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1 Introduction 
The disposal of mining waste is an important issue both globally and in Macedonia due to its technical 
and environmental implications. Large quantities of waste are generated during ore extraction and 
must be disposed ofin accordance with strict engineering principles to minimize environmental 
impacts and maintain dump stability. This paper presents a case study of the waste dump at the Borov 
Dol mine, based on the results of investigations made in the period of 2025/26. 

The Borov Dol mine, located in R. Macedonia, comprises an active open pit and a waste. The dump 
consists of excavated waste rock of different fractions and geological compositions and serves for the 
disposal of non-economic material produced during mining. Mining production began in 2020, with 
copper, gold, and silver as the main products, and is expected to prolong the operating life of the 
Bučim mine until 2030. The planned volume of mine waste is estimated at 50 million m³, while the 
required disposal space is estimated at 75–80 million m³. 

The shear strength of rocky mine waste (overburden) is a key parameter in assessing dump stability. 
Such material commonly consists of coarse blocks embedded in a finer-grained matrix and may be 
classified as block-in-matrix (BIM) material or rockfill.  

Several empirical approaches have been proposed to estimate the strength of such materials.However, 
a unified method is still not widely accepted in rock mechanics (1). The mechanical behavior of 
cohesionless bimrocks depends on the interaction between blocks and matrix (1;2). Studies by 
Lindquist (1994) (3) and Lindquist & Goodman (1994) (4) show that increasing volumetric block 
proportion (VBP) leads to higher friction angle (φ) but lower cohesion (c) and UCS, while Yu-Chen et 
al. (2019) (5) identify volumetric fraction (Vf) as a key parameter. Coli et al. (2009) (6) reported large-
scale direct shear tests, though not fully consistent with ISRM recommendations. Based on these 
findings and the extensive practical experience of the Faculty of Civil Engineering, large-scale direct 
shear tests (1.0 × 1.0 × 0.6 m) were conducted on modeled cohesionless materials for engineering 
characterization. 

2 Overview of the methods used for determining the shear strength  
The determination of the shear strength of dumped mine rock is a key issue in mine dump stability 
analysis. Because these materials are coarse-grained and heterogeneous, their characterization often 
requires non-standard approaches, including large-scale direct shear testing. 

In addition to direct testing, empirical approaches were considered for comparative interpretation. 
Barton and Kjaersli (1981) (7) proposed a modification of the Barton failure criterion for overburden 
rock and rockfill contacts, in which the governing parameters depend on the type of contact 
considered. The method also incorporates field tilt tests for estimation of roughness-related 
parameters. Depending on the material structure, different sets of parameters are considered. For joint-
controlled behavior, the relevant parameters follow the Barton and Choubey (8) failure criterion and 
include JCS (or σp), JRC, and the friction angles φr or φb for weathered and fresh rock, respectively. 
For granular-type behavior, the governing parameters are the intact rock strength S, grain roughness R, 
and the basic friction angle φb. In cases combining block interaction and joint effects, the key 
parameters include the intact rock strength S, JRC, and the residual friction angle φr. 

A comparative assessment was also made using the Hoek–Brown (9) failure criterion. In this 
approach, the material constants are expressed as functions of the Geological Strength Index (GSI), the 
intact rock parameter 𝑚௜, and the disturbance factor 𝐷. For the highly disturbed dumped material 
considered in this study, low GSI values were assumed, while the compressive strength input was 
based on available test results. 

3 Description of the apparatus and method of testing 
All tests were performed in the accredited Geotechnics Laboratory of the Faculty of Civil Engineering 
in Skopje using a large-scale direct shear apparatus for coarse-grained rockfill-type materials (Figure 
1). The apparatus, originally constructed by the “Jaroslav Černi” Institute, was modified from 1.5 × 
1.5 × 0.6 m to 1.0 × 1.0 × 0.6 m to allow normal stresses up to 1.2 MPa. It consists of upper and lower 
frames, each 0.30 m high, separated by a predefined horizontal shear plane. Normal load is applied by 
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four vertical hydraulic jacks (total capacity 1000 kN), and shear load by two jacks inclined at 11° to 
the horizontal. The lower frame is fixed, while the upper frame moves on rollers to reduce resistance. 

 
Fig.1 Large scale direct shear box with size 1,0x1,0x0,6 m applied during the testing. 

4 Testing 
The waste dump material is deposited in situ without controlled compaction. In the initial phase of the 
investigation, the unit weight, point load strength index (𝐼௦ହ଴), and uniaxial compressive strength of 
intact rock fragments were determined. The measured compressive strength of the blocks ranged from 
86 to 119 MPa, while the unit weight varied between 17.3 and 18.1 kN/m³. 

In the second phase, the investigation program included 16 grain-size analyses (8 before and 8 after 
shearing) and 8 large-scale direct shear tests. The tested material was predominantly coarse-grained, 
with coarse fractions accounting for 89–95%, sand-sized particles about 5%, and silt fractions less 
than 1%. 

The water content ranged from 5 to 6%. During the large shear test, the material generally consisted of 
block fragments 40–80 mm in size embedded in a fine-grained matrix, giving it the characteristics of a 
block-in-matrix soil (10). Some of the tested samples are given in Figure 2. 

 

Fig. 2 Materials from the Borov Dol Waste Dump used for testing. 

After specimen preparation, vertical loading was applied to generate normal stresses on the shear plane 
in the range of 200–1000 kPa. The load was introduced in three stages, each maintained until vertical 
displacement stabilized, with the maximum normal stress held constant for 24 h. After consolidation, 
shear loading was applied incrementally, with each step maintained until horizontal displacement 
ceased. Horizontal and vertical displacements were recorded continuously throughout the tests to 
monitor shear response and volumetric change. 

As expected, and consistent with previous findings reported in the literature, the friction angle 
increases with increasing coarse fraction content. For specimens composed predominantly of fresh 
andesite, the friction angle ranges from 40.3° to 42.2°. In tuff-dominated specimens, it ranges from 
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