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Abstract: To investigate the road performance of asphalt mixtures incorporating different 

types of iron waste ore, aggregates derived from stripping waste rock rich in iron trioxide 

(Fe₂O₃) and iron oxide (FeO) were utilized. Experimental comparisons revealed that the 

asphalt concrete mixture containing iron trioxide mining and stripping waste rock exhibited 

the highest dynamic stability, indicating superior high-temperature stability. The mixture 

with waste rock rich in iron trioxide ranked second in terms of performance. Additionally, 

the residual stability of asphalt concrete mixed with mining and stripping waste rock 

showed a significant improvement, with the mixture containing iron trioxide-rich waste 

rock achieving a residual stability of up to 94.96%. Furthermore, asphalt mixtures 

incorporating stripping waste rock demonstrated enhanced anti-skid properties compared to 

conventional mixtures, with the iron trioxide-rich aggregate mixture performing the best. 

Measurements of texture depth indicated that these mixtures also offered improved 

drainage and noise reduction capabilities. In summary, replacing traditional mining gravel 

with mining and stripping waste rock not only provides economic benefits but also 

addresses the environmental issue of waste rock accumulation. 

1. Introduction 

As mining operations continue to expand, mining waste rock has emerged as a significant source 

of solid pollution, adversely impacting air, soil, and water quality. When sulfide ores in the waste 

rock come into contact with air, they undergo oxidation reactions, releasing harmful gases that 

contribute to air pollution. Additionally, fine particles of waste rock can easily dry and form dust, 

further degrading air quality. Under the influence of wind, sunlight, and surface runoff, harmful 

components from the waste rock can infiltrate the soil. These contaminants, including toxic 

substances and radioactive materials, can severely damage soil structure and composition. This 

often leads to excessive soil acidity and salinization, which negatively affect crop growth and 

agricultural productivity. Over time, weathering processes cause water-soluble compounds and 

heavy metal ions from open-pit mine waste rock to leach into surface water or groundwater through 

runoff or seepage, resulting in significant water pollution [1]. 

In order to protect the environment, extensive research and comprehensive application have been 

carried out in the field of mining waste recycling at home and abroad. The research on the 
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preparation of high strength concrete after the treatment of the mine stripping waste stone has been 

carried out, and its comprehensive performance is also very good [2-10].Waste rock contains trace 

elements needed for crop growth and development, so it is made into soil conditioner [11]. This 

technology can also be extended to applications in sleeper and bridge construction, significantly 

enhancing the utilization rate of waste materials and demonstrating substantial comprehensive value 

[12-26]. The research scope for recycling mine solid waste is continually expanding. In this study, 

the road performance of asphalt mixtures incorporating two types of iron waste ore is investigated. 

Specifically, aggregates derived from stripping waste rock rich in iron trioxide (Fe₂O₃) and iron 

oxide (FeO) are used to prepare the mixtures. 

2. Materials 

2.1 Asphalt 

Asphalt is a complex blend of various hydrocarbons and their non-metallic derivatives, formed 

under specific conditions. Its composition is highly intricate, exhibiting high viscosity 

characteristics. Leveraging these properties, asphalt can bind various coarse and fine aggregates to 

create a cohesive mixture. For this experiment, 90# bitumen produced by Panjin North Asphalt Co., 

Ltd. was utilized. The primary technical specifications of the 90# asphalt, as outlined in the 

*Standard Test Methods of Bitumen and Asphalt Mixtures for Highway Engineering* [27], are 

detailed in Table 1. 

Table 1: Main technical specifications of 90# asphalt 

Performance indicators Unit Test results Specified value 

Penetration number(25℃, 100g, 5s) mm  87 10080～  

Softening point (R&B Method) ℃ 46.5  ≮45.0 

Ductility(5cm/min, 10℃) cm 98.2 ≮45 

Ductility(5cm/min, 15℃) cm 144.6 ≮100 

Density 
g/cm3 

1.018 
actual 

measurement  

After the RTFOT Quality change % 0.72 ≯±0.8 

2.2 Mining Waste Rock 

In this study, the coarse aggregate used in the raw materials was sourced from the Dagushan iron 

mining area in Anshan. This mining area primarily produces two types of mining waste rock: one is 

iron-deficient waste rock containing iron oxide, and the other is iron-deficient waste rock containing 

iron trioxide. Representative samples of these materials are illustrated in Figure 1 and Figure 2 [28]. 

