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The extensive use of deicing salt has not only solved the problem of road icing but also had a serious impact on the pavement,
reducing its lifespan. In order to deeply understand the impact of deicing salt on the air voids of asphalt mixture in the northwest
climate of China, this paper conducted freeze-thaw cycle tests on AC-13 and AC-16 asphalt mixtures under three different deicing
salt solutions and three different low-temperature environments, and analyzed the changes in air voids, meanwhile, the Logistic
prediction model was used to evaluate the change characteristics of the air voids. The experimental results showed that the air
voids of asphalt mixture increased to varying degrees after multiple freeze-thaw cycles; when the temperature was above its
freezing point, no frost heave damage occurred, and the air voids increased slowly; when the temperature was below the freezing
point, frost heave damage occurred, causing rapid growth and connection of voids in the mixture, and the air voids increased
rapidly; the Logistic model showed a good fit with the observed changes in air voids.
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Introduction

With the rapid development of society, more and more roads have been paved with asphalt concrete [1-
2]. However, as the impact of global climate change intensifies, winter maintenance of roads in cold regions
has become an important issue [3]. The main method of winter road maintenance is to spread deicing salt when
the road is frozen, but the long-term and excessive use of deicing salt also increases the damage to road
materials [4-5].

Air voids is one of the important indicators for evaluating the performance of asphalt mixtures [6]. The
size of the air voids directly affects the frost resistance and durability of asphalt mixture, and reducing the air
voids appropriately is an effective way to improve their performance. Scholars have conducted some related
research on the influence of air voids, JOHN T [7] believes that lower air voids is beneficial for both fatigue
life and initial stiffness. Jing Hu [8] found through a study of the internal structure of asphalt mixture that
different porosity distributions and shapes have a significant impact on the failure state of asphalt mixture.
Yanjing Zhao [9] proved through CT scanning images that non-connected pores in asphalt concrete mainly
distribute near the center of the specimen, and connected pores are distributed slightly closer to the outer edge.
Tao Ma [10] investigated the influence of structural parameters such as air voids, pore size, and pore
distribution on the creep behavior of asphalt mixtures and found that the more and larger the pores, the greater
the creep strain of the asphalt mixture, in addition, the uneven distribution of pores in asphalt mixture also has
a negative impact on their creep deformation. However, these studies did not consider the variation of porosity
under salt dissolution conditions.

On the basis of the special climate in northwest China [11-12], this paper uses collected data on rainfall,
air humidity, and temperature between pavement layers to conduct freeze-thaw cycle tests on two types of
asphalt mixture with three deicing salt solutions of suitable concentration and in three low-temperature
environments. The study aims to investigate the mechanism of the effect of deicing salt on the air voids of
asphalt mixtures and to propose corresponding measures to reduce the damage caused by deicing salt to asphalt
mixtures, providing a reference for road design and maintenance.

Experimental materials and methods

In this experiment, KL-90 petroleum asphalt was selected, and its various technical indicators were
determined to meet the requirements of the specifications, as shown in Table 1. The technical indicators of the
selected coarse and fine aggregates and mineral powder also met the specifications, as shown in Tables 2 - 4.
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Table 1
Technical indexes of asphalt
Index Test Result Requirement Test Method
Penetration (25 °C, 100 g.5s)/0.1 mm 88.5 80~100 T0604
Penetration Index -0.9 -1.5~+1.0 T0604
Softening Point/°C 49 >45 T0606
Flash Point/°C 303 >245 T0611
Extensibility (15 °C)/cm 147 >100 T0605
Density (15 °C)/(g-cm-3) 1.034 — T0603
Dynamic viscosity (60°C)/Paes 153 >140 T0620
Solubility/% 99.8 >99.5 T0607
Table 2
Technical indicators of coarse aggregate
Index Test Result Requirement Test Method
Crushed Stone Value/% 17.6 <28 T0316
Los Angeles Abrasion Loss/% 175 <30 T0317
Apparent Particle Density 2.82 >2.5 T0304
Solmdness/% 10.8 <12 T0314
Water Absorption/% 1.5 <3 T0304
Table 3
Technical indicators of fine aggregate
Index Test Result Requirement Test Method
Apparent Particle Density 2.74 >2.50 T0328
Sand Equivalent/% 75 >60 T0334
Solmdness/% 9.2 <12 T0340
Mud Content/% 2.0 <3 T0333
Table 4
Technical indicators of mineral powder
Index Test Result Requirement
Density/(t-m-3) 2.82 >2.5
Water Absorption/% 0.88 <1
Hydrophilic Coefficient/% <1 <1

