3MEHWLYIOUU  KIIbKICMb — QOPONCHbO-MPAHCROPMHUX — npueod.  Ilpome
BUKOPUCTNAHHS nPOMUOIHCENeOHUX peuosun CHpuyuHAE NOWKOOXHCEHHS
acanemobemony, a 0cobaUE0 HAOMIpHE | HENPABUTbHE SUKOPUCMAHHA 3ACO0Y, WO 6
CBOI0 YEP2y 3HAUHO ZHUNHCYE eKCNIYAMAYIHI 61ACMUBOCI OOPOICHEO20 HOKPUMMAL.

Hns moeo, wob  3'acysamu  6naus  pisHUX  KOHYeHmpayiu  po3uuHy
nPOMUOICENeOHOI  peYyosUHU  HA  HU3LKOMEMNEPAMypHi  Xapakmepucmuku
acanbmobemony, 6 yiii cmammi nPo8edeHO OOCNIONCEHHS HUZLKOMEMNePamypHUux
Xapakmepucmuk — acgarbmobemony 3 Di3HUMU  KOHYEHMPAYIAMU — PO3YUHY
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npomuodiceeOHoi  peyosuHu 3a  00NOMO2010  BUNPOOYBAHHS HA  NONEPeMIHHE
3AMOPOAICYBAHHI MA BIOMABAHHSL.

Pezynomamu eunpobysanv nokasyromo, wo 30 30i1bUEHHAM KiIbKOCMI YUKII6
3AMOPOICYBAHHS-BIOMAGAHHA  N'AMU  KOHYEHMPAyill  PO3UUHY  APOMUOACENCOHOT
cymiwi, wo 8i0noeioarms mexci MiYyHOCMI HA po3maAe Npu 32UHI A MAKCUMATbHIU
Odepopmayii Ha po3msae npu 32uHi, MAOMb MEHOEHYII0 00 3MEeHUEHHs, WO C8I0UUmMb
Nnpo 3HAYHULL GNAUE KINTLKOCMI YUKIIE 3AMOPONCYBAHHA-BIOMABAHHA HA NOUKOONCEHHS
acanomobemony. Hum 6invwia KoHyeHmpayia npoOmMuoNCeNeOH020 pedceHmy, Mum
OUEBUOHIWUM € 3HUIICEHH MedCci MIYHOCMI Ha po3mse Npu 32uHi Ma MAKCUMATbHA
Odepopmayis Ha posmse npu 32ui. Xoua KOHYeHmMpayis po3UuHy NPOMUOICeneOHOT
CYyMIWI MA€ NeGHULl 6NIUE HA MeXNCY MIYHOCMI HA GUSUH [ MAKCUMATbHY 0ehopmayiio
HA po3msae Npu GUSUHI, OCHOBHULL 6NIUE HA 3HUNCEHHS HU3bKOMEeMNEepamypHux
Xapaxkmepucmux ac@aibmo6emony Mae NOWKOONCEHHA B8I0 MOPO3HO20 30UMAHHA,
CHpUYUHEHe YUKIAMU 3aMep3aHHA-8I0MABAHHA, WO MOJCe NPU3Becmu 00 CepuosHux
NOWKOOINHCEHb 8HACTIOOK po3pugy OimymHoi obononku. Koposis acgpanbmodbemony nio
BNIUBOM  NPOMUONHCENEOHUX peazenmie Modce Oymu  MOPUHHUM — AKMOPOM.
IIpomuodicenedni pevosuHu MOdICymb 3HUNCY8AMU a02e3il0 acanbmobemony, uo
npu3600UMsb 00 3MEHUIeHHs 38'S13KY MIdC OImymom i 3anosHio8avem, a ye, 8 C80H0
uepey, 3HUNCYE eKCHIYAMAayiliHi Xapakxmepucmuku acgaromodemony.

Keywords: asphalt concrete, deicing agent, low temperature performance, solution
concentration, freeze-thaw cycle, road performance.
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Introduction. With the continuous development of transportation
infrastructure in cold regions, asphalt concrete is increasingly applied in road
construction[1]. However, in the cold season, the icing phenomenon on the road
surface becomes a non-negligible problem, which not only affects traffic safety
but also puts higher requirements on the performance of road materials. To
solve this problem, the use of deicing agents has become a common means[2].

