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Dear readers!

The road sector is increasingly defined by rigorous research, advanced engineering solutions, and effective professional cooperation. As infrastructure challenges grow more complex, truly sustainable decisions are those grounded in expertise, practical experience, and an open exchange of proven methods.
The fourth issue of Jolshy reflects the industryˇs current research and implementation agenda. It brings together interviews with international experts who examine emerging priorities in road research, practical routes for introducing innovative technologies, and ways to translate global best practice into solutions that perform under national conditions. A substantial part of the issue is built around materials from the International Scientific and Practical Conference, showcasing research findings and on-the-ground experience with direct relevance to road construction.
Special attention is also given to the finalists of the industry competition. Their projects present engineering and research-driven solutions that respond to real operational needs and align with the sectorˇs long-term development goals. These contributions strengthen the issueˇs central theme and highlight the applied value of the approaches presented.
Jolshy continues to serve as a professional platform for sharing knowledge, engaging in informed discussion, and presenting research outcomes. By connecting experts, practitioners, and partners, the journal supports stronger professional networks, advances international cooperation, and helps cultivate a resilient, evidence-based community within the road sector.   
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Sincerely,
the editorial board
of «Jolshy» magazine
(Bulletin of KazdorNII)
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ROBIN SÉBILLE: ˝INTERNATIONAL COOPERATION IS THE FOUNDATION OF SUSTAINABLE ROAD DEVELOPMENT˛
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In todayˇs rapidly evolving road sector, expert dialogue and the exchange of practical knowledge are becoming more important than ever. PIARC, as a global platform for technical cooperation, plays a significant role in shaping this conversation.
During his visit to Kazakhstan, Deputy Secretary General of PIARC Robin Sébille shared his views on the mission of the association, the value of professional collaboration, and the trends influencing the future of road infrastructure. His insights offer a clear perspective on how countries can strengthen their expertise and contribute to a more resilient and innovative road sector.
      

      


     
        
      
      
 
      


How would you describe the key mission of PIARC and the role it plays in the global road sector?
PIARC was founded in 1909 after the first World Road Congress held in Paris. At that time, the automobile sector was growing so quickly that road engineers urgently needed a platform to exchange knowledge.
Since then, PIARCˇs core mission has remained the same: to promote technical cooperation, support knowledge sharing, and provide high-quality technical information for road administrations, private companies and research institutions around the world.       



       
      


      
    
    
    


How long have you been working at PIARC?
I have been with PIARC for twelve years. These are my final weeks before returning to the French Ministry of Transport, but after dedicating such an important part of my career to this organization, I will continue to follow its work closely.


       




You have visited Kazakhstan several times, how do you view the development of cooperation between Kazakhstan and PIARC?
This was my fourth visit to Kazakhstan. The most recent one took place in April, when an Executive Committee meeting of PIARC and a seminar on winter       
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service were held in Astana. The event was of a very high level, both technically and organizationally, and provided an opportunity for many international experts to see first-hand the dynamic development of Kazakhstanˇs road sector. Hosting such meetings contributes to strengthening Kazakhstanˇs visibility within PIARC and the wider professional community, and supports the further development of cooperation.


     
    
    
     


How did holding the Winter Maintenance Technical Committee meeting in Kazakhstan contribute to further cooperation within PIARC?
Holding the Winter Maintenance Technical Committee meeting in Kazakhstan created a strong basis for further cooperation within PIARC. Kazakhstan has a clear and practical interest in winter maintenance, which made it a relevant and meaningful venue. The participants were impressed by what they observed and experienced on site, which strengthened professional interest and engagement. As a result, many expressed their willingness to return, and I expect that one or two additional PIARC events may be held in Kazakhstan before the World Road Congress in Vancouver in 2027.     
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You took part in the international scientific and practical conference ˝Roads and Innovations˛. What are your impressions of this event?
The ˝Roads and Innovations˛ conference was very well organized and dynamic. The technical content was strong, the presentations addressed relevant topics, and the overall professional atmosphere was excellent. Initiatives of this kind are important because they bring together engineers, researchers and industry representatives at both national and international levels and create real opportunities for dialogue, knowledge exchange and cooperation. Events like this contribute to strengthening Kazakhstanˇs position within the international road community.      




     
   
    
       
   
     
     

   


What major PIARC event is planned for 2026?
The next Winter Road Congress will take place in Chambéry, in the French Alps, from 10 to 13 March 2026. It will focus on winter service, resilience and road decarbonization. There are ongoing discussions regarding Kazakhstanˇs participation, but any final confirmation should come from the Kazakhstanˇs side.
       


       
   
    


In your opinion, which technological or strategic trends will most influence the future of road infrastructure?
The road sector is unique because it combines long-established engineering practices with constant incremental innovation. Roads and bridges will always remain physical infrastructure, yet the way we monitor and operate them is changing rapidly. Digital technologies, sensors, new evaluation tools and growing interaction between infrastructure and vehicles are transforming road management. At the same time, significant progress continues to come from small but essential improvements in materials, construction practices and maintenance methods.     
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JOLSHY
Kazakhstan is actively updating its regulatory framework. Could you share your view on this process?
In many countries, different families of standards exist, but what matters most is that those who develop them truly understand the specific conditions of their country. Kazakhstan has a vast territory with extreme climate variations, so technical requirements must reflect that reality. The approach of placing regulatory work in the hands of road specialists is a strong and correct step forward. Standards must be practical, adapted to local conditions and developed by people who work directly with roads.    




