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Anomauin

IIpomuooiceneoni coni, AKi WUPOKO 3ACMOCOBYIOMbC 0N MAHEHHs. 600y MA CHiZYy HA 00po2ax, e@exkmueHo
SHUIICYIOMb TOYKY 3AMEpP3aHHA MAKUX NOSEPXOHb, MUM CAMUM 36004U 00 MIHIMyMy 360i 6 pyci mpancnopmuux
3acob6ig. Hessaswcarouu Ha ye, yi coni pi3HOI0 MIpOIO MOXCYMb YUHUMU WKIOTUSUI 6NIUE HA OOPONCHI Mamepianu. V
YbOMY 00CHIONCEHHT OYIHIOEMbCSA BNIUE NPOMUONCENEOHUX CONell HA B00OCMINKICMb ACHATLINOBUX CYMIMUEN WAAXOM
BUKOHAHHA 6UNPobysans Mapwaina nonepeminne SUMPUMYBAHHSL Y GONO2UX | CYXUX YMOBAX.

KarouoBi cioBa: achansroGeTOHHE MOKPHUTTS, BOIOCTIMKICTh, IMPOTHOKEIEIHA Cilb, MEXaHIYHI BJIACTHBOCTI,
JIOBFOBIYHICTb.

Abstract

Deicing salts, widely employed for mitigating ice and snow on roadways, effectively decrease the freezing point of
such surfaces, thereby minimizing vehicular travel disruptions. Nonetheless, these salts can exert detrimental effects on
underlying road materials to varying degrees. This investigation assesses the influence of deicing salts on the water
stability of asphalt mixtures through the implementation of immersion Marshall tests under alternating wet-dry
conditions.
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Introduction
As global climate change and urbanization accelerate, road infrastructure assumes a vital role in facilitating

transportation and fostering economic growth. Nevertheless, the longevity of roads is influenced by diverse
environmental factors, including temperature fluctuations, precipitation, and ice and snow accumulation. In colder
regions, winter road icing considerably impacts traffic safety and routine travel[1]. To mitigate the repercussions
of ice and snow on transportation, common deicing strategies, such as salt application, are employed. Although
deicing salts serve as prevalent agents for ice and snow degradation, they may also impart specific effects on road
materials. The infiltration of these salts can alter the moisture and salt content within asphalt mixtures,
subsequently affecting their mechanical properties and durability [2-3].

Asphalt mixtures, as an indispensable component in road construction, bear substantial implications for the
service life, safety, and durability of roadways. Under alternating wet-dry environmental conditions, these
mixtures are exposed to the concomitant influences of moisture, chemical corrosion, and other factors, potentially
resulting in marked alterations to their residual stability [4]. Consequently, examining the impact of deicing salts
on the residual stability of asphalt mixtures under wet-dry cycling conditions holds substantial practical
significance for directing the selection and design of road materials[5-6].

Experimental method
Building upon the research group's prior investigations on deicing salts' freezing point tests, this study
employed three distinct deicing salts: sodium chloride, urea, and ethanol[7-9]. Considering the deicing efficacy
and economic factors, 20% industrial salt (NaCl), 15% urea (CH4N,0), and 20% anhydrous ethanol (CH,CH;OH)
solutions were formulated for the wet-dry cycling process. Marshall specimens with AC-13 and AC-16 gradations
were fabricated and subjected to 0, 5, 10, 15, 20, 25, and 30 wet-dry cycles. Each cycle entailed a 24-hour



immersion in each of the three solutions, followed by a subsequent 24-hour air-drying period. Upon completion of
the wet-dry cycling, residual stability tests were performed on the Marshall specimens in accordance with the
"Standard Test Methods for Bitumen and Bituminous Mixtures for Highway Engineering” (JTG E20-2011).

Results analysis and discussion
Upon employing an AC-13 gradation for the asphalt mixture, Figure 1 illustrates the alterations in residual
stability subsequent to the wet-dry cycling tests.

2400

2200 m

—e- NaCl \1‘\““\—\.\'

18004 —m=CH NG \\

—A— CHZCH: OH

Dynamic stability(times/mm)
N
[ =)
o
=
) /

1600

0 5 10 15 20 25 30
Dry-wet cycles/Times

Fig. 1 Variations in residual stability for ac-13 gradation

Figure 1 demonstrates that for an asphalt mixture with an AC-13 gradation, residual stability diminishes with
increasing wet-dry cycles. Among the 30 cycles, the influence of NaCl on residual stability is the least
pronounced, followed by that of CH,CH3OH, while the impact of CH;N,O is the most substantial. By the 20th
cycle, the residual stability values for CH,N,O and CH,CH3;OH are 73.8% and 74.6%, respectively, falling short
of the prevailing specification requirement of greater than 75%. In contrast, the residual stability corresponding to
NaCl adheres to the current specification requirement of exceeding 75% throughout all 30 cycles.

Upon employing an AC-16 gradation for the asphalt mixture, Figure 2 illustrates the alterations in residual
stability subsequent to the wet-dry cycling tests.
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Fig. 2 Variations in residual stability for AC-16 gradation



As illustrated in Figure 2, when employing an AC-16 gradation for the asphalt mixture, the residual stability
diminishes with an increase in the number of wet-dry cycles. Among the 30 wet-dry cycles, the influence of
CH,CH3OH on residual stability is the least pronounced, followed by NaCl, while the impact of CH4N,O is the
most substantial. At the 10th cycle, the residual stability value for CH4N,O is 72.0%; at the 15th cycle, the
residual stability value for NaCl is 74.7%; and at the 20th cycle, the residual stability value for CH,CH;OH is
72.4%, all of which fall short of the prevailing specification requirement exceeding 75%.

