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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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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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