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Although the extensive use of deicing salt has solved the problem of road icing in
winter and reduced traffic accidents, it has also had a significant impact on the
asphalt mixture. Through dry-wet cycle test, this study investigated the change rule of
air voids and permeability coefficient of asphalt mixture under the conditions of
different gradation, different deicing salt solutions and different dry-wet cycle times,
and analyzed the significant indicators of each factor's impact on air voids and
permeability coefficient based on variance analysis. The results showed that the air
voids and permeability coefficient of AC-13 and AC-16 asphalt mixtures increased to
varying degrees after 0, 5, 10, 15, 20, 25, and 30 dry-wet cycles in 20% NacCl, 15%
CHsN20, and 20% CH2CHsOH solutions, and the air voids and permeability
coefficient had a high correlation. Meanwhile, the variance analysis results indicated
that gradation was the main factor affecting the air voids and permeability coefficient,
followed by the dry-wet cycle times, and deicing salt solutions were the least
significant.

Hane docniodcenns npuceauene 6UGHeHHIO GNIUBY NPOTMUOIICENEOHUX PEHOBUH HA
3aauwmKo8y nopucmicme i KoepiyicHm 800ONPOHUKHOCMI — acGanrbmodemoHHUx
cymiweti 3a pisnux ymos. Heszeaodicarouu na me, wo wupoxe GUKOPUCMAHHA 3aco016
npomuodiceeOHoi 06pobKu eghekmueno supiuye npooiemu 0OMeP3anHHs 00POHCHLO2O
NOKpUMMS 63UMKY I 3MEHWLYE KINbKICMb O0PONCHLO-MPAHCHOPMHUX NPU200, B0HO
800HOYAC MAE HE2AMUBHI 8NIUE HA eKCHIYAMAYIlIHI 61aCTMUBOCTI ACHanbmoOemoHHux
NnoKpummia.

3asoaxu  npogedennto  excnepumenmie 3 GUKOPUCMAHHAM  DI3HUX — 8UOIE
acanbmobemony, npomuoicereOHUx pewosurn ma pizHoi Kinbkocmi yuxiie "cyxuii-
Mokpuil", 0yno eugueHo 3MiHu Koegiyichma nopucmocmi ma Koegiyienma
68000NPOHUKHOCIMI acanvmodbemonnux cymiwtell. [na oyinku 3uavywocmi ¢haxmopis,
AKI 6NAUBAIOMb HA NOKA3HUKU 3ATUUIKOS0T nopucmocmi ma 6000npOHUKHoCcmi, 0y
BUKOPUCMANULL OUCNEPCIlIHULL AHANT3.

Pezynomamu oocnioxcens nokazanu, wo nicaa 0, 5, 10, 15, 20, 25 i 30 yuxnis
"cyxuu-mokpuil"  3amuwikoea  nopucmicmv i Koe@iyienm — 80O0ONPOHUKHOCMI
acgpanomobemonnux cymiweri AC-13 i AC-16 noxasanu pisnuil cmyninb 3MiHU
NOKA3HUKI6 npu enaugi pozuunie, wo micmame 20% mexuiunoi coni (NaCl), 15%
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kapbamioy (CHaN20) i 20% 6e3600n020 emarnony (CH2CH3OH), gionosiono. Kpim
Mmo20, ICHYE 3HAYHA KOpenayis MIdC 3aIUWKO80) nopucmicmio i Koeghiyienmom
6000NPOHUKHOCHIL.

Hooanvwuil ducnepcitinuil aHaniz NOKA3ae, Wo EPAHYIOMEemPUYHUL CKIA0 €
OCHOBHUM (haxmopom, wjo 6naueac Ha Koepiyichm 3aIUWKOBOI NOpucmocmi ma
Koeghiyiecnm eodonponuxknocmi, oani ide Kinbkicmo yukiie "cyxuii-eonoeuil", a eniug
PO3YUHY NPOMUOICENEOHOT PIOUHU € HATMEHU BNITUBOBUM.

