
Article

Not peer-reviewed version

Research on Moisture Stability of

Asphalt Mixtures with Three Solid

Waste Fillers

Jinxuan Hu 

*

 , Yuyi Chen , Meizhu Chen , Yang Yu , Shiyu Song , Jie Wu , Xiantao Qin

Posted Date: 30 October 2023

doi: 10.20944/preprints202310.1826.v1

Keywords: moisture stability; anti-stripping agent; solid waste filler; asphalt mixture

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/269904
https://sciprofiles.com/profile/3225105
https://sciprofiles.com/profile/426227
https://sciprofiles.com/profile/308998
https://sciprofiles.com/profile/2387969


 

Article 

Research on Moisture Stability of Asphalt Mixtures 
with Three Solid Waste Fillers 

Jinxuan Hu, 1,* Yuyi Chen 1, Meizhu Chen 2,3, Yang Yu 1, Shiyu Song 1, Jie Wu 1 and Xiantao Qin 1 

1 School of Civil Engineering and Architecture, Wuhan Polytechnic University, Wuhan 430023, China 
2 State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 

430070, China 
3 Wuhan University of Technology Chongqing Research Institute, Chongqing 401120, China 

* Correspondence: hujinxuan@whpu.edu.cn (J.H); Tel.: +86-134-2984-3916 

Abstract: In recent years, the use of solid waste fillers to partially replace natural fillers in asphalt mixtures to 

produce high-performance asphalt mixtures has received widespread attention. However, differences in the 

material properties of solid waste fillers remain a problem for this recycling method. To address this issue, 

limestone powder in asphalt mixtures was replaced by three solid waste fillers (steel slag powder, tailings 

powder and calcium carbide slag powder) in this study. The chemical composition of the fillers was first 

characterized to assess the homogeneity of the material. Then, AC and SMA asphalt mixtures were designed 

and produced and characterized for wet stability. The results showed that asphalt mixtures with solid waste 

fillers were superior to LP asphalt mixtures in terms of resistance to water damage, and steel slag powder 

showed the best improvement in moisture stability of asphalt mixtures. The optimum substitution of solid 

waste filler for limestone filler was 25%. In addition, the moisture stability of asphalt mixture with limestone 

filler was significantly improved with the addition of anti-stripping agents. In contrast, the moisture stability 

of asphalt mixtures with solid waste filler was slightly improved. Solid waste fillers could be used in asphalt 

mixtures and have a similar function as the anti-stripping agent. In summary, the use of solid waste fillers to 

replace mineral fillers in asphalt mixtures is a reliable, value-added, recycling option. 

Keywords: moisture stability; anti-stripping agent; solid waste filler; asphalt mixture 

 

1. Introduction 

Asphalt pavement is widely used in highway construction due to its excellent performance such 

as skid resistance [1–4], wear resistance[5] and driving comfort [6]. Asphalt mixture is composed of 

asphalt binder, aggregate and mineral fillers [7–10]. Generally, minerals aggregates account for more 

than 90% in asphalt mixtures [11–14]. With the development for highway construction and 

maintenance, the premium fillers that could be consumed in large quantities [15,16]. Therefore, the 

contradiction between supply and demand is appeared because of tremendous supply pressure on 

natural resources. Meanwhile, the moisture damage resistance of asphalt mixture which is prepared 

by ordinary limestone powder is not roundly achieved to requirements. Therefore, it is urgent to 

achieve substitutable fillers to approach the moisture problems, which has a great significance for 

environment protection and improving the service life of asphalt pavement. 

Steel slag is a typical solid waste material with strong alkalinity [17–19], which has the potential 

to be used in asphalt mixtures. Steel slag has the characteristics of wear resistance, impact resistance 

and skid resistance [20]. The asphalt mixture is prepared by using steel slag instead of natural 

aggregate has obvious advantages to improve the high temperature stability [21–23]. Tailing is the 

section with low useful components in beneficiation [24]. Statistics showed that the annual 

cumulative increase of global tailings is 5-7 billion tons [25]. The main composition of treated tailings 

is similar to the traditional aggregate, and can be used as aggregates, sand substitutes, cement, etc 

[26,27]. Calcium carbide slag is the waste residue obtained from the hydrolysis of calcium carbide 

[28]. In the preparation of cement, the limestone could be replaced by the calcium carbide slag, 
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because there is a large amount of calcium hydroxide in carbide slag, the alkalinity is high which is 

about 3000 mmo1/L [29]. 