       

Figure 1: Waste rock containing iron trioxide  Figure2 Waste rock containing iron oxide  

The stripping waste rock undergoes a two-stage crushing process using a jaw crusher. The first 

stage produces coarse aggregate, which is then further crushed to generate fine aggregate with a 
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particle size of less than 4.75 mm. After crushing, a sand washing machine is used to clean the 

material, resulting in machine-made sand. In this experiment, two types of aggregates were 

prepared following the steps of initial coarse crushing followed by fine crushing. Specifically, the 

aggregates include stripping waste rock coarse aggregate (5 mm–20 mm) and stripping gravel fine 

aggregate (less than 5 mm). These aggregates were then subjected to various physical and 

mechanical tests. For instance, the test results for waste rock aggregate containing iron trioxide with 

a particle size of 16–20 mm are presented in Table 2. 

Table 2: Physical properties index of waste rock aggregate containing iron trioxide  

Physical property index 

Crushed 

value 

(%) 

Losangele

s weared 

value(%) 

Apparent 

relative 

density 

(g/cm3) 

Water 

absorption(

%) 

Robustn

ess 

(%) 

Content of 

needle flake 

particles 

(%) 

Soft 

stone 

content 

(%) 

 

Proportion 

of particles 

less than 

0.075 

mm(%) 

Specified value [25] ≯26 ≯28 ≮2.6 ≯2.0 ≯12 ≯15 ≯3 ≯1 

16-20mm 
Test 

results 
16.2 21.3 3.283 0.81 3 12.3 0.2 ___ 

13.2-16mm 
Test 

results 
19.2  14.312  3.254 0.83  ___ 10.1  0.2 0.87  

9.5-13.2mm 
Test 

results 
19.8  13.312  3.240 0.66  ___ 12.1  2.1 0.8  

4.75-9.5mm 
Test 

results 
22.4 18.01 2.921 0.93 ___ 14.9 1.9 0.98 

2.36-4.75mm 
Test 

results 
25.2 19.1 2.516 1.12 ___ 13.6 ___ 0.99 

3. Asphalt Mixture Proportioning Design 

3.1 Gradation Composition Design 

In this study, following the guidelines outlined in the *Technical Specification for Highway 

Asphalt Pavement Construction* [29], the mix proportion design for AC-20 asphalt mixture was 

conducted using three types of mineral aggregates: iron oxide stripping waste rock, iron trioxide 

stripping waste rock, and conventional limestone. The trial synthetic gradation results for these 

three distinct mineral aggregates are illustrated in Figure 3. 

 

Figure 3: Trial synthetic gradation of three different mineral aggregates 
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3.2 Optimal Asphalt Content 

This paper design the optimum oil-stone ratio by Marshall method. The optimum oil-stone ratio 

of three different asphalt mixtures is shown in Table 3. 

Table 3: Optimum oil-stone rate of three kinds of asphalt mixtures 

Oil-stone ratio index Three kinds of asphalt mixtures 

Fe3O4 waste stone 

asphalt mixture 

Fe2O3 waste stone 

asphalt mixture 

common limestone 

asphalt mixture 

Optimum oil-stone rate (%) 4.45 4.26 4.65 

4. Experimental Study on Pavement Performence of asphalt Mixture 

4.1 High Temperature Stability Performance 

High-temperature stability is a critical aspect of asphalt mixture performance and represents a 

key weakness in asphalt concrete pavement. In this research, the high-temperature stability of the 

three types of asphalt mixtures was evaluated using the wheel tracking test. The test specimens, 

measuring 300 × 300 × 50 mm, were prepared using the rolling method and subjected to a load of 

0.7 ± 0.05 MPa. A visual representation of the specimen is provided in Figure 4. 