Takum quHOM, ye O00CNIONCEHHSI BCEDIUHO PO3KPUBAE GNIUE NPOMUONCENEOHUX
Ppeuosur Ha Koe@hiyienm 3aIuWK080I ROpUCmMocmi ma Koe@iyieHm 6000NPOHUKHOCMI
acanbmobemonnux cymiuieli 3¢ 0ONOMO2010 eKCHePUMEHMI6 Ma CMaAmMuCmMuyHO20
ananizy. Pesynomamu O00CHiONCeHHs MAlOMb  6AdNCIUBE NPUKIAOHE 3HAYEHHS OJlsl
Kpawjoeo pO3YMIHHS — GNIUSY NPOMUONCENEOHOI PpPeuo8UHU HA  eKCRIyamayiiHi
61ACMUBOCI  OOPOACHLO20 NOKPUMMISL, VYOOCKOHANEHHS. NPOEKMYBAHHSI OO0POINCHIX
KOHCMPYKYI ma 3uM08020 YMPUMAHHSL 00pie.

Key words: pavement performance, deicing salt, asphalt concrete, dry-wet cycle,
air voids, permeability coefficient, deicing salt.

Kniouoei  cnosa:  excniayamayiini  é1acmugocmi  0OPONCHbO20 — NOKPUMMISL,
npomuodiceneoni  peuosunu, acgaromobemon, "cyxuti-mokpunl” yuki, 3aIUWKOSA
nopucmicms, KoeQiyicHm 6000NPOHUKHOCTII.

Introduction. Asphalt mixture is widely used in road construction, and its
quality has a crucial impact on road service life, driving safety, and comfort [1-
2]. However, in cold weather during winter, road icing, snow accumulation, and
other factors pose significant safety hazards and economic losses to road traffic
[3]. Therefore, deicing salt is widely applied in road ice and snow removal,
which works by melting ice and snow on the surface and preventing them from
freezing again [4]. However, excessive use of deicing salt not only leads to
environmental issues such as water pollution, land degradation, and climate
change but also causes damage to road materials [5-6].

The size of air voids affects various properties of the asphalt mixture, such
as compactness, stability, durability, and water resistance [7]. Generally, a lower
air voids can improve the compactness and stability of the mixture, thereby
enhancing its shear resistance and durability, and reducing water permeation and
damage. ROBERT N et al. [8] found that an increase of 1% in air voids when it
exceeds 7% could result in a loss of about 10% in road life. Rui Xiong [9]
analyzed the relationship between pore characteristics and splitting strength, and
found that the increase of open voids of asphalt mixture had a linear correlation
with the decrease of splitting strength under salt corrosion environment. Di Yu
[10] conducted a microstructural analysis of asphalt mixtures before and after
freeze-thaw cycles, and discovered that the damage source of voids mainly
transferred from large voids to small ones. The water permeability coefficient
refers to the rate of water passing through the asphalt concrete and reflects its
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resistance to water infiltration, which is generally highly correlated with the air
voids [11]. Although there are many studies on air voids and permeability
coefficient, there is relatively limited research on the variation of air voids and
permeability coefficient under salt solution conditions.

Taking into account the unique climate of China's northwest region, this
paper employs collected data on precipitation, air humidity, and interlayer
temperature of the road surface to conduct dry-wet cycle tests on the two
gradations of asphalt mixtures using three concentrations of appropriate deicing
salt solutions [12-13]. Through this approach, we seek to investigate and
analyze the patterns of variation in air voids and permeability coefficient, in
order to deepen our understanding of the interaction between deicing salt and
asphalt mixture, and to provide a certain reference for road design and
maintenance.

Experimental materials and methods. For this experiment, KL-90
petroleum asphalt from the Karamay Refinery in Xinjiang was selected as the
asphalt material. It was determined that all of its technical indicators meet the
required specifications, as shown in Table 1. The coarse and fine aggregates, as
well as the mineral powder, were all sourced from the Wangjiaping quarry in
Lanzhou, Gansu Province. Their technical indicators also meet the required
specifications, as shown in Tables 2 - 4. Urea (CH4N20) produced by Gansu
Liuhua (Group) Co., Ltd., industrial salt (NaCl) produced by Golmud Baojin
Chemical Trade Co., Ltd., and anhydrous ethanol (CH,CH3sOH) produced by
Tianjin Beichen Fangzheng Reagent Factory were selected as the three types of
deicing salts. All of their technical indicators meet the required specifications.