The environment will be seriously polluted due to the discharge and accumulation of solid waste 

[30]. What’s more, the low price of solid waste material means that the recycling of solid waste could 
have better economic benefits [31,32]. The replacement of solid waste materials such as steel slag with 

aggregate has been studied [33]. However, the research on moisture stability of asphalt mixture with 

different types of solid waste fillers still to be explored. 

In this research, the limestone powder was replaced by three kinds of solid waste fillers (steel 

slag powder, tailings powder, calcium carbide slag powder) to prepare the asphalt mixture. The AC-

13 and SMA-13 asphalt mixtures were designed to investigate the moisture stability of asphalt 

mixture with different solid waste fillers. Furthermore, two kinds of anti-stripping agents (non-amine 

anti-stripping agents and cement) were selected to study the effect of anti-stripping agents on the 

moisture stability of asphalt mixture. This research mainly focused on the reusing of different solid 

waste fillers, which provide a reference information for environmental protection and cleaner asphalt 

pavement construction. The research flowchart was performed as shown in Figure 1. 

 

Figure 1. The research flowchart of this study. 

2.1. Materials 

2.1.1. Asphalt  

The Styrene-Butadiene-Styrene (SBS) modified asphalt was adopted. The basic properties 

are shown in Table 1.  

Table 1. The basic properties of SBS modified asphalt 

Properties Test result Indicator 

Penetration (25 ℃, 0.1mm) 53.3 40-60 

Softening point (℃) 75.3 ≥60 

Ductility (5 cm/min, 5 ℃) 28.4 ≥20 

2.1.2. Aggregates 

The aggregates in this article were divided into three categories: coarse aggregate, fine aggregate 

and filler. In this study, the AC-13 asphalt mixture was prepared by limestone as coarse aggregate 

and diabase as fine aggregate. The SMA-13 asphalt mixture was prepared by diabase as both coarse 
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aggregate and fine aggregate. What’s more, limestone powder(LP), steel slag powder(SSP), tailings 
powder(TP), calcium carbide slag powder(CCSP) and cement(CE) were used as different fillers. The 

basic performance different fillers was shown in Table 2. Other materials include wood fiber for SMA-

13 and non-amine anti-stripping agents, the basic properties of which are shown in Tables 3 and 4. 

Table 2. The basic performance of different fillers 

Properties LP SSP TP CCSP CE Indicator 

Apparent specific gravity (t/m3) 2.71 3.68 2.90 2.31 3.11 ≥2.5 

Hydrophilic coefficient 0.5 0.71 0.64 0.68 0.76 <1.00 

Moisture content (%) 0.98 0.4 0.2 0.3 0.49 <1.00 

Table 3. The basic properties of lignin fibers 

Properties Indicator Test result 

Fiber length (mm) ≤6 4 

Ash content (%) 18±5 20 

PH value 7.5±1.0 7.4 

Oil absorption 
Five times the fiber 

length 
6 

Moisture content ≤5 13.6 

Table 4. The basic properties of non-amine anti-stripping agents 

Inspection item Standard index Measured value 

Content of active substance Not less than 99% 99.6 

Density Not less than 0.9 0.95 

State Dark brown liquid Dark brown liquid 

Freezing point less than 0℃ check out 

2.2. Experimental methods 

2.2.1. Asphalt mixture design  

In this study, the Marshall design method was used to design AC-13 and SMA-13 asphalt 

mixture. The amount of filler was 3% and 10% of the total mass of mineral aggregate, respectively. 

Marshall specimens were prepared by adding different fillers (SSP, TP, CCSP) in asphalt mixture 

according to different substitution amounts (25%, 50%, 75%, 100%) instead of limestone powder. Due 

to the different density of different fillers, the volume property of Marshall specimens would be 

different according to the mass ratio. In order to eliminate the influence of volume change, the equal 

volume method was used to obtain the mass of the mixture by using the density ratio of different 

fillers. 