However, when selecting deicing agents, their effects on asphalt concrete
performance need to be considered, especially under freeze-thaw cycle
conditions[3]. Freeze-thaw cycle refers to the process of alternating freezing and
thawing experienced by the road surface during the cold season, which puts
higher requirements on the mechanical properties and durability of asphalt
concrete[4][5]. Therefore, an in-depth study of the effects of different
concentrations of deicing agents on the low-temperature performance of asphalt
concrete under freeze-thaw cycle conditions is of great significance for
optimizing the use of deicing agents and improving the performance of road
usage. This study aims to systematically investigate the effects of different
concentrations of deicing agents on the low-temperature performance of asphalt
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concrete through experimental methods, to provide a scientific basis for road
construction.

In this investigation, five concentrations of NaCl solutions, 1%, 2%, 3%,
4%, and 5%, were selected to conduct freeze-thaw cycle tests on beam
specimens (250 mm + 2.0 mm in length, 30 mm % 2.0 mm in width, and 35 mm
+ 2.0 mm in height) of AC-20 asphalt concrete. The test parameters for a single
cycle were: freezing temperature of -20°C + 1°C and freezing time of 24h =+
0.5h for the test, and thawing temperature of 20°C + 1°C and thawing time of
24h + 0.5h. A total of 28 cycles were carried out and the low-temperature crack
resistance tests were performed at the end of 0, 4, 8, 12, 16, 20, 24, and 28

cycles, and the test parameters included flexural tensile strength and maximum
flexural tensile strain.

Table 1
Flexural tensile strength of asphalt concrete after multiple freeze-thaw cycles
Number of freeze-thaw Flexural tensile strength, MPa
cycles 1%NaCl | 2%NaCl | 3%NaCl | 4%NaCl | 5%NaCl
0 11,32 11,32 11,32 11,32 11,32
4 11,14 11,12 11,05 10,95 10,91
8 11,05 11,02 10,88 10,71 10,62
12 10,83 10,74 10,52 10,33 10,21
16 10,40 10,27 10,14 9,74 9,54
20 9,86 9,81 9,72 9,23 9,02
24 9,45 9,31 9,17 8,62 8,42
28 9,03 8,86 8,65 8,17 7,91
35
-o— 1%NaCl
30
-# 2%NaCl ol
25711 3%Naci T 4
* 4%NaCl Y
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Freeze-thaw cycles/Times
Fig. 1 Loss rate of flexural tensile strength of asphalt concrete after experiencing
multiple freeze-thaw cycles

Loss rate of flexural tensile strength/%
N
o

Test results. Low-temperature crack resistance test was performed on
asphalt concrete after multiple freeze-thaw cycles, and the flexural tensile
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strength and maximum flexural tensile strain are shown in Tables 1 and 2, and
their corresponding loss rates are shown in Figures 1 and 2.

As can be seen from Table 1, with the increase in the number of freeze-
thaw cycles, the flexural tensile strength corresponding to the five
concentrations of deicing agent solutions showed a decreasing trend, indicating
that the damage of freeze-thaw cycles on asphalt concrete is extremely
significant; meanwhile, it was observed that the larger the concentration of
deicing agent corresponding to the flexural tensile strength decreases more
obviously, at the end of the 28 times of freeze-thaw cycles, the flexural tensile
strength corresponding to the five concentrations of deicing agent solutions
were 9,03 MPa, 8.86 MPa, 8.65 MPa, 8,17 MPa and 7,91 MPa respectively,
which shows that the deicing agent has a certain impact on the flexural tensile
strength of asphalt concrete. Simultaneously, it can be observed from Fig. 1 that
the loss rate for the first 12 freeze-thaw cycles is lower than the loss rate at 12-
28 cycles. At the end of 28 cycles, the loss of flexural tensile strength
corresponding to five concentrations of deicing agent solutions was 20.22%,
21.73%, 23.58%, 27.83%, and 30.12%, respectively.