Table 1
Technical indexes of asphalt
Index Test Result Requirement
Penetration (25 °C, 100 g.5s)/0.1 mm 89.2 80~100
Penetration Index -1.5 -1.5~+1.0

Extensibility (15 °C)/cm 144 >100
Softening Point/°C 52 >45

Flash Point/°C 287 >245
Density (15 °C)/(g:cm-3) 1.033 —

Dynamic viscosity (60°C)/Pass 153 >140

Solubility/% 99.9 299.5

Considering the deicing effectiveness and economic efficiency, three
solutions containing 20% NaCl, 15% CH.N.O, and 20% CH,CH3OH were
prepared for the dry-wet cycle tests on Marshall samples and rut samples with
AC-13 and AC-16 gradations. The samples were subjected to 0, 5, 10, 15, 20,
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25, and 30 cycles of dry-wet cycles, with each cycle consisting of immersion in
the three solutions for 24 hours followed by air drying for 24 hours. After the
dry-wet cycles were completed, the air voids of the mixture samples were
measured using the dry-weighing method for the Marshall samples, and the
permeability coefficient was determined for the rut samples using the water
permeability test, in accordance with the "Standard Test Methods for Bitumen
and Bituminous Mixtures for Highway Engineering” (JTG E20-2011).

Table 2

Technical indicators of coarse aggregate

Index Test Result Requirement
Crushed Stone Value/% 17.6 <28
Los Angeles Abrasion Loss/% 17.5 <30
Solmdness/% 10.8 <12
Apparent Particle Density 2.79 >2.5
Water Absorption/% 1.7 <3
Table 3

Technical indicators of fine aggregate

Index Test Result Requirement
Apparent Particle Density 2.71 >2.50
Solmdness/% 9.2 <12
Sand Equivalent/% 75 >60
Mud Content/% 2.1 <3
Table 4
Technical indicators of mineral powder
Index Test Result Requirement
Density/(t-m-3) 2.81 >2.5
Water Absorption/% 0.88 <l
Hydrophilic Coefficient/% <I <l
Appearance No agglomerates No agglomerates

Results analysis and discussion. The changes in air voids and its growth
rate of the AC-13 asphalt mixture after dry-wet cycle tests in three different
deicing salt solutions are shown in Figure 1.

Based on Figure 1, it can be observed that for mixture of AC-13, with an
increase in the number of dry-wet cycles, the corresponding air voids for all
three deicing salts increases. Among them, CH4N>O has the greatest impact on
the air voids, with an increase of 34.1% at the 30th cycle, reaching 6.05%,
which no longer meets the air voids requirements for certain pavement types;
NaCl has the second largest impact on air voids, with an increase of 18.8% at
the 30th cycle, reaching 5.36%; the impact of CH,CH3OH on air voids is the
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smallest, with an increase of 13.1% at the 30th cycle, reaching 5.10%.

The changes in air voids and its growth rate of the AC-16 asphalt mixture
after dry-wet cycle tests in three different deicing salt solutions are shown in
Figure 2.
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Fig. 1 Variation of air voids and its growth rate of AC-13 with the increase of
dry-wet cycles

From Figure 2, it can be seen that for mixture of AC-16, with an increase
in the number of dry-wet cycles, the corresponding air voids for all three deicing
salts increases. Among them, CH4N,O has the greatest impact on air voids, with
an increase of 50.8% at the 30th cycle, reaching 6.38%, which no longer meets
the air voids requirements for certain pavement types. NaCl has the second
largest impact on air voids, with an increase of 39.2% at the 30th cycle, reaching
5.89%; the impact of CH,CH3sOH on air voids is the smallest, with an increase
of 23.8% at the 30th cycle, reaching 5.24%.
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Fig. 2 Variation of air voids and its growth rate of AC-16 with the increase of
dry-wet cycles

Comparing Figures 3 and 4, it can be seen that the growth rate of air voids
for AC-16 is significantly higher than that for AC-13. This indicates that, in
terms of air voids, the impact of the three salt solutions on AC-16 is greater than
that on AC-13.
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When the gradation is AC-13, the changes in permeability coefficient and
its growth rate after dry-wet cycle test under three different deicing salt
solutions are shown in Figure 3.

From Figure 3, it can be observed that when the gradation is AC-13, the
permeability coefficients corresponding to the three types of deicing salts show
an increasing trend with the increase of dry-wet cycle times. Among them,
CH4N20O has the greatest impact on the permeability coefficient, with an
increase of 32.7% and reaching 107.48 mL/min at the 30th cycle; the impact of
NaCl on the permeability coefficient is secondary, with an increase of 19.6%
and reaching 96.89 mL/min at the 30th cycle, while the impact of CH,CH3;OH
on the permeability coefficient is the smallest, with an increase of 9.0% and
reaching 88.32 mL/min at the 30th cycle.
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Fig. 3 Variation of permeability coefficient and its growth rate of AC-13 with
the increase of dry-wet cycles