 

Figure 4: Test specimen for wheel tracking test 

Wheel tracking test results of asphalt mixture are shown in Table 4. 

Table 4: Wheel tracking test results of three kinds of asphalt mixture 

Index Fe2O3 waste stone 

asphalt mixture 

Fe3O4 waste stone 

asphalt mixture 

common limestone 

asphalt mixture 

45min displacement(mm) 1.511 1.533 1.520 1.417 1.467 1.433 1.508 1.509 1.524 

60min displacement(mm) 1.832 1.822 1.861 1.731 1.720 1.742 1.961 1.896 1.953 

Dynamic 

stability(time/mm) 

1963 1954 1937 2006 2012 2009 1391 1387 1419 

Relative deformation 

rate(%) 

3.664 3.602 3.644 3.462 3.387 3.451 3.922 3.897 3.923 

In the experimental study on high-temperature stability, three specimens were prepared for each 

type of asphalt mixture. A higher dynamic stability value indicates greater resistance to deformation 

at high temperatures. As shown in Table 4, the asphalt mixture containing Fe₃O₄ waste stone 

exhibits higher dynamic stability and a lower relative deformation rate compared to the other two 

mixtures under identical test conditions. Figure 5 further illustrates that the high-temperature 

stability of the Fe₃O₄ waste stone asphalt mixture is the best, surpassing that of the common 

limestone asphalt mixture by approximately 44.2%. Similarly, the Fe₂O₃ waste stone asphalt 

mixture demonstrates a 41.1% improvement in high-temperature stability over the common 

limestone mixture. Consequently, the high-temperature stability of the conventional asphalt mixture 
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is significantly lower than that of the two waste stone mixtures. The relative deformation rate 

reflects the extent of deformation in the asphalt mixture under repeated high-temperature loading. 

 

Figure 5: Dynamic stability comparison chart 

The wheel tracking test results demonstrate that asphalt mixtures incorporating iron ore waste 

stone exhibit a significantly lower relative deformation rate compared to conventional limestone 

asphalt mixtures under identical testing conditions. Comprehensive analysis of both dynamic 

stability and relative deformation rate indicators reveals that the iron ore waste stone-modified 

asphalt mixtures possess superior high-temperature stability performance, particularly under 

elevated temperature conditions. Among the tested materials, the Fe₃O₄ waste stone asphalt mixture 

shows the most pronounced enhancement in high-temperature stability, establishing it as the 

optimal performer in this study. 

4.2 Water Stability Performance 

Water stability represents a crucial performance parameter for asphalt mixtures, serving as a 

primary determinant of their resistance to water-induced damage. In this investigation, the water 

stability characteristics of various rock asphalt mixtures were systematically evaluated through the 

immersion Marshall test, conducted in strict compliance with the Standard Test Methods of 

Bitumen and Bituminous Mixtures for Highway Engineering. The experimental protocol involved 

the preparation of cylindrical test specimens with standardized dimensions of 101.6 mm in diameter 

and 63.5 ± 1.3 mm in height, as depicted in Figure 6. Following specimen preparation, the samples 

were subjected to immersion in a precisely controlled water bath maintained at 60°C for a duration 

of 48 hours, after which their mechanical stability was quantitatively assessed. 

 

Figure 6: Constant temperature water bath immersion specimen 
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The immersion Marshall test results for the three asphalt mixtures are summarized in Table 5. 

The data reveal that both iron ore waste stone-modified asphalt mixtures not only satisfy but 

substantially exceed the standard requirements for residual stability, demonstrating superior 

performance compared to conventional limestone asphalt mixtures. Specifically, the Fe₃O₄ and 

Fe₂O₃ waste stone asphalt mixtures exhibit residual stability values that are 8.6% and 5.7% higher, 

respectively, than their conventional counterpart, with only marginal differences observed between 

these two modified mixtures. Notably, the Fe₂O₃ waste stone asphalt mixture demonstrates 

exceptional water stability performance, achieving the highest residual stability of 94.96% among 

the tested materials. These findings collectively indicate that the incorporation of iron ore waste 

stone significantly enhances the water stability characteristics of asphalt mixtures, with all tested 

formulations exhibiting excellent performance metrics. 