Appearance

No agglomerates

No agglomerates

For this experiment, two types of dense-graded asphalt mixture, AC-13 and AC-16, were selected. The
target gradation curves are shown in Figures 1 - 2.
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Fig.2 Synthetic grading curve of AC-16

On the basis of considering the deicing effect and economy, the experiment adopted 20% industrial salt
(NaCl), 15% urea (CH4N20) and 20 % anhydrous ethanol (CH,CH3OH) as the solutions for the freeze-thaw
cycles, respectively. Marshall specimens of two types of gradations, AC-13 and AC-16, were prepared and
subjected to freeze-thaw cycle tests with 0, 5, 10, 15, 20, 25, and 30 cycles at temperatures of -5°C, -15°C, and
-25°C. Each cycle included immersion in the three solutions for 12 + 0.5 hours and subsequent placement in
the temprature controlled cabinet for 12 + 0.5 hours. After the completion of the freeze-thaw cycles, the air
voids of the asphalt mixture were determined according to the "Standard Test Methods for Bitumen and
Bituminous Mixtures for Highway Engineering" (JTG E20-2011).

Results analysis and discussion

The results of air voids and its growth rate of AC-13 asphalt mixture after freeze-thaw cycles in three
different deicing salt solutions and three different low temperature environments are shown in Figure 3.

From Figures 3(a) and 3(b), it can be seen that when the gradation of asphalt mixture is AC-13 and the
freezing temperature is -5°C, the air voids corresponding to the three types of deicing salt solutions shows an
increasing trend with the increase of freeze-thaw cycles, and the temperature at this time did not fall below the
freezing point of the three deicing salt solutions, so the growth rate is slow. Among them, CH4N2O has the
greatest influence on the air voids, and its corresponding air voids increased by 39.25 % to 6.28 % in the 30th
cycle, which no longer meets the air voids requirements of some pavements. NaCl has the second largest
influence on the air voids, and its corresponding air voids increased by 19.51 % to 5.39 % in the 30th cycle.
CH,CH30H has the smallest influence on the air voids, and its corresponding air voids increased by 13.97 %
to 5.14 % in the 30th cycle.
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Fig. 3 Variation of air voids with increasing number of freeze-thaw cycles

From Figure 3(c) and 3(d), it can be seen that when the gradation of asphalt mixture is AC-13 and the
freezing temperature is -15°C, the air voids of the three types of deicing salt solutions increases with the
number of freeze-thaw cycles, and the air voids corresponding to CH4N-O starts to increase rapidly from the
20th cycle, with a much higher growth rate than that of NaCl and CH>CH3OH. At this point, the temperature
has dropped below the freezing point of the solution of CH4sN»O, and condensation occurs. In the 30th cycle,
the corresponding air voids of CH4N>O increased by 80.04%, reaching 8.12 %, which no longer meets the
requirements for air voids of road. NaCl has the second largest impact on air voids, and its corresponding air
voids increased by 34.15 % in the 30th cycle, reaching 6.05 %. CH>CH3OH has the smallest effect on air voids,
and its corresponding air voids increased by 24.17 % in the 30th cycle, reaching 5.60 %.

From Figure 3(e) and 3(f), it can be seen that when the gradation of asphalt mixture is AC-13 and the
freezing temperature is -25°C, the air voids of the three deicing salts increases with an increase in the number
of freeze-thaw cycles. The air voids corresponding to the three deicing salts start to increase rapidly from the
15th cycle, when the temperature is below the freezing point of all three deicing salt solutions, and
condensation occurs. Among them, CH4sN>O has the greatest impact on the air voids, with its corresponding
air voids increasing by 91.13 % in the 30th cycle, reaching 8.62 %. The effect of NaCl on the air voids is
second, with its corresponding air voids increasing by 77.16 % in the 30th cycle, reaching 7.99 %. The effect
of CH,CH3OH on the air voids is the smallest, with its corresponding air voids increasing by 71.62 % in the
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30th cycle, reaching 7.74 %.
The results of air voids and its growth rate of AC-16 asphalt mixture after freeze-thaw cycles in three
different deicing salt solutions and three different low temperature environments are shown in Figure 4.
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Fig. 4 Variation of air voids with increasing number of freeze-thaw cycles

From Figures 4(a) and 4(b), it can be seen that when the gradation of asphalt mixture is AC-16 and the
freezing temperature is -25°C, as the number of freeze-thaw cycles increases, the corresponding air voids for
the three types of deicing salts shows a growing trend, and the growth rates are slow as the temperature has
not fallen below the freezing point of the three deicing salt solutions. Among them, CH4N,O has the greatest
impact on the air voids, with an increase of 54.61 % at the 30th cycle, reaching 6.54 %, which no longer meets
the requirements of certain pavement. The effect of NaCl on air voids is secondary, with an increase of 40.19%
at the 30th cycle, reaching 5.93 %. The effect of CH,CH3OH on air voids is the smallest, with an increase of
23.64 % at the 30th cycle, reaching 5.23 %.