        

      
     
       
        
      
      


In your opinion, which forms of international cooperation are most effective for supporting innovation and professional development?
The most effective cooperation comes from active participation in PIARC Technical Committees. These groups work over several years, allowing experts to build meaningful professional connections and exchange knowledge continuously. In parallel, many bilateral collaborations, study visits and technical exchanges naturally emerge from the relationships formed within PIARC. This long-term interaction is what truly strengthens capacity on a global scale.     
    


     
    

   
    
    
     
     


PIARC also emphasizes the role of young professionals. How do you support them?
It is essential for the future of the road sector to attract and involve young specialists. Today many young engineers are drawn to IT and artificial intelligence, but road engineering remains a highly innovative and internationally connected field. PIARC encourages countries to appoint young experts to committees, highlights them in publications and promotes closer involvement of academic institutions. The goal is to show that this profession offers both technical depth and real global opportunities.     



     
       
     
   
     
     

  


What message would you like to convey to engineers and researchers in Kazakhstan?
You should be proud of your work. Road infrastructure is fundamental for any economy, and the pandemic clearly demonstrated its importance. Road engineering combines tradition with innovation and offers many professional paths from materials and structures to informatics and digital systems. Roads have always been vital to societies, and they will remain essential in the future.
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The conversation with Robin Sébille highlights the importance of technical dialogue, shared expertise, and steady innovation in the road sector. His reflections remind us that the development of road infrastructure relies not only on engineering solutions, but also on the exchange of ideas, practical experience, and professional commitment.
For Kazakhstan, which is actively modernizing its road standards and strengthening cooperation within the global community, these discussions provide valuable orientation. They show how focused work, openness to new approaches, and continuous engagement with expert networks can support the long-term growth of the industry.
Ultimately, every road project whether local or international is built on knowledge, responsibility, and collaboration. And it is through such conversations that the sector continues to advance.     
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SUNG-WOO MOON: ˝SCIENCE AND INNOVATION ARE THE KEY TO DURABLE AND SUSTAINABLE ROADS˛
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In the context of increasing infrastructure demands, growing climate challenges, and the global transition toward sustainability, geotechnical research is assuming a more strategic role in road development. Kazakhstan, with its vast territory, diverse soil conditions, and extreme continental climate, offers a unique environment for advancing applied geotechnical science.
During the International Scientific and Practical Conference ˝Roads and Innovations,˛ we spoke with Professor Sung-Woo Moon of Nazarbayev University about his research priorities, international experience, and the role of science in supporting durable and low-carbon road infrastructure in Kazakhstan.     
     

     

     


    
     
    




How long have you been working in Kazakhstan, and what factors influenced your decision to continue your academic career at Nazarbayev University?
I have been working at Nazarbayev University since 2017. Before coming to Kazakhstan, I conducted research in the United States and Singapore. What particularly attracted me was the countryˇs immense potential and the distinctive geotechnical challenges it presents. Kazakhstan spans a vast territory with highly varied geological conditions, including saline soils and expansive clays, all exposed to an extreme continental climate with wide temperature fluctuations.
For a geotechnical researcher, this environment functions as a ˝living laboratory,˛ offering scientific challenges that are rarely encountered elsewhere. Another decisive factor was the universityˇs vision to develop as a research-intensive institution, along with its strong support for establishing a world-class laboratory. This provided an opportunity not only to pursue theoretical research, but also to apply advanced geotechnical technologies directly to real infrastructure projects.
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Your academic career includes extensive international experience in geotechnical engineering. What factors shaped your professional path and ultimately led you to continue your research in Kazakhstan?
My professional path has consistently focused on bridging advanced theory with practical engineering applications. My PhD studies at the University of Illinois at Urbana-Champaign (UIUC) provided a solid theoretical foundation in soil mechanics and computational geomechanics. Later, my postdoctoral work at the National University of Singapore (NUS) exposed me to complex challenges related to urban geotechnics and soft ground engineering.
An equally important component of my background is four years of practical experience in the Geotechnical Engineering Department at Yongma Engineering in South Korea. There, I was directly involved in road design and construction projects, which allowed me to develop practical, field-based engineering judgment. In addition, I hold a professional engineering license from the United States, which further emphasizes the application of theory to real-world practice.
This combination of academic rigor from the United States and Singapore, together with hands-on road engineering experience from Korea, naturally led me to Kazakhstan. The countryˇs ambitious road development goals require precisely this balance between advanced research and practical engineering standards.
    



     
    

    
    
     
      
     



      

        
     

      
     


      
     
      
    
     


Within your work at Nazarbayev University, what scientific priorities currently define your research activities?
My current research focuses on addressing specific challenges within Kazakhstanˇs road infrastructure. These priorities can be grouped into three main directions.
First, we are working on sustainable soil stabilization using eco-friendly binders. This includes the use of industrial by-products such as Basic Oxygen Furnace (BOF) slag, phosphogypsum, and Calcium Sulfoaluminate (CSA) cement as alternatives to carbon-intensive Portland cement. The objective is to ensure sufficient subgrade strength while reducing environmental impact.
Second, we are investigating problematic soils, particularly saline and expansive soils that are widespread across Kazakhstan. Our research aims to improve their mechanical behavior and long-term durability under severe freeze�thaw and wet�dry cycles.
Third, we are developing Non-Destructive Testing (NDT) and smart monitoring approaches. Using seismic instruments such as DataCube units, together with wave-based analysis methods including Multichannel Analysis of Surface Waves (MASW) and Horizontal-to-Vertical Spectral Ratio (HVSR), we are working on rapid, on-site quality control solutions that do not damage pavement structures.     
    


