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Introduction

Fall of ground continues to be a significant source of 
accidents and injuries in the US underground hardrock
mining industry.

Poor blasting practices which result in excessive 
overbreak and excessive wall rock damage are a possible 
contributing factor in many of these accidents.
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Project Goal

As part of an effort to reduce accidents and injuries 
caused by fall of ground, the National Institute of 
Occupational Safety and Health (NIOSH) is developing 
the “Drift” tunnel  blast design software.

The intent is to provide an easy to use tunnel blast design 
software package that will allow engineers to study the 
complex interactions of blast design factors such as hole 
diameter, explosive properties, and careful perimeter 
blasting strategies, with the overall goal or reducing 
unnecessary overbreak and wall rock damage.
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Major Program Features

Major features of the program include:

•The ability to generate a blast pattern automatically 
using the “Holmberg” blast design algorithm 
(Swedish algorithm).

•The ability to display a blast pattern graphically.

•The ability to interactively enter or edit a blast 
pattern using the graphical user interface.

•The ability to study wall rock damage using several 
alternative equations for predicting Peak Particle 
Velocities.

•Report generation.
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The Holmberg Blast Design Algorithm

With the Holmberg Algorithm, the face is divided into five regions, 
each requiring slight variations in the calculation of the appropriate hole 
burden and spacing.
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Langefors/Kihlström equation for calculating the burden 
required in the various blast pattern sections:

The Holmberg Blast Design Algorithm
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Where: 
B is the burden (m)
l is the explosive charge concentration (kg/m)
Sanfo is the explosive weight strength relative to ANFO
c is the rock constant (usually 0.4 or 0.5)
f is the fixation factor, (adjustment for the blasting direction
(S/B) is the spacing to burden ratio
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When using the Holmberg Algorithm program input includes:
•Tunnel geometry
•Blast hole diameters
•Explosives properties
•Charging strategies (i.e. smoothwall blasting)

And program output includes:
•Hole locations
•Amounts of the various explosives required

The Holmberg Blast Design Algorithm
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Initial Blank Document

Tools for selecting either the Holmberg 
design algorithm dialog (H) or the 
Manual design dialog (M).
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Project Definition
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Rock Constant
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Tunnel Geometry
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Hole and Cut Properties
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Charging and Explosives Properties
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Blast Design
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Charging and Explosives Properties
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Pattern Section Charging
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Blast Design Editing

Modify Cut
Move Cut
Delete All Holes
Delete Hole
Modify Hole
Move Hole
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Insert Hole Into Blast Design

Lifter
Back
Rib
Stope C
Stope B
Quadrangle 1-5
Empty
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Configure Display
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Blast Damage Distances

The following variables are used in the Peak Particle Velocity (PPV) calculations:
k  = constant (0.7 for brittle hard rock)
a  = constant (0.7 for brittle hard rock)
b  = constant (1.4 for brittle hard rock)
q  = charge concentration (kg/m)
r = perpendicular (radial)  distance from the charge to the measurement point (m)
s  = the starting x coordinate of the charge (m)
f  = the ending x coordinate of the charge (m)
L = the x coordinate of r  (m)
Xe = f - L =  distance from the end of the charge to the measurement point (m)
Xs = L - s =  distance from the start of the charge to the measurement point (m)
Xc = f - s  = the charge length (m)

+x

s

f
L

r

Xe Xs

Xc
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PPV by Rbar Method

The following can be used to calculate the radial PPV value using 
the Rbar integration method:

He = (Xe2 + r2)1/2

Hs = (Xs2 + r2)1/2

V   = k*(q*Xc)a

Pe = Xe* He + r2*ln( Xe + He)
Ps = –Xs* Hs + r2*ln( –Xs + Hs )

Rbar = (Pe – Ps)/(2*Xc)

PPV = V / (Rbar) b (m/s) 
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PPV by the Inverse Rbar Method

The following can be used to calculate the radial PPV value using the 
inverse Rbar integration method:

He = (Xe2 + r2)1/2

Hs = (Xs2 + r2)1/2

V   = k*(q*Xc)a

Pe = ln( Xe + He)
Ps = ln(–Xs + Hs ) 
IRbar = (Pe – Ps)/Xc

PPV = V*(IRbar) b (m/s) 
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weighted Rbar sum method:

n               = the number of segments to divide the charge into
D  = Xc/n           = the segment length

X1 = D/2.0          = the X coordinate of the center of first charge segment
Xi =2..n = Xi-1 + D = the X coordinate of the center of charge segments 2 to n

Hi = (Xs – Xi)2 + r2

V   = k*(q*Xc)a

PPV = V/(R1/R2)b (m/s) 

PPV by the Weighted Rbar Method



24

S
M

E
 A

nn
ua

l M
ee

tin
g 

20
09

, D
en

ve
r, 

C
O

PPV by Holmberg/Persson Equation

The following flawed definite integral can be used to calculate the radial 
PPV values using the Holmberg/Persson method with b set to ½ a : 

PPV =  k*[q/r]a * [ ATAN( (f-L)/r ) + ATAN( (L-s)/r ) ]a (m/s)
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PPV by Holmberg/Persson Sum Method

The following can be used to calculate the radial PPV value using the HP 
sum method:

n                = the number of segments to divide the charge into
D  = Xc/n  = the segment length

X1 = D/2.0           = the X coordinate of the center of first charge segment
Xi =2..n = Xi-1 + D = the X coordinate of the center of charge segments 2 to n
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Blast Damage Distances
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Blast Damage Distances
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Blast Damage Distances
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Blast Damage Distances
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Summary Report (partial)



31

S
M

E
 A

nn
ua

l M
ee

tin
g 

20
09

, D
en

ve
r, 

C
O

Conclusions 

An easy to use tunnel blast design software package that will 
allow engineers to study the complex interactions of various 
blast design factors is being developed by NIOSH.

The overall goal of the project is to provide engineers with a 
tool that can be used to improve tunnel blast designs and  
reduce unnecessary overbreak and wall rock damage.

It is believed that improved blasting practices will reduce 
accidents caused by fall of ground, a significant cause of 
accidents and injuries in underground mining.
.
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Questions?

Questions??
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