2.2.2. Moisture damage resistance evaluation 

The moisture stabilities of asphalt mixture were evaluated by the immersion Marshall stability 

test and freeze-thaw splitting test. Retained Marshall Stability (RMS) and Tensile Strength Ratio (TSR) 

were used to characterize the stability of asphalt mixture moisture respectively [34]. Besides, the 

Cantabro-loss was applied to verify the moisture stability of asphalt mixture. All specimens were 

made according to Marshall specimen forming method. 
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2.2.2.1. RMS measurement 

In RMS test, the Marshall specimens were divided into two groups of 4 in each group. One group 

was immersed in water at 60℃ for 0.5h, and the other group was immersed in water bath at 60℃ for 

48 h. The Marshall stability of two groups were tested, and the following formula was used to 

calculated the RSM: 𝑅𝑀𝑆 = 𝑀𝑆1𝑀𝑆0 × 100 (1) 

where, RMS represents residual Marshall stability (%); MS0 and MS1 are the Marshall stability of 

immersion in 60°C water for 30 minutes and 60°C water for 48 hours, KN, respectively. 

2.2.2.2. TSR measurement 

During the TSR test, both sides of the specimens were compacted 50 times. The Marshall 

specimens were divided into two groups, each group had 6 test blocks. The first group was immersed 

in 25℃ water bath for 2h. The other group was treated with vacuum water for 15min to extract 

bubbles, then soaked in room temperature water for 30min. Then frozen in a refrigerator at -18℃ for 

16h, then kept in a 60℃ water bath for 24h, and finally immersed in water at 25℃ for 2h. The splitting 

tensile strength of each specimen was tested, and the following formula was used to measure the 

TSR: 

𝑇𝑆𝑅 = 𝑅𝑇2−𝑅𝑇1− × 100 (2) 

where, TSR represents the ratio of residual splitting strength of the specimen after freezing and 

thawing cycles, %; is the average of splitting tensile strength of effective specimens without freeze-

thaw cycles, MPa;  is the average of splitting tensile strength of effective specimens subjected to 

freeze-thaw cycles, MPa. 

2.2.2.3. Cantabro-loss Measurement 

The two sides compaction times of the Cantabro test specimens were 50 times each. Marshall 

specimens of different fillers types were prepared with 6 in each group. The specimens were put into 

a 60℃ water tank for 48h, and then placed at room temperature for 24h.The quality of each specimen 

was tested and the following formula was used to measure the Cantabro-loss: 𝛥𝑆 = 𝑚0-m1𝑚0 × 100 (3) 

where, ΔS represents the Cantabro-loss of asphalt mixture, %; m0 is the mass of the specimen before 

the test, g; m1 is the residual mass of the specimen after the test, g. 

Results and discussions 

3.1. Chemical compositions of fillers 

XRF results of five fillers were presented in Table 5. It could be concluded that CaO and SiO2 

were the main components of the five fillers studied. The CaO content of the five fillers was CCSP, 

CE, LP, TP and SSP respectively from high to low. The higher the CaO content, the more alkaline it 

is. The more the filler particles bond to the asphalt, the better the adhesion to the aggregate. From the 

higher ignition loss, it could be seen that the main mineral phase of LP was CaCO3. Since the XRF test 

was performed at high temperature, CaCO3 was decomposed at high temperature to generate CO2 

and CaO. However, CaCO3 pairs improving the adhesion of asphalt to aggregate was ineffective.  
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Table 5. The Chemical composition of different fillers. 

Compoun

d 
Filler CaO 

Mg

O 

Al2O

3 
SiO2 

Fe2O

3 
P2O5 

Others 

oxides 

Ignition 

loss 

content (%) 

LP 
53.77

1 
0.884 0.283 

2.79

1 
0.401 

0.01

7 
0.013 41.84 

SSP 33.26 5.68 2.9 
14.5

2 
28.53 2.41 12.44 0.26 

TP 36.82 11.1 19.66 
26.7

5 
0.32 - 4.68 0.67 

CCS

P 

87.36

3 
0.109 1.049 

3.10

9 
0.264 - 2.64 5.466 

CE 57.68 2.58 6.67 
20.4

9 
3.36 - 5.45 3.77 

The alkalinity of steel slag could be expressed by the alkalinity M, and the formula for calculating 

the alkalinity: 𝑀 = 𝜔𝐶aO𝜔𝑆𝑖𝑂2 + 𝜔𝑃2𝑂5 (4) 

Steel slag could be divided into three categories according to its value of alkalinity: M value less 

than 1.8 was low alkalinity steel slag, M value between 1.8 and 2.5 was medium alkalinity steel slag, 

and M 2.5 was high alkalinity steel slag [35]. The alkalinities of five fillers in this research were shown 

in Figure 8. According to the chemical composition analysis table in Table 8, the alkalinity of the steel 

slag selected in this paper was 1.96. It was a medium alkalinity steel slag. The higher the alkalinity of 

steel slag, the higher the CaO content it contained. They improved the compatibility between filler 

particles and weak acid asphalt binder. 