     



      
      
     

    
      


    
     
     
    


    
     

    
    
 
      


How would you assess the current state and long-term potential of road-related research in Kazakhstan?
The long-term potential is very significant, although certain challenges remain. At present, parts of the system still rely on legacy standards such as Construction Norms and Rules (SNiP) and State Standards (GOST), which can be conservative in adopting new materials and technologies. In addition, the extreme climate, with temperature ranges from minus forty to plus forty degrees Celsius, contributes to reduced pavement service life.
The key opportunity lies in adapting international performance-based standards, including Eurocodes, to local conditions. As Kazakhstan continues to develop major transport corridors, the demand for innovative technologies that extend road life cycles and reduce maintenance costs is expected to grow steadily.       
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JOLSHY
What role should research institutions play in supporting innovation and evidence-based development in the road and transport sector?
Research institutions should function as a validation mechanism for the industry. Construction companies often cannot afford the risks associated with applying unproven materials or methods under real field conditions.
At Nazarbayev University, we have established a Geotechnical and Geophysical Engineering Laboratory equipped with advanced testing systems and environmental chambers. These facilities allow us to simulate Kazakhstanˇs severe winter conditions and generate reliable scientific data, such as stress�strain behavior and resilient modulus. In this way, research institutions help reduce uncertainty and provide confidence for practical implementation.     

  


     
    
      
     


     
   
    
     
    
     
      
    


Which forms of cooperation between academia, industry, and specialized research centers are most effective for advancing road infrastructure research?
The most effective approach is a continuous cycle of problem identification, scientific solution, and field verification. Industry identifies persistent problems such as frost heaving or cracking. Academia then develops optimized material designs and engineering mechanisms, for example using BOF slag. In cooperation with specialized institutions such as the Kazakhstan Road Research Institute, these solutions should be implemented in pilot projects and monitored under real road conditions.    
     


       
    
    
      

      
     
    
      


You participated in the International Scientific and Practical Conference ˝Roads and Innovations.˛ What were your general impressions of this event?
The conference left a very positive impression. I observed a clear shift away from discussions focused primarily on logistics or funding toward in-depth technical topics such as decarbonization, new materials, and digitalization of road assets. This indicates that the industry is increasingly seeking scientific solutions to improve durability and maintenance efficiency.     
    


      
      
     
     
       
     


How do scientific platforms of this scale contribute to knowledge exchange and innovation in the road sector?
Such platforms help bridge the gap between laboratory research and field practice. They provide an opportunity to explain scientific developments directly to practicing engineers and to receive immediate professional feedback. For example, I was able to discuss how non-destructive testing methods based on seismic measurements can support on-site quality control, increase construction efficiency, and improve overall project performance.
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Together with your student, you received second place in the Young Researchers Competition on environmental aspects of transport infrastructure. Could you briefly describe the concept of your project?
The project focused on low-carbon soil stabilization using BOF slag, a major industrial by-product of steel production. Large volumes of this material are currently stockpiled in Kazakhstan, creating environmental challenges.
Our research demonstrated that when BOF slag is properly combined with eco-friendly binders and applied to road subgrades, it is possible to significantly reduce cement consumption while improving strength and resistance to freeze�thaw cycles. The project was recognized for transforming an environmental burden into a durable construction resource, thereby supporting both decarbonization and improved road performance.     
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Why are decarbonization and the use of industrial by-products becoming increasingly important in modern road construction?
These approaches are essential for achieving both economic and environmental sustainability. Cement production is a major source of global carbon dioxide emissions, while Kazakhstan has abundant industrial by-products such as BOF slag. Using these materials in road construction supports a circular economy by reducing material costs, lowering emissions, and preventing environmental pollution associated with waste disposal.
    


     
   
       
     

     
    


What does this recognition mean for you personally, and how does it support the development of young researchers?
For me, it confirms that our research direction is well aligned with Kazakhstanˇs national priorities. For students, it demonstrates that their work extends beyond academic requirements and can provide practical solutions to real industrial and environmental challenges. This realization serves as a strong source of motivation and professional pride.  
       


        
    

    

       


Which insights from the conference and competition will most influence your future research?
The key message was the importance of durability. Roads must be capable of withstanding extreme climatic conditions, not merely achieving high initial strength. Accordingly, my future research will place greater emphasis on long-term durability testing, including freeze�thaw and wet�dry cycles, as well as Life Cycle Assessment (LCA) of materials such as BOF slag to support practical application. 


      

     
     
    
       
       


How do you assess the prospects for applying your research results in real road construction projects in Kazakhstan?
I am very optimistic. My experience as a licensed professional engineer helps translate laboratory data into design guidelines and technical specifications that can be readily used by field engineers. While research on BOF slag and eco-friendly stabilization methods is still ongoing, steady progress is being made. With appropriate localization and alignment with international standards, these solutions can be applied in practical road projects in the near future.       
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What advice would you give to young researchers in Kazakhstan who aim to contribute to geotechnical engineering and transport infrastructure development?
My main advice is to connect field experience with data. Geotechnical engineering cannot be confined to office work alone. It is essential to understand soil behavior on site and to experience local climatic conditions directly. This practical knowledge should then be combined with advanced analytical tools, including artificial intelligence, machine learning, and environmental engineering. Specialists who can integrate traditional civil engineering with sustainability and modern technologies will play a leading role in shaping the future of Kazakhstanˇs road infrastructure.

