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Asphalt concrete, being a pivotal material in road construction, has its water stability intricately tied to the road's service life
and safety. In engineering practice, an ASA is commonly employed to enhance the water stability of asphalt concrete. This
investigation aims to scrutinize the impact of various ASAs on the water stability of asphalt concrete by selecting three frequently
used ones. The investigation is conducted through the Marshall water immersion test. Experimental outcomes indicate that
cement, AASA, and NASA effectively bolster the water stability of asphalt concrete, with NASA demonstrating the most superior
performance.

Key words: asphalt concrete, water stability, residual stability, anti-stripping agent, asphalt, pavement performance, asphalt concrete
stability, Marshall method.

Introduction

Asphalt concrete, being a frequently utilized material in road construction, exhibits a direct correlation
between its water stability and the road's service life and maintenance costs[1][2][3]. During road operation,
particularly in humid or rainy climates, asphalt concrete is prone to water-induced damage, including spalling,
cracking, and deformation[4][5]. To enhance the water stability of asphalt concrete, anti-stripping agents
(ASA) find extensive application in engineering practices, aiming to augment the bond between asphalt and
aggregate while preventing water intrusion[6][7].

Research indicates that the incorporation of cement, slaked lime, amine anti-stripping agents (AASA),
novel nano anti-stripping agents (NASA), and other chemical modifiers can enhance the bonding between
aggregate and bitumen[8][9]. The United States has a relatively early history of ASA research, dating back to
the 1920s when lime was introduced to augment the bonding of bitumen and aggregate[10]. Under the SHRP
program in the U.S., a systematic study was conducted on the bonding between bitumen and aggregate,
summarizing the utilization of various ASAs and their efficacy in preventing stripping. Despite numerous
studies, the practical application of ASA still necessitates validation due to the continual evolution of asphalt
and ASA formulations.

Raw materials

The asphalt utilized in this experiment is ZH-90 petroleum asphalt, and the pertinent technical parameters
are delineated in Table 1.

The test was carried out with ordinary silicate cement of strength grade 42.5, and the main testing indexes
are delineated in Table 2.

The aggregates used in the test are divided into three grades: 0-5mm, Smm-10mm, 10mm-20mm, and the
aggregates are all acidic rock granite, and the main technical indexes of the raw materials are tested in
accordance with the specifications, and the specific test results are delineated in Tables 3-5.

Table 1
Technical specifications of ZH-90
Index Experimental results Requirement
Penetration (25 °C, 100 g.5s), 0.1 mm 87 80~100

Softening Point, °C 49.2 >45

Flash Point, °C 395 >245

Dynamic viscosity (60°C), Paes 156 >140

Solubility, % 99.8 >99.5

Penetration Index -0.9 -1.5~+1.0

Density (15 °C), (g-cm-3) 1.029 —

Extensibility (15 °C), cm 127 >100
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Table 2
Technical indexes of cement
Index Experimental results Requirement
IST (Initial setting time), min 125 >45
FST (Final setting time), h 5.2 <10
FS-3d (Flexural strength for 3d), MPa 4.8 >4.8
FS-28d (Flexural strength for 28d), MPa 7.6 >6.5
CS-3d (Compressive strength for 3d), MPa 24.5 >24.5
CS-28d (Compressive strength for 28d), MPa 45.7 >45.7
Table 3
Technical indicators of coarse aggregate(10-20mm)
Index Experimental results Requirement
CSV (Crushed Stone Value), % 11.7 <28
Solmdness, % 5.3 <12
APD (Apparent Particle Density) 2.80 >2.5
WA (Water Absorption), % 1.2 <3
LAAL (Los Angeles Abrasion Loss), % 11.2 <30
Table 4
Technical indicators of coarse aggregate(5-10mm)
Index Experimental results Requirement
Solmdness/% 6.1 <12
APD 2.81 >2.5
LAAL, % 10.3 <30
WA, % 1.5 <3

Experimental methods

AC-20 asphalt concrete was selected for this investigation, and three varieties of ASA—cement, AASA,
and NASA—were chosen based on prevalent usage and existing research. To assess the impact of ASA on
asphalt concrete's resistance to water damage, these agents were introduced into the asphalt concrete, and their
effects were comparatively analyzed. Cement, serving as a substitute for mineral powder, was incorporated
into the asphalt concrete at dosages equivalent to 50 % and 80 % of the mineral powder replacement. The
dosages of AASA and NASA were set at 0.1 %, 0.2 %, and 0.3 % of the asphalt content.