Table 5: The average values of Marshall test 

Index Fe2O3 waste stone asphalt 

mixture 

Fe3O4 waste stone 

asphalt mixture 

common limestone asphalt 

mixture 

40 minStability(KN) 14.2 16.82 11.26 

40 hours Stability(KN) 13.56 15.56 9.85 

Residual stability(%) 94.96 92.5 87.48 

4.3 Skid Resistance 

The skid resistance characteristics of asphalt pavement represent a critical safety parameter, 

directly influencing vehicular traction and traffic safety. From a materials engineering perspective, 

the anti-skid performance of road construction materials is predominantly determined by several 

key factors: the macrotexture (structural depth), microtexture (polishing value), and morphological 

characteristics (particle size and shape) of mineral aggregates, along with their processing 

methodologies. In this investigation, the frictional properties and surface texture characteristics of 

various asphalt mixtures were quantitatively assessed through standardized testing protocols. The 

coefficient of friction was measured using a precision pendulum tester, while the macrotexture was 

evaluated through structural depth measurements obtained with an electric sand spreader, as 

illustrated in Figure 7 and Figure 8, respectively.  

 

Figure 7: Friction coefficient test 

 

Figure 8: Structure depth test 
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The skid resistance performance of asphalt concrete can be assessed by analyzing its 

comprehensive friction coefficient and structural depth. According to the test data in Table 6, the 

asphalt mixture containing Fe₂O₃ waste stone exhibits the best skid resistance, though its 

performance is only slightly better than that of the mixture containing Fe₃O₄ waste stone. The 

structural depth of the Fe₂O₃ waste stone mixture and the Fe₃O₄ waste stone mixture is 19% and 

14.3% higher, respectively, compared to the common limestone asphalt mixture. However, the 

difference in friction coefficient between the three mixtures is minimal.  

4.4 Road Performance Analysis of Three Asphalt Mixtures 

In this section, the efficacy coefficient method is applied to compare the test indicators of waste 

stone asphalt mixtures and common limestone asphalt mixtures for a comprehensive evaluation of 

road performance. As shown in Table 6, the efficacy coefficient of the common asphalt mixture is 

the lowest, indicating that its overall road performance—encompassing high-temperature stability, 

water stability, and skid resistance—is inferior to that of the iron ore waste stone asphalt mixtures.  

Table 6: Efficiency coefficient of three types of asphalt mixture 

Types High temperature 

stability 

Water stability Skid-resistance Efficiency 

coefficient 

Fe2O3 waste stone 

asphalt mixture 

0.939 0.999 0.800 0.913 

Fe3O4 waste stone 

asphalt mixture 

0.964 0.933 0.840 0.912 

Common limestone 

asphalt mixture 

0.626 0.799 0.880 0.768 

5. Conclusion 

This study investigates the road performance and influencing factors of AC-20 asphalt mixtures 

incorporating iron ore waste stone. Through experimental analysis, the high-temperature stability, 

water stability, and skid resistance of three mixtures—common limestone asphalt mixture, Fe₂O₃ 

waste stone asphalt mixture, and Fe₃O₄ waste stone asphalt mixture—were compared. The 

following conclusions were drawn:   

(1) Test results indicate that the Fe₃O₄ waste stone asphalt mixture exhibits the best 

high-temperature stability, while the Fe₂O₃ waste stone asphalt mixture demonstrates superior water 

stability and skid resistance.   

(2) A comprehensive evaluation using the efficacy coefficient method reveals minimal 

differences between the two iron-containing waste stone asphalt mixtures. However, both 

outperform the common limestone asphalt mixture, particularly in skid resistance.   

(3) Based on the overall road performance analysis, utilizing iron ore waste stone asphalt 

mixtures for road construction represents an effective recycling approach. 

