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ABSTRACT: Surface subs1dence when min1ng is dependent 1n the ftnal analysis on the behav1our of 
u,.;- plllars supporting the over ly1ng strata. Thet-e are different foctors which inf luenc:e ptlla1· 
su-ength. and one of them is the damage caused to the pi !Iars from crocks which are tnduced or 
propagated 1r1 the rock by blosting. TI1ere are several approaches used to estimate an extension ()f 

the damage zone. but most of them are based on empirical study being therefore of limited util1ty. 

TI11S papet· presents an attempt to est1mate 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 
pHc-pagatiortl ir1 the stress field generated in a rock massif by blasting. The study considers the 
mech.'lnism of rock failure, on one hand. and the stress state of rock induced by a blast. or, the 
other. To predict the bet1aviour of a crack having a cet-tain length and space orientation it. H; 

noec.;,ssary to know the pt·incipal str·esses and their change with time. 

An engineering method of calculating the stress at any point in the rock is developed a!low1ng to 
take 1nto account the main parameters of the blast charge (type of explosive. blasthole diameter, 
charge mass. etc.) as well as of the rock properties (density. e!ast1city. strength, etc.). TI1e 
method makes it possible to calculate tt.e stress change with time. i.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 crack of a 
pa1-t1cular length can be initiated and developed. Know1ng this, one can estimate the thickness of 
the damage zone induced to tt1e pillar by the blast having certain parameters. and/or work out the 
measures to reduce the zone. The thickness of the damage zone can be taken 1nto account when 
d.;,s1gn1ng p1llar strength and stability. 

INTRODUCTION 

In underground excavation engtneering. good 
blast1ng is Just as important as the des1gn of 
• he correct support system. because the 
supp-:>1·t1ng structures at-., affected in the final 
•'Hio lysts t;y the act1on of blast1ng. "Tl'1e 
Ifln··;cent rock mass 1s \:,ften blamed fi':..11" 

n,suft1c1ent. stabiltty wt>ich is actually the 
result of rough and ca.reless blasting'' [1]. 
TI1u5, tJ l i:tst 1 ng can cause a .s 1gr11 f 1 car1t darna.gt::
t_,-_, n.e ,-.:-c·j.: !lo•'>SS left behlnd. In geroeral 
t.•:nnc;. the tnt luer1ce c•f blastH,g damage on the 
~~rry1ng capac1ty of a plllar can be expressed 
·1 .~; f (.> l l •JWS [ 2 ) . 
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thickness of a damage zone 
induced by blasting. 

factor- characterizing the 
blasting damage intens1ty. 

<Jt•VF•usly, the tt.ickness of a damage zone 
dep.;,r,ds both on the type of blast and on the 
cvnd1t1on of the l"Qck mass. 

D1erP. e;nsts a numbel' of empir1cal formulae to 
""t irnate the thickness of the rock mass damaged 
by blast.t1ole ci'tar·ges. An often-used method, 
wh1ch 1·oves over several books, was developed 
by Holmberg and Persson [ 1). It is related to 
the P-"aK part.1cle velocity induced by the 
blast.. 

A certa1n empirical equation was proposed for 
tur.nel blasting condtttons in competent Swedlst> 
bedrock. 

TI1e constants 1n tt.1s equation dep<':r,rJ upor, tr''' 
type of blast and the cond1tions or the rc•cf; 
mass 1n which the tJlast 1s carr terl •.)IJt. 

Ideally. these constants st1ould be detenr11ned 
for each site by conduct1ng a series of lrtals 
and monitoring the induced particle veloc1ty at. 
d1fferent distances ftorn the chat·ges. 
Otherwise, the calculatlon would be to" 
approxHnate and rough. 

In sucl"l ll ruartner . emp ll' 1 ca 1 f orTnu l a e d<J not. 
allow one to perfr.>rm prell!!IH>ary calculi'lt.Jons 
of an expected 1ntens1ty of damage before 
introduc1ng a particular blast. ing t.ectmol•.·qy 
Jnto practice. 

This paper presents an attempt teo W<•rJ.-. out " 
model of l'ock crack1ng 1nduced by tt.e hl•"J:sl. 
based upon the froctur"' mechanJcs c1n<.l thr• 
mathematical simulation of blast actJc.n .;.r, ti1f' 
rock mass left beh1nd. 

2 MECHANICS OF ROCK DAMAGE BY BLASTING 

When a bol-ehole charge is detonat.ecJ. tt.e htqr, 
pressure gasses impact tbe walls of th.;, 
borehole and generate at• 1ntensive stress wave 
which travels outwards 1nto the rock. In the 
iT!Illediate vicinity of u.e boret1ole wllll. tt•e 
stress can exceed the strength of the rock and 
crushing of the rock car. occut· Since tt1P. 
intensity of the stresses f11lls off rapidly 
with distance from t'he borehole. the rnck 
crushing dict·eases respect1ve!y. 

