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PROBLEMS AND PROSPECTS OF APPLYING 

SURFACE MINERS IN OPEN-PIT MINING 
 

Introduction. The modern mining industry is undergoing a significant 

transformation driven by increasingly stringent environmental regulations, growing 

demand for selective mineral extraction, the need to minimize operational risks, and 

the pursuit of higher economic efficiency in mine development. 

Under these conditions, blast-free mining technologies have gained 

considerable attention, with surface miners emerging as one of the most promising 

solutions. These high-performance multifunctional machines integrate several key 

mining operations into a continuous production process, eliminating the need for 

drilling and blasting while improving mining selectivity and operational efficiency. 

The objective of this study is to identify the principal challenges associated 

with the application of surface miners and to determine promising directions for 

their further development in order to improve the efficiency of open-pit mining 

operations. 

The first stage of the research focused on analyzing the advantages of surface 

miners over conventional mining methods. The results confirmed that blast-free 

mining technology offers significant environmental, technological, and economic 

benefits. In particular, the elimination of drilling and blasting prevents seismic 

impacts on the rock mass, substantially reduces the ore–waste contact zone where 

ore losses and dilution occur, and significantly decreases dust generation and 

atmospheric emissions. 

From a technological perspective, layer-by-layer strip mining provides a high 

degree of selective extraction, thereby reducing contamination of ore with waste 

rock and enabling efficient exploitation of complex ore bodies containing thin 

mineralized horizons. Furthermore, the continuous mining process and the 

production of material with a relatively uniform particle-size distribution simplify 

subsequent crushing, processing, and transportation operations. 
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The economic assessment demonstrated that the implementation of surface 

miners has the potential to reduce the number of equipment units required, lower 

specific energy consumption, and decrease overall operating costs. 

The analysis also revealed several significant obstacles to the large-scale 

implementation of surface miners. The most critical issue is the rapid wear of cutting 

tools (picks), resulting in frequent replacements and equipment downtime. Machine 

vibrations adversely affect structural components, causing fatigue cracks in load-

bearing elements. In addition, periodic track slippage due to insufficient tractive 

effort reduces the operational efficiency of machine movement within the working 

area. 

Another important limiting factor is the high cost of original spare parts and 

components. Annual maintenance expenditures for a fleet of surface miners may 

reach up to half the purchase price of a new machine. Moreover, geological 

constraints remain a major concern. Many surface miner models operate most 

economically in rock masses with a Protodyakonov hardness coefficient of f = 2-5. 

When excavating harder and more abrasive rocks, cutting tool wear increases 

substantially, while machine productivity declines. 

The final objective of the study was to identify promising directions for further 

technological development. The findings indicate that advances in materials science, 

rock mechanics, digital technologies, and automated control systems provide 

realistic opportunities for overcoming the existing limitations of surface miner 

technology (Fig. 1). 

 

 
Fig. 1. Prerequisites for Overcoming Existing Limitations 

 

Thus, the comprehensive approach adopted in this study has provided an 

integrated understanding of the current state and future prospects of rock excavation 

technologies employing surface miners. The research identified the key factors 

limiting the widespread adoption of these machines and determined priority areas 

for future scientific research and engineering development. The obtained results 
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provide a sound basis for designing technological schemes for open-pit mining using 

surface miners and for developing modernization strategies for mining equipment 

fleets while considering environmental safety and economic efficiency 

requirements. 

The application of surface miners offers a number of significant advantages 

over conventional mining methods (Fig. 2). 

 

 
Fig. 2. Advantages of Surface Miners 

 

Despite these advantages, the widespread implementation of surface miners is 

constrained by several significant limitations: 

 Technical challenges: rapid wear of cutting tools (picks), machine vibration 

causing fatigue cracks in structural components, and track slippage resulting from 

insufficient tractive effort; 

 Economic challenges: the high cost of original spare parts and components, 

with annual maintenance expenses potentially reaching up to half the purchase cost 

of a new surface miner; 

 Geological limitations: the highest economic efficiency is generally 

achieved in rock masses with a Protodyakonov hardness coefficient of f = 2–5; when 

excavating harder and more abrasive rocks, equipment wear increases significantly 

while machine productivity declines. 
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The obtained results provide a comprehensive understanding of the current 

state and future prospects of surface miner technology. The identified advantages 

confirm the feasibility of implementing this technology under increasingly stringent 

environmental regulations and the growing demand for highly selective mining 

methods. 

At the same time, the identified limitations indicate the necessity for focused 

research and engineering efforts aimed at overcoming the existing challenges. 

Advances in materials science, rock mechanics, digital technologies, and automated 

control systems create real opportunities for expanding the application of surface 

miners in open-pit mining. 

Promising directions for future technological development include: 

 improvement of cutting tool designs through the application of wear-

resistant alloys and advanced composite materials; 

 optimization of cutting parameters considering the physical and mechanical 

properties of the rock mass; 

 implementation of real-time equipment condition monitoring systems for 

wear prediction and maintenance planning; 

 integration of surface miners with various transportation systems (rail, truck, 

and scraper haulage) to minimize operational downtime; 

 development of thin-layer mining technologies for producing material with 

a predetermined particle-size distribution; 

 adaptation of equipment for operation under extreme climatic conditions; 

 implementation of digital control systems to optimize machine trajectories 

and operating parameters. 

Conclusion. The analysis conducted in this study demonstrates that surface 

miners represent a promising technology for open-pit mining, combining significant 

environmental, technological, and economic advantages. However, their 

widespread implementation is still constrained by several technical, economic, and 

geological limitations. The technology is most effective in relatively soft to 

moderately hard rock formations, although recent developments in heavier and more 

powerful machines capable of excavating harder rock masses have considerably 

expanded its potential field of application. 

The implementation of surface miners can provide substantial economic 

benefits by reducing operating costs compared with conventional drill-and-blast 

mining methods. In addition to financial advantages, blast-free excavation 

significantly reduces environmental impacts by eliminating blast-induced ground 

vibrations, minimizing dust generation, and reducing harmful atmospheric 

emissions. 
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Nevertheless, there are realistic opportunities to overcome the identified 

limitations through continuous technological development. The most promising 

directions include the improvement of cutting tool designs through the use of wear-

resistant alloys and advanced composite materials, the implementation of real-time 

equipment condition monitoring systems for predictive maintenance, and the 

optimization of cutting parameters according to the physical and mechanical 

properties of the rock mass. Equally important are the integration of surface miners 

with various haulage systems to minimize operational downtime, the development 

of thin-layer mining technologies capable of producing material with a controlled 

particle-size distribution, and the implementation of digital control systems that 

optimize machine trajectories and operating modes. 

The realization of these technological advancements will substantially expand 

the application range of surface miners while improving their reliability, 

productivity, and economic efficiency. Such developments will not only address 

current industry challenges associated with ore losses, dilution, and environmental 

impacts but will also provide a solid foundation for the long-term technological 

modernization of the mining industry, strengthening its competitiveness and 

ensuring compliance with modern requirements for environmental sustainability 

and resource-efficient mining. 
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