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Challenges in South African Rock Engineering

1. Geological Complexity
� Highly variable and unpredictable rock mass 

conditions.
� Deep-level mining increases stress and 

instability.
2. Generational Diversity

�  Senior practitioners rely on traditional, experience-based methods, and younger ones push for 
tech-driven approaches.

� This leads to resistance, poor collaboration, and slow innovation and people working silos
3. Technical Limitations

� Difficulty in predicting ground behaviors and excavation conditions.

4. Design and Planning Gaps
� Lack of comprehensive geotechnical and design information.
� Decisions are often made reactively instead of proactively.



Multi-Generational, Trans-Disciplinary Workforce
� South African rock engineering involves professionals from multiple generations and different 

disciplines.

� Collaboration is essential between:

- Rock engineering practitioners, Mining Engineers, Geo-Specialists, Geotechnical Engineers, Data 

Scientists, Computer Programmers, and safety experts.

� Senior professionals offer deep industry knowledge.

� Younger engineers contribute technological innovation and fresh perspectives.

� This combination creates valuable opportunities for knowledge transfer and innovation



Collaboration and Communication Challenges

� Differences in technical proficiency and familiarity with digital tools can hinder collaboration. 

� Workflow integration gaps often emerge between those using traditional methods and those 

adopting modern digital systems. 

� The trans-disciplinary nature of the field adds complexity, requiring coordination across: 

- Rock Engineering, Geomechanics, civil engineering, geology, geophysics, and materials science.



Path Forward – Skills and Safety

� To ensure safe and sustainable practices, the industry must:

• Foster interdisciplinary teamwork.

• Invest in upskilling for emerging technologies and digital tools.

� Aligns with the vision of the Mine Health and Safety Council:

• “Every mine worker returning from work unharmed every day, striving for zero harm in our 

lifetime.”



Understanding ML in Rock Engineering



Understanding ML in Rock Engineering

� The integration of ML in rock engineering builds upon 

• existing empirical and numerical methodologies, offering predictive capabilities that enhance 
decision-making processes. 

� However, these conventional methods rely heavily on expert judgment to integrate categorical and 
numerical data, leaving room for uncertainty and subjectivity. 

� ML can bridge this gap by identifying complex patterns in rock engineering datasets, improving the 
accuracy and reliability of predictions.



Machine Learning Applications In Rock Engineering





Bridging Generational Gaps through ML in the South African Rock Engineering 
Context

� ML integration in South African rock engineering connects experienced professionals 

    and younger, tech-savvy engineers.

� Veterans(old generation) rely on traditional methods, while newer entrants bring computational proficiency

     and innovation.

� ML fosters collaboration and knowledge transfer, merging experiential insight with data-driven 

     approaches.



Benefits and Impacts of ML in Rock Engineering

�  Predictive modelling enables the anticipation of project challenges using past data, 

     boosting junior engineer confidence.

� ML reduces bias in decision-making, shifting reliance from anecdotal evidence 

    to empirical data.

� Enhances inclusivity and retention by creating a learning-driven, adaptive, and 

     multi-generational work culture.



Different generations in the rock engineering fraternity (South Africa)



Leveraging Generational Strengths in Rock Engineering

� Each generation offers unique strengths that can accelerate ML adoption.

• Baby Boomers: Provide deep industry experience and mentorship.

• Generation X: Adaptable; bridge practical applications with new tech.

• Millennials: Tech-savvy and innovation-driven; key to implementing AI tools.

• Generation Z: Digitally native; leads creative applications of emerging technologies.

� Together, these generations push the boundaries of ML in rock engineering.



Enhancing Intra-Disciplinary Collaboration through ML

� Enhancing Intra-Disciplinary Collaboration through ML
• ML enriches intradisciplinary synergy within rock engineering.

� Empowering Research and Decision-Making
• ML enables data-driven, evidence-based decisions.

� Cultivating a Culture of Continuous Improvement
• As ML models are retrained, prediction accuracy improves.

 



Intradisciplinary vs interdisciplinary composition in the rock 
engineering discipline within the South African context.
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Reasons for the Reluctance to Adopt Machine Learning

1. Lack of Trust in Black-Box Models
� Engineers prefer transparent, explainable methods.
� ML often seen as opaque and difficult to interpret.

3. Skill Gaps and Training Deficits
� Limited exposure to data science and AI in traditional 

rock engineering education.
� Shortage of interdisciplinary teams combining 

geotechnical and ML expertise.

5. Lack of Institutional Support
� Minimal investment in innovation and digital 

infrastructure.
� No clear industry guidelines or frameworks for ML 

integration.

2. Cultural and Behavioural Resistance
� Experienced professionals may distrust or undervalue 

AI/ML tools.
� Perceived threat to traditional expertise and 

decision-making authority.

4. Data Limitations
� Inadequate historical and real-time geotechnical 

datasets.
� Poor data quality undermines ML model reliability.

6. Perceived Cost and Complexity
� Implementation of ML systems is seen as expensive 

and resource-intensive.
� Fear of overhauling existing workflows and systems.



Conclusions

• ML offers transformative potential by improving accuracy, predictive capabilities, and 

operational efficiency, but generational gaps and resistance to change often slow its 

integration.

• Fostering cross-generational collaboration is essential for facilitating the transfer of 

knowledge and expertise

• The use of ML can potentially revolutionise rock engineering practices by leveraging the 

strengths of experienced professionals and digitally proficient younger rock engineering 

practitioners

• Through the amalgamation of traditional expertise and modern technology, South Africa’s 

mining industry can transition toward a more data-driven and resilient future, better 

equipped to navigate the complexities of deep-level mining
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