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ABSTRACT

With the development of fraclure mechanics, the fracture plane control blasting with notched borcholes has

comc into being. This technique is used (o creale a salisfactory presplit along the contour of an cxcavation in

rock. Howcver, the amount ol explosive loaded in cach hol usually is determined by trial and error. Because of

this, two approaches cstimating thec amount of explosive for the blasting technique are suggested.
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1 INTRODUCTION

Fracturc planc control blasting plays an im-
portant part in producing a presplit along the
contour ol an cxcavation in rock. There are four
such blasting tcchniques: line drilling, presplit-
ting, cushion blasting and bulfer blasting. The
primary objective of all these techniques is to re-
duce the density ol explosive cnergy (powder [a-
ctor) and thereby achicve a less severe fragmen-
tation of surrounding rock.

With the development ol [racture mechan-
ics, the racture planc control blasting with not-
ched holes has come into use. In cssence, this is a
kind of blasting techniqgue which controls the
generation and growth ol the [racturc planc.
Based on the principles ol [racture mechanics,
such control can be accomplished by changing
the shapc of the blasthole. Therelore, this tech-
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niguc is just an application of [racturc mecha-
nics.

Over recent years, many invesligalors have
been working on the technigue and the related
1ools {or producing the notches. The U.S.A.[”,
Swedenl # and the P.R. China!l ! have alrcady
lurncd out such tools and many successful appli-
cations have been reported in these countrics.
This technigquc has been developed to such an ex-
tent that it can be applicd 1o creating a satisfacto-
ry presplit along the excavation limit in rock.
Howecver, there is not an appropriate method for
estimating the amount ol cxplosive for the
notched hole blasli.ng and the cstimation 1s most-
ly based on trial and crror,

As a result, the authors try o cstablish ap-
proaches which can be applied lor calculating the
amount of ecxplosive lor [racturc planc control
blasting with notched borcholes.
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2 ELASTIC MECHANICS APPROACH

In this approach, the symmetrically notched
hole is considered to be equivalent to an clhiptical
hole on which quasistatic pressure acts. The cal-
culation can be made on the solution to the prob-
lem ol a pressurised clliptical hole under planc
strain in clastic theory. This problem is shown in

Figurc 1.
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Fig. 1 The Problem of a Pressurised
Eitiptical Hole Under Plane Strain

Tn the solution, the tangential stress along
the wall of the hole is given belowl?:

GU—

_4ab — az(l —cos20)— b 2(] + cos20)
os a (1 —cos20) + b (1 + cos20)

where ¢, —tangential stress;

P

(n

PQS—quasislalic pressure acling on the

wall of the hole;

a—lhe scmi-major axis;

b—thc semi-minor axis;
r, 0—polar coordinalcs ol any point

along the wall,
The [ollowing cxpressions can be casily de-
nved [rom cxpression(1):

a

mux = (GU)U=().n - PQS * (2 * E - 1) (2)
amin=(aﬂ)0=i§=‘PQ5 .(2'5_]) (3)

The above cxpressions indicate that the ten-

sile stress reaches 1ts maximum valuc at the two

tips ol the clliptical hole. Since rocks arc very

wcak under tensile stress, the [racturing is bound

to happen at the tips. The criterion [or [racturing

can be expressed as [ollows:

> 0, 4)
a,—the tensile strength of the rock

a
where

Bascd on the above critcrion, the amount of
cxplosive in onc hole reguired to gencerate a [rac-
ture planc can be cstimated.

Mcanwhile, the wall of the blast hole should
be kept undamaged. Therelore, the following re-
quircment has Lo be satislied:

Pos< o, (5)
where g, —thc compressive strength ol the rock

By making usc ol the criteria given above,
the amount ol cxplosive which should be used in
a singlc holc can be cstimated.