3.2. Volume properties of asphalt mixture 

3.2.1. The experiment results and analysis of AC-13 asphalt pavement 

Different fillers were added to the asphalt mixture in different proportions instead of limestone 

powder. The number and composition of each asphalt mixture were shown in Table 6. The volume 

performance results of each type of asphalt mixture were shown in Table 7. 

The number of test specimens for each group of asphalt mixture was 6. The optimal asphalt 

content of each group were 5.1%. It could be seen that the test results in Table 7 meet the requirements 

for the volumetric properties of the specimens. Subsequent test results of the moisture stability would 

not be affected by the volume performance of the specimen. 

Table 6. Serial number and composition of each group of asphalt concrete specimen. 

Number Constitute 

Control 100% LP 

25%SSP 25% SSP +75% LP 

50%SSP 50% SSP +50% LP 

75%SSP 75% SSP +25% LP 

100%SSP 100% SSP 

25%TP 25% TP +75% LP 

50%TP 50% TP +50% LP 
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75%TP 75% TP +25% LP 

100%TP 100% TP 

25%CCSP 25% CCSP+75% LP 

50%CCSP 50% CCSP +50% LP 

75%CCSP 75% CCSP +25% LP 

100%CCSP 100% CCSP 

Table 7. Volumetric properties of asphalt mixtures with different filler types and substitutes 

Mixture type Void ratio (%) 
Voids in the Mineral 

Aggregate (%) 

Effective asphalt 

saturation (%) 

Control 4.8 15.1 67.8 

25%SSP 4.7 15.8 67.6 

50%SSP 5.0 15.9 67.8 

75%SSP 4.9 16.0 67.9 

100%SSP 4.9 15.8 67.6 

25%TP 4.8 15.7 67.6 

50%TP 4.9 15.8 67.6 

75%TP 5.1 15.8 67.7 

100%TP 4.9 15.7 67.7 

25%CCSP 4.8 15.7 67.8 

50%CCSP 4.9 15.6 68.8 

75%CCSP 4.9 15.6 69.6 

100%CCSP 5.0 15.5 68.4 

Reference value 3-6 13.5 65-75 

3.2.2. The experiment results and analysis of SMA-13 asphalt pavement  

Wood fiber of 0.3% by mass of asphalt mixture was added during the mixing of asphalt mixture. 

6 test specimens were prepared with each group of asphalt mixtures. The optimal asphalt content of 

100% substitute LP asphalt mixtures were 6.2%. The optimal asphalt content of other groups was 

6.1%. The volume properties of various types of asphalt mixtures tested were shown in Table 8. 

Table 8. Volumetric properties of asphalt mixtures with different filler types and substitutes. 

Mixture type Void ratio (%) 
Voids in the Mineral 

Aggregate (%) 

Effective asphalt 

saturation (%) 

Control 4.2 16.9 77.1 

25%SSP 3.8 17.1 76.1 

50%SSP 4.1 18.1 78.3 

75%SSP 4.3 18.6 79.4 

100%SSP 4.0 18.2 77.9 

25%TP 4.1 17.6 78.2 

50%TP 4.2 18.3 80 

75%TP 4.4 18.9 80.6 

100%TP 4.3 17.8 80.1 
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25%CCSP 3.9 17.7 79.3 

50%CCSP 4.0 18.7 79.6 

75%CCSP 4.2 18.9 81 

100%CCSP 4.0 18.5 79.7 

Reference 

value 
3-4.5 16.5 75~85 

According to the test results in Table 8, the addition of filler did not have effect on the volume 

performance of asphalt mixture, which ensured the smooth conduct of subsequent experiments. 