     


       
     
       
      

     
   

    
       


The conversation with Professor Sung-Woo Moon highlights the growing importance of applied geotechnical research in addressing Kazakhstanˇs infrastructure challenges. His perspective emphasizes durability, sustainability, and close integration between science and engineering practice.
As Kazakhstan continues to modernize its road sector and adopt innovative materials and technologies, research-driven approaches such as these provide a solid foundation for long-term, resilient development. Ongoing dialogue between academia, industry, and research institutions remains a key driver of progress in the road sector.    
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THE IMPORTANCE OF LABORATORY TESTS FOR PREDICTING PERFORMANCE OF ASPHALT MIXTURES



Rutting on an asphalt surface is rarely a sudden defect. In most cases, it is the visible outcome of permanent deformation that accumulates over time typically at high service temperatures and under heavy traffic moving at low speeds. The consequences go beyond durability. Rutting reduces ride comfort and the perception of safety, while the lateral lift that forms along the wheel path can hinder drainage and contribute to aquaplaning, creating serious road safety concerns.
This is why laboratory testing remains a practical foundation for predicting how asphalt mixtures will behave in service. Over the past decades, performance-oriented design and simulative laboratory methods have been developed to better connect mixture properties with real pavement behavior. The Superpave method addressed rutting resistance as a central performance requirement, and the Hamburg Wheel Tracking Device (HWTD) has become one of the most widely used tools to evaluate both permanent deformation and moisture damage from water.
Superpave was the result of the Strategic Highway Research Program (SHRP) developed in the 1990s in the United States. Prior to Superpave, asphalt mixtures were largely designed using empirical laboratory procedures, and field experience was needed to confirm whether laboratory indicators correlated with pavement performance (Asphalt Institute 1995). Superpave was driven by a practical demand for safe, high-performance, and long-lasting asphalt pavements, an increasingly important requirement as urban areas expanded and traffic volumes and loads grew. Unlike earlier approaches, Superpave explicitly requires consideration of environmental conditions across the pavementˇs entire service life, supported by test procedures and performance prediction models intended to estimate the performance life of a prospective pavement.
A key element of Superpave is laboratory compaction and mixture performance testing. Laboratory compaction is achieved with a Superpave Gyratory Compactor (SGC), used to obtain specimens with physical-mechanical properties similar to hot mix asphalt (HMA) on site. It also provides information about mixture workability during compaction. Unlike the Marshall compaction, which applies energy through a predefined number of blows and is still widely used due to its simplicity and low cost, the SGC applies pressure to a mixture inside a mold tilted at a defined compaction angle. The SGC also allows variation of compaction cycles according to expected traffic, producing specimens that represent compaction after laying (Ninit.), design compaction (Ndes.), and maximum density at the end of pavement life (Nmax.).
Superpave uses a hierarchical design procedure for HMA mixtures, increasing complexity as expected traffic increases. Level 1 focuses on improved material selection and volumetric mix design for low design traffic: material selection (aggregates, binder, additives), identification of aggregate structure, determination of binder content, and evaluation of moisture susceptibility. Binder selection is based on Performance Grade (PG) classification depending on climate and expected traffic, and aggregate selection includes requirements for size, angularity, shape, and silt/clay content. At this level, the mixture with optimum binder content is evaluated for susceptibility to water by measuring the reduction of indirect tensile strength. However, performance evaluation remains limited because the approach is purely volumetric and judged using volumetric criteria determined under limited conditions; rutting and fatigue resistance tests are not included for verification at Level 1. Level 2 starts with volumetric design and includes a rutting resistance check for medium traffic. Level 3 targets high traffic volumes and includes performance evaluation testing and computer modelling to assess rutting resistance, fatigue cracking, and low-temperature cracking.
Rutting develops longitudinally along wheel paths as trench-like depressions. It arises at high temperatures under repeated heavy traffic loads due to progressive cumulative permanent deformation. Rutting can affect both the HMA mixture and unbonded aggregate base or subbase layers. Three main types of failure are commonly identified: lateral rutting, structural rutting, and post-construction consolidation rutting.                  
      
    
                




             



       
             
           
             





             




             



               

             

       

             
                 



             
              
     


Figure 1 - Pavement Interactive

Rutting may also appear at distinct times in pavement life: early settling after opening to traffic due to void reduction; continued reduction of voids under traffic and high temperatures causing viscous flow and lateral flow; and structural failures due to erroneous design of foundation and subgrade layers. Because rutting affects both maintenance needs and safety, it is typically studied through several laboratory approaches: Static Creep Test, Repeated Load Test, Dynamic Modulus Test, and Simulative Test.
Among simulative methods, the Hamburg Wheel Tracking Device (HWTD) was developed to evaluate permanent deformation under traffic conditions. Developed in Germany in the 1970s, it was initially designed to measure rutting and later adopted to determine moisture susceptibility of HMA. In HWTD tests, rutting is induced and accelerated by repeatedly passing wheels over an HMA sample. The test can be performed in air or water, in a controlled environment at a constant temperature, while permanent deformation on the specimen surface is recorded.
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Figure 2 - HWTD with double wheel for performing tests in water and air

In air testing, the rut depth versus number of passes curve typically shows two phases: a post-compaction phase, where reduction of voids produces immediate deformation after the first minutes of loading, and a creep curve development phase, where deformation accumulates due to viscoplastic behaviour of the mixture.                
               


Figure 3 � Relationship between rutting depth rate and number of loading cycles. Test specimens with different rut depth.

In water testing, the curve is usually described in three phases: post-compaction; creep curve development; and a stripping-related phase, where accumulation of plastic deformations is associated with the effect of water that accelerates failure of the HMA structure.
In practice, HWTD testing is guided by two main standards: AASHTO T 324-11 (Hamburg Wheel-Track Testing of Compacted Hot Mix Asphalt) and EN 12697-22 (Wheel tracking).               
             