Upon juxtaposing Figure 1 and Figure 2, it becomes evident that the rate of decline in residual stability for
AC-16 gradation is marginally more pronounced than that for AC-13 gradation. This suggests that the influence
of the three salt solutions on AC-16's residual stability surpasses their impact on AC-13's residual stability.

Conclusion
AC-13 and AC-16 asphalt mixtures underwent wet-dry cycling with three distinct deicing salt solutions.
Alterations in water stability were investigated via immersion Marshall tests. The findings reveal that AC-13
exhibits superior resistance to deicing salt erosion compared to AC-16. The descending sequence of deicing
salt-induced water stability degradation for AC-13 asphalt mixtures is as follows: CH;N,O > CH,CH;OH > NaCl.
In the case of AC-16 asphalt mixtures, the damage hierarchy is: CH4;N,O > NaCl > CH,CH;OH.

LITERATURE
1 J.-S. Chen and C. H. Yang, “Porous asphalt concrete: A review of design, construction,

performance and maintenance,” Int. J. Pavement Res. Technol., vol. 13, no. 6, pp. 601-612, Nov. 2020, doi:
10.1007/s42947-020-0039-7.

2 Z. Wu, C. Shi, P. Gao, H. Zhang, and X. Hu, “Moisture Susceptibility of Asphalt Mixture
Subjected to Chloride-Based Deicing Salt Solutions under Simulated Environmental Conditions,” J. Mater.
Civ. Eng., vol. 35, no. 5, p. 04023052, May 2023, doi: 10.1061/(ASCE)MT.1943-5533.0004713.

3 Mingjun, G., SAFETY MEASURES FOR DRIVING ON ICY ROADS IN WINTER.

4 Y. Luo, Z. Zhang, G. Cheng, and K. Zhang, “The deterioration and performance improvement of
long-term mechanical properties of warm-mix asphalt mixtures under special environmental conditions,”
Constr. Build. Mater., vol. 135, pp. 622-631, Mar. 2017, doi: 10.1016/j.conbuildmat.2016.12.167.

5 J. Carson and F. Mannering, “The effect of ice warning signs on ice-accident frequencies and
severities,” Accid. Anal. Prev., vol. 33, no. 1, pp. 99-109, Jan. 2001, doi: 10.1016/S0001-4575(00)00020-8.

6 Mingjun, G. and V. Kovalskiy, Research of mechanical properties of bituminous concrete at
low-temperature. 2020, ITprkaprnarcbKuii HaI[ioHAIBHII YHIBEpcUTET iMeHi Bacuis Credannka.

7 Ping Li, Xiying Wei, Tengfei Nian, Yang liu, and Yu Mao, “Freezing Point Test of Deicers on
Asphalt Pavement in Seasonal Frozen Region Bulletin of the Chinese Ceramic Society,” Bulletin of the
Chinese Ceramic Society, vol. 38, no. 05. pp. 1561-1567, 2019.

8 Yang liu and Ping Li, “Study on Temperature Field Prediction Model and Anti Icing Technology of
Asphalt Pavement in Winter of Gansu Province,” Master, Lanzhou University of Technology, 2018.

9 Mingjun G. The effect of anti-icing reagents on the frost resistance of asphalt concrete
[Enextponnmii pecypc] / G. Mingjun, V. Kovalskiy, M. Bondar // // Marepianu MixHapomHoi
HayKOBO-TexHiIuHOI KoH(epeHtii "[HHoBatiiiHI TexHonorii B OyaiBHUNTBI — 2022", BiHANIs, 25 micromana
2022 p- - Enextpos. TEKCT. JaHi. - 2022. - Pexum JIOCTYTIY:
https://conferences.vntu.edu.ua/index.php/itb/itb2022/paper/viewFile/16746



T'o Minysions, acripant kadeapu MicroOyaysanss ta apxirekrypu BHTY. e-mail: guo19920408@hotmail.com

Koeanvcokuit Bikmop Ilaénosuu — X.T.H., JONeHT Kadeapu OyAiBHUIITBA, MICHKOTO TOCIIONAPCTBA 1 apXITEKTypH
BiHHHUIIEKOTO HAIIOHATBHOTO TEXHIYHOTO yHiBepcutety, e-mail: kovalskiy.vk.vntu.edu@gmail.com

ORCID 0000-0002-3103-6319.

Guo Mingjun, Postgraduate Department of Urban Planning and Architecture, Vinnytsia National Technical
University, Vinnytsia, e-mail: guo19920408@hotmail.com

Kovalsky Victor Pavlovich, Assistant Professor of Department of Urban Planning and Architecture, Vinnytsia
National Technical University, Vinnytsia, e-mail: kovalskiy.vk.vntu.edu@gmail.com

ORCID 0000-0002-3103-6319.



mailto:guo19920408@hotmail.com
mailto:kovalskiy.vk.vntu.edu@gmail.com
mailto:kovalskiy.vk.vntu.edu@gmail.com