3.3. Moisture damage resistance 

The Marshall stability (MS0, MS1) and residual Marshall stability (RMS) of AC-13 asphalt mixture 

with different replacement amounts of solid waste fillers were shown in Figure 2. Only 25% of the 

solid waste filler was substituted, and the Marshall stability and RSM of the asphalt mixture were 

increased. A small amount of filler improved the adhesion between the asphalt and the aggregate. It 

had an effect similar to that of an anti-stripping agent. However, as the amount of solid waste filler 

began to increase, RSM and Marshall stability began to decrease. The reason was  that excessive 

incorporation of solid waste filler increases the void ratio of the mix and the asphalt film on the 

aggregate surface was more easily removed, allowing water to more easily enter the internal structure 

of the asphalt mixture. When the substitution rate of solid waste fillers reached 100%, the moisture 

stability of asphalt mixture improved and RSM and Marshall stability started to increase again due 

to the reduction of voids on the surface of asphalt mixture and weakening of moisture damage to the 

structure of asphalt mixture. As could be seen from the figures, the RSM of the specimens increased 

by 1.97%, 2.26% and 1.2% when the replacement of the solid waste filler reached 100% and also 

increased when compared to pure limestone powder. 
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Figure 2. Marshall stability (MS0, MS1) and RMS of AC-13 asphalt mixture with different amount of 

solid waste fillers: (a) SSP; (b) TP; (c) CCSP. 

The splitting tensile strength (non-freeze-thaw and freeze-thaw groups) and residual splitting 

strength ratio (TSR) of AC-13 asphalt mixture with different solid waste filler substitution were 

shown in Figure 3. The freeze-thaw splitting test results present a regularity that is generally in 

agreement with the Marshall stability test results. At 25% LP substitution, the SSP group had higher 

values of the splitting stretch and TSR than the TP and CCSP groups. It had been shown that SSP was 

more effective than TP and CCSP in resisting moisture damage to concrete under the same conditions. 

The TSR of 96.73%, 96.21% and 92.16% for the three groups was significantly higher than the 84.62% 

for the LP group. The splitting tensile strength and TSR gradually decrease as the admixture of solid 

waste fillings was gradually increased. The reason was the incorporation of excess solid waste fillers 

increased the surface void ratio of the mixture and moisture enters the interior of the asphalt mixture, 

resulting in a decrease in the moisture stability of the asphalt mixture. At 100% LP replacement, the 

void ratio was reduced, excess solid waste filler was filled into the voids of the mixture, structural 

damage to the asphalt mixture by water was reduced, and the moisture stability of the asphalt 

mixture was improved. 
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Figure 3. Splitting tensile strength (non-freeze-thaw group and freeze-thaw group) and TSR of AC-

13 asphalt mixture with different replacement amounts of solid waste filler: (a) SSP; (b) TP; (c) CCSP. 

The Cantabro-loss for the AC-13 asphalt mixture with different solid waste fillers were showed 

in Figure 4. The Cantabro-loss results were good for each group, where the Cantabro-loss of SSP was 

kept below 5%. In the TP and CCSP groups, the trends were consistent. At 25% LP substitution, the 

TP and CCSP groups had a 2.51% and 2.67% reduction in Cantabro-loss, respectively, compared to 
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the LP group. This indicated that the addition of a small amount of solid waste filler could improve 

the adhesion between asphalt and aggregate. However, as the amount of solid waste filler was 

increased, the void ratio began to increase and water flowed more easily into the asphalt mixture, 

resulting in an increase in the amount of water lost from the asphalt mixture. In the case of a 100% 

solid waste filler ratio, the solid waste filler filled the internal voids, thereby improving the adverse 

effects of moisture damage and improving the stability of the asphalt mixture. 
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Figure 4. Cantabro-loss of AC-13 asphalt mixture with different solid waste fillers: (a) SSP; (b) TP; (c) 

CCSP. 

The Marshall stability (MS0, MS1) and RMS of SMA-13 asphalt mixture with different solid waste 

fillers substitution amounts were shown in Figure 5. The SMA-13 asphalt mixtures showed similar 

trends as the AC-13 asphalt mixtures. The change in Marshall stability for the SMA mixture was small 

compared to the AC asphalt mixture. This was especially true for the SSP group, which was similar 

to the LP group. The reason was that the SMA asphalt mixture had a higher percentage of filler and 

the asphalt mixture had a smaller void ratio and was less affected by moisture damage. In addition, 

the excess solid waste filler enhanced the adhesion to the asphalt and the asphalt film spalling area 

was reduced, so that the TSR is stabilized at a higher level. 
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Figure 5. Marshall stability (MS0, MS1) and RMS of SMA-13 asphalt mixture with different solid waste 

fillers substitutes: (a) SSP; (b) TP; (c) CCSP. 