References  

[1] Chen Yu.(2023).Research on the Occurrence, Migration and Transformation of Environmentally Sensitive Elements 

in Typical Metal Mining Areas(Doctoral dissertation, University of Science and Technology of China).Doctor. 

[2] Yu Pei & Xu Kunkun. (2024). Influence of mine waste slag and stone incorporation on the performance of concrete 

for 3D printed building components. Journal of Anyang Institute of Technology (06), 76-81. doi:10.19329/j. 

cnki.1673-2928.2024.06.015. 

[3] Wu Youwu, Zeng Rong, Tao Congxi, Zhan Baojian, Kou Shicong, Lao Lilin... & Wei Huaijun. (2024). Research on 

the production of recycled aggregates and waste stone aggregates and the properties of green concrete prepared 

therefrom. New Century Cement Herald (06), 36-41. doi:10.16008/j.cnki.1008-0473.2024.06.011. 

19



[4] Zhang Xiaogang, Song Shaomin, Liu Feng, Liu Juanhong & Wu Ruidong. (2023). Review of the current status of 

research on the preparation of sand and gravel aggregates from mine waste stones. Comprehensive Utilization of Fly 

Ash (06), 55-63. doi:10.19860/j.cnki.issn1005-8249.2023.06.009. 

[5] Zhang Guangtian, Cui Yanfa, Liu Dongji, Lin Shuanggen & Kang Lihua. (2023). Development status of waste stone 

resource utilization. Proceedings of the 8th China International Aggregate Conference (pp. 211-219). Hebei Academy of 

Building Research Co., Ltd.; Hebei Key Laboratory of Solid Waste Building Materialization Utilization Science and 

Technology; Hebei University of Science and Technology; Shijiazhuang Tiedao University. 

[6] Xu Xiuhua. (2023). Analysis of the performance and microscopic morphology of concrete with recycled aggregates 

from waste stones in mine tunneling. Concrete (07), 177-180 + 187. 

[7] Sui Youke & Wei Zhicong. (2023). Experimental study on the pre-enrichment-flotation of copper in the waste stones 

from a certain stope. Hunan Nonferrous Metals (03), 27-30. 

[8] Mo Feng, Cao Yang, Lan Zhuoyue, Tong Xiong, Xie Xian, Xie Ruiqi... & Song Qiang. (2022). New technology for 

efficient pre-enrichment of cassiterite in the waste stones from the Dulong stope. Nonferrous Metals Engineering (09), 

92-100. 

[9] Hu Juntao, Zhang Xixiang, Zeng Bin & Feng Jiedong. (2022). Research progress of vegetation ecological concrete 

technology and its application exploration in mine solid waste disposal. Chemical Minerals and Processing (10), 45-50. 

doi:10.16283/j.cnki.hgkwyjg.2022.10.009. 

[10] Hu Xiang & Shao Mingjing. (2020). Comprehensively utilizing low-grade waste stones and actively exploring the 

construction of green mines. China Cement (11), 101-103. 

[11] Wang Qian,Li Qingfei,Zhang Peipei,An Liwei,Geng Qi.(2017).Experimental Study on the Preparation of Soil 

Conditioner from Dewatered Sludge of a Coal Mine and Solid Waste in the Mining Area in Shanxi.Coal Processing and 

Comprehensive Utilization(03),71-76.doi:10.16200/j.cnki.11-2627/td.2017.03.022. 

[12] Wattana, Piyarat Ann.Drill cutting waste utilization as alternative material for road application[C]. Abu Dhabi 

International Petroleum Exhibition and Conference 2020,Abu Dhabi, United arab ,2020. 

[13] Abu Dhabi, United arab.The use of cement treated reclaimed asphalt pavement-quarry waste blends as highway 

material[J].International Journal of Pavement Enginerring,2020,Vol 21(10):1191-1198. 

[14] He Lipeng, Cai Wenfang, Liu Weidong, Lin Lin, Cong Sunan & Zhao Huiling. Analysis of the Microstructure of 

Heavy Oil and the Influence of Asphaltene on the Viscosity of Heavy Oil. World Petroleum Industry, 1-8. 

doi:10.20114/j.issn.1006-0030.20240403001. 