Table 2
Maximum flexural tensile strain of asphalt concrete after multiple freeze-thaw
cycles

Number of freeze- | Maximum flexural tensile strain, pe
thaw cycles 1%NaCl | 2%NaCl | 3%NaCl | 4%NaCl | 5%NacCl

0 2963 2963 2963 2963 2963

4 2915 2910 2901 2883 2871

8 2892 2884 2873 2842 2824

12 2835 2810 2799 2761 2741

16 2723 2689 2671 2614 2589

20 2627 2594 2578 2525 2493

24 2535 2508 2493 2437 2386

28 2463 2431 2417 2373 2307

As can be seen from Table 2, with the increase in the number of freeze-
thaw cycles, the maximum flexural tensile strain corresponding to the five
concentrations of deicing agent solutions showed a decreasing trend, indicating
that the damage of freeze-thaw cycles on asphalt concrete is quite significant;
simultaneously observed that the larger the concentration of the deicing agent
corresponds to the maximum flexural tensile strain decreased more obviously, at
the end of the 28 times of freeze-thaw cycles, the maximum flexural tensile
strain corresponding to the five concentrations of deicing agent solutions were
2463 pe, 2431 pe, 2417 pe, 2373 pe and 2307 pe, respectively, indicating that
the deicing agent has a certain influence on the maximum flexural tensile strain
of asphalt concrete. Meanwhile, it is observed from Fig. 2 that the loss rate in
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the first 12 freeze-thaw cycles is lower than the loss rate at 12-28 cycles. At the
end of 28 cycles, the loss of maximum flexural tensile strain corresponding to
five concentrations of deicing agent solutions was 16.85%, 17.95%, 18.43%,
19.91%, and 22.14%, respectively.

25
-o- 1%NaCl
20 = 2%NaCl
15 -4 1 3%NaCl
v 4%NaCl
10 5%NaCl

T T
0 4 8 12 16 20 24 28

Freeze-thaw cycles/Times
Fig. 2 Loss rate of maximum flexural tensile strain of asphalt concrete after
experiencing multiple freeze-thaw cycles

Loss rate of maximum flexure tensile strain/%

Comprehensive analysis of the experimental results of flexural tensile
strength and maximum flexural tensile strain shows that although the flexural
tensile strength and maximum flexural tensile strain corresponding to the five
concentrations of deicing agent solutions are different, the difference is not
significant (at the end of 28 cycles, the loss rate of flexural tensile strength
ranges from 20%-31%, and the loss of maximum flexural tensile strain ranges
from 16% to 23%). Therefore, the greatest influence on the low-temperature
performance reduction is the freezing and expansion damage of the freeze-thaw
cycle, the freezing and expansion force caused by solution freezing will tear the
asphalt membrane and cause serious damage; followed by the erosion damage
of the deicing agent on the asphalt concrete, which may be due to the deicing
agent reduces the adhesion of the asphalt, resulting in a decrease in the bonding
force between asphalt and aggregates, which leads to a reduction in the
performance of the asphalt concrete.

Conclusion. In this paper, by comparing and analyzing the experimental
data of flexural tensile strength and maximum flexural tensile strain, the
following conclusions can be drawn:

1. with the increase in the number of freeze-thaw cycles, the five
concentrations of deicing agent solution corresponding to the flexural tensile
strength and maximum flexural tensile strain have a decreasing trend, which
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indicates that the freeze-thaw cycle on the asphalt concrete damage is
significant.

2. The larger the concentration of deicing agent corresponding to the
flexural tensile strength and maximum flexural tensile strain decreased more
obviously.

3. From the loss rate of flexural tensile strength and maximum flexural
tensile strain, it can be observed that the loss rate is low in the first 12 freeze-
thaw cycles, while it increases in the 12-28 cycles. This may imply that asphalt
concrete is relatively more resistant to freeze-thaw cycles in the initial stages,
but the damage increases as the number of cycles increases.

4. Although the concentration of the deicing agent solution affects the
flexural tensile strength and maximum flexural tensile strain, the main effect on
the reduction in the low-temperature performance of the asphalt concrete is the
frost heave damage induced by the freeze-thaw cycles. Freeze-up forces can
cause tearing of the asphalt membrane, resulting in severe damage. Erosion
damage to asphalt concrete by the deicing agent may be a secondary influence.
Deicing agents may reduce the bonding of asphalt, resulting in a reduction in the
bond between asphalt and aggregate, thus reducing the performance of asphalt
concrete.
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