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ABSTRACT: Surface subsidence when mining is dependent in the final analysis on the behaviour of
the pillars supporting the overlying strata. There are different factors which influence pillar
strength, and one of them is the damage caused to the pillars from cracks which are induced or
propagated in the rock by blasting. There are several approaches used to estimate an extension of
the damage zone, but most of them are based on empirical study being therefore of limited utilaty.

This paper presents an attempt to estimate the thickness of a damage zone to the pillar caused by
blasting. It is based on a theoretical investigation of crack behaviour (crack initiation and
propagation) in the stress field generated in a rock massif by blasting. The study considers the
mechanigm of rock failure, on one hand. and the stress state of rock induced by a blast. on the
other. To predict the behaviour of a c¢rack having a certain length and space orientation it is
necessary to know the principal stresges and their change with time.

An engirneering method of calculating the stress at any point in the rock is developed allowing to
take into account the main parameters of the blast charge {(type of explosive. blasthole diameter,
charge mass, etc.) as well as of the rock properties (density. elasticity, strength., etc.). The
method makes it possible to calculate the stress change with time, :.e. the blast wave shape. A
certain relation between the wave duration and the length of a crack to be initiated 1s obtained.

The model facilities the determination of the distance from a charge, at which a c¢rack of a
partiacular length can be initiated ard developed. Knowing this, one can estimate the thickness of
the damage zone induced to the pillar by the blast having certain parameters, and/or work out the
measures te reduce the zone. The thickness of the damage zone can be taken 1nto account when
designing pillar strength and stability.

1 INTRODUCTION

in underground excavation engineering, good
blasting 1s just aes important as the design of

the correct support system, because the
supporting structures are affected in the final
atislysis by the action of blasting. "The
1nnacent rock mass 15 wften Dblamed for
msufirclent stabiiilty which 1 actually the
regulit of rough and careless blasting” [1].
Thus, blasting can cause a sagnificant damage
te The yrock mass left behind. In general
terms . the 1nfluence of blasting damage on the
carvying capacity of a pillar can be expressed
as follows [2].

_I%

CSP//C3O o (C://j—) 5 (1

Winey e pillar rock strength,

o O
[

Q

v

= stength of intact rack,
= pillar cross dimension.

thickness of a damage zone
induced by blasting.

) — O
)

p factor characterizing the
blasting damage intensity.

ubviously, the thickness of a damage .zone
depends both on the type of blast and on the
condition of the rock mass.

There exists a number of empirical formulae to
estimate the thickness of the rock mass damaged
by blasthole charges. An often-used method,
which roves over several books, was developed
by Holmberd and Persson (1. It is related to
the peak particle wvelocity induced by the
blast .

A certain empirical egquation was proposed for
tunnel blasting conditions in competent Swedish
bedrock.

The constants in this equation depend upon the
type of blast and the conditions of the rack
mass 1n Which the Dblast 1s carried out.
Ideally, these constants should be determined
for each site by conducting a series of trials
and monitoring the induced particie velocity at
different distances from the chargesg .
Otherwise, the calculation would be ton
approximate and rough.

In such a wanner, empiraical faormulae do not
allow one to perform preliminary caleulations
of an expected intensity of damage before
introducing & particular blasting technoligy
into practice.

This paper presents an attempt to work out a
mcdel of rock cracking induced by the bhlast
based upen the fracture mechanics and the
mathematical simulation of blast action wn Lhe
rockx mass left behand.

2 MECHANICS OF ROCK DAMAGE BY BLASTING

When a borehole charge 1s detonated. the high
pressure gasses impact the walls  of  the
borehole and generate an intensive s$tress wave
which travels outwards into the rock. Ire the
immediate wvicinity of the borehole wall. the
stress can exceed the strength of the rock and
crushing of the rock can occur. Since the
intensity of the stresses falls off rapidly
with distance from the Dborehole, the rock
crushing dicreases respectively.

The radius of the crushing zone ranges from &
to 4 blasthole radii (Ro).



The physical meaning of the static toughness is
the critical stress initiating a crack of a
unit length, whereas that of the dynamic
toughness 18 the critical pulse of a unit
duration.

The dynemic toughness allows for an assessment
»f the interaction of a dynamic stress pulse
and the rock under consideration.