               


Figure 4 � HWTD configuration related to the reference standard

AASHTO T 324-11 is a main reference for testing rutting and moisture susceptibility of HMA using HWTD. It includes conditioning of specimens and performing the test in water at 40°C�50°C. The device applies a 705 N load through a steel wheel moving sinusoidally over the specimen at 52 passes per minute and 0.305 m/s, disengaging when 20,000 passes are reached or when the rut depth reaches 40 mm as recorded by the LVDT. Tests can be performed using slab specimens or SGC cylindrical specimens prepared in the laboratory, as well as field core/slab specimens. From the rut depth versus passes curve, it is possible to calculate the Stripping Inflection Point (SIP) and the Failure Rut Depth as the specified maximum allowable rut depth for the test.  
 


  



Figure 5 � Schematic of cylindrical specimen mounting according to AASHTO T324
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There are practical differences between the standards. AASHTO T324 enables tests in water, allowing evaluation of both rutting and moisture susceptibility. AASHTO T324 requires stainless steel wheels, while EN 12697-22 also considers rubber wheels. AASHTO T324 also allows rutting tests on cylindrical field cores with standard dimensions (150 mm diameter). The Hamburg Wheel Tracking test is often valued for easy specimen preparation, the ability to test standard field cores, straightforward analysis of results, and the wide use in the USA with many archived results available.              


               



Figure 6 � Hamburg Wheel Tracking Database analysis. Final Report P3 Commissioning of Hamburg Wheel Tracking Device (HWDT)


Specimen preparation for HWTD typically requires laboratory compaction using the SGC, a minimum suggested specimen height of 60 mm, and cutting SGC specimens so they can be positioned into the moulds. 
HWTD is also widely used to evaluate mixtures containing Reclaimed Asphalt Pavement (RAP), with virgin or modified binders and additives, under different conditions. One example is a study sponsored by the Kansas Department of Transportation, where HWTD was used in Kansas to predict rutting and moisture damage potential of Superpave mixes, especially mixes containing RAP. The research includes recycled Superpave mixtures with RAP content from 10% to 50%, and variables expected to affect results such as binder performance grade (PG), aggregate type, and volumetric mix design properties. The final product was a database compiling 14 years of results on how variables are expected to affect rutting and stripping performance of Superpave mixes with RAP.            



               


               



Figure 7 - Review and Analysis of Hamburg Wheel Tracking Device Test Data Final Report Prepared by Farhana Rahman, Ph.D., E.I.T. Mustaque Hossain, Ph.D., P.E. Kansas State University


A detailed set of HWTD applications is also reported from the University of Bologna. The Department of Civil research laboratory procured an HWTD manufactured by Matest SpA and conducted tests on different mixtures under different testing conditions. The work compares rutting resistance outcomes for mixtures conditioned and tested in different environments, at different temperatures, and with different device configurations.
Tests performed at 25°C highlight how the test environment water or air affects permanent deformation, showing moisture susceptibility even at room temperature.

             


              


Figure 8� HMA wearing course mixture: AC 0/12; Bitumen 50/70; Voids < 4 %; Ending test criteria 20 mm rutting or 20.000 passages

Using the same HMA mixture, tests performed in water at 50°C show how higher temperature causes a rapid increase in permanent deformation linked to water susceptibility.
The study also compares wheel types in line with the two standards. Tests performed in air at 25°C show differences in rutting resistance when using a steel wheel versus a rubber wheel, with the steel wheel emphasising higher rut depth. The difference is also visible on the specimens.
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Figure 9 - HMA wearing course mixture: AC 0/12; Bitumen 50/70; Voids < 4 %; Ending test criteria 20 mm rutting or 20.000 passages

Figure 10 - HMA wearing course mixture: AC 0/12; Bitumen 50/70; Voids < 4 %; Ending test criteria 20 mm rutting or 20.000 passages; Environment - air 25°C


Figure 11 � Steel wheel result on the specimen


Figure 12 � Rubber wheel result on the specimen


Another comparison focuses on binder type. HWTD testing was used to evaluate rutting resistance of HMA with polymer modified bitumen (PMB) versus HMA with neat bitumen. A high difference is observed in the number of cycles corresponding to the same rut depth.               



Figure 13 - HMA wearing course mixture: AC 0/12; Bitumen 50/70; Voids < 4 %; Ending test criteria 20 mm rutting or 20.000 passages; Environment - water 50°C


Moisture resistance is also discussed through laboratory tests used in Superpave to determine resistance of HMA mixtures to moisture. The results of HWT tests and Indirect Tensile Strength (ITS) tests can be used to correlate the number of passes referring to the Stripping Inflection Point and ITSR values.              
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Figure 14 - HMA wearing course mixture: AC 0/12; Bitumen 50/70; Voids < 4 %; Ending test criteria 20 mm rutting or 20.000 passages; Environment - water 40°C


Figure 15 - ITS wet: samples conditioning 72h at 40°C, test temperature 25°C

Figure 16 � Comparison of Indirect Tensile Strength in water and air environment test of two different HMA mixtures

HWTD was further used to compare three different open-graded asphalt mixtures. In terms of permanent deformation, the post-compaction phase is much more accentuated than in dense-graded mixtures. In these open-graded mixtures, the Stripping Inflection Point (SIP) is not reached, attributed to the porous structure, reorganization of the aggregate structure, and reduction of voids effects that can be observed at high test temperatures and visually through reduction of voids.
  