Figure 6 showed the splitting tensile strength (non-freeze-thaw group and freeze-thaw group) 

and residual TSR of SMA-13 asphalt mixture with different solid waste fillers substitutes. Figure 

showed that the splitting tensile strength was not very large for each group. The TSR reaches its 

maximum at 25% LP substitution. Compared to the LP group, TSR increased by 11.04%, 10.44% and 

11.32% respectively. It was suggested that the addition of a small amount of filler could enhance the 

adhesion between the asphalt and the aggregate and thus improve the moisture stability of the 

asphalt mixture. As the amount of solid waste filler increased, the splitting tensile strength decreases 

significantly in the freeze-thaw environment, while it remained essentially constant in the dry 

environment, leading to a decrease in TSR. At 100% LP substitution, the asphalt mixture was denser 

internally and more resistant to moisture damage as the duty cycle became smaller. 
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Figure 6. Splitting tensile strength (non-freeze-thaw group and freeze-thaw group) and residual 

splitting strength ratio (TSR) of SMA-13 asphalt mixture with different replacement amounts of solid 

waste filler: (a) SSP; (b) TP; (c) CCSP. 

Figure 7 showed the Cantabro-loss for the SMA-13 asphalt mixture with different solid waste 

fillers. As could be seen from the results in the figure, the type of filler has little effect on the Cantabro-

loss results. At 25% solid waste substitution, Cantabro-losses decreased by 1.03%, 1.71% and 1.81% 

compared to the LP group, respectively. As the amount of solid-waste filler admixture increased, the 

Cantabro-loss gradually increases and became lower than that of the LP group. The reason was that 

too much filler reacted with water in the presence of thermal moisture damage, which caused the 

asphalt mixture to expand in volume and caused a decrease in moisture stability. 
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Figure 7. Cantabro-loss of SMA-13 asphalt mixture with different solid fillers: (a) SSP; (b) TP; (c) 

CCSP. 

3.4. Research on improvement of moisture damage resistance 

In this section, organic and inorganic modifiers are mainly used to compare and study the 

improvement of the moisture resistance of asphalt mixtures. First, organic modifiers were used to 
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mix asphalt and blend with asphalt to form thicker asphalt film. Even if the surface asphalt film was 

peeled, water erosion of the internal aggregate would not be affected. Second, inorganic modifiers 

were added to the asphalt mixture instead of limestone powder to enhance the bonding strength of 

the asphalt aggregate surface, improve the ability of the asphalt mixture to resist moisture damage 

and achieve the purpose of protecting the aggregate. 

3.4.1. Study on modification method 

3.4.1.1. Organic modification technology 

This section selects the used of a non-amine anti-stripping agent as an organic modifier at a level 

of 0.3% by mass of the asphalt. SBS modified asphalt was heated to molten state, non-amine anti-

stripping agent was added. Stirring while adding, raised the temperature to 180℃ and sheared for 

20 minutes, and the shear rate was 3000 r/min. 

3.4.1.2. Inorganic modification technology 

In this study, PO 42.5 CE was used as an inorganic modifier with a substitution of 15% of the LP 

mass in the asphalt mixture. The effect of inorganic modifier on the improvement of moisture stability 

of asphalt mixture was investigated. 

3.4.2. Test results 

As shown in Figure 8, it was observed that the addition of non-amine anti-stripping agents did 

not have almost effect on the Marshall stability of the asphalt mixture. Marshall stability was 

increased by 7.12% compared to the original asphalt mixture. This indicated that the addition of anti-

stripping agent enhanced the adhesion between asphalt and aggregate. As a result, the addition of 

non-amine anti-stripping agents had little effect on the moisture stability of the solid waste fill asphalt 

mixture, which could be significantly improved by other solid waste fillers. 

 

Figure 8. Marshall Stability (MS0,MS1) and residual Marshall stability (RMS) of asphalt mixture after 

organic modification with different fillers. 

