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Mechanical Theory of Rock Blasting

With Multi Free Faces

by

Tsutomu Murata and Kazumi Tanaka

1. Introduction.

We have proposed a new theory" of
rock blasting based on fracture by princi-
pal tensile stresses produced by explosive
pressure. And the theory can explain al-
most all problems of industrial blasting in
the case of one free face.

We can find many papers concerning
one free face blasting either of theoreti-
cal or practical treatment. But it is diffi-
cult to find out the theoretical research
paper which has treated the multi free
faces blasting such as two free faces,
three free faces or more free faces. The
reason why there is no report on multi
free faces blasting may owe to the diffi-
culty of mathematical calculations under
such complicated conditions.

Here we will treat theoretically the
problem of multi free faces blasting by
simplifying it in two dimensional problems.
2. Differential Equation of Blasting.

In the previous papers!?, we have intro-

30

duced the equation of blasting in the next
differential forms

Vif=—0, V=0 (1)
where f is a strain potential and & is a
dilatation, and they are defined from dis-
placement vector u and strain tensor &g
respectively as follows

u=—grad f, @=2¢ (2)

In the two dimensional problem, it is
better to use Airy's stress function than
the strain potential. Using Airy's function

U, we can write down the stress tensor
components as follows;
2 o7 ~TT /
Ox= aT[-T’ — —a:z A = .?b-. rd)
oy oxoy ox*

It is easily proved that Airy's function
must satisfy the next relation ‘when the
rock is assumed to be incompressible

V:U=0. (4)

We will use the above equation (4 ) as
the differential equation of blasting in
two dimensional problems, in which (U is
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a so-called harmonic function.
3. Boundary Conditions of Blasting.

In two dimensional problem, it is prefer
to transform the real coordinates to the
complex coordinates on complex plane
Z. Considering any regular function ¢ (2)
on Zvplane and dividing it into the real
and imaginary parts, either of these parts
becomes to a harmonic function. Then
we can obtain the next form as a solution
of equation (4),

U=R,[¢ ()] (5)
where I, is a notation of the real part
of adjoining bracket.

The boundary conditions of blasting, as
conditions of governing the required regu-
lar function ¢ (z), can be written as fol-

lows ;
U=RJI9(=)] at free face * (86)
[ (,)____E;i’ -+const.
at explosive sphere (7))

where P is the pressure of explosion, «
is the radius of explosive sphere and pri-
me means the derivative with respect to
the variable z.

4, Transformation of Free Face by Con-
formal Representation.

By the aid of Schwarz-Christoffels’
theorem, we can find a mapping function
which represents a presented arbitrary
free face in Z-plane to the unit circle in
W-plane (Fig. 1). Using above mapping
function W(z), we can obtain required
function ¢ (2) in the form

¢(z)=—a*Plogh(z) (8)
which is satisfied by the boundary condi-
tion at free face (5 ), and approximately
contented with that of explosive sphere
{ 7) by selecting the included constant in
W (z) so as to the origin of Z-plane

31

Z-plane ¥ W-plane
] 1
= |
! 77
£ /e f
NN e ’
T >~ } /
'y S

+

Fig. 1 Conformal mapping of arbitrary
free faces.

corresponds to that of Ji-plane.

Then required regular functions of each
number of free faces are expressed as
follows ;

(i) In the case of one free face blasting

$CsSm— ot Plog— e (9)

z2—2iM
where M is the least resistance.
(ii) In the case of two free faces blast-
ing
%—%—TZ (10)
where ¥ is the complex coordinate of
intersection made up by two free faces

¢(z )=—a*Plog

and 7 is the conjugate complex of 7.
(iii) In the case of blasting with three
free faces with same least resistances
{41] Tws free feced

14] Cne free face

el ol fei
TT77 77N L L e /////,;1’1////

M
i l—nH

7

74

[212) Thres fres feces (2v) Four free faces

“p v
"7/777P7:/L7A , 7
M -‘/,"!' M 4
H
+—H—/‘f-'- [j—n—+— M2
M7 AR G
PSS c !—//fd//ﬁd

Fig. 2. Coordinates in the case of one or
multi iree faces.
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o e tanrom[ 7rz/4M]
¢(z)=—a*Pl L=
(2)=—aPlog xie—2atyarr] L
(iv) In the four free faces with same
least resistances
il vV Esn[ K(z+iM)/M]—i
9(z)=
v Esn[ K(z+iM)/A W]+
(12)
where sn is Jacobi’s elliptic function of
modulus /.
Taking the coordinates of free faces

in the above cases as in Fig. 2. and putt-

a*Plog

ing p/M=s, we can obtain the principal
stresses o, on free faces as follows, resp-
ectively,

(i)

in the case of one free face

0=2( ) Py

(ii) in the case of two free faces with
ratio of two resistances u

os=2( 5 ) P[(1+s—3-

o =8
T A+ (@2u—2) a9

(13)

(iii) in the three free faces
2\ a : sinh ¥ (2 £)
L@ r———
AN cosh"z—(Z—s)
smh
at face AB
cosh-—-s
03(8)=2 )

sinh 5 sing s (cosh*—-+cos’£

g

sepd 2
afl s ol ) iope® (oo 7T )=
(cosh zsmzu tsinh 2 cos® 5
at face AC (15)
(iv) and in the four free faces
oiCE)= 2( )PK" SECk+1)
sn(Ks)[1—ksn’(Ks)] 16)

[+ksn*(Ko)F
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5. Blasting Coefficients in Multi
Faces Blasting.

We can express simply the relation
between a charge weight L and the least
resistance w as follows in two dimensional
problems

Free

L=ar. (17)
Then the blasting coefficignt must vary

with number of free faces, and if each
coefficient of blasting is written to e, s,
¢; and ey corresponding to one, two, three
and four free faces respectively, we can
prove that they are connected with next
relations,

=0

¢:=0.58¢,

¢,=0.29¢,
where in each cases of two or more free
faces, the least resistances are taken to
be the same length.

The volume of rock to be blasted by
the same explosive charge in the case of
any number of free face should increase
according to the number of free face, and
mumber their comparative volume are
tabulated in Table 1.

(18)

Number of free face! Volume of rock

X to be blasted

One free face il 1.00

Two free faces . ! 1.80 il
Three free faces 5.17 Y
Four free faces | 13.8

Table 1. Comparison of volume of rock to be
blasted in different free faces.

Also the shape of crater can be deter-
mined from numerical results obtained in
preceeding article. For example, in the
case of two faces, the shape of crater in
each » (ratio of two resistances) is shown
as in Fig. 3.
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These theoretical data are well coinci-
dent with experimental data of Peele's
“Mining Engineers’ Handbook” Vol 1. p.
(1950) . So, our new blasting theory may
be considered as truthful one to be ap-
plied to industrial blasting problems.
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Fig. 3. Shape of craters in the case of two Vol. 1, p.5~11 (1950).
free faces blasting with different n
(ratio of two resistances)
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