From Figures 4(c) and 4(d), it can be seen that for the AC-16 asphalt mixture, when the freezing
temperature is -15°C, the air voids corresponding to the three types of deicing salt solutions shows an
increasing trend with the increase of freeze-thaw cycles. The air voids corresponding to the solution of CHsN>O
increases rapidly starting from the 20th cycle, with an increase rate far higher than that of NaCl and CH,CH30H,
and at this point, the temperature has already dropped below the freezing point of the solution of CH4N>O, and
condensation phenomenon occurs. At the 30th cycle, the corresponding air voids of CH4N>O increased by
112.29 %, reaching 8.98 %, which can no longer meet the requirements of the pavement. The impact of NaCl
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on the air voids is second, and at the 30th cycle, the corresponding air voids increases by 42.08 %, reaching
6.01%. The impact of CH>CH3OH on the air voids is the smallest, and at the 30th cycle, the corresponding air
voids increases by 34.27 %, reaching 5.68 %.

From Figure 4(e) and 4(f), it can be seen that when the gradation of asphalt mixture is AC-16 and the
freezing temperature is -25°C, the air voids of the three types of deicing salts all show an increasing trend with
the increase of freeze-thaw cycles, and the air voids of the three types of deicing salts all starts to increase
rapidly from the 15th cycle, at which point the temperature is lower than the freezing point of the three deicing
salt solutions, and condensation occurs. Among them, CH4N>O has the greatest influence on air voids, and its
corresponding growth rate reached 118.44 % at the 30th cycle, reaching 9.24 %; NaCl has the second greatest
influence on air voids, and its corresponding growth rate reached 106.62 % at the 30th cycle, reaching 8.74 %;
CH,CH;30H has the smallest influence on air voids, and its corresponding growth rate reached 98.82 % at the
30th cycle, reaching 8.41 %.

Based on Figures 3 and 4, it can be observed from the growth rate of air voids with the increase of freeze-
thaw cycles that regardless of whether the freezing point of the deicing salt solution is reached or not, that is,
whether it freezes or not, the rate of increase of AC-16 is higher than that of AC-13, moreover, the percentage
of fine aggregate in AC-13 is higher than that in AC-16, which means that increasing the percentage of fine
aggregate can slow down the speed of void damage and connectivity in asphalt mixtures.

Prediction models for air voids

In this paper, Logistic prediction model was constructed using two independent variables, x and y, to
represent temperature and freeze-thaw cycles, respectively, and the air voids was used as the dependent
variable:

a

T e ) [ren ()]

In this equation, a, b, ¢, d, m, and n are fitting parameters. Ry is a function that varies with x and y. Through
numerical simulation, the Logistic prediction models were fitted under various conditions, and the results are
shown in Table 5.

Table 5
Variance analysis of different influencing factors and air voids
Types g;? eicing Gradation Logistic prediction model CorrelatlorF1220 oefficient
R 26.6 +4.574
R T= — — — .
NaCl AC-13 [ 1+ exp (Zli?3166 X)] [1 + exp( 221:338 y)] 0.9379
R 1415 +3.869
CH4N20 AC-13 T= 1.061 — x 0.8903 — ' 0.95
|1+ exp (Sg7ger )] [1 + exp (F3717)]
R 9.653 +4.582
- T = _ — — .
CH2CH3OH AC-13 [ 1+ exp (16.13€4 X)] [1 + exp( 125:3619 y)] 0.9357
R 14.31 +4.13
NaCl AC-16 T= 2241 —x —2233— : 0.9161
[1+exp (FT5 )] [1 + e (H5as )]
R 3.044 +2.61
CHaN20 AC-16 T= - - . 0.9453
o [+ exp (5] [1+ e (F5550)]
R 9:596 +4.24
CH2CH30H AC-16 T= _ - - : 0.9294
o [1+exp (151'91275 )] [1 t eXp( 12%%9 y)]

From Table 5, it can be seen that, under the coupling effect of multiple factors, the variation of air voids
in the asphalt mixture is well correlated with the Logistic model, and the correlation coefficients are all above
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0.91. Therefore, the Logistic model can effectively reflect the changing trend of air voids over time.