As shown in Figure 9, the addition of non-amine anti-stripping agent did not improve the 

breaking tensile strength of asphalt mixture. However, the freeze-thaw test showed a 7.42% increase 

in TSR over the original asphalt mixture. This indicated that the freeze-thaw damage resistance of the 

asphalt mixture was improved at the TSR index, and that the use of the organic modification non-

amine antiperspirant ensures better moisture stability of the asphalt mixture in the freeze-thaw test. 
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The other types of fillers did not show any improvement, indicating that the solid waste fillers were 

very effective in improving the asphalt mixture and significantly promoting the asphalt mixture. 

 

Figure 9. Ratio of splitting tensile strength (non-freeze-thaw group and freeze-thaw group) and 

residual splitting strength (TSR) of asphalt mixture after organic modification with different solid 

fillers. 

The Cantabro-loss of the asphalt mixture after organic modification with different solid waste 

fillers were illustrated in Figure 10. The addition of non-amine anti-stripping agent did not improve 

the Cantabro-loss by immersion. This indicated that the improvement of the anti-stripping agent 

conflicts with the solid waste filler, and that both enhance the moisture stability of the asphalt mixture 

to the limit. 

 

Figure 10. Cantabro-loss of asphalt mixture after organic modification of different solid waste fillers. 

The Marshall stability (MS0, MS1) and residual Marshall stability (RMS) of asphalt mixture after 

inorganic modification with different solid waste fillers were illustrated in Figure 11. The addition of 

cement did not improve the Marshall stability strength of the asphalt mixture, and the RSM was 

slightly higher than that of the original asphalt mixture. As an inorganic anti-stripping agent, the 

improvement in CE was less pronounced, increasing by only 1.93%. It indicated that cement and solid 

waste fillings act similarly, with limited improvement for asphalt mixtures. 
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Figure 11. Marshall Stability (MS0,MS1) and residual Marshall stability (RMS) of asphalt mixture after 

inorganic modification with different solid waste fillers. 

From Figure 12, it could observe that the splitting tensile strength (non-freeze-thaw group and 

freeze-thaw group) and residual splitting strength ratio (TSR) of asphalt mixture after inorganic 

modification with different solid waste fillers. The addition of CE did not improve the splitting tensile 

strength of the asphalt mixture, but the TSR of the freeze-thaw test was higher than that of the original 

asphalt mixture. CE improved TSR by 3.83% for the asphalt mixture in the control group, while it 

had no effect on the other filler groups. The results showed that the freeze-thaw resistance of asphalt 

mixtures was improved under the TSR index, and the addition of CE could LP group asphalt 

mixtures with better moisture stability under freeze-thaw test. 

 

Figure 12. Ratio of splitting tensile strength (non-freeze-thaw group and freeze-thaw group) and 

residual splitting strength (TSR) of asphalt mixture after inorganic modification with different fillers. 

Figure 13 given detailed descriptions of the Cantabro-loss of asphalt mixture after inorganic 

modification with different solid waste fillers. With the addition of CE, the Cantabro-losses of the 

asphalt mixtures decreased by 0.97%, 1.63%, 1.32% and 1.06%, respectively. It was shown that CE can 

improve the moisture stability resistance of asphalt mixtures. Therefore, the addition of CE could 

effectively resist water erosion and improve the moisture stability of asphalt mixtures. 
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Figure 13. Cantabro-loss of asphalt mixture after inorganic modification with different solid waste 

fillers. 

4. Conclusions 

From the research results of ceramic fiber modified asphalt binder that were discussed in this 

research, the following items can be concluded: 

1. Three solid waste fillers with high alkalinity improved the compatibility between filler particles 

and weak acid asphalt binder, which facilitated the stabilizing bond between the asphalt mastic 

and the aggregate. 

2. The volumetric property of AC and SMA asphalt mixtures were not affected because the 

limestone powder is replaced by solid waste fillers. 

3. The moisture stability of asphalt mixtures was improved by different solid waste fillers. What’s 
more, 25% SSP performed better in improving the moisture stability. 

4. The moisture stability of the original asphalt mixture was improved by the anti-stripping agent. 

However, it was not effective in improving the moisture stability of solid waste asphalt mixtures. 

SSP, TP, CCSP could be used as anti-stripping agents. 
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