[15] Sha Dong, Li Gen, Wang Fang, Tang Min & Liu Yiding. Establishment and Evaluation of a Low-temperature 

Constitutive Model of High-modulus Asphalt Based on the BBR Test. Materials Review, 1-14. 

[16] Ai Changfa, Zhang Jiakang, Jiao Fanghui, Gan Guo'an & Zhang Aonan. Mix Proportion Design of Asphalt 

Mixture by Combining Forward Combination Forecasting and Reverse Target Optimization. Journal of Southeast 

University (Natural Science Edition), 1-14. 

[17] Li Ziguo. (2025). Application of Asphalt Concrete Construction Technology in Highway Engineering. China 

Science and Technology Information (04), 40-42. 

[18] Bao Guojun, Yu Huijun, Hao Peiwen, Li Shaohui, Chen Liang & Zhang Yiming. (2025). Research on the 

Construction Technology of the Waterproof Stress-absorbing Layer of Asphalt Sand. Construction Machinery (01), 

139-145+12. 

[19] Sun Gaoqiang. (2025). Mix Proportion Design and Pavement Performance Research of Cold Recycling Asphalt 

Mixture. Quality and Certification (01), 106-109. doi:10.16691/j.cnki.10-1214/t.2025.01.26. 

[20] Wang Qijia. (2025). Research on the Structure of Permeable Asphalt Pavement for Urban Roads. Engineering 

Construction & Design (01), 128-130. doi:10.13616/j.cnki.gcjsysj.2025.01.040. 

[21] Sun Yongbiao. (2024). Analysis of the Construction Technology of SMA Modified Asphalt Pavement for Municipal 

Roads. New Urban Construction Technology (12), 147-149. 

[22] Hou Yitong, Tian Bo, Zhang Panpan & Feng Xiang. (2024). Research Progress on the Interaction between Cement 

and Emulsified Asphalt. Contemporary Chemical Industry (12), 2967-2972+2989. doi:10.13840/j.cnki. 

cn21-1457/tq.2024.12.017. 

[23] Cai Binhua. (2024). Preparation of High-quality Ferrous Sulfate from the Iron Tailings of Neodymium Iron Boron 

Secondary Waste. Fujian Metallurgy (06), 24-28. doi:10.19574/j.cnki.issn1672-7665.2024.06.015. 

[24] Wu Yongji, Shi Xiao, Peng Ding, Zhu Kunpu & Luo Heng. (2024). Research on the Process of Preparing Ferric 

Chloride by the Resource Utilization of Industrial Waste Iron Sludge. Renewable Resources and Circular Economy (09), 

34-36. 

[25] Ding Shangkun, Huang Saihua, Zhang Yiping & Zhou Yongchao. (2024). Highly Efficient Antimony Removal by 

Micro-electrolysis Technology with Waste Iron and Manganese as Fillers (English). Journal of Zhejiang 

University-Science A(Applied Physics & Engineering) (06), 516-524.  

[26] Chen Chao, Liu Jianguo, Zhao Guangqi, Liu Meijia & Li Li. (2023). Preparation of Fe0-BC Material from Wood 

Waste and Waste Iron Sludge and Its Removal Behavior of Cr(Ⅵ) in Water. Research of Environmental Sciences (05), 

20



995-1005. doi:10.13198/j.issn.1001-6929.2023.02.12. 

[27] JTG E20-2011. Standard Test Mehods of Bitumen and Bituminous Mixtures for Highway Engineering[S]. Beijing: 

Ministry of Transport, PRC,2011. 

[28] JTG E42-2005. Test Methods of Aggregate for Highway Engineering[S]. Beijing: Ministry of Transport, 

PRC,2017. 

[29] JTG F40-2004. Technical Specification for Highway Asphalt Pavement Construction[S].Beijing: Ministry of 

Transport, PRC,2004.  

21