       



Figure 17 � Rutting depth in Open-Graded asphalt mixtures

The study also reports tests on specimens treated with bituminous sealants used in pavement maintenance operations. HWTD was used to simulate vehicle action and check sealant behavior. Tests were performed at high temperature in air to verify the tendency of sealants to deform, and results were evaluated visually before and after the test.



Figure 18 � Reorganisation of the aggregate structure and the reduction of voids in different Open-Graded asphalt mixtures
24



Figure 19 � Specimen preparations with bituminous and HWTD used to simulate the action of passing vehicles

Figure 20 � The visual results, before and after the test, report the effect of the wheels on three different sealants samples

Another unconventional use concerns deterioration of HMA surface pavements due to accidental spilling of liquids (oil, fuel) in car accidents. The study shows reduced rutting resistance in contaminated areas.


Figure 21 � Test preparation Figure 22 -Comparison of results

Figure 23 � HWTD used for simulation and acceleration of the damage in polluted HMA specimens

The HWTD was also used in experimental tests to verify durability of special varnishes applied on HMA pavements. The device simulates traffic effects and how they influence the reduction of pavement surface adherence.
Overall, the reported results show that rutting performance varies not only with test conditions such as environment and temperature, but also with device configuration linked to the reference standard. The main standards define test procedures and instrument setups intended to simulate traffic conditions in service. The stainless-steel wheel configuration is primarily used to accelerate rut depth development, while testing in water and at elevated temperatures provides additional insight into reduced rutting resistance under harsher conditions. The reported comparisons between HWTD and ITS outcomes under water conditioning, along with the documented standard and unconventional applications, indicate that HWTD can be used to determine asphalt mixture behaviour in different test environments and to support research on materials used in road pavement applications.
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INNOVATIVE STABILIZATION OF FROZEN SAND WITH CSA CEMENT FOR COLD-REGION ENGINEERING APPLICATIONS



Frozen soil forms when temperatures drop below 0°C. In these conditions, water in soil pores freezes, increasing the soilˇs strength and stiffness. In Kazakhstan, seasonal freezing in the Kostanay, Akmola, and Pavlodar regions affects road construction due to severe winters. On a global scale, frozen soil covers about 24% of the worldˇs surface area and has significant impact on contemporary construction, ecosystems, and climate change.
In engineering practice, frozen ground is commonly classified as permafrost, seasonal frozen ground, and transient frozen soil. For road engineering, freezing can bring practical short-term benefits, including temporary load-bearing capacity in winter, reduced permeability under freezing, and natural structural stiffness during subzero conditions.




             
            


Figure 1. Permafrost Figure 2. Freezing and Thawing process in Frozen soil

At the same time, road engineers face persistent challenges associated with seasonal cycles. Seasonal thawing leads to pavement cracking, differential settlement, and subsidence. Thaw-induced CO‡ and CH— emissions worsen environmental impacts. These factors reinforce the need for stabilization methods that maintain strength through seasonal cycles.
Frozen soils exhibit distinct mechanical properties due to temperature effects and ice formation. Their behaviour depends on temperature, salinity, stress, moisture content, and strain rate. Despite the significance of the problem, relatively few studies explore eco-friendly binders for road subgrades in permafrost zones.
This study positions its scientific novelty around a clear limitation in prior work: many studies focus on uniaxial tests or rely on non-eco-friendly binders, which constrains green innovation. As an alternative, Calcium Sulfoaluminate (CSA) cement is highlighted for its eco-friendly profile (<50% less CO‡ emission compared to OPC), rapid strength development, freeze�thaw resistance, and durability in harsh environments.
The research objective is to study the influence of cement content, curing, and confining pressure on CSA-cemented frozen sand through triaxial compression testing.
The experimental program uses quartz sand (0.4�0.9 mm, SP graded) as the soil and CSA cement as the binder at 5% and 10%. Specimens are cured for 3, 14, and 28 days at �10°C, then tested under confining pressures from 100 to 3000 kPa. The strain rate is 1.67 × 10{v s{¹.



             
              



            
              









Figure 3. Pictorial illustration of the testing procedures (a) Sample preparation (b) Test samples (c) Environmental chamber (d) Test sample on the base pedestal (e) Triaxial testing using the ETAS (f) Sheared samples


The results are presented through stress�strain curves. First, the study compares uncemented frozen sand and 5% CSA-cemented frozen sand across curing times, with separate plots for uncemented behaviour and for 3, 14, and 28 days.              


Figure 4. Stress�strain curves of uncemented and 5% CSA-cemented frozen sand at different curing days: (a) uncemented, (b) 3 days, (c) 14 days, and (d) 28 days
 28



A second set of curves reports cemented frozen sand with 10% CSA at 3, 14, and 28 days of curing.

Figure 5. Stress�strain curves of cemented frozen sand with 10% CSA at different curing times: (a) 3 days, (b) 14 days, and (c) 28 days

The study concludes that CSA-cemented frozen sand achieves 15.08 MPa at high confinement. CSA significantly improves the strength, stiffness, and ductility of frozen sand. Overall, the results demonstrate a practical innovation for stabilizing frozen ground to support safer, longer-lasting roads in cold-region conditions.             
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Project Objectives & Scientific Novelty

Application of Basic Oxygen Furnace (BOF) slags in Soil Improvement

Environmental & Economic Impact

Project Implementation

PI’s Previous Application

Concluding Remark

Project objectives

Use BOF slagto strengthen Kazakhstanˇs subgrade soils, improve durability, and cut CO‡ emissions and costs.