When the gradation is AC-16, the changes in permeability coefficient and
its growth rate after dry-wet cycle test under three different deicing salt
solutions are shown in Figure 4.
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Fig. 4 Variation of permeability coefficient and its growth rate of AC-16 with
the increase of dry-wet cycles
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From Figure 4, it can be observed that when the gradation is AC-16, the
permeability coefficients of the asphalt mixture under the three different deicing
salt solutions all show an increasing trend with the increase of dry-wet cycles.
Among them, CH4N2O has the greatest impact on the permeability coefficient,
and its corresponding permeability coefficient increased by 51.6% to 116.75
mL/min after 30 cycles; NaCl has the second largest impact on the permeability
coefficient, and its corresponding permeability coefficient increased by 38.4% to
106.54 mL/min after 30 cycles; CH,CH3;OH has the smallest impact on the
permeability coefficient, and its corresponding permeability coefficient
increased by 19.4% to 91.96 mL/min after 30 cycles.

By comparing Figure 5 and Figure 6, it can be seen that the growth rate of
permeability coefficient for AC-16 is significantly higher than that for AC-13.
This indicates that in terms of permeability coefficient, the impact of the three
deicing salt solutions on AC-16 is greater than that on AC-13.

Analysis of variance. Analysis of Variance (ANOVA) was conducted to
examine the variations in the effects of different factors on air voids, as shown
in Table 5.

From Table 5, it can be observed that the significance difference
coefficients (Sig.) between different influencing factors and the air voids of
asphalt mixtures are all 0, indicating that the number of dry-wet cycles,
gradation, and different deicing salt solutions have a significant impact on the
air voids of asphalt mixture. From the F-value of the statistics, it can be known
that the gradation has the most significant impact on the air voids, followed by
the number of dry-wet cycles, and the different deicing salt solutions have the
least significant impact.

Table 5
Variance analysis of different influencing factors and air voids
Source DE Type 111 Sum of Mean F Sig.
Squares Square
Corrected Model | 9 1932.035a 214.671 29.651 .000
Intercept 1 241653.090 241653.090 | 33378.334 | .000
Number of dry- | - o 1472.055 245342 33.888 | .000
wet cycle
Gradation 1 272.316 272.316 37.614 .000
Solution of ) -, 187.664 93.832 12.961 | .000
deicing salt
Error 32 231.674 7.240
Total 42 243816.799
Corrected Total | 41 2163.709
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Analysis of Variance (ANOVA) was conducted to examine the variations
in the effects of different factors on permeability coefficient, as shown in Table
6.

Based on Table 6, it can be observed that the significance difference
coefficients (Sig.) between different influencing factors and the permeability
coefficient of asphalt mixtures are all 0, indicating that the number of wet-dry
cycles, gradation, and different deicing salt solutions have a significant impact
on the permeability coefficient of asphalt mixtures. From the F-value of the
statistics, it can be seen that the impact of gradation on the permeability
coefficient is the most significant, followed by the number of wet-dry cycles,
and the different deicing salt solutions have the least significant impact.

Table 6
Variance analysis of different influencing factors and permeability coefficient
Source DF Type 111 Sum of Mean Square F Sig.
Squares
Corrected | o | 13700004.604a | 1525444.956 | 51.670 | .000
Model
Intercept 1 372978439.002 | 372978439.002 | 12633.498 | .000
Numberof 1o\ 10035856346 | 1672642724 | 56656 | .000
dry-wet cycle
Gradation 1 1738836.308 1738836.308 58.898 .000
Solutionof |, 1 1924311 950 977155.975 | 33.098 | .000
deicing salt
Error 32 944735.177 29522.974
Total 42 387652178.782
Corvected | 41 | 14673739.781
Total

Conclusions. After conducting dry-wet cycle tests on AC-13 and AC-16
asphalt mixtures with three types of deicing salts, the following conclusions can
be drawn from the analysis of the data on air voids and permeability coefficient:

(1) The impact of deicing salts on air voids and permeability coefficient of
asphalt mixtures follows the order: CHsN2O > NaCl > CH,CH3:OH.

(2) The erosion resistance of AC-13 is higher than that of AC-16,
indicating that the increase of fine aggregate is beneficial to improving the
service life of pavement under salt solution environment.

(3) The growth curves of air voids and permeability coefficient show high
correlation, and the increase of permeability coefficient lags behind that of air

voids.
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(4) The results of the analysis of variance indicate that gradation is the

primary factor affecting air voids and permeability coefficient, followed by dry-
wet cycle times, and the effect of deicing salt solution is the least significant.
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