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1 Introduction 
Structurally controlled rock mass instabilities such as wedge and planar sliding failures, block topples 
and rockfalls represent significant hazards in both natural and engineered environments due to their 
sudden occurrence and the limited warning time available prior to failure. In mining environments, 
where steep rock slopes are commonly developed to optimize ore recovery, the impacts of such 
failures can be substantial, including damage to infrastructure, interruption of production, and risks to 
personnel safety. 

Back-analysis of documented failure cases and a realistic determination of shear strength of 
discontinuities are utmost importance for predictive block stability analysis and safer slope designs. 

With its ability to provide contact-free access to steep, inaccessible and hazardous rock slopes, and 
enabling high-quality data collection even in areas where conventional field mapping would be 
impractical or unsafe, UAV-based photogrammetry has emerged as a powerful and practical method 
for high-resolution surface characterization in geotechnical engineering applications (Zekkos et. al 
2018). Various studies have demonstrated the applicability of UAV-based photogrammetry for slope 
characterization, hazard assessment and management, emphasizing its growing importance in modern 
geotechnical practice (Giordan et al. 2018; Kallimogiannis et al. 2019; Watman et al. 2025). 

This study explores a case study involving detailed investigation of rock slope stability and wedge 
failure hazards in an open pit mine by integrating UAV-based photogrammetry and limit equilibrium 
based back analysis. 

2 Geological Setting and Site Characterization 

2.1 Geological Setting and 3D Model 
This study presents a detailed assessment of rock slope stability and wedge failures in an open pit 
mine, utilizing a high-resolution three-dimensional (3D) model generated from UAV-based 
photogrammetry. A dataset comprising 959 overlapping aerial images was processed in ShapeMetriX 
(3GSM GmbH) to reconstruct a section of the south-facing pit wall, which is primarily composed of 
limestone and sandstone units. The reconstructed 3D model contains six benches, a haul road, and an 
access tunnel located at the base of the slope, as illustrated in Figure 1. This 3D model provides a 
detailed spatial framework for structural mapping and slope hazard evaluation. Based on the 3D 
model, the average bench face orientation within the modelled area was estimated to be approximately 
73°/188° (dip/dip direction). 

2.2 Structural Geological Mapping 
Detailed structural geological mapping was carried out directly on the reconstructed 3D model, 
allowing for the identification of joint traces and wedge-shaped block geometries. Two past wedge 
failures (called Wedge Failure 1 - WF1 and Wedge Failure 2 – WF2) were also identified on the slope 
surface. Displaced rock fragments of WF1 were observed on the lower benches, with some blocks 
reaching areas close to the access tunnel entrance. WF2 was recognized directly above the haul road, 
as presented in Figure 1. These findings present an operational safety concern for both the haul road 
and the tunnel. 
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