The radius of tt1e cr-ust11ng zon"' rar.ges frorr> 2 
to 4 blasthole radii (Rol. 



D 1" pt1yf;ical meaning of the static toughness is 
Ute critn·al stress initiating a crack of a 
unit length. whereas that of the dynamic 
toughness Is the critical pulse of a unit 
durat iun. 

n1"' dyntuni c toughness a I I ows for an assessment 
of the Interaction of a dynamic stress pulse 
and the rock under consideration. 

T•:• simplify the matter let us take a plane 
triangular pulse desca·ibed by the equations: 
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Figure 1. Interaction of a triangle pulse and a 

roc.k 

,.lJUre g1ves <1 g1·aphic- inteJ-pretatJon of 
L·~·nnulc1e !91 c1nd [111. The straight lines 
re·pl".?S<O>nt the tr1angular pulse at the -d1stances 
R., , R.. and R3 . - the curve sJmulates the 
d~p~ndence of the critical stress upon the 
~rJtJcal pulse duration. The first 
JntersectJan of the curve with the pulse line 
JndJccltes nnnimum pulse duration required to 
1n1t1ate the cracks of the half-length larger 
than C,. to be determined from equation (8) as 
c, = Tc~ 2Cp/1f As the pulse moves further 

and further away from the source. it 
c1ttenuc1tes. and thus. the critical duration 
required to react with the cracks increases. 
It 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. 

In the figure that is the secund pulse 
distance /2£ . which stwuld be taken as 
maximum distance of the 1·ock damage by 
pulse in question. 

at. 
the 
the 

In such a manner. an ana I ysi s of dny pall 
"rock-pulse" can be fulfilled. The only thing 
to be known, besides the rock properties. is 
the function describing ttte pulse varint.iort 
with distance and time. 

4 BLASTING MODEL 

The stress state behind the front of a blast 
wave is characterised by two stresses: radial 
st 1·ess, 6,.. .. and tangential_ stress, q. . wt1I ch 
can be considered as pJ-HlCipal stress>es. 1. e. 
Gr= 6, and 63 = U-r-. They are related to each 
other as follows [10]: 

( 12) 

where Poisson's ratio. 

ln general terms. the radial stress induced by 
blasting in a competent rock is described by 
the expression: 
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peak stress at 
wall. 

dimensionless 
describing the 
attenuation with 
from the borehole, 
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the boreh•:•le 

fur.ct1on. 
ampl1tude 

distance R. 

dimensionless tunctiort 
describing the pulse shape. 

As IS shown in [9] tl'1e arnpl1tude Vi:ll"1ation with 
distance can be represented in the form: 

-n 

j(k) :c(R./Ro) exp[-cx'(R_- R.,)] 

where: Ro borehole rad1us. 

n wave divergence factor. 

o<. attenuation coefficient. 

The divergence factor is a complex function of 
the following fac:tors: charge radius. Ra 
charge length. (ch.; accoustic propertJes ot 
rock (i.e.' sound velocity. cp ) ; r·ock densll y. 
p; distonce from the charge, R 

n ( 15) 
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6 DISCUSSION 

n,e mode I presented in the paper is. to a 
c~rt~>n extent. an idealization of the process. 
even though it facilitates an analysis of the 
dependence of the damage zone extension upon a 
set of the rr•ain factors influencing the 
process. such as properties of a part i cuI ar 
rock. explosive parameters (density, 
detonation velocity. strength). charge mass and 
geometry (diameter. length. air gaps). 

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

What is 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 
princ1pal stresses induced by blasting with 
those caused by the geomechanical situation at 
the place of interest. 

The model considers an intact competent rock 
wJthout flssuring which separates the rock into 
Llcocks. This corresponds to the situation when 
r cock blocks are I arge enough in comparr i son to 
the blllsting scale, i. e. in a case of 
slK·tholes 40mm dia, the distance and dimensions 
under consideration are around 0.5 to 1 .Om. If 
'' r•:·ck is cracked very intensively (i.e. 10 
E•Jnts per meter long). this model is not 
<•r·pllcable. 

7 CONCLUSIONS 

In cons1dering rock damage induced by blasting. 
stat1c failure criteria by themselves are not 
:•••ff 1c1ent. A dynamic toughness and a further 
·' J\,C,J'lC•n of dynamic failure are introduced to 
_.,t_ufy the conditions. The dynamic failure 

1 1ter1on allows the determination of the 
1 111<"-nsJon of the rock imperfect ions reacting 
"ill,'' particular blasting pulse as well as the 
··~t~ns1on of 11 damage zone in the intact rock. 
.e n.athematic model of blasting pulse is 
; ' "'l·,··sed 11 I I owing for 11 prompt 11na I ys is of the 
.1.1 l•.l•,nce of different blasting parameters on 
·;,. ;ntensity of rock damage. This enables one 
· ., w·:ork out measures to minimize the damage 
""iu•:ed by blast1ng on pill11rs. 
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