Firstly, the gas pressure gencrated by a det-
onaling charge can be calculated [tom the [ollow-
ing cquation:

0.016D°
T 2K+ g
where  P—the gas pressure gencrated by a det-

(6)

onating charge in MPa;
K—the cquivalent entropy coellicient of
the cxplosive, 1ypically 2;
g—thc gravitational acccleration 1n
m/s’ (9.8m /%),
d—thc density of explosive in g / cm?;
D—the veloeity ol detonationinm /' s
Then the quasistatic pressure can be calcu-
lated from the following:
P 7/ k A ¥
Pw=Pw(ﬁj) (5 )
where  P,— the critical pressure gencrated by
the detonating explosive (generally
200 MPa);
y—the gas cxpansion cocllicient without
any hcat exchange(usually 1.4);
A =22
nd H

(8)
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where A —the volume density of the cxplosive
in a blast holein g / cm?,
QO—thc mass of the explosive in g;
d—the diamcter in cm;
H—the blast hole depth in cm
The quasistatic pressurc should be sullicient
to gnecrate a fracture plane but not to crush the
wall of the blast hole. Therefore, the amount of
cxplosives to be used in a blasthole can be esti-
matcd [rom the following expression:

ndZH.o- bo’l .(P_k)'{/k 1/v
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3 FRACTURE MECHANICS APPROACH

In this approach the symmectrically notched
holc is simplificd to a pressuirzed hole under
planc strain with two symmctrical cracks as rcp-
resented in Fig. 2,

In the modcl shown in Fig.2, the radius is 7,
the length of the crack is a, and the pressure act-
ing on thc wall is Pqg. This represents the [racture
problemi under mode I loading. The stress

componcnts around the tips of the cracks arc
[51.

given bellow'™:
( | — sinQ singg
T 272
K 0 0 . 30
—_ I » pull M- c1n—
o, |= N cos 1+ sin, Sin~ (10)
For sinQ sinﬂ
2 2

where o, 0, T, ,~slrcss componcnts;
r, 0—vploar coordinatcs;
K ;—stress intensity factor

For the crack under mode | loading in

61,

Fig.2, thc stress intensity faclor is as follows!
K, =FP, n{r, +a, (1)

where  F—gcometric [actor of the crack which
can be determined from Fig.3;

ro—the radius of the blastholc;

a,~—thc length of the crack.

Bascd on the principles of {racturc mcchan-
ics, to create a fracture plane, the lollowing re-
guircment has to be satisficd:

Ki>K:¢ (12)

Similarly, thc pressurc on the hole should
not be sufficient to crush the rock, i.c., the re-
quircment cxpressed in (5) should be satisficd at
thc same time. The amount of explosive in a hole
can be calculated from the following expression:

ndzH(sl: K. (P_k)wk]]/v
4 PkF\ﬁt(r0+ac) P
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Fig. 2 The Pressurised Hole With

Two Symmetrical Cracks
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¥ig. 3 The FValue Curve

4 EXPERIMENTS

A number of experiments were conducted at
Shuanfeng Quarry on mortar and marble blocks
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whosc mechanical propertics and dimensions arc
listed in Table 1.

In the centre of each block, onc blasthole
was drilled. Two symmetrical notches werec made
with a spccially designed tool. The length of the
notches inside the wall of the blasthole was 5
mm. The blasthole was 40 mm in diamcter and
200 mm in depth and was stemmed aflter being
loaded. The explosive uscd was Powergel which
was detonated with an clectric cord. The cxpceri-
mental results are listed in Table 2 and Table 3.

Table I Mechanical Properties and

Dimensions of Tested Blocks

Properies & dimensions Marble Blocks Monar Blocks
a / MPa 7.5 57
a./MPa 7.6 632

K/ kg om™/? 68 54

Dimensions/ mm Irregular 300 % 300 250

Table 2 Experimental Results on Marble Blocks

Number of Baumatcd Amount of The Amount af Reanultsaf
Prperimenu Explotive / g Baplogive Used/ g Experiment
4 BMA: 4.8~3046 20 Pach wia blasted
4 FMA:7.5~306 20 inlo two parta.

Table 3 Experimental Results on Mortar Blocks

Number of Hatimated A mount of The Amount af Resulusaf
Bipecimenta Prplosive / g Pxplasive Uncd / g Brperimenta
4 EMA:39~28.1 17 Bach was blasted
4 FMA:63~28.1 it 1o two parts.

5 CONCLUSION

The results listed in Table 2 indicate that the
two approaches can be used to cctimate the
amount of explosive for [racturc planc control
blasting with notched holcs. Howevcr, since the
experiments were only conducted on  single,
symmectrically notched holcs, the two approaches
will be corrected further through multi—hole
blasting and field trials.
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