To zimplify the matter let us take a plane
rriangular pulse described by the equations:

6=6R(4—t/T); (11a)
6K=60R_a; (11b)

where: Q = distance from the pulse source,
'{_' = time,
6 = pulse amplitude at distance Q
R from the source,
C)o= pulse amplitude at the source,
T = pulse duration (const),
a = coefficient.
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Figure 1. Interaction of a triangle pulse and a
rock

Piqure 1 gives a graphic interpratation of
tormulae (9) and  (11). The straight lines
represent the triangular pulse at the distances

R,, R, and R, . the curve simulates the
dependence of the critical stress upon the
critical pulse duration. The first

intersaction of the curve with the pulse line
indicates minimum pulse duration required to
initiate the cracks of the half-length larger
than C, . to be determined from equation (8) as
¢, = ler 2C,o /7 As the pulse moves further
and further away from the source, it
attenuates, and thus, the critical duration
required to react with the cracks increases.
1t means that the minimum limit of the length
of the cracks reacting with the pulse increases
respectively, up to the distance behind which
the pulse can not initiate any crack.
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In the figure that 1s the second pulse at
distance B, which should be taken as the
maximum distance of the 1rock damage by the
pulse in question.

In such a manner, an analysis of any pair
"rock-pulse” can be fulfilled. The only thing
to be known, besides the rock properties, is
the function describing ththe pulse variation
with distance and time.

4 BLASTING MODEL

The stress state behind the front of a blast
wave 1s characterised by two stresses: radial
stress, 6'_ and tangential stress, whach
can be considered as principal stresses, 1.e.
6r= 64 and )y = They are related to each
other as follows [10]:

where D = Foisson's ratio.

In general terms, the radial stress induced by
blasting in a competent rock 1s described by
the expression:

G (Rt)=6,{(RYF(H); (13)

where: 60 = peak stress at the borehaole
wall,
f(Q): dimensionless function,

describing the ampl 1tude
attenuation with distance
from the borehole,

50(1)= dimensi1onless functiaon

describing the pulse shape.

As 15 shown in [9] the amplitude variation with
distance can be represented in the form:

-re

f(R) =(R/RY expl-¢(R-R)];

where: Ro borehcle radius.

r

wave divergence factor,
oK = attenuation coefficient.

The divergence factor is a complex function of
the following factors: charge radius, a
charge length, lch. accoustic properties ot
rock (i.e., sound velocity, CP ): rock density.
f: distance from the charge, R

n=n(R, Ly, p.C,R). (15)
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6 DISCUSSION

The model presented in the paper is, to a
certsin extent., an idealization of the process,
cverc though it facilitates an analysis of the
dependence of the damage zone extension upon a
set of the main factors influencing the
process, such as properties of a particular
rock, explosive parameters (density,
detonation velocity. strength), charge mass and
geometry (diameter, length. air gaps).

It should be particularly empasized that an
investigation of the dependences and tendencies
can be performed without time consuming and
costly in-situ measurements.

What 1s more, the model can be combined with a
model of the stress state of the rock created
by a mining process, by super positioning the
principal stresses induced by blasting with
those caused by the geomechanical situation at
the place of interest.

The model considers an intact competent rock
without fissuring which separates the rock into
blocks. This corresponds to the situation when
rock blocks are large enough in comparrison to
the blasting scale, i. e. 1in a case of
shotholes 40mm dia, the distance and dimensions
under consideration are-around 0.5 to 1.0m. If
a rock 1s cracked very intensively (i.e. 10
wants  per meter lJlong), this model is not
applicable.

7 CONCLUSIONS

in considering rock damage induced by blasting.
static failure criteria by themselves are not
sufficlient. A dynamic toughness and a further
1aterion of dynamic failure are introduced to
catasfy the conditions., The dynamic failure
Jiterion  allows the determination of the
tiension of the rock imperfections reacting
with a particular blasting pulse as well as the
«xtension of a damage zone in the intact rock.
A mathematic model of blasting pulse is
jropesed allowing for a prompt analysis of the
g luence of different blasting parameters on
“hee intensity of rock damage. This enables one
oo work out measures to minimize the damage
:nduced by blasting on pillars.
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