Scientific novelty

First comprehensive study in Kazakhstan evaluating BOF slag for stabilizing a range of subgrade soils.

BOF Slag

Figure 1 � Distribution of BOF slag in Kazakhstan

Figure 2 � Key characteristics and advantages of BOF slag from the Karaganda Steel Plant

Figure 3 � Application of BOF in Soil Improvement
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Environmental & Economic Impact

Figure 4 - Environmental and economic impact of BOF slag in road construction

Figure 5 � Project implementation framework integrating laboratory testing and ANN/ML-based modeling

Research Team & Plan

Figure 6 � Project implementation structure, roles, and timeline

Project Implementation

R&D results

–     Laboratory database covering geotechnical, durability, and microstructural properties.

–     Numerical models linking BOF slag content to performance, including ANN/ML predictive tools.

–     Preparation of at least 2 Q1–Q2 journal articles and conference presentations.

–     Draft design charts and technical documentation for implementation

Time Frame and Budget

Duration: 36 months (2026–2028)

Budget: $150,000-200,000 US
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PIˇs Previous Applications (BOF)

For soil stabilization
Mustafayeva, A., Moon, S.W*., Satyanaga, A., Kim, J., (2024) ˝Enhancing Mechanical Properties of Expansive Soil through BOF Slag Stabilization: A Sustainable Alternative to Conventional Methods", Minerals, 14(11), 1145 (Q2, SCOPUS Percentile 74%)
Mustafayeva, A., Bimykova, A., Olagunju, S., Kim, J., Satyanaga, A., Moon, S.W*. (2023) Mechanical properties and microscopic mechanism of basic oxygen furnace slag-based stabilized clay, Buildings, 13(12), 2962 (Q1, SCOUPS Percentile 84%)
Abishev, R., Satyanaga, A*., Kim, J., Shon, C., Rahardjo, H., Qian, Z., Moon, S.W., (2024) Stability of soil slope in Almaty covered with steel slag under the effect of rainfall, Scientific Report, 14, 7711 (Q1, SCOUPS Percentile 92%)
Mustafayeva, A., Bimykova, A., Kim, J., Moon, S.W*., (2023) "Soil stabilization with Basic Oxygen Furnace (BOF) Slag", 17th Asian Regional Conference (A.R.C.) on Soil Mechanics and Geotechnical Engineering, Aug 14-18, 2023, Nur-Sultan, Kazakhstan.
             
            

              
            







For railway ballast materials
Olagunju, S., Mukhtarkhan, D., Kim, J., Satyanaga, A., Moon, S.W*. (2023) Physical, mechanical, chemical, and environmental characterization of stockpiled BOF slag as railway ballast material, Construction and Building Materials, 408, 133613 (Q1, SCOUPS Percentile 96%)
Koh, T*., Moon, S.W., Jeong, H, Jeong, Y., Pyo, S. (2018) A Feasibility Study on the Application of Basic Oxygen Furnace (BOF) Steel Slag for Railway Ballast Material, Sustainability, 10(2), 284 (Q1, SCOUPS Percentile 90%)
Olagunju, S., Suleimen, Z., Muratova, A., Mukhtarkhan. D., Darbayeva, T., Kim, J., Moon, S.W*., (2023) "Characterization of basic oxygen furnace (BOF) slag for railway ballast material", 17th Asian Regional Conference (A.R.C.) on Soil Mechanics and Geotechnical Engineering, Aug 14-18, 2023, Nur-Sultan, Kazakhstan.
             


                  


               


Figure 7 � Circular solution for BOF slag utilization in sustainable road construction

€ This study demonstrates that Basic Oxygen Furnace (BOF) slag is an effective and sustainable material for stabilizing subgrade soils and slopes in Kazakhstan. The results confirm significant improvements in strength, durability, and resistance to rainfall and freeze�thaw cycles, while reducing CO‡ emissions, material costs, and landfill disposal. Utilizing locally available industrial waste supports a circular economy approach and provides a viable pathway toward stronger, climate-resilient, and carbon-neutral road infrastructure beyond 2030.
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ˆ;NG52K5 ?@58<CI5AB20:

Существенно снижает стоимость строительства за сч ёт сокращения объёмов завозимых материалов и 
технологических операций;

Сокращает сроки строительства, упрощая процесс устройства основания;

Уменьшает затраты на ремонт и содержание дорог в течение всего жизненного цикла;

Обеспечивает требуемые проектные характеристики по нагрузкам и интенсивности движения и сохраняет их 
на всём протяжении эксплуатации;

Позволяет использовать любой местный грунт, находящийся непосредственно на строительном объекте, без 
необходимости его замены;

Снижает негативное воздействие на окружающую среду, включая выбросы и техногенную нагрузку;

Исключает необходимость массовой поставки инертных материалов и привлечения большого количества 
тяжёлой техники
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многократное увеличение межремонтных сроков эксплуатации;

отсутствие ограничений в выборе основного материала для строительства дорог и площадок;

снижение негативного воздействия на окружающую среду.


Технологии имеют необходимое нормативное и правовое обеспечение:


СТ KZ «Асмадор» и «Асмапро»;

сертификаты происхождения продукции;

производство - Республика Казахстан
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Исследовать физико-химические характеристики нефтяных шламов;

Разработать рецептуры применения нефтешламов для улучшения физико-механических характеристик РАП;

Определить оптимальное содержание и дозировку реювенаторов для достижения требуемого 
омолаживающего эффекта асфальтобетона
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общая протяжённость автодорог - 8, 5 тыс. км;

асфальтировано - 2,5 тыс. км;

в хорошем состоянии - 11 %;

в удовлетворительном состоянии - 49 %;

в неудовлетворительном состоянии - 40 %.


