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4 Blast Implementation Procedure 
The design procedure described in the previous section was directly applied to the case study 
geometry. In particular, the total resisting force (Fr) calculated from the surfaces S1a, S1b, S1c, S2 
and S3 was used to determine the required active surface (Sa) through Eq. (1). This value was then 
translated into total charged length (Lc) using Eq. (2), which directly defined the borehole 
configuration reported in Tables 2 and 3.  

The corresponding explosive quantity (Q), derived from Eq. (3), was subsequently adjusted to discrete 
cartridge values for field implementation. In this way, all operational parameters (spacing, charge 
distribution, and hole geometry) are directly derived from the theoretical static criterion. 

The blast design was carried out using the procedure previously described. In particular, the 
calculations yielded a spacing of 1.5 m between boreholes for surface S1a and 1 m for surfaces S1b 
and S1c. 

The data presented in Table 2 refer to the charge calculations for surface S1a, with boreholes inclined 
at 30° to the vertical, while those in Table 3 refer to the charge calculations for surfaces S1b and S1c, 
with vertical boreholes.At the junction between surfaces S1a and S1b, an additional uncharged hole 
was drilled to ensure better fracture guidance at the point where the slope changes between the two 
surfaces. 

A summary table of the total quantities of explosives required to carry out the blast is provided in 
Table 4. 

Table 2 Main data relating to the blast (surface S1a). 
Parameter Unit Symbol Value 
Borehole diameter [m] øf 0.076 
Total charged length [m] Lc 36.8 
Total charge (theoretical) [kg] Q 133.5 
Total drilled length [m] Lt 70 
Average spacing [m] E 1.5 
Number of holes [-] N 10 
Charge/hole (theoretical) [kg] Qth 13.35 
Number of cartridges (theoretical) [-] Nc 10.15 
Number of cartridges (actual) [-] Nce 11 
Charge per hole (actual) [kg] Qactf 14.48 
Total charge (actual) [kg] Qtotact 144.8 

 

Table 3 Main data relating to the blast (Surfaces S1b and S1c). 
Parameter Unit Symbol Value 
Borehole diameter [m] øf 0.076 
Total charged length [m] Lc 51.13 
Total charge (Theoretical) [kg] Q 186.3 
Total drilled length [m] Lt 119 
Average spacing [m] E 1.0 
Number of holes [-] N 17 
Carica/foro (Teorica) [kg] Qth 10.96 
Number of cartridges (theoretical) [-] Nc 8.33 
Number of cartridges (actual) [-] Nce 9 
Charge per hole (actual) [kg] Qactf 11.84 
Total charge (actual) [kg] Qtotact 201.3 

The initiation system uses an HU-type electric detonator connected to a 15 g/m main detonating cord, 
which triggers the branch cords (15 g/m) for each blast hole.  

As shown in Fig. 3, the cord is tied to the bottom cartridge to ensure full column detonation. Branch 
connections must be secured with strong adhesive tape in accordance with the detonation direction. 
Charges are continuous for holes on surface S1aand segmented for those on S1b and S1c(Fig. 4). The 
drilling geometry for the intervention area is detailed in the plan view in Fig. 5. 
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Table 4 Summary of blast data. 
Parameter Symbol Unit Value 
Total amount of charge Qtot [kg] 346 
Total drilled length Ltot [m] 203 
Required detonating cord Ldc [m] 250 
Electric detonator (HU type) - [-] 1 

 

Fig. 3 Left: An example of the connection between the branch detonating cord and the bottom charge cartridge. Right: 
Example of the connection between the main detonating cord and the branch cord coming out from the blast holes. 

  

Fig. 4 Left: Schematic longitudinal section of a loaded borehole (continuous charge consisting of 11 emulsion cartridges). 
The diagram shows the drilling and charging configuration to be used for surface S1a. Right: Schematic longitudinal section 
of a loaded borehole (segmented charge consisting of 6 emulsion cartridges at the toe and 3 cartridges in the column, 
separated by an intermediate stemming of 1.1 m). The diagram shows the drilling and charging configuration to be used for 
surfaces S1b and S1c. 

 

Fig. 5 Plan view of the work area showing the layout of the blast holes. 
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5 Results and Discussion 
The geomechanical response of the site was controlled by the schistosity plane, which served as the 
primary sliding surface and defined the detachment geometry. Despite the high intact rock strength 
(UCS ≈ 140 MPa; tensile strength ≈ 9 MPa), stability was governed by discontinuity configuration, 
resulting in a kinematically constrained block prone to planar or combined failure. The application of 
the static design criterion proved appropriate, as detachment required overcoming tensile and shear 
resistance along predefined surfaces. Numerical comparisons showed that the calculated blast forces 
provided an adequate safety margin, ensuring that fracture propagation remained confined to the 
targeted planes without inducing overbreak. Simultaneous initiation promoted uniform stress release 
and controlled detachment. Post-blast observations confirmed a clean release along the schistosity 
surface and the integrity of the remaining rock mass, validating the effectiveness of the methodology 
under structurally anisotropic conditions. 

Optimised charge distribution and low specific explosive consumption resulted in reduced vibration 
levels, air overpressure, and fly rock, allowing safe blasting under geotechnically sensitive and 
constrained conditions. The controlled confinement of explosive energy ensured that its effects 
remained limited to the target volume. The initiation system, based on an HU-type electric detonator 
and a detonating cord network, ensured reliable and complete detonation, eliminating the risk of 
misfires and enabling successful execution on the first attempt. Post-blast surveys confirmed that the 
fragmented material reached the designated containment area and required minimal secondary 
breakage. Monitoring and visual inspections indicated no damage to adjacent structures or stable rock 
portions, while the residual face maintained its structural integrity. 

6 Conclusions 
The study demonstrates that controlled blasting based on static criteria is an effective and safe solution 
for the remediation and stabilisation of unstable rock slopes. A rigorous geomechanical interpretation, 
combined with precise drilling and charge confinement, enables reliable detachment of rock masses 
along predefined structural surfaces with limited environmental impact. 

Field observations confirmed the absence of unintended cracking or overbreak, indicating that the 
explosive energy remained confined within the designed detachment limits. The close agreement 
between predicted and observed behaviour validates the adopted design approach and confirms the 
robustness of static-force-based modelling. 

From a practical perspective, the method provides a reproducible and adaptable solution for similar 
stabilisation scenarios, ensuring operational safety, efficient use of explosives, and controlled 
environmental effects.Future developments should focus on integrating the deterministic design 
approach with real-time monitoring and numerical modelling tools to improve the prediction of stress 
distribution and vibration effects, further enhancing the reliability of blasting-based remediation. 
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