Analysis of test results

In accordance with specification requirements, the asphalt concrete treated with various ASAs underwent
the Marshall water immersion test. The results of the test are presented in Table 6 and Figures 1 and 2.

Table 5
Technical indicators of fine aggregate(0-5mm)
Index Experimental results Requirement
Solmdness, % 9.2 <12
SE (Sand Equivalent), % 77 >60
APD 2.73 >2.50
MC (Mud Content), % 2.1 <3
Table 6

Results of Marshall water immersion test

Type of ASA | Dosage | Stability, kN Water immersion stability, kN Residual stability, %

Unadded 0 9.46 7.07 74.8
Cement 50% 10.8 9.5 87.3
80% 10.3 8.97 88.2

0.1% 9.54 8.23 86.3

AASA 0.2% 9.32 8.03 86.6
0.3% 9.25 8.17 88.7

0.1% 10.4 9.42 89.5

NASA 0.2% 10.23 9.72 95.1
0.3% 10.89 10.23 94.3
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Fig. 1 — Variation in stability

Upon the addition of cement, the water immersion stability of asphalt concrete experiences a 34%
increment, accompanied by a significant improvement in residual stability. This implies that cement effectively
bolsters the water damage resistance of asphalt concrete. The impact of cement dosage on the mixture's stability
is not substantial—whether at 50% or 80% dosage, there is no significant increase in the residual stability of
asphalt concrete. Conversely, there is a certain reduction in the stability of asphalt concrete, indicating an
optimal cement dosage. Below the optimum dosage, the addition of cement results in a reaction with asphalt,
enhancing the stability of asphalt concrete. Beyond the optimal dosage, the extensive specific surface area of
cement leads to reduced free asphalt in the mixture, resulting in a drier mixture that adversely affects stability.
With the introduction of AASA and NASA, there is a noticeable enhancement in the stability, water immersion
stability, and residual stability of the mixture. Notably, the NASA exhibits the most substantial improvement
in the mixture's performance.
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Fig. 2 — Variation in residual stability

Analysis of long-term water damage resistance

In order to further reflect the improvement of ASA, the mixture was subjected to extended time immersion
test, put into 60°C constant temperature water bath, respectively, 5 days and 10 days of continuous immersion,
and then all the specimens were taken out and tested for the stability of immersion, and the results of the test
are shown in Fig. 3 and Fig. 4.

Through the examination of Figure 3 and Figure 4, it becomes evident that, as the water immersion time
increases, the stability of the mixture incorporating three ASAs undergoes varying degrees of reduction.
Following a 2-day water immersion of Marshall specimens in comparison to a 30-minute water immersion,
both stability and water immersion stability witness a notable decrease. In contrast, the Marshall stability and
water immersion stability exhibit marginal changes between 5-day and 10-day water immersions compared to
a 2-day water immersion. The primary occurrence of test water damage takes place within the initial 48 hours
of immersion, signifying that the Marshall water immersion test serves as an evaluative indicator for the water
damage resistance of asphalt concrete.
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The stability of specimens immersed in water for 10 days is lower than that of specimens immersed for 5
days, with the most apparent decrease in stability observed in specimens with added AASA. Conversely, the
stability of specimens with added cement and NASA undergoes relatively minor changes, indicating that the
long-term resistance to water damage varies among different types of ASAs. Specifically, the stability loss in
mixtures with added AASA increases after prolonged water immersion, suggesting a deterioration in the
effectiveness of AASA over time. In contrast, cement and NASA exhibit greater stability and durability.
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Fig. 4 — Variation of residual stability under different conditions

Upon analyzing the residual stability of different ASAs, NASA demonstrate the highest residual stability,
AASA exhibit the lowest, and cement falls in between. The examination of the decreasing trend of residual
stability at 5 days and 10 days reveals that AASA experience the most substantial decrease, nano agents exhibit
the smallest, and cement falls in the middle.

Conclusion

Immersion tests, including Normal Immersion Marshall, 5-day Immersion Marshall, and 10-day Immersion
Marshall, were conducted on granite asphalt concrete with the addition of cement, AASA, and NASA. Analysis
of the test outcomes leads to the following conclusions:

1. Granite asphalt concrete does not meet the water stability requirements specified, necessitating the
addition of an ASA to enhance its water stability.

2. Cement, AASA, and NASA contribute to the improvement of water stability in asphalt concrete. Notably,
NASA demonstrates the most pronounced effect on water stability enhancement and optimal performance.

