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Fracture Extension
Fracture extension – Fracture Propagation



UNIVERSITY OF KENTUCKY EXPLOSIVES RESEARCH TEAM

Relevance - Use
Surface Mining
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Relevance - Use
Underground
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Assessment methodologies

“Practical assessment of rock damage due to 
blasting”
https://doi.org/10.1016/j.ijmst.2018.11.003

More than 18 methods

https://doi.org/10.1016/j.ijmst.2018.11.003
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Assessment methodologies
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Assessment methodologies

Most Popular:
• Modified Ash Energy-based equation,

Relative Bulk Strength (RBS) The energy 
per unit volume of an explosive 
compared to ANFO when ANFO = 1.00 at 
a density of 0.82 g/cc.

• Holmberg - Persson equation (HP-PPV) 
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Assessment methodologies

University of Kentucky (UKERT - I) → Semi-empirical
• Silva, Worsey, Lusk

1. Static materials properties (UCS)
2. Dynamic material properties
3. PPV-Damage limit  Forsyth equation (Dynamic)

4. Iso-Vibration contours (HP-PPV)

5.      Compare PPV limit Vs generated
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Assessment methodologies

University of Kentucky (UKERT - II) → Theoretical (Numerical analysis)
• Schaefer, Kumar, Silva

Finite Elements Vs Boundary Elements

FEM: requires that the whole region be divided into a network of elements. Find the solution at the nodes.
System of linear algebraic equations  the unknows (values at the nodes) are expressed in terms of the known 
values at the boundary. Large set of equations “simple” equations.

Boundary Elements: only the boundary is divided into elements. Numerical solution derivate from analytical 
solutions, satisfy approximately the boundary conditions in each element on the boundary. Small set of equations 
but more “complex” equations.
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Assessment methodologies
Displacement Discontinuity Method

Di: Displacement discontinuity
ui : Displacement components

Stresses

Displacements

Unknows

Boundary
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Assessment methodologies
Displacement Discontinuity Method

• The fracture is framed within the 
methodology of the linear elastic fracture 
mechanics (LEFM) approach

• (Irwin 1957) stated that the singularity of 
the stresses near a crack tip can be 
indirectly measured with stress intensity 
factors, SIFs, while defining three modes of 
fracture openings (I, II, and III), seen 
previously Normal Opening     Shear Sliding        Shear Sliding
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Assessment methodologies

SI Units U.S. Customary

Specific Gravity 2.63 2.63

Weight Density 2630 kg/m3 164 lb/ft3

Longitudinal Propagation

Velocity, in situ
5550 m/sec 18,200 ft/sec

Longitudinal Bar Velocity 2740 m/sec 9,000 ft/sec

Tensile Strength 3.10 x 106 N/m2 450 lb/in2

Compressive Strength 207 x 106 N/m2 30,000 lb/in2

Modulus of Rigidity 10.3 x 109 N/m2 1.5 x 106 lb/in2

Young’s Modulus 20.7 x 109 N/m2 3.0 x 106 lb/in2

Poisson’s Ratio in situ 0.26 0.26

• Verification using Lithonia 
Granite parameters. Siskind
et al. 1974 USBM report that 
directly measured the 
damage radius.
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Assessment methodologies

Source/Study Crack Extension (m) Comments

Siskind USBM (RI 7901) 1.14 (3.74 ft.)
This was the actual value measured

in tests

Forsyth equation (Forsyth) 3.47 (11.38 ft.) Calculated using static parameters

Holmberg-Persson. (Holmberg et al.

1978)
2.34 (7.68 ft.)

Calculated using the peak particle

velocity limit criterion of 1000mm/s

UKERT paper (Silva et al. 2019) 1.67 (5.48 ft.)
Using practical methodology

assessment and dynamic properties

Explosive Crack Extension Calculated (m)
Crushing Zone extension

(m)

ANFO 1.40 (4.59 ft.) 0.378 (1.24 ft.)

Emulsion 1.92 (6.3 ft.) 0.712 (2.34 ft.)

Unigel (Dynamite) 1.99 (6.53 ft.) 0.798 (2.62 ft.)

Methodologies Comparison
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Assessment methodologies

1.174 meters (3.852 feet) with an error of 3.0% 1.174 meters (3.852 feet) with an error of 3.0%

No in-situ stresses present
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Model Development Multiple Fractures
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UKERT - Testing
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UKERT -
Testing
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NIOSH - Application

Video – Showing – NIOSH software
https://www.cdc.gov/niosh/mining/works/coversheet2035.html

https://www.cdc.gov/niosh/mining/works/coversheet2035.html
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Discussion - Conclusions

• Many methodologies available (at least 18 and counting). 
Recommended to know the principles and applicability of those for 
specific problems,

• More “elaborate models” more input parameters needed,
• Most of the solutions are deterministic, no accurate when simulating 

geology related problems. UKERT developing a probabilistic approach 
to the problem.

• In blasting problems always high variability due to geology, results 
needed to adopt with caution. Apply engineering criterion and adjust 
the results. 
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Overview of Explosives and Explosion Research
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