Conclusions

By conducting freeze-thaw cycle tests on AC-13 and AC-16 under three different low-temperature
environments and three different deicing salt solutions, the following conclusions can be drawn by analyzing
the variation of air voids:

(1) The influence of deicing salts on the air voids of asphalt mixtures, from large to small, follows the order
of CHsN,0 > NaCl > CH,CH;OH.

(2) The erosion resistance of AC-13 is higher than that of AC-16, indicating that increasing the percentage
of aggregate can slow down the rate of void damage and connectivity in asphalt mixtures.

(3) When deicing salt solution infiltrates the interior of the asphalt mixture, it can cause erosion damage to
the mixture even at temperatures above its freezing point, but frost heaving damage will occur when the
temperature drops below its freezing point, which can lead to rapid growth and connectivity of voids in the
mixture, seriously affecting the pavement's service life.

(4) The Logistic model shows good correlation with the change of air voids, with correlation coefficients
greater than 0.91.
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B. II. KoBaabcbKuit
I'o MiH3oHn

BILJIUB TPOTUOXKEJIEJHOI COJII HA TIOPUCTICTh
ACPOAIBTOBETOHY IIPU ITIOIIEPEMIHHOMY
3AMOPOXYBAHHI TA BIITABAHHI

BiHHULBbKUIA HaLiOHanbHWI TEXHIYHWUIA YHIBEpPCUTET

LLlupoke sukopucmaHHs NpomuoxenedHoi corni echekmusHo supiwye npobnemy oxeneduui Ha Aopoeax 83UMKY, ane if
8uUKOpUCMaHHSI He2amueHo 8rueac Ha OOPOXXHE MOKPUMIMS, CKOPOYYHoYU Lioeo mepMiH eKcrinyamauii. 3 Memoto ompuMaHHs
KOMIMIEKCHO20 PO3YMIHHSI 8riugy MpomuoxenedHoi coni Ha KoedpiuieHm nopucmocmi acghanbmosux cymiwel, 8 ymosax
HabnuxeHux 00 KniMamy nigHiYHO-3axi0Ho2o Kumato, 6yno npoeedeHo OOC/iOXKEeHHST MonepemMiHHO20 3aMOpPOXye8aHHS ma
sidmaeaHHs. [jocnidxeHHs1 npogodunuck Ha 080x sudax acghasibmobemorHux 3pa3skie AC-13i AC-16 siki 6ynu Hacu4eHi y mpbox
Pi3HUX PO34UHax nMpomuoxenedHoi coni ma niddasanuckb HU3bLKoOmMemMmnepamypHoOMy ennugy npu -5, -15 ma -25°C. BuguyeHi ma
npoaHanisosaHi 3MiHU KoegpiuieHma rnopucmocmi. 3acmocosaHa Jio2icmudyHa MoOesnb MPO2HO3y8aHHs 3MIiHU KoegiuieHma
niopucmocmi, 05151 OUiHKU Xapakmepucmuk dog208i4Hocmi acghaibmobemoHy.

ExkcniepumeHmarbHi pe3ynbmamu ceid4amb rpo me, Wo MiC/isl KiflbKOX UUKI1i8 3aMOopOoXy8aHHsI ma eidmaesaHHs 8 060x sudie
achanbmobemoHHUX 3pas3Kie criocmepizaembCsi 3pocmaHHs KoegiuieHma rnopucmocmi pisHo2o cmyneHs. Konu memnepamypa
nepebysae suwie MOYKU 3amep3aHHs, CyMiwi He niddarombcsi NMOWKOOKEHHIO 8i0 3amep3aHHs, i 3pocmaHHs KoegbiyieHma
rnopoxHocmi  8i0byeaembcsi 8i0HOCHO rosinbHo. OOHaK, rpu memnepamypi HUX4Ye mMOYKU 3amep3aHHsl, 8UHUKaomb
MOWKOOKEHHS, Wo nMpu3sodumb 00 WeUIKO20 PO3WUPEHHS ma 3'€0HaHHST MOPOXHUH 8cepeduHi cymiwed, wo npu3eooums 00
3HayHO20 36inbweHHs1 KoegiuieHma nopucmocmi. Kpim mozo, criocmepizaembcs Yimka Kopensiuisi MiXk 102icmu4HOr0 MOOessio
ma 3MiHOH KoegbiujieHma rnopucmocmi 8CmaH08/1eHO20 8 pe3yibmami nposedeHHs1 A0CIOXKEHb.
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