3. Examination of the 5-day Immersion Marshall and 10-day Immersion Marshall tests reveals a decrease
in the stability of asphalt concrete with prolonged immersion time. The decline in stability is primarily
concentrated within the initial 48 hours, and the reduction in stability after 2 days is relatively smaller.
Additionally, a continuous deterioration in water stability is observed with extended immersion time, with
AASA displaying the most significant decay in water stability and NASA exhibiting the least decay. In a
comprehensive assessment, NASA exhibits the most superior performance.
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JOCJIKEHHS BIIMBY AJITE3IMHUX TOBABOK HA
BOJOCTIMKICTHh AC®AJIBTOBETOHY

YKpaiHCbKuIA AepaBHUI YHIBEpCUTET 3ani3HUYHOro TPaHCMopTy

AcghanbmobemoH, sik 00uUH 3 OCHOBHUX Mamepianie, SIKull WUPOKO 8UKOPUCMOBYeMbCS 8 O0POXHbLOMY 6ydisHUUMEI,
8IiOPI3HAEMbCS1 BUCOKOIO 8000HEMNPOHUKHICMIO, Wo 6e3rnocepedHbO 8rueae Ha mepMiH ekcrinlyamauii O0POXHbO20 MOKPUMMS.
B nipoueci ekcninyamauii dopie acghanibmobemoH yacmo niddaembCs Pi3HOMaHIMHUM 8rueaM, 8K/IYaryu mpaHCrnopmHi
HasaHmMaxXeHHs, nepenadu memnepamyp, ammocgepHi onadu ma iHwi npUpPOOHI 8nnueuU HasKonuwWHL020 cepedosuwia. OOHUM
3 KIrY08UX ¢hakmopis, W0 ernueae Ha 8000HENPOHUKHICMb acghanibmobemoHy, € adeeiliHi enacmusocmi, siki 6e3nocepedHbo
noe'sa3aHi 3i cmabinbHicmo ma cmitikicmio 0 cmapiHHs Mo8epxHe8oe2o wapy acghanbmobemony. [ns mozo, ujob nokpawumu
adeesiliHi enacmusocmi acchanbmobemoHy, 8 npakmuyi MPoeKmysaHHs, 3a3suyall, 8UKOPUCMO8YOMb crieyianbHi adeesiliHi
dobasku.

Bidbip i 3acmocysaHHsi adzesiliHux 00bagoKk Mae 3HayHUl 6rnsue Ha MoKa3HUKU 8000HENPOHUKHOCMI acgharibmobemoHy.
OO0Hak mexaHi3m ix ennugy Ha godocmilikicmb acghanbmobemoHy HedocmamHbo O0ocnioxeHul, ocobrueo 8 nMpakmuyHoOMY
3acmocysaHHi, OCKinbKu IxHil eghekm moxe mamu Oesiki eiOMiHHocmi. Lljo6 Jdocnidumu ennue Ha eodocmilikicmb
acghanbmobemoHry, 6yno obpaHo mpu HalnowupeHiwi adzesiliHi dobasku - Ha OCHO8I amiHie, HaHO adeesiliHy dobasKky ma
uemeHm. BiGriosiOHi ekcriepumeHmarsibHi 00C/iOXeHHS1 BUKOHaHI 3a oromozoro memody Mapwarnna.

[HaHi pesynbmamu eunpobysaHb nokasyoms, w0 O0obaska Ha OCHO8I amiHie, HaHoadeesiliHa Oobaska ma uemMeHm
no3umusHo ernnuearms Ha e8odocmilikicmb acghansmobemoHy, o0HaK Halkpaw, NMoka3HUKU Mae HaHoaldzesiliHa dobaeka.
Ananizytodu pesynbmamu 0ocnidxeHb npu 3aHypeHHi Ha 5 ma 10 0i6, moxHa nobayumu, wo cmilkicmb acghanbmobemoHy 3a
Mapuwarnnom 3HUXyembCs 3i 36iMbWEHHAM Yacy 3aHypeHHsI, MPUuYoMy ii 3HUXKEHHSI 8 OCHOBHOMY CrlocmepieaembCsi pPoms2oM
nepuwux 48 200uH, a yepe3 2 006U 3HUXEHHSI CMae MEHW 8UPaXeHUM.

Knroyosi crosa: acghanbmobemoH, eodocmilikicmb, 3anuwikosa cmabinbHicms, adzesiliHi dobasku 0o 6imymis, 6imym,
eKcryamauilHi xapakmepucmuKu rnokpummsi, cmitikicms acghanbmobemoHy, memod Mapwarnna.
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