Такая структура дорожной сети требует внедрения более долговечных, устойчивых и экономически 
эффективных материалов, способных повысить срок службы покрытий в условиях резкоконтинентального 
климата
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Изготовлена холодная асфальтобетонная смесь с применением добавки «Асфакол» и заполнителем из доменного 
шлака.

Состав смеси: Заполнитель – доменный шлак – 95 %, битумное вяжущее – 5 % (битум/добавка «Асфакол» - 70/30).

Смесь прошла точечную апробацию при ремонте небольшой дорожной выбоины. Ведётся наблюдение за состоянием 
восстановленного участка, что позволит получить первичные сведения о поведении материала в реальных условиях 
эксплуатации
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Отсутствие конкретной политики получения нефтепродуктов из нефтяных отходов и межведомственной 
координации

Отсутствие ключевых технологических приоритетов

Отсутствие отечественных технологии

Минимальная организация взаимодействие научными институтами и нефтяными компаниями

Высокие требования к охране окружающей сред
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Выявлено, что в составе нефтешламов нефтяных месторождений Узен и Жетыбай содержатся значительное 
количество тяжелых нефтяных остатков и небольшое количество механических примесей. Эти нефтешламы 
могут быть применены в качестве пластификатора битумной основы;

Экспериментально выявлено, что использование тяжелых нефтяных отходов при модификации битумов можно 
получить полимер-битумных материалов соответствующий требованиям СТ РК;

Это позволяет улучшить экологическую ситуацию в районах нефтепереработки и ведет к наиболее 
рациональному использованию природных ресурсов
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О пределены основные физико-химические характеристики полимерного отхода и двух образцов нефтешлама 
месторождений Узень и Жетибай Мангистауской области. Результаты анализов показали, что нефтяная часть 
нефтешлама представлена тяжелыми фракциями и дальнейшем может использоваться как сырье для 
модифицирования битума

ˆ˚˛ˆ# !

56



JOLSHY
2. ! F5;LN A=865=8O A515AB>8<>AB8 18BC<0 4;O 4>@>6=>3> AB@>8B5;LAB20 ?>:070=0 2>7<>6=>ABL ?@8<5=5=8O =5DBO=KE H;0<>2 2 :0G5AB25 AK@LO 4;O ?>;CG5=8O <>48D8F8@>20==KE 18BC<>2. �K;8 >?@545;5=K >?B8<0;L=K5 A>>B=>H5=8O 8 D878:>-<5E0=8G5A:85 E0@0:B5@8AB8:8 <>48D8F8@>20==KE 18BC<>2 =5DB5H;0<0<8. �;O ?@>872>4AB25==KE ?@>F5AA>2 ?@54;0305BAO A;54CNI0O @5F5?BC@0 4>102;5=85< =5DB5H;0<0: 2,5 <0A. % =5DB5H;0<0, 4> 2 % !�! 8;8 4> 1 % Elvaloy <>48D8:0B>@0, >AB0;L=>5 18BC<=0O <0AA0.


      
        


 57C;LB0BK 8AA;54>20=8O

 57C;LB0BK 8AA;54>20=8O ?>4B25@640NB 2>7<>6=>ABL MDD5:B82=>3> 8A?>;L7>20=8O =5DB5H;0<>2 2 :0G5AB25 :><?>=5=B0 4;O <>48D8:0F88 4>@>6=KE 18BC<>2. #AB0=>2;5=>, GB> =5DB5H;0<K <5AB>@>645=89 #75=L 8 �5BK109, A>45@60I85 ?@58<CI5AB25==> BO6Q;K5 C3;52>4>@>4=K5 D@0:F88, <>3CB 2K?>;=OBL DC=:F8N ?;0AB8D8:0B>@0 18BC<=>9 >A=>2K 8 2 A>G5B0=88 A ?>;8<5@=K<8 <>48D8:0B>@0<8 (!�!, Elvaloy) >15A?5G820BL ?>;CG5=85 ?>;8<5@=>-18BC<=KE 2O6CI8E, A>>B25BAB2CNI8E B@51>20=8O< =0F8>=0;L=KE AB0=40@B>2.
˚?@545;5=K >?B8<0;L=K5 @5F5?BC@K <>48D8F8@>20==KE 18BC<>2 (>:>;> 2,5 % =5DB5H;0<0 A 4>102;5=85< 4> 2 % !�! 8;8 4> 1 % Elvaloy), ?@8 :>B>@KE 4>AB8305BAO C;CGH5=85 @5>;>38G5A:8E 8 M:A?;C0B0F8>==KE E0@0:B5@8AB8:, 2:;NG0O ?>2KH5=85 A4283>CAB>9G82>AB8 8 A>?@>B82;5=8O :>;55>1@07>20=8N 2 CA;>28OE 2KA>:8E B5<?5@0BC@.  50;870F8O ?@>5:B0 A?>A>1AB2C5B A=865=8N A515AB>8<>AB8 18BC<=KE 2O6CI8E, CB8;870F88 =5DB5H;0<>2KE >BE>4>2 8 C;CGH5=8N M:>;>38G5A:>9 A8BC0F88 2 =5DB54>1K20NI8E @538>=0E, GB> 45;05B @07@01>B0==CN B5E=>;>38N ?5@A?5:B82=>9 4;O 2=54@5=8O 2 4>@>6=>9 >B@0A;8  5A?C1;8:8 ˆ070EAB0=.
         
       
          



             

       
         


57




